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ENGINEERING. 


THE ENGINEERING OUTLOOK. 


I. GeneRAL Economic RETROSPECT AND 
PROSPECTS. 


For several years past the advent of Christmas 
has been the signal for a flood of prophecies of a 
coming trade revival, To-day the newspaper files 
in which those confident expectations are recorded 
make melancholy reading. Their recurrence at the 
close of 1925 has therefore been received with mixed 
feelings. Are they no more than political or 
Press propaganda, or is there now at the beginning 
of 1926 sound reason for believing that they will 
not be falsified as heretofore ? 

If only the reputation of the prophets were at 
stake the answer to these questions would be of 
minor importance. But recent experience shows 
only too clearly the immense practical effect of 
“‘anticipation”’ on the course of trade. Looking 
back at the slow but steady progress of British 
industry and trade since the beginning of 1922, the 
alternation of business optimism and pessimism 
during the last three years is now seen to have had 
an almost entirely psychological basis. Exaggerated 
hopes have been followed by corresponding reaction, 
and it cannot be doubted that the resulting loss 
of momentum has not only temporarily obscured, 
but also actually retarded, real progress. 

If, therefore, there has been a tendency of late 

to rebuke undue pessimism, unjustifiable optimism 
also has its dangers. The refuge from both extremes 
lies in an examination of the facts of the situation. 
For many industries the material necessary for 
such a task is to be found in current economic and 
financial publications. Considering its national 
importance, engineering has been subjected in this 
respect to a strange neglect, which the following 
articles will attempt to remedy. 
§jTo be of practical value a discussion of the 
engineering outlook must necessarily deal with 
the principal branches of the industry in: detail. 
The number and variety of products included 
under “‘ engineering” nowadays makes generalisa- 
tion superficial.’ At the same time the position 
and prospects of so important and basic a group 
of industries cannot be dissociated from those of 
the country generally. Before proceeding to 
internal analysis it is therefore desirable to consider 
engineering as a whole, in relation to the general 
economic situation. 

Although engineering was seriously affected by the 
general decline which set in in the autumn of 1920, 
it did not reach the nadir of depression until later 
than most other industries. In spite of serious 
disputes in primary and’ secondary industries, the 
years 1920 and 1921 were better years, in engineer- 
ing, than 1922. This was partly due, of course, to 
the managerial functions dispute at the end of which 
the unemployment percentage reached 27 per cent. 
of all insured engineering workpeople. But the 
fact that engineering activity continued longer than 
that of many other industries is significant in 











connection with the prolonged subsequent depression. 
Again, an industry engaged in the production of 
capital goods is naturally slower to respond to a 
revival than one which produces consumption goods. 
It should not therefore be altogether surprising if 
engineering has not as vet participated in the 
general improvement of the last three years in due 
measure. 

But this is not to say that there has been no 
improvement. The agreement of all the indices of 
production, transportation and finance proves that 
the general progress has not been illusory. And as 
far as activity of production is concerned, it is clear 
from employment statistics that engineering has 
shared in the general movement, at least since 
July, 1923. 

The number of workpeople insured is only assessed 
once a year in July. The following table, by 
comparing the numbers insured with the numbers 
unemployed at the same date, gives the actual 
number employed at these dates, and is free from 
the errors incidental to calculations based on the 
unemployment percentage. 


Engineering and Construction of Motors, Cycles and 
Aircraft. 





Nos. Unem- 


ployed. Nos. Employed. 


Nos. Insured. 





923,202 
946,784 
974,220 


192,738 
133,216 
125,630 


1,115,940 
1,080,000 
1,099,850 


July 23, 1923 
July 28, 1924 
July 27, 1925 





Apart from the increase in the numbers employed 
in 1924 and 1925, the increase in the numbers 
insured in the last year is of the greatest significance. 
From 1920 to 1924 the number of engineering 
workpeople insured fell year by year—although with 
decreasing rapidity—as the surplus labour taken 
on during the war was re-absorbed into other indus- 
tries. The upward movement in 1925 would seem 
to indicate that this process is at an end. In 
addition to absorbing its unemployed, the industry 
is once more taking on recruits in excess of normal 
wastage. 

Owing to the depression of shipbuilding, which 
before the war took 30 per cent. of the iron and 
steel consumed in the United Kingdom, engineering 
has displaced that industry as the principal iron 
and steel user of the country. Thus, the increased 
consumption of iron and steel corroborates the 
conclusion reached above from employment figures, 
while the volume of engineering manufactures 
exported, though still only 80 per cent. of the 1913 
level, has been consistently on the up grade. Unfor- 
tunately, it is certain that much of this activity 
has been of an unprofitable nature. The slowness 
of the increase in volume produced, coupled with 
the fact that the value of production has failed to 
increase pari passu, are legitimate grounds for 
anxiety. These are plain indications that the radical 
causes of unsoundness in the industry’s competitive 





position have not yet been eliminated ; and until 
they are, all talk of a genuine revival of British 
engineering must be discounted. But, even so, in 
existing circumstances the mcdest rate of progress 
already recorded may be expected to continue 
side by side with the general upward movement of 
trade as long as that movement continues. And, 
without undue optimism, some slight acceleration 
might be looked for provided that the movement is 
not ‘‘ sabotaged ”’ by the falsification of extravagant 
hopes. 

But are existing circumstances likely to continue ? 
What are the probabilities that the general im- 
provement will in fact, be maintained? To 
answer these questions definitely would be a 
departure into the realms of pure prophecy. But 
in the near future certain unfavourable factors 
are likely to arise both at home and abroad, the 
effect of which is not altogether incalculable. In 
order to obtain a correct perspective of the engi- 
neering outlook, it is essential that these should be 
borne in mind as a set off to the above presump- 
tions, which would otherwise hold good. The most 
obvious and most avoidable of these factors is the 
possibility of serious labour troubles in the spring. 
The effect of a coal or railway stoppage in putting 
a check to all engineering progress is too evident 
to need elaboration. Again, the distinct possibility 
of a Budget deficit, and therefore of increased 
taxation, in the year 1926-27 is an unpleasant one 
to contemplate. 

More important than these, because they are 
germane to the competitive efficiency of the engi- 
neering industry, are the possible results which 
may yet arise from the return of this country to 
the gold standard. Put in its simplest form, the 
cause of the unprofitable nature of engineering 
production in recent years has been that it has 
been obliged to pay ‘“‘sheltered”’ prices for what 
it buys, and receive ‘‘unsheltered”’ prices for what 
it sells. The gold level of prices in this country 
being, on the average, some 50 per cent. higher than 
that of most of our European customers, British 
manufacturers are obliged to sell at unprofitable 
prices, or lose orders to competitors with lower costs 
of production. 

Now, the predominant element in keeping British 
prices at a high level is the anomalous level of wages 
paid in sheltered industries. And, although the 
principal merit claimed for the policy of returning 
to the gold standard was that it would ‘shackle 
British industry to reality,” so far there has been 
little sign of any attempt to grapple with the problem 
of sheltered wages. In other words, the major 
adjustments consequent upon the return to the 
gold standard are still to come. If these adjust- 
ments were to be effected peaceably during the 
coming year, the outlook for the country in general, 
and the engineering industry in particular, would be 
undeniably good. But that is evidently pro- 
blematical in the extreme. And if they are not, the 
alternatives are disastrous disputes on the one 
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hand, and on the other a continuation of the present 
essentially unsound conditions. 

In view of such grave uncertainties at home the 
general movement of industry and trade cannot be 
forecasted with any degree of certainty. Let it 
be assumed, however, that existing circumstances 
in this country remain unaltered. What are the 
probable developments abroad which will most 
affect the engineering industry? The notable 
advances recently made in the settlement of Europe 
should have in general a beneficial effect. Now 
that there is some prospect of France, Belgium and 
Italy re-organising their national finances, competi- 
tion from these quarters may be expected to 
diminish in proportion as the advantages of deprecia- 
ting exchanges disappear. But it is to be feared 
that these countries will be replaced by more formid- 
able engineering rivals. 

The huge annual payments on account of foreign 
obligations, estimated to amount to 450,000,000 dols. 
in 1926, of which the United States will be the 
recipient, are likely to prove a grave embarrassment, 
which she will most probably seek to overcome by 
investing abroad on a large scale. Already the 
beginning of this process has been observable in the 
vast flotations of German and other European issues, 
which have been made on the New York market 
during the last twelve months. Such a process 
cannot for long continue without providing a 
powerful stimulus to American exports. Now the 
American market for machinery and motor cars 
has recently been showing signs of saturation in 
spite of the large and rapidly increasing population 
of the United States. It cannot, therefore, be 
accounted improbable that the near future will 
witness an intensification of American engineering 
competition both in the British and neutral markets. 
Needless to say, their’great resources, excellent 
productive equipment and large home market 
protected by high tarifls, would make that com- 
petition very formidable. 

Probably the most important factor of all, 
whether at home or abroad, namely, the intensi- 
fication of German competition, remains to be 
considered. Some twelve months ago in a series 
of articles in ENGINEERING,* reasons were given for 
the belief that the adoption of the Dawes Report 
would result in intense competition between the 
British and German engineering industries, It was 
then pointed out that under the Dawes plan the 
payment of reparations by Germany was made 
contingent upon her ability to create an export 
surplus. An analysis of German export commodities 
made it appear that her engineering industry would 
be one of Germany’s principal assets in achieving 
that surplus of exports. At that time, however, the 
opinion was expressed that British manufacturers 
would have a breathing space of twelve or eighteen 
months through the temporary shield of high 
interest rates and shortage of liquid capital in 
Germany consequent upon the reorganisation of her 
national finances. 

Experience has shown that Germany’s financial 
disabilities were at least as serious a handicap as 
could have been anticipated. Notwithstanding this, 
the monthly average of German engineering exports 
in the first seven months of 1925 increased by 28 per 
cent. both in volume and value over the correspond- 
ing figures for 1924. It is well within the bounds of 
possibility that the worst of these difficulties will be 
overcome during 1926. Meanwhile the cessation of 
payments in kind in March, 1926, will increase the 
sums to be transferred in cash on the existing basis. 
And Germany’s aggregate annual obligations will 
increase automatically with the transition from the 
second to the third year of the Dawes plan in 
September of this year. ‘These factors together can 
hardly fail to exert a powerful stimulus upon 
German exports. 

Unless and until these adverse factors intervene 
it is reasonable to hope for a continvation of the 
slow upward movement which, as ren;arked above, 
would appear to be the immediate outlook of the 
industry. In the circumstances it would clearly he 
rash to set too much store by so precarious a 
prospect. Engineering is pre-eminently an export 
industry, and for many years Great Britain’s most 


* November 21, 1924, page 695; November 28, 1924, 
page 725; December 5, 1924, page 757. 
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formidable engineering rivals have unquestionably 
been Germany and the United States. It must be 
accounted definitely probable that the year 1926 
will see a sharp intensification of competition from 
both these countries, which we shall be ill prepared 
to meet until the central problem of sheltered wages 
is solved. 

It is recognised that individual branches of 
engineering are likely to be variously affected 
according to the varying degrees of activity at 
present enjoyed by them. Generally speaking, the 
younger branches of the industry are faring better 
at the present time than those which have been 
longest established. It is true that rapidity of 
expansion is normally greater in the early stages of 
development, but it must also be ascribed partly to 
the fact that the need of research and enterprise is 
more readily recognised in the newer than the elder 
industries. And yet, owing to our comparatively 
small home market, the future of all branches of 
British engineering must lie in technical and com- 
mercial pioneering rather than attempts to rival 
more populous countries in mass production. But, 
whatever the powers of resistance of the various 
branches of the industry may be or may become, all 
will be similarly affected by the foregoing general 
economic considerations. With this background, 
an attempt will be made in subsequent articles to 
define the outlook of the more important branches 
of engineering individually. 





THE BARTON POWER STATION OF 
THE MANCHESTER CORPORATION. 


Brrorz describing the Barton power station of the 
Manchester Corporation, as we propose to do in 
this and in some subsequent articles, it may be of 
interest to give a brief account of the development 
of electricity supply in Manchester and the surround- 
ing districts, so that the position occupied by the 
Barton station in the scheme may be properly 
realised. Soon after the Corporation’s Electric 
Lighting Provisional Order was obtained in 1890, 
the construction of the power station at Dickinson- 
street was commenced, and the supply from this 








station, on the direct-current system, was inaugu- 


GENERAL VIEW OF STATION FROM THE AIR. 


rated in 1893. To meet the increased demand for 
current for lighting, and also to provide a supply of 
energy for the tramway system, a site for a second 
generating station was acquired, in 1896. in Bloom- 
street, adjacent to Dickinson-street, and this station 
was put to work in 1901. Before the Bloom-street 
station was completed, the Corporation took over 
the electric lighting orders of the districts of Moss 
Side, Withington, Levenshulme, Gorton, Denton, 
Droylsden, Audenshaw, Heaton Norris and Fails- 
worth, and, in order to supply energy for lighting 
power and tramway systems in these districts, it 
was necessary to construct a third generating station. 
The site selected was at Stuart-street in the Clayton 
district of the City, and the Stuart-street station, 
which is now among the largest in the country, 
commenced a supply of three-phase, 50-cycle 
current at 6,600 volts in 1902. 

The installed capacity of the last-named station 
is now 106,750 kw., and this, with some 20,000 kw. of 
plant in the two earlier stations, represented the 
capacity of the system before the Barton station was 
put into commission. Before the war, the capacity 
of the three stations was being utilised to an extent 
which rendered it imperative to make additional 
arrangements to cope with future demands, and 
for this reason, the Corporation, under a Local Act 
of 1914, acquired a site at Barton with powers to 
erect a station thereon. Designs for the new station 
were completed and specifications issued at that 
time, but the outbreak of war prevented the work 
from being proceeded with and additional plant 
was therefore installed at the Stuart-street station 
to meet the war demands. It was not until April, 
1920 that the work of constructing the Barton power 
station was actually commenced and the station 
was formally opened on October 11, 1923. It may 
here be mentioned that, after the construction of the 
Barton Station had been commenced, the order 
constituting the South-East Lancashire Electricity 
District and establishing the South-East Lancashire 
Electricity Advisory Board, as the result of the 
Electricity (Supply) Act of 1919, was approved by 
Parliament. Under the technical scheme scheduled 
to that order, Barton station now plays an important 








part in the supply of the South-East Lancashire 
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THE BARTON POWER STATION OF THE MANCHESTER CORPORATION. 


(For Description, see Page 2.) 
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THE BARTON POWER STATION OF THE MANCHESTER CORPORATION. 


(For Description, see Page 2.) 
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district, which includes many large industrial areas 
and covers some 1,200 square miles. The district, 
it may be added, extends from Wigan on the west to 
the Pennines on the east, and from Ramsbottom on 
the North to Knutsford in the south, including 
Buxton and portions of the Peak district. 

The designs and specifications for the station were 
prepared by Mr. S. L. Pearce, C.B.E., M.Sc. (Tech.), 
M.Inst.C.E., M.I.E.E., who, before his appointment 
to the Electricity Commission in August, 1925, was 
consulting engineer, chief engineer and manager of 
the Manchester Electricity Department. Mr. Pearce, 
and the engineering staff of the department, also 
supervised the construction of the works, which are 
now under the control of Mr. H. C. Lamb, M.I.E.E., 
M.1.Mech.E., the present chief engineer and 
manager of thedepartment. Itis to these gentlemen 
therefore, as well as to Mr. T. Baxendale, M.I.E.E., 
the resident engineer at Barton, that the highly- 
efficient results obtained from the station are mainly 
due. From the statistical abstract for the year 
ended March 31 last, prepared by the Electricity 
Commissioners and referred to in our issue of 
August 7 last, on page 170, it will be seen that the 
coal consumption per unit generated at Barton was 
well below that of any other power station in this 
country, the figure being 1-51 lb., while the overall 
thermal efficiency was 19-85 percent. These excel- 
lent results have been materially improved upon in 
subsequent operation, as we shall show in a later 
article. 

The site of the Barton power station is located 
on the Trafford Park Estate, close to the point 
where the Bridgewater Canal crosses the ship canal 
by the well-known Barton Aqueduct. The latter, 
and the swing bridge carrying the Redclyffe-road 
over the ship canal, are clearly shown in Fig. 1, 
which has been reproduced from a photograph taken 
from the air while the work of constructing the 
station was in progress. Of the three main build- 
ings visible in the illustration, that nearest the 
Bridgewater Canal is the switchhouse, next to 
which is the turbine room, while that on the right 
is the boiler-house. The Bridgewater Canal, of 
course, provides a convenient means of communica- 
tion with the West-Lancashire coalfields, which 
are situated only three or four miles from the 
station. Two wharves one parallel with and the 
other at right angles to the canal, as shown in the 
key plan, Fig. 2, have been constructed to provide 
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accommodation for barges bringing coal from the 
above-mentioned source, while a siding connection 
with the Trafford Park line gives direct communica- 
tion with all the principal railway systems of the 
country. Ample accommodation for filled and 
empty coal trucks has been provided on the site, as 
shown in Fig. 2; actually the sidings can accom- 
modate about 250 trucks. In general, the circulat- 
ing water for the condensers is drawn from and 
returned to the ship canal through the culverts 
indicated by dotted lines in the key plan, but as 
certain limits are imposed upon the quantity of 
water taken from the c.nal, an alternative, or sup- 
plementary, source has been provided by making 
arrangements for utilising purified sewage effluent 
and sub-soil water tapped off from the main-outfall 
sewer from the Davyhulme works of the Corpora- 
tion. The preparation of the site involved the 
diversion of a road which previously traversed it, 
and the construction of a bridge to carry the new 
road over the Bridgewater Canal. The road, which 
now forms the eastern boundary of the site, is 
visible in both Figs. 1 and 2, as also is the new road 
bridge. This has a span of 66 ft., and carries a road- 
way 28 ft. 6 in. wide, a footpath 7 ft. 6 in. wide, 
and a single-line railway track used by the Trafford 
Park Estates Company. A second bridge, with a 
double railway track, was also constructed for the 
line carrying toal to the station. The site is bounded 
on the western side by the Redclyffe-road and the 
main entrance to the station is situated in this 
thoroughfare some 23) yards from the Barton 
swing bridge. 

Referring now to the general arrangement of the 
buildings, it should first be explained that the design 
of the station allows for the future duplication of 
the three main buildings above referred to, in order 
to double the capacity of the station when necessary. 
When finally completed, there will be a central 
boiler-house with turbine rooms adjoining it on each 
side and switch houses forming outer wings, the 
arrangement being as indicated in the key plan, 
Fig. 2. The buildings now constructed are generally 
of steel-frame construction with brick walls and 
asphalte roofs carried by lattice girders. The wall 
of the boiler-house on the southern side, however, 
has been formed of corrugated sheet-iron, so that 
it can be readily removed when the plant is extended. 
A photograph of the boiler-house taken from this 
side is reproduced in Fig, 3, on Plate I, published 


with this issue, and a view of the interior is given 
in Fig. 4. The building, which is 314 ft. long, 87 ft. 
wide, and 86 ft. in height, now contains nine Babcock 
and Wilcox units, each with a rated evaporative 
capacity of 100,000 lb. per hour, arranged side by 
side in a single row, as shown in the longitudinal 
section and plan of the station, Figs. 5 and 6 on 
Plate II, but sufficient space is available at the 
western end for the installation of an additional 
unit, if needed. Overhead bunkers of reinforced 
concrete are provided on both sides of the boiler- 
house, as is most clearly shown in the transverse 
section of the station, Fig. 8. Adjoining the boiler- 
house on the northern side, is the turbine-room, 
which is 243 ft. in length, 65 ft. in width, and 75 ft. 
in height from the basement to the crane-rail level. 
A plan, longitudinal section and transverse section 
of the turbine-room are given in Figs. 6, 7 and 8, 
respectively, and from these the general arrange- 
ment of the plant can be followed. There are three 
main turbo-generators, each with a rated normal 
capacity of 27,500 kw., supplied by the Metropolitan- 
Vickers Electrical Co., Limited, and three 1,000-kw. 
house-service sets by the British Thomson- 
Houston Co., Limited. At the eastern end of the 
turbine-room are situated the administrative offices, 
the office building being of reinforced concrete 
with brick fillings and the roof being used to 
carry the feed tanks. The switch-house, the 
dimensions of which are 213 ft. 6 in. long, 51 ft. 
4 in. wide, and 64 ft. 6 in. high, is separated 
from the turbine room by a covered passage- 
way, 20 ft. 6 in. wide and 21 ft. high, over 
which are located the station control-room, battery- 
room, &c. The passage itself gives access to the 
transformers, which are situated on the ground- 
floor level of the switch-house, the switch gear being 
accommodated on the two upper floors of this 
building, as can be seen on the right of Fig. 8. In 
addition to the main buildings, a workshop for 
repair work and a store have been erected at the 
western end of the site near the entrance ; these are 
indicated on the key plan, Fig. 2. 

We may commence our account of the station and 
its equipment by describing the coal-handling 
arrangements, which are illustrated by the photo- 
graphs reproduced in Figs. 9 and 10, on Plate ITI, 
and are also shown in the longitudinal section and 
plan, Figs. 5 and 6, on Plate Il. It should first be 
explained that the plant has been designed to allow 
coal slack and coke breeze to be used as fuel in 
about equal proportions, and, for this reason the 
boiler-house bunkers and the connections from them 
to the stokers have been duplicated; in other 
respects, however, both fuels are similarly dealt 
with. Actually, coal has been mainly employed ° 
up to the present, but a start is now being made in 
using coal and coke in combination. 

As previously mentioned, coal is supplied to the 
station either by rail or by canal, and the arrange- 
ments are such that the coal from either source can 
be delivered directly into the boiler-house bunkers 
or placed on a storage pile at the eastern end of the 
boiler-house. The capacity of the pile, to a maxi- 
mum height of 15 ft., is about 25,000 tons, but this 
capacity will be increased to 40,000 tons when the 
station is finally completed. The coal delivered 
by rail arrives in 10-ton wagons on the tracks most 
clearly shown on the right of Figs. 5 and 6, Plate IT. 
After passing over a weighbridge, where their 
weight is recorded, they can be run on to the 
sidings until required, or on to tracks running over 
reinforced-concrete hoppers, also shown in the 
illustrations just referred to; electric capstans are 
provided for handling the trucks at this point. 
Four hoppers, arranged in two pairs, are at present 
in use, and a further pair, the position of which is 
indicated in Fig. 6, will be constructed later. Each 
hopper is provided with an electrically-operated end 
tipper, driven by a 20 h.p. motor, which raises and 
lowers a vertical rack, having a stroke of 11 ft. 6 in. 
The upper end of the rack engages with one of the 
axles of the truck and raises it at the rate of 12 ft. 
a minute to a maximum arigle of 60 degrees. The 
coal falls from the end of the truck through a 
screen into thgneprer, whence it is delivered on to a 
gravity-bucket conveyor. 

The form of this conveyor, one of which is 
provided to each pair of hoppers, is iiidicated by the 
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chain-dotted lines in Fig. 5. From this it will be 
understood that the conveyor first runs horizontally 
through a tunnel under the storage space and then 
rises vertically in a tower at the edge of the canal 
wharf, crossing the latter by a light steel bridge. 
At the boiler-house end of the conveyor, the coal 
is tipped through a 1-ton weighing machine into a 
hopper, which delivers it through a rotary filler 
on to the separate boiler-house conveyors. Two of 
these run over the bunkers on each side of the boiler- 
house, and their arrangement can be followed by 
examining Figs. 5,6 and 8. The empty buckets of 
the first-mentioned conveyor, on their return 
journey, pass above the storage space, this portion of 
the conveyor being carried on steel girders resting 
on piers, the upper parts of which are constructed 
of steelwork, while the lower parts are of reinforced 
concrete ; these piers are clearly shown in Fig. 10, 
on Plate III. It is thus possible, by reversing the 
direction of motion of the conveyors, to deliver coal 
from the hoppers into which it is first tipped, on to 
the storage heap instead of on to the boiler-house 
conveyors. A third conveyor, located between the 
other two, is also used for this purpose, coal being 
supplied to it from either of the two outer conveyors 
by means of short transverse conveyors at the eastern 
end, 

Coal can be taken from the storage heap by 
any of the three conveyors, a series of reinforced 
concrete hoppers having been formed at the ground 
level, as shown in Figs. 5 and 6, on Plate II, 
or, perhaps, more clearly in Fig. 10, on Plate III. 
The outlets from these hoppers, which are normally 
closed by plate valves, deliver the coal through 
travelling fillers on to the conveyors running in 
tunnels under the storage heap. The two outer 
conveyors deliver the coal directly on to the 
boiler-house conveyors as described above, while 
that from the central conveyor must be first 
transferred to either of the outer conveyors by 
means of the transverse conveyor. All three 
conveyors were constructed by Messrs. W. J. 
Jenkins and Co., Limited, of Retford, and each 
has a capacity of 100 tons per hour when running 
at the normal speed of 50 ft. per minute. The 
motors driving the outer conveyors are each of 
45 brake horse-power, while those for the central 
and transverse conveyors are of 25 brake horse- 
power and 11 brake horse-power, respectively. 
The four boiler-house conveyors are of the same 
capacity and speed, but are each driven by a 
30 brake horse-power motor. 

Of the coal arriving by barge, some is delivered 
in containers holding about 2 tons each, while the 
remainder is carried loose in the hulls of the barges 
which are brought to the wharf at the eastern end 
of the boiler-house. The coal is then discharged 
by two electric overhead travelling cranes supported 
on the end wall of the boiler-house, and on the 
steel towers referred to above in connection with 
the conveyors. The part of the crane track carried 
by the towers is shown in Fig. 10 on Plate II, 
and the cranes themselves can be seen in Fig. 3 
on Plate I, as well as in Figs. 5 and 6, on 
Plate II. The cranes, which are each of 7} tons 
capacity, lift the coal in containers, or by means of 
Priestman grabs from the hulls of the barges, 
and deposit it through an Avery weighing machine 
and a rotary filler on to the boiler-house conveyors ; 
each crane can handle about 45 tons per hour 
in this way. The grabs, which are of 30 cwt. 
capacity, can also be discharged into concrete 
hoppers provided near the bases of the steel 
towers, as shown in Figs. 5 and 10, the coal being 
delivered from the hoppers on to the side con- 
veyors, so that it can be placed on the storage 
pile if desired. ; 

The ash-handling arrangements are of a simple 
character which needs only a brief description. 
From the transverse section of the station given 
in Fig. 8 on Plate II, it will be understood that 
the firing floor of the boiler-house is above the 
ground level, and that an ash tunnel runs along 
under the boilers for the whole length of the boiler- 
house. In the ordinary way, Sentinel steam wagons 
are run into this tunnel, the floor of which is at 
ground level, and the contents of the furnace 
ash hoppers, which have been quenched by water 
sprays, sre discharged directly into these wagons 


to be carted to the tip. The wagons are weighed 
on a weighbridge near the entrance gate so that 
a record is obtained of the quantity of ash produced. 
At week-ends, when it is not convenient to deal 
with the ashes in this way, they are dumped from 
the furnace hoppers into steel wagons running on 
rails in the ash tunnel, as shown in Fig. 8. The 
filled wagons are run out under the coal-handling 
cranes, above referred to, and raised by these 
cranes so that their contents can be dumped into 
an elevated hopper constructed of brickwork, and 
supported on braced-steel columns (see Fig. 3, 
Plate I). In this hopper they are temporarily 
stored, and from it they are subsequently dumped 
into Sentinel wagons for disposal. 


(To be continued.) 








SUGGESTION SCHEMES. 

THE suggestion scheme has been put forward for 
some time now as a means of arousing esprit de 
corps in works, and of making it possible for the 
management to benefit from the material point of 
view, with, of course, a corresponding reward 
for the employee. A recent publication of the 
Industrial Welfare Society (Memorandum No. 4), 
dealing with this system, is likely to be very helpful 
to those firms, the heads of which are convinced 
that such a scheme may be beneficial, as it shows 
them how to set up the necessary machinery. It 
cannot be said, however, to establish firmly a case 
with regard to the necessity, or even the desirability, 
of thus asking everyone to share administrative 
and executive responsibilities. We admit that the 
advice given is admirable in its clarity and com- 
prehensiveness, but it postulates, in this resembling 
most text-books on economics, a set of human 
beings who can be relied upon to act with the 
certainty of chemical reagents. As such individuals 
do not exist, while a given scheme may work out 
as intended, there is at least an equal chance that 
it may not, and may produce unexpected and un- 
desired results. 

It is stated in the pamphlet that ideas are demo- 
cratic—they are no monopoly of some favoured 
group. This, of course, may be conceded, but it 
cannot be denied that the correct assessment of the 
value of ideas is, after all, what really matters, 
and this is a faculty that needs, to begin with, a 
knowledge of many circumstances apparently not 
at all germane to the idea. This is where a scheme 
may break down. The brochure deals with various 
methods of assessment ranging from the demo- 
cratic majority method to the autocratic and 
arbitrary decision of a single individual, but it 
provides no remedy for the effect produced on the 
proposer by the rejection of his idea. An Oriental 
proverb states, with a profound knowledge of 
nature, that even a beetle is beautiful to its own 
mother, and experience has shown that no amount 
of reasoning or argument can prove to some proud 
parent of a still-born idea that it is anything but a 
fine and healthy child. Thus arise charges of 
favouritism, or jealousy, or persecution, and a man 
with a grievance (and there is no grievance in the 
shops so bitter as one involving a monetary loss) 
is evolved from the erstwhile contented workman. 
Another defect of the proposals made is that there 
is no provision for the protection of employees 
from being “‘ chivvied”’ into producing suggestions 
by over zealous subordinates. 

Again, if ideas are common possessions, so is 
what Mr. Wells calls ‘that sinister passion for 
pedagogy to which the good-intentioned are so 
fatally liable.”” In other words. The man who is 
infected with the suggestion virus, soon sets out 
as a rule to tell other people how to do their jobs, 
his mates, his foreman, his manager included, and 
irritation, insubordination, and indiscipline then 
tend to develop. 

These remarks may be illustrated by a short 
reference to an actual suggestion scheme adopted, 
shortly after the war, in certain works, in which an 
employee voluntarily made a suggestion for simpli- 
fying an operation. The method was sound, had 
not been thought of before, and was adopted, the 
man being rewarded on a scale which he himself 





recognised as generous. This example was so 





encouraging to his fellow workmen, that other 
suggestions came in through the foremen, but 
unfortunately, of nothing like the same value. Then 
the directors commenced to systematise the methods 
of approach, a scale of rewards was devised, and the 
management acted as tribunal. As hinted above, 
the suggestions that were put forward later were 
mostly futile and, having to be rejected for this 
reason, the flow ceased. At this point a halt 
might well have been called, pending a natural 
revival when an idea of real worth should be 
evolved, but the directors created a sub-committee 
of the Works Committee to hunt up and examine 
suggestions, discuss them, and report to the 
management for adjudication. Again, the sugges- 
tions being largely “‘ made to order”’ were nearly 
all of little value or else involved the expenditure 
of impossible sums on new plant. Most of the 
latter class had, in the main, already been con- 
sidered by the management and directors, being of a 
fairly obvious nature, but lack of capital had 
prevented their adoption. As the suggestions put 
forward were not adopted, the sub-committee, 
being composed of normal humanity, felt their 
labours had not been properly appreciated, and the 
discontent of the individual thus became the 
discontent of a group. Again, the flow of sugges- 
tions dried up. The matter was next placed in the 
hands of the whole Works Committee, and sugges- 
tions made ranged even over such things as the 
suitability of the firm’s advertisements, a highly 
specialised branch, of course, of the management’s 
work. Finally, at the Works Committee meetings, 
the departmental managers were frequently called 
upon to enter into long explanations of their actions, 
and in effect to justify themselves. The spirit which 
came to prevail was anything but desirable, on 
more than one occasion a demand being made for 
the production of the firm’s accounts to see if there 
really was or was not money available for some 
proposal. 

This may be thought an extreme example of a 
badly managed system ; but the difficulties which 
arose are all possibilities under any scheme, however 
well organised. It is not our intention to criticise 
adversely a memorandum we have already described 
as admirable. We are only too glad to welcome 
anything that may tend to mutually profitable 
and pleasant co-operation between employers and 
employed, but the aspect of the matter to which 
we have drawn attention should be, we think, as 
carefully considered as the routine organisation 
suggested in the memorandum. If, as a result of 
such consideration remedies can be evolved for 
wounded self-esteem, suspicion, and jealousy ; 
if there can be guaranteed a natural healthy growth 
and not one weakly “forced,” and some check 
can be placed on the tendency to interfere and to 
indulge in ill-informed criticism, any suggestion 
scheme adopted will flourish all the better. A 
works, after all, is much like an individual ; only 
those who know its constitution best can best 
prescribe appropriate treatment for both the hidden 
tumour of discontent, and the conspicuous wen of 
captiousness. 

At the same time it may be said that probably, 
in a large organisation, such as that of London’s 
Underground Railways, the difficulties outlined 
above do not obtain to such an extent, possibly 
because the author of a rejected idea is more 
inclined to accept adjudication by officials so far 
removed from the men as to be beyond the reach 
of charges of prejudice, and also from the scattered 
staff as compared with an average works. To 
take actual figures, the staff of the Underground 
produced in October last three hundred and twenty- 
four suggestions. Of these over 93 per cent. have 
been rejected. The remaining 7 per cent., inclu- 
ding suggestions for fuse-testing, removing stair 
treads, improving shunt signals, and cleaning 
station roofs, are to be adopted. 

This relatively small percentage bears out what 
has been said above. If, in so large an under- 
taking, the really useful suggestions are not more 
numerous, in smaller concerns, with the manage- 
ment in much closer touch with details, the utility 
of a scheme might be expected to be considerably 
less, as is indeed often, we believe, the case in 
practice. 
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Fig. 3, SypHoNS IN THE MoLARE Dam. 
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Fig. 4. Earty Stace or CONSTRUCTION OF SYPHONS IN THE 
Moncenisio Dam. 
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SELF-ACTING SYPHON SPILLWAYS. 
By Guipo Ferro, Royal Engineering 
College, Padua. 


SELF-ACTING syphons for the surface discharge of 
excess storage water have been very frequently 
adopted of late in water-power installations of every 
description, particularly in those for generating 
current for industrial purposes. These syphons 
combine many advantages over other means of 
discharging water resorted to until comparatively 
recent years, and experience has proved that they 
undoubtedly warrant the very great favour with 
which they are now viewed by hydraulic engineers. 
It is unnecessary, therefore, to enlarge upon this 
aspect, and we shall limit our remarks to one of 
the numerous types of self-acting syphons which 
has given excelleat results in service, and, by 





factured practically anywhere, including places 
difficult of access, is possessed of a valuable feature 
in the case of some hydro-electric installations, its 
advantages also being enhanced by its high discharge 
capacity. In the matter of facility of construction, 
earlier problems have been solved most satisfactorily 
by the adoption of reinforced concrete in substitu- 
tion for castings, or designs built-up of plates and sec- 
tions, bothof which resulted in very cumbersome parts, 
In regard to self-acting syphons, the capacity per 
second may be said to be the point which, to the 
exclusion of all others, now claims the attention of 
the engineers concerned. The capacity of a syphon, 
i.e., the volume of water discharged through it in a 
unit of time, is expressed, as is well known, by the 
discharge formula 
Q=2nA ,/2 gh, 


where “‘ A ”’ is the cross-sectional area of the syphon, 
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Fig. 5. SypHons IN THE MoNcENISIO Dam 
UNDER CONSTRUCTION. 


““h”’ the head or difference between up-stream and 
down-stream levels, whilst “py,” rather than dis- 
charge coefficient, may be called the factor of 
efficiency of the syphon, expressing the ratio between 
the volume of water effectively discharged and that 
which in the same time would theoretically flow 
through a section of area “A” under a hydraulic 


pressure head “h” and with a velocity ,/2 qh. 
Any increase in the discharge capacity of a syphon 
in a word, involves the improvement of the efficiency 
factor “‘»” which, by suitable adjustments, can be 
raised from values of 0-35 to 0-40 for the older 
types, to values of 0-60 to 0-65 for the more recent 
designs. The numerical value of the efficiency “‘ »” 
is in reality simply the fraction of the effective head 
utilised, or the ratio between the head reduced by 
admission losses, losses due to curves, &c., and the 
head itself. 





Starting from the older types in which the 
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extraction of air from the upper hood was induced 
by the special form of curve given to the outside 
wall,"to the detriment, however, of efficiency and 
capacity, new patterns have gradually been evolved 
in which the endeavour has been made to keep the 
flow of water to a more direct path, the lower level 
being reached by straight inclined pipe lines, 
terminating in easy curves, instead of by vertical 
pipe lines having abrupt semi-circular upper and 
lower extremities. In a fairly recent paper,* 
the writer referred to numerous types of syphons, 
and does not now intend to direct attention to the 
notable variations which are to be found, for example 
in those of the ponding reservoir connected with the 
‘Milan to §. Giovanni Lupatoto (Verona) canal, 





* G. Ferro; ‘‘Su alcuni recenti’ tipi di sfioratori a 
sifone (sifoni autolivellatori).” Annali dei Laveri 
Pubblici, Rome. April, 1924. 
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or of the S. Caterina to Vighizzolo d’Este (Padua) 
canal, or again, those of the Camuzzoni to Verona 
canal, &c. It may be remarked that the differences 
in design cannot all be traced to the endeavour 
to obtain a higher efficiency, but have been influenced 
also by the prevailing conditions in regard to capa- 
city, the variation in the utilisable head, the differ- 
ence in the duties they have to perform, and also to 
physical differences of the localities in which they 
are installed. Instead of dealing with these points, 
a brief description will be given of some of the 
most recent installations of the kind in Italy. 

The series of syphons incorporated in the Molare 
dam, for the surface discharge of the artificial lake 
of the Monviso installation, calls for special comment 
by reason of its very high capacity, namely, 500 cub. 
metres (110,000 gallons) per second. An early scheme 
provided for the building, in the body of this dam 
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and symmetrically on each side of its axis, of two 
sets of twelve syphons each, 3 m. by 1-90 m. (9 ft. 
10 in. by 6 ft. 3 in.) in section, and working with 
a head of 8-50 m. (about 28 ft.). These are shown in 
Figs. 1 and 2, the latter giving a vertical section 
of one syphon, the former showing their disposition 
in groups. The discharge was carried away by two 
pipe-lines in order to insure regularity of action. 
But the very tragic accident which occurred at the 
Gleno dam led to fears being expressed in regard to 
all devices which might tend to weaken the Molare 
dam. It was also feared that when the two sets 
were working together and discharged to their full 
capacity—and in the first scheme the flow through 
the syphons was taken at 1,000 cub. m. (220,000 
gallons) per second--vibrations and shocks would 
be set up in the body of the dam. Taking advantage 
of local conditions, it was, therefore, decided to 
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discharge half of the estimated flood capacity, %.¢., 
500 cub. m. per second, into a small co-lateral 
valley, the other half being discharged through 
syphons in the dam, consisting of two sets of six 
syphons each, utilising a head of 10 m. (32 ft. 10 in.). 
This installation is shown in Fig. 3. 

Another series built into the body of a dam is 
illustrated in Figs. 4 and 5, which show the dam 
forming the Moncenisio storage reservoir belonging 
to the Societ’ Forze Idrauliche Moncenisio. Here 
there are two syphons, having together a capacity 
of 20 cub. m. (4,400 gallons) per second, under a 
head of 4-30 m. (over 14 ft.). In this case there is 
no need to anticipate any damage to the dam, 
owing to the low capacity, the comparatively low 
head and the small width of the set of syphons, 
characteristic features which are very different from 
those of the installation at the Molare dam, which 
latter may be considered as a somewhat bold depar- 
ture for an installation of the kind. 

With a view to obviate—in part, at least—the 
risk which may attend the sudden discharge at high 
velocity of large volumes of water, when the syphons 
automatically commence to work, a type has 
recently been introduced in which priming is 
graduated over the whole set. One such arrangement 
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is illustrated in Figs. 6 and 7; an adjustable seal is 
provided at the inlet end, the lower limbs of the 
syphons being also connected together by passages 
in the dividing partitions. The priming of the syphon 
occurs as a result of the first. portion of water on 
entering, entraining the air contained in the upper 
hood and in the throat of the syphon, thus producing 
a vacuum. Progressive priming is effected by the 
flow through one syphon withdrawing the air from 
its neighbour through the connecting passage in 
the partition wall. Figs. 6 and 7 clearly show the 
manner in which the priming of the syphons takes 
place in the above conditions, owing to the com- 
bined arrangement of the mouth, the discharge 
and the air passages. 

A practical application of this arrangement is 
shown in Figs. 8 to 13. The illustrations, Figs. 8 
and 9, are also interesting in that they indicate the 
particular arrangement of the concrete reinforce- 
ment. These illustrations refer to a series of four 
syphons, where the head is 6 m. (19 ft. 8 in.), the 
capacity 32 cub. m. (7,040 gallons) per second ; 
the flow is down a slight incline on an easy curve 
with a view to increased efficiency. 

The adjustable air seal is shown dotted in the 
plan Fig. 9, at the side of the No. 1 section of the 
syphon. It may also be made out in dotted lines 
in Fig. 8. Details of the seal are given in Figs. 10 
to 13. It consists of a box in the inner wall of the 
dam. The front is closed by a grid for the lower 
part, above this being a plate in which are two 
rectangular openings. In the interior is a curtain 
plate, the lower edge of which is adjustable. Behind 
the curtain is an opening leading to the hood of 
the first syphon. While the water level is low, 
air can pass through the grid or upper openings 
to the syphon hood. If the water rises above the 
edge of the curtain plate, air is sealed off, and with 
further rise the water commences to flow over the 
syphon crest, entraining the main body of air 
with it, so that in due course the syphon commences 
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to function. As already explaired, when the first 


syphon has started the others commence to operate 
automatically in succession, owing to the extraction 
of the air by way of the communicating passages. 
One of the most modern and most interesting 
installations is that which forms part of the Cavalli 
Alps plant. It may be remarked here that the 
Cavalli Alps plant, recently constructed by the 
Milan Edison Company for harnessing the hydraulic 
resources of the Valle Antrona, comprises a reservoir 
of a capacity of 8,200,000 cub. m. (1,804 million 
gallons), for the storage of the waters of the Loranco. 
This is situated at the Pian dei Cavalli, at a level 
of about 1,500 m. (4,920 ft.). The water is im- 
pounded by a rock-fill dam, the useful depth of 
water being 25 m. (82 ft.). The pressure conduit 
tunnel is 1-80 m. (5 ft. 11 in.) in diameter and 
4,000 m. (2-5 miles) long, excavated throughout 
in rock. It is lined in places with gunite and at 
others strengthened with steel plating. The plant 
further includes a surge tank. The installation 
now referred to provides for the surface discharge 
of the Pian dei Cavalli storage reservoir. There are 
six syphons, which are illustrated in detail in Figs. 
14 to 21, on page 16. The means taken and the type 
selected in this particular instance allow of increasing 
the head later on by 5 m. (16 ft. 5 in.) without the 





necessity of resorting to costly alterations, as 
shown in dotted lines in Fig. 14. Another notable 
feature in this plant is the 5 m. diameter well, in 
which the outlet orifices of the syphons converge. 
The head utilised at present is only 2-5 m. (8 ft. 
3 in.). 

Of the illustrations given, Fig. 14 shows a section 
through one unit, and Fig. 15 part plans of the 
whole installation of six. Both show the large well 
into which the discharges converge, this being again 
seen in Fig. 18. Figs. 16 and 17 illustrate the 
reinforcement. Figs. 19 and 19a show the relation 
of the set of syphons to the air seal, the latter being 
shown in section in the small drawing, Fig. 19d. 
The upper hood is closed in this case by timber 
covering, details of which are shown in Figs. 20 
and 21. Of these, Fig. 20 shows the method of 
fastening the timber to the partition walls, and 


‘Fig. 21 a cross-section of the quartering forming the 


cover. ; 

In conclusion, a few data may be given on work 
carried out by Messrs. Cavacini and Masini, of 7, Via 
Vincenzo Monti, Milan. This firm has made a 
specialty of the construction of syphons of different 
designs and has also largely gone into the different 
methods of utilising in other ways the character- 
istics features of self-acting syphons. Among the 
numerous examples which could be given, we may 
select the arrangement illustrated in Fig. 22 for the 
application of syphons to rollerdams. Figs. 23, 24 
and 25 illustrate a single syphon having a restricted 
discharge, a very large mouth, slight inclination and 
with bends struck to a large radius, all of which 
together result in an efficiency “pu” = 0-70. 

With regard to efficiency we may here remark 
that this does not depend solely upon the design 
proper of the syphon, but also, and indeed to a 
very large extent, upon the position of the syphon 
mouth with reference to the overflow channel or 
basin; it has to be so arranged in a line of 
direct flow, as to prevent, in the immediate 
vicinity of the mouth, the formation of possible 
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vortices when a consequent reduction in the water 
level would interfere with the operation of the 
syphons. Although the designing and the actual 
construction of syphons are not surrounded with 
any very particular difficulty, yet the functions 
which these apparatus are called upon to perform 
demand that the greatest attention should be paid 
to the determination of the various details, whether 
they have reference to questions of efficiency or to 
sensitiveness. By the latter is to be understood 
the greater or less rapidity with which priming, or 
breaking off of the syphon takes place, with reference 
to the maximum working level for the reservoir or 
canal. 

The large practical experience already acquired, 
the improvements being introduced in new installa- 
tions, the researches which have been carried out 
in actual plants and on models, all give assurance 
that the remaining difficulties, or rather the remain- 
ing uncertainties, will soon be removed. It seems 
probable that syphons will be resorted to generally 
in the future for water power plant by reason of 
their simple construction, their complete automatic 
action. and their wide applicability to hydraulic 
works of varying nature. 





THE SWEDISH NAVAL MANCUVRES. 


In the autumn of this year the Swedish navy 
was completely mobilised for exercise for the tirst 
time since 1913. The manceuvres which took place 
seem to have been exceptionally well thought out, 
and are probably fairly representative of the form 
which naval warfare would take in the Baltic. The 
forces were divided as follows. The blue, or defen. 
ding force was assembled in the south of Sweden 
between Falsterbo and Ystad; it consisted of 
6 armoured ships (3 Sveriges and 3 others of the 
Aeran type, the armoured cruiser I’ylgia, 8 destroyers, 
10 torpedo boats, 8 submarines, 22 auxiliaries, and 
8 aeroplanes. The duty of this force was to protect 
the Swedish coast between Trosa and Kalmar, from 
an attack and landing by an enemy which was 
assembled at Hudiksvall, north of the Aland islands. 
This enemy, or red force, consisted of 2 battleships, 
8 destroyer leaders, 4 destroyers, 2 torpedo boats, 
7 submarines, 12 mine-sweepers, 1 aeroplane depot 
ship, 5 seaplanes and 18 transports. 

When the manceuvres began, the blue commander, 
who was assumed to know that an attack was 
coming, kept the bulk of his forces at the Brabucht, 
and stationed his destroyers and light craft in the 
Aland sea. These forces saw the bulk of the red 
fleet pass through ; but failed to get in an attack, 
and on the morning of August 14, the bulk of the red 
fleet was east of Sandhamn, in the outer approaches 
to Stockholm. The blue fleet, which put to sea after 
receiving the reports from its outpost forces, was 
near Gorska Sando; its reconnaissance vessels, 
were, however, still in touch with the red forces, 
and late in the afternoon, the blue commander 
brought his opponent to action. The umpires 
ruled that the red force was beaten, and that the 
landing could not have taken place. 

The general idea of the second part of the 
manceuvres was somewhat more complicated. It 
was assumed that the red commander had landed 
forces on the north end of Gotland and was anchored 
in Faro sund. The blue fleet which was anchored 
on the other side of the island at Kappelshamn, 
was given the duty of stopping the red fleet from 
getting into the gulf of Finland unfought. The 
red commander was, however only allowed to send 
his destroyers to the westward of the line Gotsko 
Sando, Gotland. As the red commander had to 
escort his eighteen transports, the blue fleet had 
the advantage of him in speed. On the night of 
Aug. 14 and 15 the red commander got under way, 
and broke through the blue reconnaissance screen 
without loss. None the less the blue forces kept 
in touch with him, and during the forenoon, the 
blue battle-squadron caught him up and brought 
him to action between Gotsko Sando and Dagerort. 
The red commander, it seems, saved his transports ; 
but he lost a cruiser and a destroyer leader during 
the action. 

When these manceuvres were over, the fleet 
carried out its battle firing practices in the Danzig 
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THE ARMSTEAD SNOW MOTOR. 
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bight ; at the end of August, the ships returned to 
their home ports and demobilised. The Drottning 
Victora (battleship), Wachtmeister and Wrangel 
destroyers), were reduced to reserve complements. 








THE ARMSTEAD SNOW MOTOR. 


THE question of traction over snow-covered ground 
has been referred to in our columns on several occa- 
sions, and in our issue of July 17 last we gave, on 
page 76, a brief description of the Armstead snow 
motor. We are now able t> give some particulars 
and illustrations of the latest model of this machine. 
As shown in Fig. 1, above, the appliance consists 
essentially of a tractor engine mounted on two pro- 
jectile-shaped, rotating drums. Welded on to the 
latter are helical flanges, left-handed on one drum 
and right-handed on the other, the purpose of which 
is to propel the machine. The drums are chain driven 
and revolve in opposite directions; neutralisation of 
lateral thrust is thus secured and the snow motor is 
propelled along a straight course. The pointed front 
ends of the drums press down the snow and prepare 
a path for the weight-bearing portion of the machine. 
The character of the tracks, made in the snow by 
the motor, is well shown in Fig. 2, the photograph 
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being taken from a sleigh which is being towed by 
the machine. The arrangement of the chain drive is 
depicted in Fig. 2 above, which shows a rear 
view of the snow motor, with one of the propelling 
drums detached. As will be clear from the illustra- 
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tion, the slack of the chain is taken up by means of 
a jockey pulley, mounted on the end of a short spring- 
loaded lever. The machine is fitted with the engine 
of a Fordson tractor, and Fig. 3 shows the method of 
bolting up the transmission unit of the Armstead 
motor to the rear flange of the Fordson, in place of the 
normal back axle. . 

One of the most important features of the snow 
motor is the three-point suspension of the chassis. 
This is effected by means of the front rocking trans- 
verse support, shown in Figs. 1 and 3, which transmits 
the weight on to the two drums. The bearings at 
the rear end of the propelling drums form two 
points of suspension and the third is provided by the 
point of anchorage of the front transverse support to 
the engine. Rough ground can thus be negotiated 
with great facility. Roller bearings are fitted to both 
the front and rear ends of the propelling-drum axles. 
Fig. 6 gives a view of the rear end of one of the drums, 
and shows the spherical mounting of the bearing 
housing between the drum and the chain sprocket. 
This housing renders the bearings self-aligning ; Fig. 5 
shows the front end self-aligning roller bearing in 
detail. Steering is effected by varying the speed of 
rotation of one or other of the drums. The clutches, 
which are incorporated with the transmission unit of 
the snow motor, are linked up with the ordinary 
steering box of the tractor and are, therefore, con- 
trolled by turning the steering wheel in the appropriate 
direction. The great advantage of this form of steering 
is that the whole power of the engine is brought into 
play and excellent manceuvring qualities are secured. 
The control is such that the machine may be turned 
completely round in its own length, if required. 

As the Fordson unit is retained in its entirety, the 
three forward speeds and the reverse are still available 
and can be utilised to obtain greater flexibility of 
movement; these gears are operated by the hand 
lever, situated on the left of the unit, and shown in 
Figs. 3 and 4. In addition, the machine can be con- 
trolled in the usual way by means of the pedal which 
operates the clutch in the tractor unit, thus enabling 
the gears to be changed and the machine to be brought 
to rest with the engine running. 

In August last, one of these snow motors was taken 
by train to the Jungfraujoch, at the top of the Jungfrau 
Railway, Switzerland. A series of demonstrations 
was held and a film of the proceedings was taken. 
This film, which we saw recently in London, shows the 
machine descending and ascending slopes and _per- 
forming evolutions in the vicinity of Jungfraujoch 
station. In order to demonstrate its adaptability, a 
film taken in America during the summer months 
was also shown, this illustrating the snow motor 
manceuvring in a grass field ; it is stated that, should 
the necessity arise, the motor can be used for traversing 
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ordinary bare ground. The makers of the machine 
are Messrs. Snow-Motors, Inc., Detroit, Michigan, 
U.S.A., and the European distributors are Messrs. 
Perkins Macintosh Petroleum Tool and Boring Com- 
pany, Limited, 25 and 27, Bishopsgate, London, E.C.2. 








COMPOUND-LEVERAGE HAND-BRAKE 
FOR RAILWAY WAGONS. 


THE inefficiency and other disadvantages of the 
ordinary type of side brake fitted to railway wagons 
are well known to railway engineers and to those 
engaged in shunting operations. In such brakes, the 
leverage is constant, the result being that a large 
proportion of the stroke of the hand lever is lost in 
taking up the slack in the brake rigging and the 
clearance between the brake blocks and wheels. If the 
blocks and gear are worn and this slack has not been 
taken up, the loss of stroke before the blocks are 
brought into firm contact with the wheels is greater 
still. There is a practical limit to the extent of move- 
ment of the hand lever, and, as a result of this, the 
leverage cannot be increased beyond that in common 
practice. Danger of serious damage to rolling stock 
and goods during shunting results from these defects, 
and this has become so pronounced in the case of 
modern stock comprising 20 and 25 ton four wheel 
wagons, and bogie wagons having a capacity of 50 
tons or more, that the sprag, with its attendant uncer- 
tainty and danger to brakesmen, is commonly resorted 
to in hump shunting. 

To overcome the defects of the ordinary type of 
brake, Messrs. J. Stone and Co., Limited, of Oceanic 
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House, Cockspur-street, S.W., have brought out a 
hand brake for railway wagons which has proved so 
satisfactory in actual use, in the case of a number 
of experimental sets on heavy broad gauge wagons, 
that some hundreds of four-wheel wagons have recently 
been equipped, and a further large number of bogie 
wagons, on one of the Argentine railways, are now 
being fitted with-it. 

We illustrate the brake in Figs. 1 to 6 herewith. 
Referring to Figs. 2 and 3, K K are two pressed-steel 
frame plates which are suspended from and secured 
to the wagon underframe. The size and shape of these 
frame plates may be varied to suit individual require- 
ments, so as to render them suitable for any design of 
underframe. They are provided with a pair of sleeves 
O O, in which, in turn, is mounted a square shaft L 
extending from side to side of the wagon. This shaft 
may be rotated with the sleeves, in the frame plates. 
At their upper ends, the plates K are bolted together, 
the quadrant G serving as a distance piece. Their 
lower corners are also fastened together by bolts and 
distance pieces. The two plates thus serve as a rigid 
casing for the brake gear, which may be fixed in any 
convenient position on the underframe, either on the 
sole bar, centre longitudinals, or elsewhere. On each 
end of the shaft a hand or foot lever is secured, 
This lever is about 2 ft. 9 in. long, and its weight is 
balanced by a counterweight on the shaft, as shown 
in Fig. 1. Mounted on the shaft L between the 
plates K K is a clutch wheel B. A portion of the 
periphery of this wheel is cut with teeth, and this 
portion engages with -a planetary gear wheel KE, 
a pilot tooth H, of unusual design, being employed to 
obtain certain engagement. The pilot tooth is shown 
in Fig. 4, from which it will be seen that it consists of 
a hinged member on which two teeth are cut. It is 
mounted in a recess in the centre gear wheel B, and 
is pressed outwards by a small helical spring. The 
upper tooth reaches only to the pitch circle of the gear 
wheel, as shown in Fig. 4, and, in addition, the point 
is located at a greater distance from the other tooth on 
the hinged member than the normal pitch of the re- 
maining teeth. It is claimed for this arrangement that 
it will not jamb under any conditions, and that it will 
operate satisfactorily even when rusty. The object of 








this spring tooth is to effect smooth initial engagement 
between the teeth of the clutch and planet wheel. 
On the edge of B opposite to the teeth, a short ratchet 
is formed for engaging a pawl J. Between the two 
sets of teeth a notch F is also cut in the wheel B for 
engaging a specially shaped tooth on the clutch lever 
D. The latter is pivoted on a pin N mounted between 
the two plate levers C C, and the tooth on the lever 
D is normally held in engagement with the notch F 
by means of-a tension spring P. The plate levers CC, 
are mounted on shoulders formed on the wheel B, 





Io 





ENGINE SAIS 





_IJAN. 1, 1926. 





and can thus rotate about the axis of the shaft L. 
The ordinary brake-pull rod § is attached to the 
lower end of the levers C C by means of a pin R, and 
between the same levers, at the upper end, the planetary 
wheel E is mounted on a pin Q. The planet wheel is 
in permanent engagement with the rack and, in turn, is 
engaged by the teeth of the wheel B when the brake 
is operated, A shaft M, extending from side to side 
of the wagon, carries a pawl J, and at each end of this 
shaft is a handle by means of which the pawl may be 
engaged with, or released from, the ratchet teeth on B 
as required. 

The operation of the brake gear is as follows :— 
When the lever on the end of the shaft L is de- 
pressed, the wheel B is caused to rotate, bearing 
against the clutch lever D and carrying the latter round. 
The plate levers CC are thus pulled round by the pin 
N, and, in turn, pull on the brake rod and take up all the 
slack. The mainoperating lever, and the lever C, are so 
proportioned that a leverage of 3-75 to 1 is obtained, 
neglecting the obliquity of the rod 8. Multiplying this 
by a 4 to 1 leverage at the brake blocks, a total leverage 
of 15 to 1 is obtained. This, approximately half the 
total of the ordinary hand brake, is the leverage at 
which the slack in the brake rigging and the brake- 
block clearances are taken up. As the plate levers CC 
rotate, they roll the planet wheel freely a short distance 
along the rack quadrant G. On further depressing the 
main operating lever, the clutch arm D is gradually 
disengaged from the notch F, the spring extending to 
permit of this action taking place. The various parts 
are so proportioned that, when all the slack is taken 
up, the tooth F is entirely disengaged, and the teeth 
on B have begun to engage those on the wheel E. 
An entirely different leverage is now obtained 
through the reaction of the wheel on the rack quad- 
rant, the teeth of which constitute a new fulcrum. 
Referring to Fig. 5, the ratio is now given by 
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the pull rod being disregarded, since it becomes smaller 
as the brake is applied, and approaches zero as the 
full tension is reached. It is obvious that the parts 
can be so proportioned as to give any desired 
leverage, but in the standard brake this is 13 
to 1. Multiplying this by a 4 to 1 leverage at 
the brake blocks gives a total leverage of 52 to 1, 
which is about twice that of the ordinary hand 
brake. The change of mechanical advantage is 
entirely automatic, taking place only when sufficient 
pressure is obtained on the brake block to force 
the clutch lever out of engagement, thus making 
the operation independent of the amount of slack 
or wear in the blocks. The pawl J is so arranged 
that when the handle is thrown towards the main 
hand grip, the dead weight of the handle causes 
the pawl to engage tooth by tooth as the pressure is 
applied, and to lock the brake in the “‘on” position. 
When the handle is thrown over in the reverse direc- 
tion, its deadweight serves to hold the pawl clear of 
the ratchet, leaving the brake free. As a result, the 
operator, while riding on the wagon, in hump shunting, 
can ease or increase his braking effect in proportion 
to the pressure he applies with his foot. 

The brake is made of steel throughout, most of the 
parts consisting of drop stampings or simple castings, 
and is stated to be practically fool-proof. It may be 
adapted to any number of wheels, from one pair to all 
on the wagon, and ensures positive control with 
perfect safety. It can be operated either by hand, or 
with the foot when hump shunting, and, owing to the 
high leverage obtainable, the braking power is very 
considerable, even when the operator is so light in 
weight that he would be unable to handle a large 
wagon with an ordinary brake. 

It may be used in conjunction with power-operated 
brakes, so that not only can vehicles fitted with power 
brakes be hand controlled during shunting operations, 
but the piston of the brake cylinder can be made to 
operate the hand brake, thus shortening the stroke of the 
piston in exactly the same proportion as the movement 
of the hand lever is reduced. 











Contracts.—Messrs. Hadfields Limited, Shettield, were 
recently appointed official contractors to the Irish Free 
State for stone-crushing plant. During the last {7 months, 
Messrs. Hadfields have supplied 19 complete portable 
crushing plants to county surveyors in the Irish Free 
State.--Messrs International .Combustion Limited, of 
Africa House, Kingsway, London, W.C.2, announce 
that their French associated company has recently 
received contracts from the Société Intercommunale 
Belge d’Electricité end from the Holland State Mines, 
Heerlen, Holland, for the installation of Lopulco pulverised 
fuel equipment. The equipment supplied to the Belgian 
firm will be used in conjunction with two boilers, each of 
8,900 sq. ft. heating surface. The installation for the 
Duteh mines comprises four Lopulco combustion-chamber 
equipments together with water screens and Murray 
fin tubes, ; 





YEAR-BOOKS AND ANNUALS. 


The South-American Handbook, 1926.—This publi- 
cation, edited by Mr. J. A. Hunter, has been prepared 
to provide a guide to the countries and resources of 
Latin-America, including South and Central America, 
Mexico and Cuba. It is a compilation of the type 
sought for by travellers. In it there are many hints 
regarding facilities for transport by sea, rail and road, 
together with notes on accommodation and the prin- 
cipal historical, geographical and architectural] features 
of the South American continent. There is also 
imformation relating to the mineral resources and 
the agricultural and forest products of each country. 
The book contains many small railway maps and a 
large folded one of the Continent. It is published by 
South American Publications, Limited, Atlantic House, 
Moorgate, London, E.C.2, at the price of 7s. 6d. net. 





British Coasters, 1925.—To those who are concerned 
with coastwise traffic, the publication of British Coasters 
must have proved very welcome, for until its appearance 
there was no work containing information on the details 
of these vessels in a concise form. In this, the second 
edition of the work, the information given is more 
complete than formerly, for the editor, Mr. F. J. N. 
Wedge, has included the sizes of the largest holds, 
hatches, &c., in the references to the various power- 
driven vessels of from 100 tons to 1,000 tons gross which 
trade in Home waters. Sea-going tugs and salvage 
craft are included in the survey. The book is published 
by Messrs. Sampson Low, Marston and Co., Limited, 
100, Southwark-street, London, 8.E.1, at 21s. net. 

The China Architects’ and Builders’ Compendium.— 
Although the future of the all-steel house is somewhat 
uncertain, the use of steel framing in large buildings is 
now a commonplace, with the result that the modern 
architect must be something of a structural engineer 
and the structural engineer something of an architect. 
On this account no apology is needed in referring in 
our columns to The China Architects’ and Builders’ 
Compendium. This year-book, which is published by 
The North-China Daily News and Herald, Limited, 
Shanghai, at a price of 5 dollars, contains a fund of 
useful information regarding building conditions in 
China, and in Shanghai and Hankow in particular. 
It is divided into four main parts, which give, respec- 
tively, general information on land, property, and 
building ; technical information on costs and price lists ; 
a directory of architects, builders, and contractors; 
and a catalogue of building materials. The compen- 
dium was first published in 1924, and the second edition, 
which appeared in August last, has been entirely 
revised. Among other new matter, it contains the 
latest French building rules, and articles on quantity 
surveying, foundations in soft soil, and land valuation. 
The book is bound in a strong cover, the printing and 
paper both being admirable. The contents include 
large-scale maps of Shanghai and Hankow, together 
with illustrations of one or two of the principal buildings 
in the former city. 





Almanacs and Calendars.—We have received monthly 
tear-off calendars from Messrs. John I. Thornycroft 
and Co., Limited, Thornycroft House, Westminster, 
London, 8.W.1, and The Associated British Machine 
Tool Makers, Limited, 17, Grosvenor-gardens, London, 
S.W.1. Illustrations of machine tools made by the firm 
are given on each leaf of the last-mentioned calendar. 
We have also received monthly tear-off calendars from 
the Employment Department of the Royal Artillery 
War Commemoration Fund, Artillery House, Earl’s 
Court, S.W.5; Messrs. Thomas Robinson and Son, 
Limited, Rochdale; Messrs. William Beardmore and 
Co., Limited, 36, Victoria-street, Westminster, 8.W.1; 
Messrs. Marshall, Sons and Co., Limited, Gains- 
borough; the Underground Electric Railway Com- 
pany of London, Limited, Broadway, Westminster, 
S.W.1; Messrs. Hulse and Co., Limited, Ordsal 
Works, Manchester; Messrs. Crofts (Engineers), 
Limited, 46, Cannon-street, London, E.C.4; and the 
Brown Hoisting Machinery Company, Cleveland, 
Ohio, U.S.A. A series of calendar refills has come 
to hand from Messrs. British Insulated and Helsby 
Cables, Limited, Surrey House, Embankment, London, 
W.C. 2. A daily tear-off calendar has been received 
from Messrs. Newton, Chambers and Co., Limited, 
Thorncliffe Iron Works, near Sheffield, and a 
“perpetual” card calendar from Messrs. Andrew 
Barclay, Sons and Co., Limited, Caledonia Works, 
Kilmarnock. 

Diaries and Pocket Books.—A diary bound in a 
handsome leather case has reached us from Messrs. 
the Staveley Coal and Iron Company, Limited, near 
Chesterfield. Tables of data relating to cast-iron 


pipes, and other information useful to engineers, are 
included.—Messrs. John I. Thornycroft and Co., 
Limited, have sent us a very neat leather pocket 
wallet and note-case combined. 





LABOUR NOTES. 


Tue provisions for the settlement of piecework 
questions in the proposed shipyard procedure agree. 
ment are of more than ordinary interest. As in the 
case of general questions, other than general fluctua. 
tions in wages, efforts are to be made to settle piece- 
work questions at their places of origin. Failing adjust- 
ment there, however, they are to be brought before a 
joint committee consisting of three employers and 
three representatives of the union, or of each of the 
unions, directly concerned. Differences that are not 
adjusted at that stage automatically become subjects 
for the consideration of local conferences, and if the 
parties still fail to settle, but are in agreement that the 
questions to be determined (a) affect only the yard or 
dock where they have arisen, or (6) are questions of 
interpretation of district price lists, they may, by 
mutual consent, refer them to arbitration on the 
understanding—in the case of any question falling 
under (a)—‘‘that the decision at arbitration shall 
not form a precedent for any other yard or dock.” 
Alternative procedure to arbitration is open. At the 
instance of either party piecework questions may be 
taken, like general questions, to central conference and 
if necessary, general conference. 





When certain of the shipyard trade unions wrote to 
the Shipbuilding Employers Federation, formally 
intimating, in effect, that they did not consider them- 
selves bound by the proposed procedure agreement, 
copies of their letter were circulated to the press. 
In their reply—which was not published until last 
week-end—the employers state that the procedure 
for avoiding disputes was drafted in collaboration with 
representatives of the federated trades in accordance 
with the agreement made on November 19, 1918, 
“with all the shipyard trade unions acting jointly 
under the auspices of the Federation of Engineering 
and Shipbuilding Trades.” All, or nearly all, the 
unions which now decline to be bound by the pro- 
cedure provisions were parties to the 1918 agreement, 
clause 5, of which runs as follows :—‘‘ Provisions for 
avoiding disputes shall be immediately entered into 
with all the trade unions.” In view of these facts, it is 
difficult to see how the dissentient unions can dis- 
sociate themselves from the later negotiations. By 
declining to take part in the negotiation of the pro- 
cedure agreement, they, as a matter of fact, broke the 
earlier collective bargain. 





In the financial report of the Amalgamated Engineer- 
ing Union for the third quarter of 1925, Mr. Smethurst, 
the general secretary, intimates that there has been a 
decrease in the worth of the General Fund during the 
three months of 3,7811. 6s. 34d. The chief factor con- 
tributing to the decrease was, it is added, the institution 
of part payment of Donation Benefits, which involved a 
total outlay of 33,3437. 7s. 2d. during the quarter. 
The Superannuation Reserve Fund increased from 
1,488,8511. 12s. 9d. to 1,495,112/. 17s. 2d. The General 
Fund now amounts to 284,2941. 7s. 84d. (including 
1,503/. 4s. 9d. due to the Political Fund). Arrears of 
contributions increased by 3,018/. 4s. 03d. to 107,7791. 





The National Minority Movement appear to have 
quite made up their minds that there is to be trouble in 
May next. In a circular letter to Trades Councils, the 
secretary of the Movement’s Co-operative Section says : 
“In view of the rapid approach of the end of the 
‘subsidiary period’ in the mining industry and the 
probable crisis that will ensue in the Spring as a result, 
the National Minority Movement desire to draw the 
attention of all Trades Councils to the necessity for 
closer unity between the Co-operative and Trade 
Unions movements. You will probably be aware that 
the machinery that existed between the T.U.C. and the 
Co-operative Union prior to Whitsuntide of this year, 
unfortunately ceased to function as a result of the 
friction between the Co-operative Union and the trade 
unions catering for Co-operative employees ; also that 
the United Advisory Council of the two bodies has been 
dormant for a number of years. In these circumstances, 
the National Minority Movement feel that every effort 
should be made to revive the joint committees of 
Trade Unionists and Co-operators that were formerly 
in existence. The general secretary of the Miners’ 
Federation has drawn attention repeatedly to the 
necessity for some machinery to be erected for the 
provision of supplies during an industrial dispute. 
The Government and the O.M.S. are leaving no stone 
unturned to tighten up their organisations, ostensibly 
for the maintenance of supplies for the community ; 
obviously, from their actions, it is their intentions to 
use this machinery for strike-breaking purposes. The 
workers must not expect aid from these sources. They 
must organise their own commissariat. This can be 
done most successfully by the T.U. movement and the 
Co-op. movement jointly erecting machinery for this 
purpose. We make the suggestion that the local 
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Trades Councils should devote some attention to this 
matter and take the initiative in calling district con- 
ferences of all working class organisations to discuss 
the situation. From these conferences, local joint 
conferences could be formed, and, when formed, should 
remain under the control of the Trades Councils.” 





The shipbuilding industry’s serious state ot depression 
is vividly illustrated by the latest unemployment 
statistics. In November the high figure of 37 per cent. 
registered in October increased slightly to 37-6. The 
percentage is six points above the level in November 
last year. Until the present stagnation set in, the 
highest figure experienced in living memory was 26-6 
per cent., which marked the height of the period of 
depression about the year 1908. The present situation 
is worst in the largest of all the shipbuilding areas so 
far as the number of workers is concerned, the North- 
East Coast of England. The percentage figure there 
stands at 51-4 as against 51-3 in October. 





— 





especially our sawmilling members in an impossible 
position, as other federations and associations which 
are connected would claim the same right, and it is 
on these grounds that we are unable to submit to the 
federation’s instructions. Our members are employed 
in ten important industries, and we have an agree- 
ment with the employers, either by ourselves or jointly 
with other trades in these respective industries, and 
it is obvious we would be bound to come into serious 
conflict with employers’ associations which we have 
agreements with, if other unions outside of the particular 
industry could make a claim which would seriously 
affect our sawmilling members.” 








In a recent issue of the New York Times it was stated 
that, according to an announcement made by the 
American National Industrial Conference Board on 
November 8, the progressive fall in the cost of industrial 
production in the United States is lowering the cost of 
living to a degree that amounts to an increase of real 
wages for workers. A comparative study of represen- 


GEAR CUTTING EQUIPMENT FOR 
SHAPING MACHINES. 


In many works, the amount of gear cutting required 
does not justify the installation of special machinery 
for this purpose, and in such cases it is customary 
to place an order with an outside firm for any gear 
wheels that may be required. Apart from the question 
of first cost, if the works is situated in a.comparatively 
undeveloped country, as is frequently the case with 
British firms in the colonies or dependencies, this pro- 
cedure frequently involves vexatious delays, and may 
involve a relatively large monetary loss if the new 
wheel is required for some important piece of machi- 
nery. In order to meet such a contingency, attach- 
ments for gear cutting which can be fitted to standard 
machines have been developed from time to time. One 
of the objections to the majority of these attachments 
is that a great variety of special cutters is required to 
produce the various tooth forms which are met with in 
practice. If only a limited number of wheels is to be 


In the ballot on the question of affiliation to the | tative industries shows that the tendency, however, is cut to any particular tooth form, the job may not 


proposed Industrial Alliance, members of the Amal- 
gamated Engineering Union are left free by the 
executive council to vote as they see fit. 


should clearly understand that, if the Amalgamated 


Engineering Union joins the Alliance, the Union will} and steel products have risen only about a third. 


be pledged to act as directed by the General Conference 
of the Alliance, notwithstanding anything to the con- 
trary in our agreement with the employers on the 
constitution of the Amalgamated Engineering Union. 
This meaas that in the event of a dispute arising, 
and the General Conference of the Alliance, deeming 
it necessary to order a stoppage of work of our members, 
no ballot vote will be taken of the members concerned, 
but instructions will be issued for such members to 
cease work. This will necessitate a reconsideration 
of our agreements with the employers. Clause 12 
deals with financial assistance, and empowers the 
General Conference of the Alliance to call upon allied 
organisations to subscribe such amount per thousand 
members as may be deemed necessary by the General 
Conference. The monies so raised under this claim 
will be used to assist a union or unions in dispute if 
it is decided to grant financial assistance under 
Clause 7(b). The Union will, therefore, be expected 
to meet, to any extent, whatever financial calls are 
made upon it by the Alliance under this Clause regard- 
less of the financial position of the Union. The 
method of raising such monies is left to each Union 
to determine under its own constitution.” 





The difference which has arisen between the National 
Federation of Building Trade Operatives and the 
Amalgamated Society of Woodcutting Machinists is 
one which may easily have widespread, unexpected 
effects. The Federation has suspended the Society— 
which is one of its units—because members belonging 
to it have been doing work in connection with the 
Weir steel house scheme at Glasgow. ‘ They state,” 
Mr. Coppock says, ‘‘ that they are unable to withdraw 
from the contract, so we have to discipline them. We 
have got to fight the Weir type of steel house, under 
existing conditions, and we shall fight. That is all 
there is to the story. The Society can appeal to the 
annual meeting of the Federation at Belfast in June.” 
Mr. Wentworth, the general secretary of the Amalga- 
mated Society of Woodcutting Machinists, put a 
somewhat different complexion on the matter in a 
statement which he made for publication. The 
definition of a building trade member of the Federation 
was, he said, as follows :—‘‘ Within the meaning of 
this rule a building trade member shall be defined as 
® member whose wages and conditions are negotiated 
and regulated by, through, or with the consent of, the 
National Federation of Building Trades Operatives.” 
According to Mr. Wentworth, in no case where their 
members’ wages and conditions were governed by the 
building trade were they doing work for Weir houses. 

‘Our contention,” Mr. Wentworth proceeded, ‘is 
that we have carried out the rules of the Federation. 
The difference occurred regarding our saw-milling mem- 
bers, whose wages and conditions are governed by 
agreements between our society and the Sawmilling 
Employers’ Association and others, and who are 
complying with the agreed rates and conditions of 
our members employed in the sawmilling industry. 
We desire to point out that the difference, from our 
point of view, is a vital principle—viz., as to the right 





of the Building Trades’ Federation to lay down and| number was 1,127,446—912,369 men, 26,835 boys, 


insist upon conditions outside of the Building Trades 
Federation. These functions we claim are our own, 


Beyond | differing degrees of production efficiency. According 
urging members before voting “‘to give the matter | to the Board, the iron and steel industry is a striking 
their careful and serious consideration,” no advice | example cf what progressive, modernised methods can 
of any kind is given in the ballot paper—which con-|do. While wage levels in the industry are now about 
tains, however, a very fair summary of the projected} 140 per cent. above the pre-war level, the average 
organisation's constitution. “‘The vital clause is,” it| price of its products at present is only about 34 per 
is pointed out, ‘‘that which deals with conditions of | cent. higher than in 1914. In other words, while the 
membership of the Alliance,” viz., Clause 9. Members| wages of iron and steel workers are only 2} times 


not equally marked in all industries. Differences in 
wage and production cost levels are attributed to 


as much as they were before the war, the prices of iron 


Another illustration of this tendency of declining costs 
is the automobile industry, where wage levels are about 
122 per cent. higher than before the war, while average 
prices of automobiles are given as 29 per cent. lower than 
in 1914, “an instance signally reflecting the improve- 
ment of industrial processes.’ Similar conditions are 
said to obtain in the chemical, foundry, machine shop, 
rubber, and leather industries. The concrete result 
of the increased industrial efficiency in the United States 
is reflected in the fact that the American workman 
to-day—if his earnings are measured in purchasing 
power in terms of the standard of living as prevailing 
in 1914, while the rise in retail prices is discounted— 
is 24 per cent. better off than at the beginning of the 
war and 5 per cent. better off than at the peak of wage 
earnings during the inflated period of 1920. 
The Ministry of Labour Gazette states that in the 
twelve months July, 1921, to July, 1922, the number 
of insured persons unemployed in Great Britain was 
very high, the mean figure standing at 1,750,822. An 
improvement was experienced in the latter half of 1922 
and the first half of 1923, the average for the twelve 
months decreasing to 1,362,613. At the end of July, 
1923, the total number of insured persons recorded as 
unemployed was 1,279,144; in October, 1925, the 
aggregate was 1,287,733. It is noted that certain 
industries show marked seasonal variations, notably 
the building, clothing, and food industries, and to a 
less extent those concerned with entertainment services, 
transport, and distribution. More or less regular 
variations are also to be observed in the printing and 
publishing industries and in the gas, water, and elec- 
tricity supply industries. In the case of the important 
staple industries, the outstanding feature has been the 
great increase of unemployment in coal-mining. It is 
pointed out that the increase of 116,878 between October, 
1924, and October, 1925, in the numbers recorded as 
unemployed in this industry alone, compares with the 
increase of 55,178 in the same period in all insured 
trades, including coal-mining. Excluding coal mining, 
there was a decrease of 61,700 in all other insured trades 
taken together; so that, apart from the crisis in the 
coal industry, the figures would appear to indicate that 
the general improvement in employment experienced in 
1924 has continued during the current year. Both iron 
and steel and shipbuilding have suffered from a high 
rate of unemployment, but shipbuilding and repairing 
experienced some improvement during the first half 
of 1924, followed by a decline. The engineering indus- 
tries as a whole show a distinct improvement during the 
past two years, but this has occurred mainly in general 
engineering. There has been a reduction of about 
62,000 in the numbers recorded as unemployed between 
July, 1923, and October, 1925, the total falling from 
149,600 to 87,800. 





The Ministry of Labour states that on December 21, 
1925, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,102,400-—896,400 men, 25,900 boys, 157,900 
women, and 22,200 girls. On December 14, 1925, the 


164,662 women, and 23,580 girls; and on December 22, 
1924, it was 1,169,227—897,461 men, 30,281 boys, 


justify the expense of a special cutter, and in any case 
the most important advantage of possessing the attach- 
ment is lost if the cutter has to be ordered from outside. 
As a consequence of this difficulty, firms who employ 
such an attachment frequently attempt to make their 
own cutters, or, alternatively, cut the blank with the 
nearest form they happen to possess. The result is 
generally unsatisfactory in either case; and to meet 
this difficulty, Messrs. Matterson, Limited, of- Shaw- 
clough, Rochdale, have introduced a series of attach- 
ments in which a single straight tool is employed. 
This tool is of the ordinary V-type, and can be made 
by any tool-smith with the aid of the gauges supplied 
by the firm. 

We illustrate three forms of attachment made by 
Messrs. Matterson, which are all designed for use in con- 
junction with an ordinary shaping machine, in Figs. 1 
to 12, on pages 12 and 13. Of these, Figs. 1 to 3 illus. 
trate a spur gear generating attachment, modified to 
enable spiral gears to be cut, Figs. 4 to 6 one for bevel 
gears up to 6 in. in diameter, and Figs. 7 to 9 an attach- 
ment for bevel gears up to 12 in. in diameter. The 
description of these machines in detail will be facili- 
tated if reference be first made to the basic principle 
on which all three operate. In generating spur teeth, 
the usual type of machine employed is arranged to rol] 
the gear blank in suitable relation to a cutting tool, 
the form of which corresponds to that of the teeth of the 
wheel with which the finished blank is required to gear. 
In general, the form of the cutter will vary both in 
relation to the type of tooth cut, and to the diameter 
of the wheel with which the finished blank is to be used 
but in the case of involute teeth, now almost univer- 
sally used, saving some few of the largest, a wheel will 
gear equally correctly with other wheels of any diameter, 
and also with a rack, providing only that the pitch is 
the same in all cases. The form of tooth on an invo- 
lute rack is straight-sided, and can therefore be repre- 
sented by a single V tool. It will thus be evident that 
a tool with straight flanks can be utilised to cut in- 
volute teeth on a spur wheel, providing the blank can 
be rolled in correct relation to the cutter. 

In the case of bevel wheel cutting, certain modifica- 
tions become necessary. In any bevel wheel, the tooth 
form in any plane at right angles to the surface of the 
pitch cone may be regarded for all practical purposes as 
a tooth of a spur wheel, equal in radius to that of the 
pitch circle in the plane taken. In a straight bevel 
gear, however, this pitch radius, and also the depth 
and width of the tooth, will vary throughout its length, 
and it will therefore be necessary to modify any mecha- 
nism suitable for a spur tooth, to produce a machine 
capable of generating a correct tooth form throughout 
the width of the bevel. Referring to Fig. 10, in which 
a bevel wheel is represented diagrammatically, the 
variation in the pitch radius, and therefore in the pitch 
of the teeth, may be met by rolling the pitch cone 
BJK on a plane tangential to its surface, and containing 
the line EF, This rotation may be split up into two 
components, consisting of a rotation of the cone about 
its own axis AB, and a rotation about the axis LM. 
perpendicular to EF, and passing through the apex of 
the cone. As regards the other variations in the tooth 
form, that of the depth can be dealt with by a simple 
angular setting, but there remains the variation in 
width, The latter will vary in proportion to the dis- 
tance from the apex point of the cone, and in order that 
the width of the tool may vary in exact proportion to 
its depth, as it travels towards the apex, or point of 
no depth, it should theoretically arrive at this point 
having no thickness. In practice, this would involve a 
tool terminating in a true point, but such a tool would 
be impracticable from the points of view of wearing 
qualities, and of the finish given to the surface at the 
base of the teeth. This difficulty can be overcome, if 
the tool has a flattened tip, as shown in Fig. 11, by a 
sideways movement of an amount equal to the width 
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of the tip, in combination with a rotation of the blank 
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about the axis LM, Fig. 10. These two motions will 
result in the space form shown shaded in Fig. 11, at the 
point where the tool reaches the apex of the cone. 
Summarising these requirements, if P in Fig. 12 
represents the machine table, and NO the line of travel 
of the too], the shaded area represents the tooth of an 
imaginary crown wheel R, which would be traced out 


by a V-shaped tool in the course of its stroke. The 
axis LM, in this figure and in Fig. 10, will be that of 
the imaginary crown wheel, and it is evident that 
this axis will be tilted through an angle EBN in relation 
to the table. Neglecting clearances, which do not 
affect the theoretical consideration, this will be the 
dedendum angle, and will vary with different gears. 
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Provision must therefore be made for altering this 
angle. In addition, since the angle EBA will vary 
with the ratio of the bevel wheel, an adjustment is 
required about an axis perpendicular to the plane of 
the drawing, and passing through the point B. This 
represents the pitch angle setting. Finally, it has 
already been explained that adjustments are required 
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about the two axes AB and BM to allow of variations 
in the pitch radius, and the width of the tool tip. 
These two motions are related, but vary with the 
pitch angle; and provision must therefore be made 
for altering the ratio between them. 

Turning now to the application of these principles 
to the different attachments, it will be seen from the 
various illustrations that the tool is mounted in the 
tool-box of the shaper in the usual way, while the 
attachment is bolted to the bed in the position usually 
occupied by the work. The dividing head is in each 
case mounted on the attachment, and is arranged to 
rotate the wheel blank, through a train of gears, in 
the usual way. The simplest form of attachment 
made by the firm is one which is suitable for spur 
wheels only; and the arrangement then adopted, 
although not illustrated, can be readily explained by 
reference to Figs. 1 to 3. These figures show a con- 
version of the spur gear attachment to enable spiral 
gears to be cut. The cross-spindle, to which the 
dividing head is coupled, carries a worm which engages 
with a worm wheel on the work mandrel. The cross 
spindle in turn is geared through a train of change 
wheels, seen at the back in Fig. 1, to a second lower 
cross spindle carrying a bevel wheel on its outer end, 
which is coupled up to the table-traversing screw of 
the shaper through a train made up of bevels, spur 
gearing, and a chain transmission. In the case of the 
simple spur gear generating attachment to which we 
have referred the bevel wheels are omitted, the upper 








\i \ 
y 


/ 


Ht 
ty 


ENGINEERING” 


Cee 


of the three spur wheels, shown in Fig. 1, being 
keyed directly on the end of the cross-spindle. If the 
work axis is then set parallel with the path of the 
tool, it will be clear that the blank will have a travers- 
ing movement, combined with a rotation, which will 
fulfil the conditions for spur wheel cutting which have 
already been considered. To modify this simple 
apparatus to cut spiral gears, it is necessary to set the 
wheel mandrel at an angle to the tool path, and to 
arrange a wheel train between the cross-shaft of the 
attachment, and the table-traversing screw of the 
shaper, which will operate through the necessary angle. 
The wheel train for this purpose is shown in Figs. 
1 to 3. 

The arrangement of the 6-in. bevel gear generating 
attachment is shown in Figs. 4 to 6. It is clamped to 
the side of the shaping machine table by means of the 
extension to the base, shown in Fig. 5. The whole 
machine rests on a fulcrum on the top of the table, 
and may be tilted bodily to any angle relative to the 
table surface; in order to give the dedendum angle 
setting. For convenience in obtaining this setting, a 
series of graduations, and an adjusting screw, visible 
at the bottom of Fig. 4, are provided. The rolling 
motion is imparted to the blank through two pairs of 





worm gears. One of these can be seen in Fig. 5, 
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the splined shaft, shown in end section, being the cross- 
shaft to which the dividing head is connected. This 
gear produces the rotation of the blank about the axis 
of the pitch cone. The second pair of worm gears is 
coupled up to the cross shaft by means of the change- 
gear train shown in Fig. 4. It can also be seen below 
the first pair in Fig. 5, and causes the whole of the upper 
part of the attachment to rotate about the central 
pivot, which is shown in a vertical position in the same 
figure. The work mandrel is adjustable endwise, by 
means of the screw visible in Fig. 5 bearing on its 
lower end, to suit bevel gear blanks of which the 
length varies from the back of the boss to the apex 
point. The correct setting is determined by measuring 
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from the apex distance rod, shown on the left in Fig. 5, 
projecting above the apparatus, to the back of the gear 
teeth with a micrometer. The work mandrel is 
secured in the main attachment by means of a 
hardened steel collet, which can be seen in section in 
the illustration. The nut which draws up the collet 
is provided with teeth around its outer edge, and is 
tightened up with the hand lever shown. This lever 
has corresponding teeth cut on its end, and is held in 
position by a pin, which can be inserted in one of a 
series of holes in the worm wheel. The traverse move- 
ment of the table, which is employed in generating the 
teeth on the blank in a manner generally simila¥ to 
that referred to when describing the previous machine, 
is automatically operated by means of a rachet wheel 
and pawl. The motion is conveyed through the 
medium of a lever, shown in the bottom right-hand 
corner in Fig. 4, connected by a chain to the feed 
mechanism of the shaping machine. 

It will be recalled that, when discussing the move- 

ments of the blank which were required in order to 
produce a bevel tooth of the correct form, it was stated 
that an adjustment was required for the space width, 
due to the fact that the tool must have an appreciable 
thickness at the tip. To obtain this adjustment, a 
graduated dial is mounted on the inner end of the worm 
spindle, in front of the lowest of the three change 
wheels shown in Fig. 4. This dial records the degree of 
rotation about the vertical axis which is required to 
allow for the width of the tool tip. The actual motion 
is imparted by means of the handle seen projecting 
from the front of the machine in Fig. 4. This handle 
is on the end of a shaft which carries a skew-gear wheel, 
engaging with a second wheel on the outer end of the 
worm spindle, as shown in Figs. 5 and 6. The final 
setting required, that for the pitch angle, is obtained 
by swinging the central portion of the machine, which 
carries the work mandrel, in the quadrant, which is 
clearly visible in Fig. 4. To facilitate accurate settings 
of this part of the mechanism, a rack is cut on the 
under side of the quadrant. A small pinion engages 
with this rack, the hexagonal head of which is visible 
below the three quadrant nuts in Fig. 4. 

«.-The machine can be employed for cutting skew as 
well as straight bevels, and is actually shown in opera- 
tion on a skew bevel in Fig. 4. Space does not permit 
of our entering into a discussion of the modifications 
necessary when skew bevels are to be produced, but it 
may be mentioned that the tool has to be tilted in the 
holder, and the work offset. Special wedges are 
supplied with the machine to place behind the tool to 
produce the required tilt. As regards the offset, the 
tool is first set central, and is then offset the desired 
amount by means of the table-traversing screw. 

The 12-in. machine, which is shown in Figs. 7 to 9, 
need not be described in detail, as it is generally similar 
in principle to the smaller model, but has certain 
differences in keeping with its increased size and 
capacity. It is designed for bolting direct to the top 
of the machine table, and has a different arrangement 
for arriving at the apex distance setting. For this 
purpose, an additional slide is provided, which can be 
seen in all three illustrations. A bow slide, shown at 
the base of the attachment in Fig. 9, is also provided 
for the dedendum angle setting. Alternative work 
slides are available, one of which is suitable for pitch 
angles of from 0 deg. to 45 deg., while the other is 
suitable for angles of from 45 deg. to 90 deg. The 
former is shown in all three illustrations, while the latter 
is shown dotted in Fig. 9. The tool-setting gauge is 
carried on a graduated swinging arm, the measurements 
for spiral offset being obtained independently of the 
shaper screw. The 6-in. machine can deal with ratios 
up to 2 to 1 only, but the 12-in. will deal with almost 
any possible combinaticn up to 8 to 1. 

In contluding our description of the three attach- 
ments, it may be mentioned that each one is of robust 
design, and that parts subject to rough usage are 
hardened. Provision is made for taking up wear at 
all points where it would affect the accuracy of the 
machines. The modifications which are necessary to 
the shaper with which the machines are used are of the 
most trifling nature, the most serious being the cutting 
of a spline on the cross-feed screw to receive a spur 
pinion in the case of the spur gear generating attach- 
ment. Teethof standard shape can be generated on the 
machines, the tool and grinding gauges supplied being 
suitable for Brown and Sharpe 14}-deg. pressure angle 
involute gears. Gauges can be supplied, however, for 
any pressure angle. Within certain limits, teeth of 
Brown and Sharpe proportions at the outer end, but 
truncated at the inner end, which are of the correct form 
otherwise, can be produced at one pass of the tool. 
On the bevel generating attachments it will be evident 
from the foregoing description that teeth of standard 
form require two passes of the tool. Not the least 


useful service obtained from these attachments is the 
production of odd gears of special depth or pressure 
angle, and also of standard or special gauge shapes for 
tool makers. 


THE MOTOR LINER ‘GRIPSHOLM.’’ 


Tue Swedish-American Line’s new motor-ship Grip- 
sholm, the trials of which we referred to in our issue 
of November 13 last on page 616, has recently com- 
pleted her maiden voyage between Gothenburg and 
New York. She left Gothenburg on November 21, and 
arrived in New York on November 30, after a 
non-stop run with the engines developing 16,300 
shaft horse-power at 116r.p.m. The speed maintained 
during the voyage was over 16 knots, which was in 
accordance with the contract conditions. She left 
New York on the return voyage at the scheduled 
date, December 9. From the passengers’ point of 
view the boat behaved admirably, and vibration was 
practically non-exjstent. It will be remembered that 
the Gripsholm is fitted with double-acting Diesel 
engines of the Burmeister & Wain type, and the 
success of the boat is ot great interest in view of the 
future of the double-acting Diesel. As is generally 
known, Messrs. Harland and Wolff, after continuous 
success with the single-acting type, are introducing 
double-acting Diesels in the case of the Royal Mail 


NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday. 

Iron and Sicel.—Preparations are being made for New 
Year production with quiet confidence that slightly 
improved conditions will be attained. Revival at an ab- 
normal rate is not anticipated, and would, it is contended 
by leading manufacturers, do-more harm than good in 
the long run. Arrangements have heen made for in- 
creased deliveries of raw and semi-finished materials 
for several weeks ahead. The position at the iron furnaces 
has improved, mainly on account of foreign purchases. 
Failure to secure an application of safeguarding principles 
to the basic trades has not affected official quotations. 
These, however, are already so low as, in many instances, 
to be unremunerative. Current rates are as follow : 
Hard bhasic-steel billets 81, 12s. 6d. ; soft basic-steel billets, 
7l. 5s.; West-Coast hematites, 41. 5s.; East-Coast 
hematites, 4/.; Lincolnshire No. 3 foundry iron, 
3l. 7s. 6d.; Lincolnshire forge iron and Derbyshire 
No. 3 foundry iron, each, 31. 5s.; Derbyshire forge iron, 
31, 2s. Sd.; bars, 12/., sheets 141. 10s.—in each case per 
ten delivered at Sheffield. In heavy engineering, 
substantial orders are in hand for railway carriage con 
struction and furnishings. and provincial tramway 
requirements. ‘The progress of foreign mining develop- 





Steam Packet Company’s motor liner Asturias, which 
is of 22,500 gross tons, and has engines developing 
20,000 h.p. She will be ready for official trials early 
this month. 
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ments has given rise to a healthy inquiry for dredging, 
boring and other machinery. Makers of special steels 
are nothing like fully employed, but orders show a 
tendency to increase. An encouraging sign is that output 
of engineers’ tools has for: several weeks heen in the 
ascendant, 


South - Yorkshire Cual Trade.—The market is still under 
the holiday influence. Merchants, however, have 
fairly substantial order. books, especially for best quality 
house-coal, and anticipate heavy deliveries over the 
next few weeks. Inland trade in steam hards is mainly 
limited to contract supplies, but there are numerous 
forward inquiries circulating. The bulk of the output 
of washed fuel is going into inland consumption. Furnace 
and foundry coke maintain their recent improvement. 
Quotations :—Best branch handpicked, 31s. to 34s. ; 
Barnsley best Silkstone, 28s. to 30s.; Derbyshire hest 
brights, 26s. to 27s. 6d.; Derbyshire best house, 24s. 
to 25s.; Derbyshire best large nuts, 17s. to 20s. ; Derby- 
shire best small nuts, 12s. 6d. to 14s.; Yorkshire hards, 
16s, 6d. to 19s. 6d.; Derbyshire hards, 15s, to 19s. ; 
Rough slacks, 10s. to 12s. 6d.: Nutty slacks, 7s. 62. to 
9s.: Smalls, 3s. 62. to 6s, 





Ourput OF MACHINERY FOR THE YEAR 1925.— 
Messrs. wan, fiunter and Wigham Richardson, Limited, 
were the builders of the engines of 10 ships having an 
aggregate h.p. of 32,800. Among these were the twin- 
serew vessel Athelking (5,600 h.p.), the British Petrol 
259 h.p.), the Granada (3,500 k.p.), the Petris I 
450 h.v.), and the Neptunian (3,209 h.p.).— Five 
vessels were engined ky Messrs. William Doxford and 
Sons, Limited. Two of these, the twin-screw motor ships 
Port Dunedin and Port Hobart, had an i.h.p. of 5,500, 
The single-screw motor ships Sylvafield and 'Tynefield. 
each had an i.b.p. of 3,200. The last of the five vessels, 
the single-screw motor ship Silveray, had an i.h.p. of 
2,650. The engines of all these ships were of the Doxford, 
solid-injection, opposed-piston type.—The marine engines 
and boilers supplicd hy Messrs. John Dickinson and Sons 
Limited, Palmers Hill Kngine Works, Sunderland, had 
a total ichp. of 6,850. The total shaft horse-power of 
marine gearing manufactured by Messrs. The Parsons 
Marine Steam 'Turbine Company, Limited, was 71,400. 
The cutting of gearing for licensees, to be used in associa- 
tion with marine steam turbines aggregating 55,060 h.p., 
was also undertaken. Land turbines, aggregating 
30,000 kw.. were constructed for Messrs. C. A. Parsons 
and Co., Limited.—Messrs. Vickers Limited, Parrow- 
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in-Furness, constructed the machinery for a destroyer 
for the Imperial Japanese Navy, comprising 40,000 h.p. 
Metro-Vickers Rateau type turbines with single-reduc- 
tion gearing. The machinery fcr a Spenish submarine, 
consisting of twin-serew Vickers submarine oil engines, 
was also built. 

PrersonsL.—Mr. C. Holmes Waghorn has resigned 
from the position of general manager of Messrs. Walker 
Vehicles, Limited, Clare House, Kingsway, London, 
W.C.2.—In consequence of ill-health, Mr. E. M. Brown, 
of Messrs. Ernest M. Brown and Co., Huddersfield, 
has retired from business. The undertaking has been 
purchased by Mr. Sidney Armitage.—-It is announced 
that, from December 1, 1925, the name of Messrs. 
Guy F. Dowding and Co., Bush House, Aldwych, 
London, W.C.2, has heen changed to Messrs. Dowdings’ 
Machine "lool Company, Limited.---The firm of Messrs. 


Modern Railway Signalling. By M. G. Tweeptr and |E. P. Allam and Co., Electric Power and Lighting 
T. S. Lasceties. London: Blackie and _ Son, | Engineers, 107-109, Gray’s Inn-road, London, W.C. 1, 
Limited. [Price 20s. net.] has been converted into a private limited-liability 


rcompany. On and after January 1, 1926, the firm 
will trade under the style of Messrs. E. P. Allam and Co., 
Limited.—- Messrs. James Carter (Stalybridge), Limited, 
Iron and Brass Founders, General and Motor Engineers, 
Stalybridge, Cheshire, have acquired a London office 
at 75, Mark-lane, E.C.3, and have placed Mr. Archibald 
Brown in charge.—Messrs. Pneulec Machine Company, 


mittee on Atmospheric Pollution. Report on Observations | Limited, Foundry Engineers, Mafeking-road, Smeth- 
in the Year ending March 31, 1925. London: His | wick, near Birmingham, have purchased the con- 
Majesty’s Stationery Office. [Price 5s. 6d. net.] structional plant of Messrs. Thwaites Bros., Limited, 
Metallurgy and its Influence on Modern Progress. By | Bradford. ‘The plant is being transferred to the Smeth- 
Sir Rospert A. HapFrieLtp, Bt., D.Se. London: | wick works of the firm, where considerable extensions 


are being carried out in order to accommodate the 
constructional branch of the business. Several leading 
members of the late staff of Messrs. Thwaites have also 








joined Messrs. Pneulec Machine Company. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MinvtessRouGH, Wednesday. 

The Cleveland Iron Trade.—As a rule at this season of 
the year, business is practically at a standstill owing to 
holidays, but the approach of the close of 1925 has been 
characterised by marked activity. Cleveland pig iron 
has become searce and this, together with good and growing 
home demand, has enabled makers to take a very firm 
stand, and to ignore the continued absence of buying for 
shipment abroad. Home requirements are almost 
sufticient to absorb the limited supply, and customers are 
coming forward to arrange for future needs. Makers 
fixed-minimum quotations of a week ago were two shillings 
below prices producers will now accept. For home con- 
sumption No. 1 has become 71ls.; No. 3, g.m.b., 688. 6d. ; 
No. 4, foundry, 67s. No. 4, forge, 66s. 6d.; and 
mottled and white iron each 66s. Export quotations 
are 6d. above these figures. 


Hematite.—East Coast hematite is all but unobtainable 
for prompt delivery, and prices have advanced a shilling 
on last week’s market quotations. Demand keeps good, 
both for home purposes and for despatch to the Continent, 
and customers are desirous of arranging for forward 
supplies. Nos. 1, 2 and 3 are 77s., and No. 1 is at a 
premium of 6d. 


Foreiyn Ore.—Values of imported ore tend upward, 
and inquiries are reported rather better. Market 
rates are based on best rubio at 21s. c.i.f. Tees. 


Plast-furnace Coke.—Durham blast-furnace coke is 
considerably sought after, and with supply somewhat 
short, prices are inclined to stiffen further. Inadequate 
provision of trucks is hampering delivery. Good medium 
coke is realising 22s. 6d., delivered to local consumers. 


Manufactured Iron and Steel_—No new development of 
moment is noticeable in the manufactured iron and steel 
industries. Inquiries circulating show some improve- 
ment, and prices of some com:nodities tend upward but 
are not quotably advanced. Common iron hars are 111. 5s. ; 
iron rivets, 12/. 15s.; packing (parallel), 81. ; packing 
(tapered), 112.; steel billets (soft), 7l.; steel billets 
(medium), 7l. 10s.; steel billets (hard), 82. 2s. 4d.; 
steel ship, bridge and tank plates, 7]. 5s.; steel angles 
6l. 17s. 6d. ; steelrivets, 127, 10s. ; steel joists, 67. 17s. 6d. ; 
heavy sections of steel rails, 8/.; fish plates, 12/.; black 
sheets (24 in. gauge), I1l. 5s. ; and galvanised corrugated 
sheets (24 in. gauge), 171. 








NOTES FROM THE NORTH. 


GuasGow, Wednesday. 

Scottish Steel Tvade.—-There has been very little 
doing in the steel trade of Scotland during the past 
week, and dealing has been of the poorest description. 
Buyers have been few in number, and the tonnage 
has generally been small. The uncertainty of the 
outlook has caused a want cf confidence on the part 
of consumers, who are not inclined to commit them- 
selves beyond actual requirements. Inquiries are very 
searce also, and the prospects for the early part of 
the new year are none too bright. Prices are nominally 
unchanged, and the year closes with them on the lowest 
level for the twelve months. The following are the 
current quotations: boiler plates, 11/. per ton; ship 
plates, 7/. 10s. to 71, 12s. 6d. per ton; sections, 71. to 
7l, 2s, 6d. per ton; and sheets, i in. to $in., 91. 2s. 6d. 
to 9l. 5s, per ton, all delivered Glasgow stations. The 
hlack-sheet trade is still in a healthy condition, and is 
the one active section of the industry. Steady business 
is assured for the next few months, and inquiries for 
light gauges and galvanised sorts are again quite 
satisfactory. 


Malleable-Iron Trade—In the West of Scotland 
malleable-iron trade the last week of the year has been 
no better than those which have preceded it during 
the past month or two. Bookings have been poor, as 
few consumers have had any orders to place, and 
inquiries do not hold out much hope of any increase 
in business in the near future. The price of ‘‘ Crown ” 
bars is called 11/. 5s. per ton, delivered at the Glasgow 
stations, 


Scottish Pig-Iron Trade.—Very little new business has 
heen put through in Scottish pig-iron since the last report, 
and order books do not contain much tonnage. Local 
consumers have heen buying sparingly, and export 
orders have not been very numerous for some time. 
rhe demand for special brands is not very heavy. 
Prices are barely steady, and are round the following : 
Hematite, 3/. 17s. 6d. per ton delivered at the steel 
works ; foundry iron, No. 1, 79s. 6d. to 82s. per ton 
and No. 3, 76s. 6d. to 798, per ton, both on trucks at 
makers’ yards. : 


_ Scottish Pig-iron Shipment2.-The shipments of Scot- 

tish pig-iron from Glasgow Harbour for the week 
ended last Saturday, December 26, amounted to 
476 tons. Of that total 396 tons went overseas, and 
50 tons coastwise. During the corresponding week of 
last year the figures were 1,150 tons on foreign account, 
and 63 tons coastwise, making a total shipment of 
1,213 tons. 


Holidays.—The year-end holidays are now on at some of 
the works, but the majority do not stop until to-morrow. 
Che respite is very welcome in many cases—-not because 
ot any severe pressure to effect deliveries, but because 
of the great diffienlty which has keen felt by manage- 
ments In securing sufficient tonnage to keep plant moving. 
A general re-start will not be made until Monday, 
January 11, although a few establishments will be 
re-opened by Tuesday, January 5. 





NOTICES OF MEETINGS. 


Tue JuNIorn INSTITWTION OF ENGINEERS.——T'o-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Cinemato- 
graph Lecture. ‘The Manufacture of Ordnance”? and 
“The Rolling Mills and Crucible Melting Department 
at the River Don Works of Vickers Limited.” Friday, 
January 8, at 7.30 p.m. ‘Notes on Salesmanship,” 
by Mr. A. J. Simpson, 


Tue Institute or TRANSporRT.—Monday, January 4, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
Savoy Place, Victoria Embankment, W.C.2. ‘* Some 
Recent Developments Connected with the Shipment 
of Coal at South Wales Ports,” by Mr. J. Auld. 


THE INSTITUTE OF TRANSPORT: YORKSHIRE SECTION. 
—Monday, January 4, at 5.30 p.m., at the Town Hall, 
Leeds. ‘* Port Agency,” by Mr. F. W. F. Oldfield. 


THe Junior INSTITUTION OF ENGINEERS: NORTH- 
WESTERN SEcTION.—Monday, January 4, at 7.30 p.m., 
at the Manchester Geological Society, 16, St. Mary’s 
Parsonage, Manchester. Presidential Address, ‘‘ Pro- 
gress,” by Mr. A. P. M. Fleming, M.Sc. 


Tue INSTITUTION OF THE RUBBER INDUSTRY.—Monday, 
January 4, at 8 p.m., at the Engineers’ Club, Coventry- 
street, W.1. ‘‘ A Note on the Blending of Compounding 
Ingredients,” by Mr. T. R. Dawson, M.Se. “ Stress- 
Strain Relationship of Rubber under Compression,” by 
Mr. C. H. Birkitt, B.Sc. ‘‘ Low-Temperature Vulcani- 
sation,”’ by Mr. T. Thomas, B.Sc. 


THE Royat IwnstituTre oF British ARCHITECTS.— 
Monday, January 4, at 8 p.m. at 9, Conduit-street, 
Regent-street, W.1. ‘Lincoln Cathedral,” by Sir (. 
Nicholson and Sir Francis Fox. 


THe Royat Socrety or Arts.—Tuesday, January 5, 
at 4.30 p.m., at John-street, Adelphi, W.C.2.. Dominions 
and Colonies Section. ‘France in North Africa,” by 
Mr. Henry D. Davray, C.B.E. 


THe Institution or AtTOMOBILE ENGINEERS: 
T.INDON CENTRE. ‘Tuesday, January 5, at 7 p.m., at the 
Royal Society of Arts, John-street, Adelphi, W.C.2. 
‘“‘ Sleeve-Valve Engine Development,”’ by Mr. W. Ferrier 
Brown. 

Tue Institute or Metats: BrrMIncHamM LocaL 
Srction.—Tuesday, January 5, at 7 p.m., at the Chamber 
of Commerce, New-street, Birmingham. ‘‘ The Influence 
of Work and Annealing on Brass,” by Dr. ©. F. Hudson. 





Tae Lystirvtion oF Ctvit ENGINEERS.—-Wednesday, 
January 6, at 6 p.m., at Great George-street, S.W.1. 
Students’ Meeting. ‘‘ Recent Improvements in the 
Works of the Calne Waterworks Company,” by Mr. 
Julius Kennard, B.Se. 


Tue Institution or Etecrrican ENGINEERS.— 
Wednesday, January 6, at 6 p.m., at Savoy Place, 
Victoria Embankment, W.C.2. Wireless Section Meet- 
ing. ‘* Frequency Variations in Thermionic Generators,” 
by Lieut.-Colonel K. E, Edgeworth, D.S.O. 


THe InstrruTion oF HEATING AND VENTILATING 
ENGINEERS.—Wednesday, January 8, at 7 p.m., at 
Caxton Hall, Broadway, Westrninster, S.W.1. ‘ Pump 
Circulation,” by Mr. J. Roger Preston. 


Tue Instirution or LELectrican ENGINEERS.—- 
Thursday, January 7, at 6 p.m., at Savoy-place, Victoria- 
embankment, W.C.2. Ordinary Meeting. ‘“‘ Past, Pre- 
sent and Future Developments in Wireless 'Telephony.” 
by Capt. P. P. Eckersley. 


THe Royat AERONAUTICAL SocreTy.—Thursday, 
January 7, at 6.30 p.m., at 7, Albemarle-street, W.1. 
**'The Experimental Analysis of Frameworks with Special 
Reference to the Problems of Airship Design,’’ by Pro- 
fessor A. J. Sutton Pippard, D.Sc. 


Tue Institution oF Civ. ENGINEERS: YORKSHIRE 
Assocration.—Thursday, January 7, at 7.30 p.m., at 
the Hotel Metropole, Leeds. ‘‘ Recent Developments in 
Rotary Pumps for Sewage, Water and Other Purposes,” 
by Mr. F. Kennerley Preston. 


THe IwnstrrvuTion oF StRucTURAL ENGINEERS.— 
Thursday, January 7, at 7.30 p.m., at Denison House, 
296, Vauxhall Bridge-road, S.W.1. ‘‘ The Manufacture 
and Strength of Brickwork,” by Mr. John T. Jacques. 


Tue INSTITUTION oF SANITARY ENGINEERS,—Thurs- 
day, January 7, at 7.30 p.m., at Caxton Hall, Broadway, 
Westminster, S.W.1. Presidential Address by Mr. 
Edward Willis, M.Inst.C.E, 


Tse [NstiruTe or METALS: LONDON LocaL SEcTIoN. 
—Thursday, January 7, at 7.30 p.m., at the Institute of 
Marine Engineers, 85-88, The Minories, Tower-hill, E.1. 
“The Fatigue of Metals: A General Survey and an 
Account of Some Recent Work, Part I,” by Mr. H. J. 
Gough, B.Se., and Dr. D. Hanson. 


THe INstTitoTION OF MECHANICAL INGINEERS.— 
Friday, January 8, at 6 p.m., at Storey’s-gate, S.W. 
Extra General Meeting. Third Report of the Marine 
Oil-Engine Trials Committee. 


Tue Norts-East Coast INstTiruTIon oF ENGINEERS 
AND Suipevuitpers.—Friday, January 8, at 7.30 p.m., 
at the Literary and Philosophical Society, Newcastle- 
upon-Tyne. ‘The Star Contra Propeller,” by Mr. Walter 
Pollock. 


Tue Society or TECHNICAL ENGINEERS.—Friday, 
January 8, at 7.30 p.m., at the Queen’s Hotel, Birming- 
ham. “The Research Factor in Cable Making,” by 
Capt. P. Dunsheath, M.A, 


THe Soctety or Cuemican Inpustry: CHEMICAL 
ENGINEERING GRouPp.—Friday, January 8, at 8 p.m., 








at the Chemical Society, Burlington House, Piccadilly, 
W.1. ‘The Manufacture of Hydrogen suitable for the 
Hydrogenation of Oils,” by Mr. A. Edgar Knowles. 
“The Production of Hydrogen by Micro-organisms,” by 
Dr. A. C. Thaysen. 


THE InstITUTION OF MuNICIPAL AND County EN- 
GINEERS: YORKSHIRE District.—Saturday, January 9, 
at 2.30 p.m., at the Town Hall, Huddersfield. General 
Meeting. 


Tue InstiroTe OF British FooNDRYMEN: LANCA- 
SHIRE Brancn.— Saturday, January 9, at 4 p.m., at the 
College of Technology, Manchester. ‘‘ Liquid Shrinkage 
in Grey Iron,” by Mr. J. Longden. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Operators have not yet settled 
down following the Christmas holidays. Business, in 
tho circumstances, is on very quiet lines, prospective 
buyers being content to sound the market before 
committing themselves. Poor arrivals of shipping, 
because of the inclement weather, have also disorganised 
arrangements, and though collieries generally ere well 
booked up on paper, the majority are in need of business 
which will provide them with a quick outlet. In_ the 
circumstances, prices have developed irregularity. Best 
and second Admiralty large and Monmouthshire large 
coals are relatively steady on the basis of 21s. 6d. to 
23s. 6d. for the former, and 18s, 6d. to 20s. for the latter ; 
but dry large is weak and neglected at 21s, to 22s., 
while smalls, generally, are easier on the basis of 12s to 13s, 
for the hest bunker sorts, and from 10s. 6d. to lls. 6d. 
for cargo sorts. The Navigazione Generale Italiana has 
placed a contract for 90,000 tons of best and second 
Admiralty large between two Cardiff exporting firms 
for delivery over the first five months of the year. 
Exports of coal as cargo foreign from South Wales in 
the past week were considerably reduced in consequence 
of the intervention of the Christmas holidays. Ship- 
ments totalled 263,220 tons, compared with 538,340 tons 
in the previous week, those from Cardiff falling from 
307,770 tons to 164,760 tons, at Newport from 119,170 
tons to 36,740 tons, at Swansea from 65,450 tons to 
30,170 tons, and at Port Talbot from 42,499 tons to 25,170 
tons; but at Llanelly they were increased from 3,40 tons 
to 6,390 tons. Shipments to the Argentine amounted 
to 39,309 tons, Brazil 23,400 tons, France 76,090 tons, 
Italy 21,600 tons, and Spain 18,660 tons. A fresh 
effort is to be made to induce the coal trimmers and 
tippers to facilitate despatch by altering their working 
hours. At present they work in two continuous day- 
shifts of eight hours each, but the traders wish them 
to work a day and night shift, with a break in between, 
so that empties can be cleared from the sidings and 
replaced by loaded trucks. At the same time, the 
colliery owners are to be approached with a view to 
having the scale of loading hours reduced as they are 
considered to be too long in view of the improved 
facilities now available at the docks. 


The Dry-Dock Fusion.—Ofiicial details have now been 
issued in connection with the taking over of Messrs. 
Elliot and Jeffery, Limited, by the Mountstuart Dry 
Docks and Shearmans, Limited. It is proposed to 
reduce the lJ. preferred and deferred-ordinary shares 
of the Mountstuart Company to 10s, shares, which will 
reduce the issucd capital of 725,000/. by half. The 
authorised capital is to remain unchanged. The fusion 
is expected to result in substantial economies. Mr. John 
Elliot, director of Messrs. Elliot and Jeffery, Limited, is 
to become chairman and manzging director of the 
combined business in place of Mr. Frank Shearman, who, 
however, retains a seat on the Board. 





Honour CoNFERRED UPON Sire RoBertT HADrieLp, 
We have pleasure in recording the fact that the French 
Government has honoured Sir Robert A. Hadfield by 
conferring upon him the “Croix d’Oificier” of the 
Legion of Honour, in recognition of his services to 
science, and of the fact that Sir Robert and Lady Hadfield 
equipped a hospital in France, which they maintained 
for the whole period of the war. 


AwarpD OF THE Dupprett Merpar.—The Duddell 
Medal of the Physical Society of London is awarded 
to those who have advanced the science of physical 
measurements by inventing instruments or parts of 
instruments of novel design. This year’s recipient of 
the medal is Mr. Albert Campbell, formerly of the 
National Physical Laboratory, who has won distinction 
for many new devices connected with the measurement 
of capacity and inductance. Perhaps his best-known 
invention is the Standard Mutual Inductance, which, in 
this country, forms the basis of most of the accurate 
measurements of inductance. 


Tue InstItTuTION OF Furt Econoyy ENGINgEERs.— 
A new organisation, called the Institution of Fuel 
Economy Engineers, was inaugurated at a meeting 
held at the Engineers’ Club, London, on December 22, 
last. ‘The first council was elected, and it was decided 
to form sections in differenc parts of the country. The 
new Institution is intended to be tke responsible 
organisation representing every section of fuel technology 
throughout the country. The secretary is Mr. H. L. 
Pirrie, and the registered office of the Institution 
is 29, Sherwin-road, Lenton, Nottingham, pending the 
opening of London headquarters. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC “ ENGINEERING,” WESTRAND 

ADDRESS LONDON. 
TELEPHONE NuMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 








For the United Kingdom ........................ £3 5 0 
For Canada— 
Thin paper copies .....:.............s000+ £218 6 
Thick paper copieS........................ £3 3 0 
For all other places abroad— 
Thin paper copies ........................ £3 3 0 
Thick paper copieS....................0. £3 “7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.’’ Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ENGINEERIN G.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney, 
N.S.W. T. Willmett and Co., Townsville, North Queens- 
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PHYSICS AND INDUSTRY. 


REFERENCE has often been made to the very 
considerable time lag which commonly intervenes 
between a scientific discovery and its practical 
utilisation. Some 2,000 years separated the 
observation that rubbed amber would attract 
light objects and the first practical use of electrical 
phenomena. The rapid spread of scientific know- 
ledge—or, perhaps still more important, the 
extraordinary growth of the mechanical arts—which 
commenced some century and a half ago, appears 
to have diminished very materially the gap be- 
tween laboratory experiment and its commercial 
exploitation. Nevertheless, many years elapsed 
between Davy’s work on electrolysis and the 
foundation of the electroplating dndustry, and 
nearly forty years intervened between Faraday’s 
discovery of electro-magneto induction, in 1831, 
and the construction of the first Gramme dynamo, 
in 1869. Towards the end of last century matters 
moved more rapidly, and less than ten years elapsed 
between the detection by Hertz of Maxwell’s electro- 
magnetic waves and their practical application by 
Marconi. A somewhat similar interval separated 
the demonstration of the existence of electrons by 
Sir J. J. Thomson and their conscious and inten- 
tional use for utilitarian ends. It may be noted 
that this discovery was, at the outset, not al- 
together welcome to practical electricians, who had 
been accustomed to regard an electric current as 
analogous to the flow of a continuous fluid. This 
concept had served them well, and many were not 
prepared to abandon it without protest. 

It would seem from the foregoing examples that 
the connection between the laboratory and the 
workshop has been steadily improving. Much, 
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however, remains to be done. The burden imposed 





on the nation by the Napoleonic wars was mainly 
relieved by pioneering improvements in our 
industries. The field then open was largely virgin 
soil, and the success with which it was exploited 


2\was mainly due to the insight, ingenuity and 


enterprise of the earlier British engineers. As was 
pointed out, however, by Mr. A. P. M. Fleming, 
in his recent address to the Manchester 
Association of Engineers, these qualities require 
supplementing to-day by a competent knowledge 
of pure science.. As matters now stand, even the 
maker of heavy electrical machinery can no longer 
ignore the electron, since it is to the electric valve 
that many engineers are looking to provide a 
“static? method of converting alternating into 
direct current. Mr. Fleming, indeed, suggested 
that thermionic rectifiers may do much to cheapen 
electric traction. With their aid it may be possible 
to combine the advantages of direct-current motors 
with that of an alternating supply carried directly 
to the locomotive at a high voltage. 

It is now practicable, he stated, to transmit elec- 
tricity at 200,000 volts, and to construct trans- 
formers to withstand over one million volts. This 
possibility he attributed mainly to the investigations 
on insulators which originated in Sir J. J. Thomson’s 
researches on the passage of electricity through 
gases, 

With the work now in prospect the merely practical 
man will hardly be competent to deal. The more 
progressive of our manufacturers realise this, and 
very fortunately research work of a fundamental 
character is a matter more of the man than of the 
equipment. Hence, although we may not expect 
to rival the laboratories of the General Electric 
Company of America, to which we owe the Coolidge 
tube and the drawn wire lamp, there is no reason 
whatever why equally important results should 
not be obtained in our necessarily less pretentious 
industrial research laboratories. Probably, how- 
ever, as in the past, the greater proportion of work 
of really fundamental importance will originate in 
university or private laboratories. In these the 
pursuit of science for its own sake occasionally 
yields a wholly unexpected bonus in the shape of 
a discovery which is not merely interesting, but 
proves to be capable of development into something 
commercially profitable. 

In consummating this development the works 
laboratory is almost an essential. It is, in fact, one 
thing to work with pure materials under laboratory 
conditions, and quite another to obtain correspond- 
ing results on a manufacturing scale. In the past 
many fortunes have been lost in the attempt to 
make this transition from the laboratory to the 
factory, and it is here that firms having a scientific- 
ally trained staff must have great advantages over 
those run wholly by shop-trained men, highly 
efficient as these almost invariably are in their 
normal work. 

It is to be hoped that this will become increasingly 
recognised. Many of us have felt it a reproach to 
British engineers that so many firms have consented 
to purchase from abroad designs for air ejectors, 
Diesel engines, metallurgical processes, and so on, 
which they ought to have been quite capable of 
providing for themselves. Of course, genius is 
confined to no nation or race, and it is most desirable 
that really master inventions should be rapidly 
acclimatised here. Genius is, however, exceedingly 
rare, and was not in the least involved in the cases 
we have particularly in mind. Our own clever . 
young engineers could have quite well produced 
equally good and successful designs had they been 
afforded the chance. Possibly one cause of the 
unfortunate procedure to which we have taken 
exception, is the common practice of estimating 
a man’s ability by his organising powers. The 
best organiser is, however, not necessarily, or 
indeed commonly, the man of greatest insight 
into technical and mechanical questions. He works 
with men rather than with materials and natural 
laws. 

Speaking at the Kelvin centenary last year, 
Dr. Elihu Thomson pointed out that the engi- 
neer was the only professional man who was 
called upon to guarantee results. The doctor’s 
mistakes are buried out of sight, and the lawyer’s 





blunders are paid for by his client. The engineer 





18 


has, however, to take his own risks, and these have 
never required greater courage than they do in 
some directions to-day. The demand for higher and 
higher efficiencies in electric generating plant has 
made it necessary to use materials in conditions 
about which there is little or no past experience to 
guide us. Hitherto, unscientific though the academic 
pedant may choose to call them, tests of material 
to destruction have commonly afforded an adequate 
idea of the real factor of safety of the engineer’s 
work. The discovery that certain, at least, of our 
materials show at high temperatures the phe- 
nomenon of creep, warns us that old-time tests 
may no longer be sufficient to ensure security. At 
a high temperature, it isfound that a material may 
break if exposed for some hundreds of hours to a 
stress, which, as judged by a short time test, ought 
to be perfectly safe. Fortunately, our metallurgists 
seem to be on the way to provide us with steels free 
from this disquieting peculiarity. In the meantime 
it has been very necessary for our engineers to 
adopt liberal factors of safety. 

The whole question of the strength of materials 
is still in a very unsatisfactory condition. In the 
past we have quite naturally and properly experi- 
mented. with the materials necessarily employed in 
our structures and machines. We now know that 
the constitution of these is by no means simple. 
They are essentially aggregates of minute crystals, 
embedded probably in a matrix of amorphous 
material. None of them, even the most uniform 
of steels, is really homogeneous, and it is perhaps 
this fact, only relatively recently realised, that 
has prevented the discovery of any satisfactory 
connection between the elastic properties of a 
material and its practical strength. Very little of 
value has been gleaned from experiments on the 
elastic deformations of structures and machines, in 
spite of the care and ingenuity expended on them. 
Indeed, we cannot recall a single instance in which 
experiments on the elastic deformation of structures 
has led to any useful result. We are still quite in 
the dark as to why and how materials fail. 
Mr. Fleming suggested in his paper that possibly 
useful light cn the connection between stress and 
strength may result from the researches now being 
made on single crystals, These are now obtainable 
in large sizes and are necessarily homogeneous, 
though not of course isentropic. There is, of 
course, little probability that such crystals will 
ever prove of structural value, but it may well 
be hoped that they may yield some greatly needed 
light on the mechanism of failure generally. Pos- 
sibly moreover the processes by which they are 
produced may prove applicable to the production 
of high conductivity wires and cables. 








THE USE OF BITUMINOUS COAL IN 
PRODUCERS FITTED WITH WASTE 
HEAT BOILERS. 

THE importance of being able to replace coke or 
anthracite by bituminous coal as fuel in water-gas 
plants when cost or other circumstance demands 
it has long been recognised. A fair measure of suc- 
cess has been obtained, after repeated experiments, 
in the smaller sets, but, in the larger sizes where 
economically, a high efficiency is most desirable, 
difficulties still exist. A very careful series of 
tests on a battery of large producers fitted with 
waste-heat boilers, is described byMr. W. A. Dunkley 
in the Bureau of Mines Technical Paper 335 (pub- 
lished at Washington, D.C., at the price of 15 cents}, 
and some very useful information is given both with 
regard to the nature of these difficulties and the 
measure of success which has already been achieved. 

The plant tested belongel to the Coal Products 
Manufacturing Company, Joliet, Ill, and, at the 
time of the test, was composed of five producers 
11 ft. in diameter, each coupled to a boiler and 
rated at a capacity of 3-5 million cubic feet of gas 
per 24 hours. The boilers were plain cylinders 
slightly inclined from the vertical. Each contained 


192 tubes, 4 in. internal diameter, the gases being 
passed downwards and then up again through a 
tall stack which was fitted with valves to cut out 
the boiler when necessary, and to pass the finished 
gas to the receiver. 


Every means was taken to 
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increase economy; thus, exhaust steam from the 
mechanical air blowers, pumps, &c., at 7 to 8 lb. 
pressure, was used for steaming, reinforced by a 
little high-pressure steam, at 125 lb., from the 
waste-heat boiler, which, passing through a reducing 
valve became superheated several degrees. Again, 
automatic controls were used for valve changing 
making these operations punctual and expeditious. 
In this connection, it should be noted that both 
the blow gas and the make gas were usually passed 
through the boiler, though the valves were arranged 
so that the blow gas only could be thus handled 
when desired. A tertiary air supply was arranged 
between the producer and the boiler, this being 
most importantwhen bituminous fuel was used. This 
supply was regulaved by hand from direct observa- 
tion of the density of the smoke from the waste-gas 
boilers, the tops of the stacks being illuminated 
by a spot-light at night. 

Three sets of the battery were used in the tests, 
the fuel being bituminous coal of a calorific value 
of 12,465 B.Th.U. and fired in all sizes from lumps 
of 8 to 10 in. across, to slack. The carburetting 
oil was of 19,575 B.Th.U. calorific value. 

With good coke as fuel, sets of the type described 
should each produce about 165,000 cub. ft. of gas 
per running hour, with a consumption of 30 to 32 lb. 
of coke, 3 to 3-2 gallons of oil, and 28 to 30 Ib. of 
steam per 1,000 cub. ft. of 561 B.Th.U. gas made. 
With the coal above described, the output per run- 
ning hour was 80,800 cub. ft. of gas with a consump- 
tion of 41-2 lb. net of coal, 3-72 gallons of oil, and 
50-5 lb. of steam per 1,000 cub. ft. For a second 
set of observations, omitting a blow-run period of 
12 seconds in the cycle, the economical results were 
somewhat improved, the coal consumption being 
39-98 Ib. net, the oil 3-17 gallons per 1,000 cub. ft., 
the calorific value of the gas being only reduced by 
18 B.Th.U., 7.e., from 561 to 543. The output was 
reduced from 80,800 to 65,600 cub. ft. per running 
hour. The problem thus resolves itself into one of 
cost of running a longer time versus cost of a higher 
oil consumption. On the same lines, comparing the 
results from bituminous coal with those obtainable 
from coke, some idea can be had of the relative 
advantages of the two fuels, the increased capital 
cost of the larger coal plant being balanced against 
the more costly coke. 

One of the greatest difficulties in running on coal 
was the deposition of carbon on the boiler tubes 
from the tar resulting from the cracking of the 
carburetting oil. This, condensing on the compa- 
tively cool tubes during the “‘ make” period, was 
baked hard by the gases in the “ blow ” period, and 
could only be removed by machine-driven scrapers, 
an operation requiring two days every two weeks or 
so. No doubt the length of this cleaning was con- 
tributed to by the design of the boilers, the long 
tubes involving difficulty of access, The adoption 
of a type of boiler with shorter tubes which can be 
cleaned while it is at work would thus seem to be 
essential. The need for frequent cleaning is evident 
from the gas temperatures at exit, the blow gases 
at the stack averaging 956 deg. F., instead of the 
normal 700 deg. F., and the make gases 726 deg. F., 
instead of 600 deg. F. 

The efficiency of the boilers was thus somewhat 
impaired, and the test figures represent conditions 
which could he improved. They show, however, 
that when both blow and make gases were passed 
through the boiler, a consistent evaporation of 
125 to 150 lb. of water per 1,000 cub. ft. of finished 
gas was obtained ; with blow gases only, the corres- 
ponding figure was 83 Ib. It is significant that the 
makers of these boilers would not guarantee more 
than 40 lb. evaporation per 1,000 cub. ft. of gas 
made when the fuel used was coke. The latest 
results show that of the available heat in the fuel, 
steam, &c., 53-7 per cent. was transferred to the 
heating value of the finished gas, and 14 per cent. 
was absorbed by the waste-heat boiler. 

By far the most serious trouble arises from tunnel- 
ling through the producer fire. This occurs mostly 
at the circumference of the fire, and is responsible 
for at least two drawbacks, ?.e., the blowing over of 
partially-coked fuel into the carburettor, and the 
use of an excess of steam to prevent the heating of 
the valves. It is stated that the variation in the 
size of coal fired and its breaking both in the pro- 
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ducer and when being handled, are factors in creat- 
ing tunnelling. The formation of a tunnel results 
in the creation of a jet of high velocity air at one 
spot which simply blows away part of the fuel. In 
the tests sometimes as much as 10 per cent. of the 
fuel was carried over to the carburettor, in spite 
of a dust collector. Again, in the blow period, too 
much air passes through the tunnels, with the result 
that vigorous local combustion occurs and CO, is 
produced instead of CO. Overheating of the coal- 
ing hopper and top valve is thus induced. 

Attempts were made to mitigate these evils in 
several ways. The first important change attempted, 
namely, that of properly sizing the coal and remov- 
ing dust and fine stuff was very ineffective, owing 
to conditions of handling which could not be altered. 
Thicker fires at the circumference were obtained by 
a conical spreader lowered into the producer when 
charging, and tunnels were filled up as far as possible 
as soon as they were detected by means of a special 
chute or by the use of the poker. The chute was 
merely a “U” section trough with projecting 
handles at the top, so that the bottom could be 
guided to the spot required. It was found, however, 
that this patching with green fuel had a tendency 
to cause the formation of fresh tunnels elsewhere, 
owing to the higher resistance of the fresh material. 

Raking coked fuel from a higher part of the bed 
and tamping it down with the poker seemed more 
effective, but the broad fact remains that nothing 
attempted entirely eliminated tunnels. The use of 
the poker is often a difficult operation in a bitu- 
minous producer due to long flames extending 
through the hopper. In the test referred to, how- 
ever, the presence of the stacks on the waste-heat 
boilers enabled a down draught to be obtained 
during this operation by reversing the valves. 
Another remedy for tunnelling, which was tried 
without any marked result, was the fitting of a ring 
12 in. wide, touching the shell, a little below the 
grate. This had the effect of reducing the area of 
the air and steam opening, but not that of the grate 
ring itself. A similar ring inside the producer, say, 
about half-way up does not seem to have been tried. 
The best results appear to have been obtained by 
careful regulation of the air pressure, with auto- 
matic controls to the blowers on the blast main. 

The blown over fuel naturally caused trouble by 
lodging amongst the chequer work of the super- 
heater and carburettor, and alterations were made 
in the brickwork to try to cause the deposit to occur 
in more readily-accessible places. Wider spacing 
merely upset the carburetting conditions, and then 
bricks of pear-shaped cross-section were tried in 
order to decrease the lodgment area. These special 
bricks were much more difficult to set and effected 
little improvement. A carburettor without bricks 
and with a pressure-injected oil spray, is to be tried. 
The second disadvantage which accompanied tun- 
nelling, namely, excessive steam consumption, was 
of course, deliberate. It was found to be necessary 
to keep the producer tops cool. They became red 
hot when the steam was reduced to something more 
like theoretical requirements. 

Mixtures of coal and coke in these large producers 
were not made the subject of tests, but from experi- 
ments made in smaller sets, it appears possible that 
the production capacity could be increased con- 
siderably by using 20 to 25 per cent. of coke. The 
view is also expressed that such a mixture would 
decrease the amount of excess steam required, 
would minimise the tendency to tunnelling, and for 
this reason the amount of blown over material would 
tend to decrease. It would also probably reduce the 
density of the smoke from the waste-gas boiler 
stacks, which was stated to be very thick unless the 
tertiary air supply was carefully watched. 





SOCIETY OF NAVAL ARCHITECTS 
AND MARINE ENGINEERS O 
AMERICA. ; 


Tue thirty-third general meeting of the Society 
of Naval Architects and Marine Engineers of 
America was held in the Engineering Societies’ 
Building, New York, on Thursday and Friday. 








November 12 and 13. Fourteen papers were read 
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and discussed, of some of which we give a summary 
below. 


TRANSPORTATION ON INLAND WATERWAYS. 


A review of what has been done by the Inland 
Waterways Corporation of the United States 
Government, in the development of a suitable type 
of barge for towing on rivers and canals was given in 
a paper on “ Transportation on Inland Waterways,” 
presented by Brigadier-General T. Q. Ashburn, 
U.S. Army, who is the Chairman of the Corporation. 
The organisation, created originally as a war measure 
to relieve congestion in transportation, and operated 
by the Railway Administration, was eventually 
handed over to the control of the Secretary of War. 
The assets then included a nondescript collec- 
tion of vessels which were operated at a loss, ard 
there were a number of unexecuted contracts for 
new boats. At the start of the operations of the 
Corporation those of the American public who took 
any interest in the subject of inland navigation 
were divided into two groups ; the first contended 
that the streams made navigable should be used 
solely for business between ports on the waterway as 
a menace to the railway running parallel with them, 
in order that low railway freights would be obtained, 
while the other party objected to the development 
because of the possibility of this action. It was 
thought desirable, however, that inland navigation 
should be fostered in order that it should play a 
part in meeting the demands for transport, which 
double, approximately, every ten years. The 
five deciding factors in the design of suitable craft 
for service on the Mississippi River were draught, 
power, strength, the ability to manceuvre, and the 
characteristics of the stream. There was available, 
in the river, a channel which had continuallv a 
depth of from 6 ft. to6ft.6in. Asa clearance of one 
foot was desired to allow for shifting and rapidly- 
forming sand bars and to permit the water to get 
freely away from the propeller, the draught for the 
towhoats to operate between Memphis and St. 
Louis was fixed at 5 ft. 3 in. Below Memphis, the 
depth of the channel was greater than in this reach. 
Three classes of service were provided, consisting of 
self-propelled barges of 2,000 tons capacity, express 
towing boats which deal with three 2,000-ton barges 
and heavy tows consisting of six or more 2,000 ton 
barges. The distance from New Orleans to St. 
Louis is 1,152 miles by water, and these three services 
make the upstream run in 10 days, 13 days and 18 
days respectively, and the downstream one in 5} 
days, 6 days and 63 days. These times include 
the stops at various ports in the trip. From the 
experience gained already, it was found that although 
the self-propelled barges rarely gave trouble through 
grounding, they were expensive to operate, costing 
twice as much per ton-mile as the towing classes. 
As the revenue obtainable was high these vessels 
were, however, a good paying proposition. From 
the records of the service it was found that the 
average tow during March, April and May of this 
year was 9,300 tons, while the average speed was 
6 m.p.h. The ‘power required for this service was 
about 1,500 b.h.p. Various arrangements of group- 
ing the barges in association with the towing vessels 
were used. The tow boats used had twin screws 
and four rudders, one in front of each propeller, 
used mainly for steering when running astern, and 
one behind each propeller tor ahead steering. 


PASSENGER VESSELS FOR THE GREAT LAKES. 


The problems involved in ‘The Design of 
Passenger Vessels for the Great Lakes” were 
discussed in a paper by Professor Herbert C. 
Sadler, of the University of Michigan, and Mr. 
Frank E. Kirby. One of the questions considered 
was the maximum size of vessel which could be 
built for the service, for which the interest and 
depreciation charges would not represent a pro- 
hibitive amount from an operating standpoint. 
Especially was this point of importance when it 
was remembered that the vessels could only 
operate during four or four-and-a-half months 
each year. Conditions of service made a limitation 
of the draught to 15 ft. 6 in. desirable, and this, in 
association with the horse-power to be transmitted, 
introduced some troublesome propeller problems. 
The tips of suitable propeller blades could not be 





deeply immersed, and as Lake Erie was shallow 
the danger of racing, due to the short and steep 
waves causing a part of the propeller to be out 
of the water, was considerable. Paddle wheels 
were, therefore, adopted. The general dimensions 
of the Greater Detroit and the Greater Buffalo, 
two vessels of the Detroit and Cleveland Navigation 
Company, were: length overall moulded, 535 ft. ; 
beam moulded, 58 ft.; beam over guards, 98 ft. ; 
depth mouided to main deck, 23 ft. In a boat of 
this type a large initial metacentric height was 
required on account of the high superstructure 
carried, and the effect of wind pressure, which was 
considerable. Trimming tanks were provided on 
the guards, which permit of rapid filling and 
emptying, not only to keep the vessel upright 
when large crowds congregate on one side, but 
also for the same purpose when beam winds were 
encountered. On account of the limited time 
spent by these vessels in port, from eight to nine 
hours, the cargo was carried on the main deck 
only, and, for convenience at the dock, at the 
forward end of the vessel. On this deck the 
dining saloon was placed at the after end. The 
boilers and bunkers were forward, and their weight 
with that of the cargo tended to put the centre of 
gravity well forward of amidships. This meant 
that the vessels had to have short fore-bodies 
and long runs, just the reverse of the most desirable 
form from considerations of speed and _ fullness 
of vessel. The cruiser stern was adopted in order 
to get the maximum water line length (530 ft.), 
and also to obtain as much metacentric height as 
possible. On account of the operating conditions in 
harbours a bow rudder was used as well as the 
ordinary balanced stern rudder. The decks of these 
vessels, four in number, were generally slightly in 
compression and this, together with the necessity 
of arching over the shaft. led to the introduction of 
girders in the way of the machinery space. The 
same fact enabled the side plating between the 
main and promenade decks to be made fairly 
light and obviated the use of wood, which was 
customary in former vessels. The upper decks were 
of very light construction, being generally { in. 
thick and canvas covered. Some problems were 
involved in the carrying of 60 passenger lifeboats 
and the necessary davits on such light construc- 
tion, but, by running rods and struts alongside the 
stateroom bulkheads down to the beams under the 
promenade deck and the steel girders outside, 
a satisfactory arrangement was obtained. The 
main engines were of the three-cylinder type, 
having a high-pressure cylinder of 66-in. dia- 
meter and two low-pressure cylinders each of 
96 in. diameter. The stroke was 9 ft. Poppet 
valves were, fitted to the high-pressure cylinder 
and Corliss valves to the two low-pressure cylinders. 
Six of the boilers were of the single-ended marine 
type, and there were three of the double-ended 
construction. The working pressure was 167 Ib. 
per square inch, and the steam was super- 
heated 50 deg. F. The plant developed about 
10,500 ih.p. The cost of each vessel with fur- 
nishings was approximately 700,009/., the construc- 
tors being the American Shipbuilding Company, 
Cleveland, Ohio. 


PROPELLERS. 


The problems of propulsion were combined 
problems of the hull and the propeller, the solutions 
to which were approximations, said Rear-Admiral 
C. W. Dyson, U.S. Navy, when reading his paper on 
‘A Simple Method of Designing Propellers.” It 
was first necessary to determine the type of hull, 
which was dependent on the fullness of the midship 
section, the beam, and the height of rise of the 
stream-line body. It was then necessary to make 
an approximation to the power-loss factor that was 
to be expected. This depended on the block 
coefficient, the beam divided by the length on the 
load-water line, the position of the propeller, and 
the type of hull. The third step was that of approxi- 
mating to the after-body fullness, expressed by the 
term “‘ slip-block coefficient,” dependent on the ratio 
of submerged beam to length on load-water line, 
block coefficient, and ratio of height of rise of 
stream-line body, or in some cases of actual mean 
draught of the vessel to greatest submerged beam. 


The next consideration was the approximation to 
the mean velocity of the wake of the vessel ; and the 
final one was the estimation of resistance, or the 
towed horse-power required for the desired speed. 
The author then proceeded to design propellers for 
specific vessels dealing with each of these considera- 
tions in the way expounded in his book on “‘ Screw 
Propellers.” (See ENGINEERING, vol. cxx, p. 519.) 

Mr. Olav Overgaard presented a paper on ‘‘ Com- 
bined Stream-line Rudder and Guide Vanes ; the 
latest Development of Contra-propellers.”” In his 
opening remarks he contended that the elongation 
of the vertical guide forward of the rudder-post, 
the so-called contra-propeller, into an _ aerofoil- 
shaped body comprising the stern-post as well as 
the rudder, was but logical and in accordance with 
the principles of the laws regulating flow. One of 
the main objects when using the turbine theory in 
connection with the design of contra-propellers was 
to determine the tangential component upon which 
the angularity of the blades, and hence the efficiency 
of the contra-propeller, depended. As, however, 
these worked in very turbulent water, it followed 
that the tangential velocity component determined 
by the use of the turbine theory did not represent 
the actual conditions. In general the remedy was 
obtained, when certain methods of calculation did 
not conform with the true conditions, by deductions 
made from related theories and incorporating them 
in the original consideration. It was, therefore, 
suggested that the Joukowski and Prandtl circula- 
tion theory should be applied to the design of 
contra-propellers in association with the ordinary 
turbine theory. When a comparisén was made 
between the graphs obtained of the tangential 
components at different parts of the propeller by 
the two methods, it was found that there were 
considerable discrepancies between them, but it 
was suggested that the drawing of a mean straight 
line between them gave an average value which 
satisfied all practical requirements. Tank tests had 
shown a marked improvement in the speed of a 
vessel and in the steering characteristics when 
combined rudders and guide vanes were used. In 
the case of an American vessel of 9,500 tons the 
tank tests showed an increase of speed of 0-75 knots 
when the combined contra-propeller was used. 
The rudder pressure obtained with an aerofoil form 
was, at anangle of 6 deg., as great as was obtainable 
with an ordinary built-up rudder, at a 10-deg. angle. 
The guide vanes might be built up of plates properly 
secured to the stern-post or made of cast-steel and 
welded to the stern-post. Horizontal guide vanes, 
while not increasing the propulsive efficiency to any 
degree, had a beneficial effect in reducing the 
tendency to pitch. 

Captain W. McEntee, of the U.S. Model Experi- 
mental Tank, presented a paper on “ Model Experi- 
ments with River Towboats—Stern-wheel and 
Tunnel-Propeller Types Compared.” In these tests 
the properties of three different designs of tunnel 
propellers and one type of stern wheel were investi- 
gated by the use of models. Six model barges, 
representing actual vessels of 150 ft. length, 25-ft. 
beam and 6-ft. draught, giving a total displacement 
of 3,564 tons, were used in association with the model 
towing craft. The shaft horse-power available in 
the actual towboat was 700, and the tests were made 
at a speed corresponding to 6 m.p.h. Using twin 
screws, the tests showed that the best propeller 
was about 0-7 pitch ratio, which would give a 
towing speed of 6-25 m.p.h. with a towing efficiency 
of 38 per cent., and if the resistance of the tow- 
boat itself were included, a propulsive coefficient 
of 40 per cent. Similar investigations were made 
for a 1,500 shaft horse-power tow-boat. From the 
data obtained it was found that when propelling a 
fleet of the six standard barges at a speed of 
6-25 m.p.h. the best of the stern wheels required 
about 650 shaft horse-power for an 18-ft. wheel 
running at 17-3 r.p.m., giving a towing efficiency of 
41 percent. With the slower running machinery of 
the stern-wheeler, the machinery weights and dis- 
placement of the boat would be considerably greater 
than for the propeller boats. As rudder power for 
towboats was an important feature, tests were made, 
from which it was deduced that the best arrange- 
ment was to have one rudder on the mid-line 





forward of the propellers, and the other three 
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rudders arranged one between the propellers and 
one on either side abreast of them. With this 
arrangement the rudder power was approximately 
twice as great as when arranged with one rudder 
ahead of, and one abaft of, each propeller. 


AIRSHIPS. 


Commander Garland Fulton, U.S. Navy, dealt 
with ‘‘Some Matters relating to Large Airships.” 
The value of the airship, he said, depended primarily 
upon its superior suitability for long-distance high- 
speed transport. Considerable controversy had 
centred round the merits of helium and hydrogen. 
The different densities of the two gases, and the 
resultant penalty of decreased lifting capacity when 
helium was used, created many interesting problems. 
While the lift with helium was 92 per cent. of that 
obtained with pure hydrogen, the practical reduc- 
tion was much greater. The purity of helium varied 
between 95 and 87 per cent. before it was re- 
purified. Hydrogen had a practical range of purity 
of 98 to 90 per cent., and it did not pay to re- 
purify. As an airship ascended, the gas in her cells 
expanded without loss, until the cells were com- 
pletely full, and thereafter, as ascent was continued, 
gas was emitted through automatic valves. In order 
that an airship using helium should attain a reason- 
able height without wasting any of the precious gas, 
it normally left the ground with its cells more 
flabby than would be the case if hydrogen were used. 
The net result was that the total lift of a helium- 
using airship was 12 to 15 per cent. inferior to that of 
a similar one using the rival gas. If the hydrogen- 
filled ship was fitted with engines which burnt, as 
part of their fuel, the hydrogen otherwise wasted, 
the reduction in radius of action of a helium-filled 
ship might amount to as much as 60 per cent. 

The number of types of girders in an airship was 
small. The structure was built up from a series of ele- 
mentary frames many times repeated, thus lending 
itself to repetitive production, once a design has been 
standardised. The use of mooring masts had proved 
very satisfactory—and it had now been shown that 
en airship could remain at its mast in a 50-knot gale 
and could be moored there by a small body of men in 
some twenty minutes. Comparison was made 
between the dimensions, power and lift of the two 
American airships, Shenandoah and Los Angeles. 
The full speed of the Los Angeles was 65 knots, 
with a fuel consumption of 970 lb. per hour. At two- 
thirds full power the speed was 57 knots and the 
fuel consumption 500 Ib. per hour. When inflated, 
95 per cent. full with helium, lifting 0-064 lb. per 
cubic foot, the maximum still air endurance was 
as follows :— 


Specd in Knots. Hours. Nautical Miles. 
65 37 2,368 
57 61 3,480 
53 70 3,700 
4d 110 5,200 


DIESEL ENGINES. 

Two papers on Diesel engines were discussed. 
In his contribution, Mr. O. E. Jorgensen considered 
“The Double-Acting Two-Cycle Oil Engine,” call- 
ing attention to the advantages to be obtained with 
the two-stroke cyele as compared with the four- 
stroke cycle for an oil engine. He then described 
the engines under construction by the Worthington 
Pump and Machinery Corporation for the United 
States Shipping Board. These engines will have 
four cylinders, 28 in, by 40 in., and run at 95 r.p.m., 
developing 2,900 brake horse-power. The cylinders 
consist of liners, made of hard cast-iron pressed into 
a steel shell, These liners extend towards each end 
of the cylinder as far as the piston rings slide and 
contain the ports for scuvenge air and exhaust. 
Beyond the liner the cylinder is closed in, following 
a spherical surface, through an are of 45 degs., 
and from there to end is shaped as a cone. In the 
other paper, Professor Frank M. Lewis, of the Webb 
Institute of Naval Architecture, dealt with ‘‘ Tor- 
sional Vibration in the Diesel Engine,’ and showed 
the methods employed in making mathematical 
determinations of the various actions. 

A contribution entitled 6° An Analysis of a Failure 
of Keel Blocks in a Drydock,” we propose to deal 
with in a subsequent issue of ENGINEERING, as 
well as a paper on “‘ The Launch of the Airplane 
Carrier U.S.S. Saratoga,” by Mr. E. H. Rigg. 
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Professor Edward P. Warner, of the Massachusetts 
Institute of Technology, presented the results of 
investigations into “‘The Aerodynamics of Yacht 
Sails.” Other papers contributed to the general 
meeting were ‘‘ The Effect of the Radius of the 
Fillets on the Stresses Around Rectangular Open- 
ings in Plates,” by Mr. T. H. Frost and Lieuts. P. E. 
Pihl and O. D. Colvin, of the U.S. Navy, and 
‘* Methods of Finding the Metacentric Height of 
Vessels for Operating Purposes and the Application 
of Graphics to the Solution of the Problem,” by 
Mr. Henry C. Adams. 


LITERATURE. 


Brassey’s Naval and Shipping Annual, 1926. Edited by 
Sir ALEXANDER RICHARDSON and ARCHIBALD HURD. 
London: William Clowes and Sons, Limited. [Price 
25s. net.] 

EVERY person interested in the Navy or in naval 
affairs is aware that it is now far more difficult 
to get a grasp of the subjéct than it was twelve years 
ago. So Jong as Germany was Great Britain’s 
probable opponent, anybody who cared to study 
a table of comparative warship tonnage and was 
fairly conversant with the geography of the North 
Sea, was in a position to grasp the problems with 
which the Board of Admiralty was confronted. 
The German fleet had to be contained in the North 
Sea and denied the passage of the Dover Straits, 
and, so long as our total battleship and cruiser 
strength was in excess of Germany’s there was a 
reasonable chance that the British fleet would do 
what was requited of it. So long, also, as the 
naval forces of our probable ally, France, were in 
excess of <Austria’s, there was every reason to 
suppose that the Mediterranean and the Suez 
Canal would remain open to British traffic. Our 
post war problems are not reducible to such simple 
terms. No State in the old or new world can be 
described as a probable opponent, and, in conse- 
quence, the British fleet no longer exists for the solu- 
tion of a single strategical problem. This, however, 
is only one difficulty. A weck’s casual reading will 
suffice to show an ordinary citizen who desires to 
keep himself informed on naval affairs that certain 
technical questions have intruded themselves into 
our problems of naval defence, not as casual visitors, 
but as permanent inmates. 

In the first place, it can no longer be doubted 
that the line of battle tactics which have governed 
the conduct of fleet actions for two hundred and 
fifty vears have gone for ever. Battles at sea will 
no longer be fought in successive struggles between 
the gun and torpedo armaments, but in a simul- 
taneous dash of all arms. How are the very 
numerous methods of attack with which a modern 
fleet is provided to he co-ordinated ? Admiral 
Jellicoe’s tactics at the battle of Jutland have 
definitely been made impossible of repetition by 
the development of aerial bombing and torpedoes. 
What new form of battle tactics is to replace the 
old conception of parallel battle lines and prolonged 
artillery duels ?. The best brains in four navies— 
British, Japanese, United States and French—are at 
work upon the question, which is still an open one, 

In the second place, it is beyond all question 
that submarine navigation has deeply affected 
the conduct of naval war. We may dismiss the 
arguments of such extreme advocates of submarine 
construction as Admiral Mark Kerr, or the late 
Sir Perey Scott; their line of thought has been 
tested and found faulty. But a whole series of 
unsolved questions with regard to submarine 
warfare simply stare us in the face. Has the 
submarine, with its great sea-keeping capacity, 
made our old system of defending trade routes by 
surface cruisers useless ? Can submarines, of a 
special type, be used for defending as well as for 
attacking commerce ? What part can submarines 
play in defending military communications, such 
as the Toulon—North Africa route, against surface 
fleets ?. The naval staffs at Whitehall, Washington, 
Tokyo, Paris and Rome have, it is true, solved 
these problems for the time being, but their solu- 
tions are, to say the least, provisional only. 

Thirdly, certain questions of high policy follow 
in the wake of these very technical matters. 








bear the double burden of a land and sea armament, 
cannot, as a consequence, build navies capable of 
seeking battle with the forces of a first-class naval 
power. Can they, none the less, create a naval 
force which will put boundary marks round their 
neighbour’s naval supremacy? Can they, by 
building specialised types, defend their own 
coasts against invasion and bombardment, and 
keep theic maritime communications open ? French 
naval history in the eighteenth century is little 
but a perpetual repetition of this single problem, 
which presses as urgently upon the Continental 
States of the post-war world as it did upon Colbert, 
de Seignely, Choiseul or Vergennes. 

We have thought it best to consider Brassey’s 
Naval Annual for 1926 with this statement of 
principles. It is not possible, within the space of 
a review to analyse twenty-one expert articles, 
a magnificent coloured map of the world, and 
three hundred pages of plans and tables, and to 
do justice to each. But it is possible to do justice, 
both to the contributors and to the editors, by 
adjusting the whole volume to its background of 
naval and political problems, and this is what we 
have attempted to do. If, moreover, we select 
two of the naval articles for special examination it 
is not that we fail to appreciate the value of the 
others. We do so simply to show how closely 
the editors have followed the naval questions of 
the day. 

Sir George Thurston’s article, ‘‘ Battleship or 
Aircraft Carrier,’ goes to the root of two of the 
questions outlined in the preamble to this article. 
The writer shows that it is possible and feasible to 
build a vessel of 26,500 tons, which will mount 
six 16-in. guns, steam 263 knots, be protected with 
a 10-in. armour belt, and carry 30 planes. Is 
design, on these lines, destined to solve some of the 
most debated problems in naval tactics, by con- 
centrating two offensive weapons—artillery and 
aeroplanes—in a single unit? Is a vessel of this 
kind destined to be the battle fleet unit of States 
which cannot hope to build up navies equal to those 
of the great maritime powers ? Nobody would care 
to answer such questions outright ; but Sir George 
Thurston at least shows along what lines naval 
thought is moving. 

Commandante de Feo’s article on the future of 
the submarine is a commentary upon his scientific 
analysis of the possibilities of an ““O” type sub- 
marine in the Rivista Marittima. He claims that a 
submarine of this special design economises 10 per 
cent. of the tonnage allotted to hull and machinery 
in the Holland and Laboeuf designs. One may 
doubt whether an addition of this proportion of 
total tennage to offensive weapons will open the 
road to submarine battleships, capable of engaging 
a battle line of Rodney’s at a range of 10,000 yards ; 
but when Commandante de Feo speaks of “O” 
boats of 1,000 tons odd, escorting ships and convoys 
safely through oceans watched by fleets of surface 
cruisers, it is impossible to close one’s mind to the 
significance of what he maintains. His conclusions 
are not mere prophecies : they are a mathematician’s 
deductions from facts and figures. Jf his views are 
sound, what are their consequences in terms of 
naval warfare and naval policy? Simply this: 
if submarines of 1,000 tons displacement can keep 
oceanic communications open for commercial 
traffic against a surface fleet, however powerful, 
then it is no longer possible for a first-class naval 
power to strangle a weaker opponent’s sea-borne 
trade. If this proves to be so, we are certainly 
entering upon a new era in naval strategy; and 
the approaching change is as significant as any 
that naval history records. It must, however, 
be remembered that all great changes in naval 
war have taken place gradually, as a result of 
long competition of new against older types of 
ships and weapons. 

Naval designers did not wake up on a particular 
morning, and discover as the day wore on, that 
galleys were out of date, that sailing ships were 
obsolete, or that the screw-propeller had replaced 
the paddle-wheel. Such changes as are taking place 
in the conduct of naval war, in naval tactics and 
naval strategy are being effected by the same 
gradual process. For the last six years, dogmatic 
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casts of the final consequences of the change. 
Serious minded students of naval affairs have been 
content to study its line of movement. We earnestly 
recommend the naval section of the present volume 
to persons of the second class. 

The problems confronting the merchant ship- 
owner and merchant shipbuilder are even more 
specific, and certainly of more immediate urgency 
than those which have to be considered by naval 
boards. The whole position turns round the facts 
that while since 1914 the quantity of material 
requiring to be carried about the world by ships 
has decreased by some 20 per cent., the tonnage of 
shipping available for carrying it has increased by 
over 38 per cent. Such a state of affairs can but 
result in idle shipping and idle shipyards, and it is 
not clear how the present position can be modified 
without either a remarkable improvement in world 
trade, or an heroic policy of scrapping. ‘The situa- 
tion is analysed with an acuteness which earlier 
contributions to ** Brassey ”’ have led one to expect, 
by Sir Westcott Abell in the Merchant Shipping 
Section of the work. For some years now Sir 
Westcott’s contribution has formed one of the most 
interesting and most useful chapters in the Annual. 
Other contributions, such as that by Mr. J. R. 
Gordon on “The Future of American Shipping ” 
and ‘“ The Freight Failure of 1925,” by Mr. R. W. 
Johnson, are essentially concerned with the same 
broad questions. 

Another subject, which naturally receives much 
attention in this section of the work, and which is 
closely connected with the main economic question, 
is that of the motorship. An incidental observation 
by Sir Westcott Abell, in the chapter to which we 
have referred, illustrates the baselessness of the 
not uncommon idea that this particular technical 
development has been neglected by British ship- 
builders. He points out that in 1924 Great Britain 
produced 47-3 per cent. of the world output of 
motor ships and in 1921, 33-4 per cent. Germany, 
which has been greatly quoted by motor-ship 
enthusiasts in this connection, lost ground as 
compared with Great Britain in the period covered 
by these years. ‘wo chapters—that on ‘“‘ Develop- 
ments in Marine Machinery,” by Mr. James 
Richardson and that on “The Balance-Sheet of 
the Motor Ship,” by Mr. Cuthbert Maughan, enter 
into closer consideration of motor ship questions. 
Mr. Richardson’s chapter, as will be clear from its 
title, is not confined to this field, but, in the present 
stage of development, is naturally to a very con- 
siderable extent concerned with it. He examines and 
criticises, Sir John Biles’ paper on “The Relative 
Commercial Efficiency of Internal Combustion and 
Steam Engines for High-Speed Passenger Liners,” 
read before the Institution of Naval Architects last 
April. It cannot be said that Mr. Richardson is 
able to destroy Sir John’s case, but clearly the most 
important procedure in connection with this 
proposal, to bring the efficiency of marine turbines 
and boilers a little nearer to that of land turbines 
and boilers, is to determine the possibilities in 
practice, and much may be hoped from the 500-Ib. 
boiler pressure Clyde passenger steamer which is 
being built by Messrs. Denny with Parsons turbines 
and Yarrow boilers. There can be no question 
about the importance to this country of any demon- 
stration, if it can be made, that some form of coal 
burning vessel is as economical as anything that 
can be done with oil. 


High Tension Line Practice. Materials and Methods. 
By Ernest V. Pannell, M.I.E.E. London: Constable 
and Co., Limited. [Price 22s. 6d. net.] 

A stupy of the materials and methods that enter 
into the mechanical design and construction of 
modern high-voltage power lines resolves itself into 
consideration of conductors, insulators and supports, 
and the economic factors associated with the pro- 
jected undertaking. The present treatise, which 
proceeds along these lines is justified, in spite of the 
recent large increase in the literature of the su bject, 
by the author’s method of attacking the problem 
and his experience as a “ transmission-line engineer.” 
In Chapter I the physical constants of conductor 
materials are examined, and a brief account is given 
of the preparation of copper and aluminium and 
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ENGINEERING. 

of the relative conductance and tensile strength 
of these materials, and of an aluminium-steel cable, 
on the design and the cost of a transmission line is 
fully dealt with. Except for special purposes such 
as very long crossings, the conductivity of the 
material is found to be of greater importance than 
the ratio of tenacity to weight, and this limits the 
choice of the material for the line wire to one or 
another of those mentioned. Particulars are given 
of these conductors in use on some of the more 
important lines working at pressures of 100 kv. 
and upwards. Steel, bronze and copper-clad wire 
all kave their special value. For example, several 
river crossings on the Rhine and the Elbe are 
installed with silicon bronze wires because it was 
necessary for the flattest curve to be obtained ; 
while copper-clad steel wires are used for a single 
span of 4,350 ft. over an American river crossing 
where the use of a similar size copper conductor 
would have entailed a sag 60 per cent. greater. 
Aluminium manganese alloy is well worth further 
study, though it is undeveloped commercially at 
present. 

In the foliowing chapter on insulators an in- 
teresting account is given of the manufacture of 
porcelain and the valuable experimental results 
obtained by many authorities of mechanical and 
electrical tests on insulators of various types and 
methods of assembling. The present trend of 
insulator design is not merely that of interposing 
between line and earth sufficient thickness of 
dielectric on the basis of dielectric strength 
and a given factor of safety. Equalisation of the 
electrostatic field is the object desired, and in a 
recent American design for operation at 110 kv. 
the complete unit is only 384 in. in length overall. 
This result is obtained by the introduction of an 
annular copper ring at the lower end which pro- 
vides an equipotential surface, the actual dielectric 
being placed in the weakest electrostatic field. In 
the sections dealing with supports and line design, 
the relative merits of wooden, concrete and steel 
poles are adequately set out. The tower, however, 
presents inherently a much more satisfactory design 
than the pole which is only of secondary importance 
in large modern transmission schemes. The author 
gives a critical analysis of many examples of recent 
practice in line design and construction. The 
mathematics of the subject developed by many 
investigators is not added to, but the results are 
taken and applied to specific problems of design. 
Most of the designs thus analysed and illustrated 
are necessarily those of American practice, since it is 
in that country that transmission-line engineering 
has reached its highest state of development. 
Not the least interesting section is the short con- 
cluding chapter on economics, in which the effects 
of all the items of material, constructional and 
operating cost are correlated. Estimates for a 
100,000 kw., 150 kv., double circuit line for which 
a series of mechanical constants was obtained in a 
previous chapter, are prepared. A comparison is 
presented between the use of copper and aluminium 
for the line conductor, and figures based upon 
representative constructional work during 1923-24 
in Canada, Australia, and the United States, are 
obtained for each of these materials. In the 
author’s experience the first cost of high-tension 
lines shows a marked tendency to increase owing 
to the greater electrical and mechanical factors of 
safety now considered necessary. On the other 
hand, after all allowances are made for interest, 
depreciation and maintenance charges, the annual 
cost of the modern tower-line is many pounds sterling 
per kilowatt-mile cheaper than earlier examples of 
such work. As testimony to the use of synch- 
ronous condensers in this connection we read that 
by giving stability and practically eliminating the 
problem of the line power-factor they make it 
possible to use only a two-circuit line instead of 
three circuits for a given load. 





LANTERN SLIDES ON ENGINEERING SUBJECTS.—Messrs. 
Marshall, Sons and Co., Limited, Gainsborough, inform 
us that they have available, for lecture purposes, a large 
number of lantern-slides illustrating various types of 
steam engines, road-making machinery, haulege engines, 
boilers, oil engines, &c. These slides are obtainable on 
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THE NEED FOR PROFITABLE 


PRODUCTION.* 
By J. S. Hiaurreip, M.Inst.C.E., M.1-E.E. 

To-pay we see great industries like coal mining, iron 
and steel productioh, and shipbuilding working at a 
loss or not at all; we see thousands of skilled men with 
no occupation, and thousands of youths with no 
chance of a proper start in life. All living onjthe dole, 
all fed and clothed and housed not by their own present 
effort, but by the toil of others. Governments have 
struggled and are struggling with the problem. I 
believe it can be solved only by steady, patient, 
unselfish work on the part of every individual who 
has the chance—may I say the golden opportunity— 
to help by providing useful work if only for one man 
who lacks a job. Government cannot solve such a 
problem except by removing, when possible, restric- 
tions which stand in the way of the citizens who elected 
them. One of the best ways for the ordinary man to 
help is by buying home-made goods. 

The success of the country as a whole depends on 
the cumulative success of those who are engaged in 
producing food, clothing, housing, or the means of 
attaining these necessities. At all times some are 
doing badly, some flourishing, but so long as the 
average flourish, all is well with the State. This 
brings me to the human side of the difficulty. 

Civilisation started when the average man in a 
working day began to grow more food than he required. 
He then fed another man while he forged him a new 
plough, again increasing his output in the same time, 
and so leading to a greater surplus. All trade is built 
on the output of the farmer and the fisherman, and 
on trade rests the ordered life of civilisation. 

But to-day we suffer from a sad demoralisation of 
values caused by the war. Some of our old markets 
have gone, some of our old customers are bankrupt. 
In time, but only in time, will they restore their 
prosperity, and with their help ours. But only if we 
render them service at reasonable prices. 

Let us consider our record since the war. We were 
able to supply our foreign customers with coal only 
at very high prices. This was one of the causes in 
determining the Governments of Northern . Italy, 
Switzerland, and Southern France to develop water 
power to run their railways. So those customers were 
lost. Strikes and stoppages delayed delivery of 
ordered plant all over the world. In our own country 
plant was delivered one year or more too late, and 
all the revenue it should have earned in that time 
was lost. Repairs to ships were delayed by strikes 
and the work went abroad. All this is history, and 
you can add many more instances than I have given. 

We are inclined to think that our times are altogether 
abnormal, but a study of history shows that our times 
have a parallel on many occasions in the life of England. 
Let me quote from the Prince Regent’s speech to 
Parliament on January 28, 1817 :— 

“The distresses consequent upon the termination 
of a war of such unusual extent and duration have been 
felt with greater and less severity throughout all the 
nations of Europe. 

“Deeply as I lament the pressure of these evils 
upon the country, I am sensible that they are of a 
nature not to submit to immediate remedy, but, 
whilst I observe with peculiar satisfaction the fortitude 
with which so many privations have been borne, and 
the active benevolence which has been employed to 
mitigate them, I am persuaded that the great sources 
of our national prosperity are essentially unimpaired, 
and I entertain a confident expectation that the native 
energy of the country will, at no distant period, 
surmount all the difficulties in which we are involved.” 

Just as the difficulties of those days were tackled, 
leading up to the great expansion of population, wealth 
and general prosperity of the time between 1860 and 
1890, so will similar efforts to-day produce equal 
results. I am inclined to think better results. I 
think there is a growing understanding of the relative 
values of different classes of work. I believe there is 
a better knowledge of the real importance, nay, the 
absolute necessity, of successful production of every- 
thing that mav be grown, or won, or manufactured. 
Those engaged in these trades are the basisofall. The 
carriers, the railways and shipping and other forms of 
transport all depend on production. Electricity is 
one great means to this end. Electric power helps the 
producer, electric light facilitates his work. The 
services rendered by professional men, poets, musicians 
and others consist in the work they do to preserve 
liberty, to build up the general amenities of society, 
to clear the way and to sweeten all life for the busy 
population, but all dependon the work of the producers. 

Consequently, the welfare of the producer should be 
the care of all. It should be the first business of 
government to see that the man who ventures into the 
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field of direct production has a fair chance to succeed. 
The man who seeks a large salary with a pension is a 
greater man than he who seeks a small salary and 
a pension. Both, however, can enjoy their salary 
and pension only if the direct producer provides the 
wherewithal. I am not despising in any way the 
salary earner. I only want him to remember that he 
is secondary to our producer, and that his job is to 
give loyal and skilful help to the man who provides 
the foundation on which his salary and pension rest. 
I have analysed in the accompanying table the 
essential figures of various industries, electric supply 
undertakings, manufacturing works and mines. The 
principle of the analysis is to bring the figures into 
comparable form, so that the various business constants 
can be quickly seen with a view to try and understand 
their significance. I have in all cases taken the revenue 
to be 100, and worked out the other figures as per- 
centages. I have divided the costs into three divisions. 
Kirst, those incurred in purchasing raw material, in 
payment of rates and taxes, and for freight, these 
being costs over which no direct control necessarily 
exists. Secondly, I have shown costs which are more 


cent. of the revenue from power; that is why the 
percentage payment for coal is high. 

From the coal figures it follows that more capital 
can be spent on means to economise in the cost of coal 
in 4 and 5 than in the others. Note that the wages 
are always less than 15 per cent. of the revenue, and 
that rates and taxes are a very important item of cost. 
Far the most important part of the cost, however, 
are the payments on capital in the third division, 
making up nearly one-half the total. For this 
reason the greatest care must be exercised in its ex- 
penditure, and in the equally important question of 
finding the money cheaply. The cheapest method is 
first to make ample provision for reserve, to use a 
large portion of profits to buy new plant; this will 
aid the next important matter, to provide for paying 
a sufficient dividend to attract the investor who will 
always invest his money where it is secure, and the 
best test of security is ample reserve and dividend. 

Let us now for a moment study the figures for works 
and mines :—No. 1 produces heavy machinery, and we 
note at once that the ratio of capital to revenue is 
much less than for the supply undertakings. The 





small rate of profit. In this case, the costs are 86 per 
cent. of the revenue, leaving 14 per cent. surplus, and 
since the turnover is about five, it follows that the 
surplus per article is less than 3 per cent. In these 
conditions the closest watch over costs is necessary 
to prevent the small rate of profit per article turning 
into a small loss, which would involve a large total loss. 

Now turn to the figures for mines. Nos. 1 and 2 
represent colliery figures for 1913 and 1924. I cannot 
say whether they are typical, but at any rate they are 
illuminating. Note first that the turnover is about 
two, that in 1913, a good year, the costs are 90 per cent., 
and that the surplus is 9-2 per cent., and that in that 
year 8-7 per cent. was placed to reserve or carried to 
next year, leaving for the capital only 0-5 per cent. 
Wages are 54, and in this colliery in 1924, the figure is 
70 per cent., management”having declined from 10-8 
per cent. to 7-3 per cent., the mine working with a 
deficit of 6-8 per cent. In this instance the result is 
largely due to a reduced output. 

You will note the varying profit-earning capacity of 
these few examples. There is, unfortunately, no sure 





way of maintaining profit at constant value, although it 


TABLE SHOWING THE PROPORTIONS OF THE GROSS RECEIPTS REQUIRED TO MEET THE SEVERAL ITEMS OF COSTS, 


INCLUDING CAPITAL FOR VARIOUS MANUFACTURING AND OTHER BUSINESSES. 


TABLE, EXCEPT THE FIGURE FOR 


GROSS RECEIPTS, ARE PERCENTAGES OF 


ALL THE FIGURES IN THIS 
THE GROSS RECEIPTS. 





Capital :— Loans 
Shares 


Total .. 
Capital Expended 
Gross Receipts .. 
Costs :— 
(a) Not wholly under control 

Raw Material 

Freight : ag 

Rates and Taxes 

Total 


(b) Under Control— 
Vages 


General Charges, ‘Designing, Sales, H.O. Expenses, L 


Directors’ Fees, and Management. . 
Total 
Total of (a) and (6) 
Surplus of Revenue over Costs 


(c) Charges relating to Capital Interest on Borrowed Money 
Sinking Funds, Depreciation, and Reserve 


Balance, being amount available for Dividends on Share e Capital | 


or other purposes 5 





Amount t required to provide 8 per cent. Dividend on Share Ca = 


Shareable Profit 


” Norn. —The aathed adopted in preparing this Table is to ae 100 to represent the Gross Receipts from ‘all sources, 


ELECTRIC SUPPLY UNDERTAKINGS. 
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the OER of Capital and Costs under their various 





headings being shown as percentages of these Gross Receipts. The costs are divided into three parts :— 
(a) The sums paid to outside parties for Raw Material Freight, Rates, &c., over which the management have little or no control; 
(6) Costs, such as Wages, Management and Overhead Charges, over which more or less control can be exercised 
y, Sinking Funds, Depreciation and Reserve; and amounts paid to Shareholders in the way of dividends. 


(c) Capital Costs, being Interest on Borrowed Mone 


or less in the direct control of the management, such 
as wages and general charges. Last, I show the 
payments relating to capital, interest on borrowed 
money, sinking funds to repay it, sums set aside to 
provide for depreciation and writing off worn-out or 
obsolete plant, and reserve to provide against any 
contingency, including any cause which will reduce the 
rate of profit. 

It is, of course, clear that this sub-division is only 
approximate. For instance, the management can 
determine on the quantity of raw material purchased 
depending on economical use, such as the quantity 
of coal used in a power station. Again, the rate of 
wages is but little under control, though the number 
of men employed is, but the broad division, despite 
some overlapping, is, I think, useful. I have shown 
the actual surplus available for dividends on share 
capital, and in the last two lines the amount that is 
required to pay 8 per cent. on the share capital, and 
the surplus, if any, which [ call ‘shareable profit.” 
Kight per cent. would generaily represent 6 per cent. 
on the preference, and 10 per cent. on the ordinary 
shares. The amount shown as shareable profit is all 
that is available for profit-sharing schemes. 

Let me examine first the figures of the electric supply 
undertakings. You will note that in all cases the 
costs in division a exceed those in 6; that the total 
working expenses are about one- half the revenue, 
and that the capital expended on works is from three 
to five times the amount of revenue. In other words, 
the rate of turnover is small. Nos. 1, 2, 3 mainly 





supply urban lighting; about one-half the revenue is 
derived from this source. Nos, 4 and 5 derive 90 per 


ratio of a to b costs is much higher and the balance 
of revenue over costs is negligible. In other words, 
there is no profit, and this, unfortunately, is the position 
of many heavy engineering works to-day. No. 2 
produces light apparatus in large demand. Here the 
capital is only 19 per cent. of the revenue and the surplus 
of revenue over costs is nearly 75 per cent. of the capital. 
The small capital and large turnover indicate that the 
plant is very fully employed, and a large sum is required 
to write off the value of the plant in a very few years, 
because it will be worn out quickly. 

The figures are typical of works producing cheap 
articles by mass production—articles in large and 
common demand. If the articles are made by a patent 
process prices can be for a time maintained. If not, 
every year it will be found that prices must be reduced 
owing to competition in various forms, and, conse- 
quently, very large sums must be put to reserve to 
provide for new machinery either to reduce cost or 
increase output, or both. The rate of dividend will 
generally be high in good years, but usually cannot be 
long maintained. In both works, wages and salaries 
are nearly 35 per cent. of the total costs. 

It should be observed that the rate of turnover is an 
important figure, it has a great effect on the cost of the 
product, and if the ratio to capital is one, then if each 
article carries a clear 10 per cent. profit the profit 
on the whole capital is 10 per cent.; if the turnover 
can be increased to two, the profit per article can be 
reduced to 5 per cent. and still yield 10 per cent. on the 
capital. Consequently, a high rate of profit where the 
turnover is large can and usually does exist side by 















































-4 | 99-6 | 86-6 | 75-1 | 90-8 | 106-8 
33-4 | 47-6 | 00-4 | 13-4 | 24-9 9-2 |= 6-8 
7-1 | 15-0 ri ans 5 ze cm 
19:7 | 32-6 = 9-6 | 12-7 9-2 = 
ee ee 3-8 | 11-7 pes rae 
i Gt aha 10-2 1:5 ae |. $81 46 
6-6) — 2°3 2-7 — = 

| 





by the management ; 


is more easy to do in one business than another. But 
no matter what care be taken or what forethought 
used, at some time or another a business must face a 
loss; when this occurs it can only be kept going by 
the owners finding money to meet the losses. The 
profits, therefore, must belong to those who are able 
and willing to shoulder the losses. 

I include in this category shareholders who put up 
with reduced dividends without unreasonable grumbling 
—they are few; directors who forego fees and often 
assist the finance. I include also men on the staff 
or in the works who either put in more work for the 
same money, or take less money in order to keep the 
enterprise going. All these are in their several ways 
shouldering the losses. I want finally to call your 
attention to the last item of shareable profits. You 
will note that there are none in some of my examples. 
That in the best a reduction of only 5 per cent. in the 
selling price would wipe out this item. The amount 
can be increased either by increasing the selling price 
or reducing some item of cost, but in any event, experi- 
ence shows that this amount can be attained only with 
most excellent and whole-hearted endeavour on the 
part of all who work the enterprise. 

Apart from any payment depending on direct work, 
many men will save money. It is well if the men 
employed in any business invest at least a part of 
their savings in the business. 

There is, I think fortunately, a growing tendency to 
facilitate such investment. Iam not inclined to believe 
in creating any special form of security for the pur- 
pose. I think the employees should stand, in this 





side with the production of articles each carrying a very 





respect, on an equal footing with other shareholders. 
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I think, however, facilities could be readily provided 
to make it easy for any employees to acquire either 
ordinary or preference shares, or to take a part in 
providing capital in the form of loans. 

A limited liability company was for long regarded 
as a bad invention, and there is no doubt that the 
change from private firms involved much hardships. 
There was the loss of a clear understanding of the joint 
interest of all concerned in working the company. 
The master was not personally known to his men. 

Modern production has, however, been built up on 
the company system and could not exist without it, 
and there has grown up a better knowledge of how to 
govern and work these great organisations. The 
constitution of a company is fully democratic, every 
shareholder has votes in proportion to the number of 
shares he holds. If everyone in the country, and 
especially men in their own works, held shares, then 
it would be to the common interest to care for the 
welfare of the business as an owner. It is for this 
reason that the wider holding of shares in producing 
works should be encouraged. 

I am directing your attention essentially to the 
problem of improving trade, to the duty of facing the 
present difficulties as our forefathers faced them in 
1816. At that time engineers had a great hand in 
restoring prosperity. The invention of the steam 
engine, of spinning machinery and chemistry by men 
such as Watt, Arkwright and Davy accounted for 
much. The inventions were important, but equally 
important were the results on the minds of the men 
who in rapidly increasing numbers were drawn into 
the work of manufacturing and improving these inven- 
tions. A similar development took place later, when 
Wheatstone’s and Faraday’s and Kelvin’s electrical 
researches began to bear fruit. First there came the 
land telegraph, then the submarine cable, and then 
electrical power production, and later again came 
steam turbine construction, following on Parsons’ 
epoch-making invention. I believe the work of these 
and many other pioneers was all-important in inven- 
tion, but the importance is comprised not alone or 
chiefly in invention but in the great fruitfulness of any 
new idea in stimulating the minds of lesser men to 
think a little in terms of the unknown, and to forget 
the shibboleths of their normal work. You see to-day 
how the development of the construction and use of 
aircraft attracts the brightest minds. 

I think manufacturers might be able to help young 
men with ideas to develop their talent. There are a 
surprising number of firms manufacturing plant under 
foreign patents for which they have paid large sums. 
Many of these inventions have required great modifi- 
cation before they would work, sometimes to the extent 
of modifying design until little of the original was left. 
I think that often far less sums spent on home-made 
designs would produce at least equal results in less time 
and with the great advantage of encouraging native 
talent. In pressing on you the importance of working 
for profitable production, I wish to make it quite clear 
that profit is only a means to an end. Profit is the 
simplest and surest means of measuring efficiency 
of production, always provided that the total sum of 
profit as well as the rate of profit is used as the unit 
of measurement. A high rate of profit on small pro- 
duction is usually attained only when some restriction 
of output or use can be set up. This method may be 
described as profiteering. 

Production may relate to true luxuries, as diamonds, 
or it may relate to articles which should be sufficiently 
cheap to be in common use but which, for a time, are 
made luxuries by restricted output. Consider the 
present position of the housing and the motor car 
industries. The houses are necessities; the motor 
cars were luxuries. Owing to restrictive action on the 
one hand, and to the use of sound business principles 
on the other, the position has been reversed. Small 
houses are almost a luxury, and small cars almost a 
necessity. Had the same skill and effort been applied 
to the construction of small houses as to the construc- 
tion of small cars, the housing problem would be solved, 
and the builders would realise a large profit rather 
than a higher rate of profit. Profit, I repeat, isa rough 
standard of measurement of efficiency in the conduct of 
business, and without efficiency no surplus can be gained. 
I have dwelt on the importance of all concerned in 
industry working together for a surplus, not as an end 
in itself, but as a means to anend. Having gained the 
surplus, its proper use will enable us to progress in all 
the things really worth doing, the refinements of artists 
both in industry and in art and in all the things really 
worth having—those enduring possessions necessary 
to good fellowship, and which are the joy of life. ~ 





Surzer Two-Cyctk Dirsen Marine ENGINes.— 
During the yeer 1925, 141 Sulzer two-cycle Diesel 
marine engines have been built with a total output of 
159,000 h.p. These engines have been constructed at 
the Winterthur Works, Switzerland, and by associated 
corapanies and licensees, 
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THE LATE MR. A. O. SCHENK. 


Weregret to have to record the death of Mr. Augustus 
Oswald Schenk, which took place at Swansea on 
Tuesday, December 29 last. Mr. Schenk was for 
many years engineer to the Swansea Harbour Trustees. 
Born at Neath in 1849, he was educated at Swansea 
Grammar School, and started his professional training 
under his father, Mr. A. J. Schenk, in 1865. In July, 
1866, he began his apprenticeship with Messrs. Sir W. G. 
Armstrong, Whitworth and Co., Elswick Works, 
Newcastle-on-Tyne. Upon terminating his pupilage 
in 1871, he entered the firm of Messrs. R. and W. 
Hawthorn, and was employed in the design and 
erection of new buildings and plant. From November, 
1872, to April, 1874, he was on the staff of the River 
Wear Commissioners, Sunderland, as assistant to 
Mr. H. H. Wake, M.Inst.C.E. Mr. Schenk afterwards 
spent a year as assistant manager to Mr. Isaac 
Lowthian Bell, M.Inst.C.E., and was engaged upon 
the erection of blast-furnace and iron-making plant. 
From 1875 to 1877 he was resident in England 
for Messrs. Thomas Meik and Son, of Edinburgh, 
and was in charge of harbours, railway and water- 
works. In May, 1877, he became manager to Messrs. 
Bells, Lightfoot and Co., Walker-on-Tyne, and Hull, 
and was employed in erecting bridges and hydraulic 
machinery. 

In February, 1880, Mr. Schenk was appointed 
chief of the engineering staff of the Severn Tunnel 
Railway by the contractor of the undertaking, the 
late Mr. T. A. Walters. He was responsible for the 
setting-out of the whole of the work, and also designed 
the special machinery required. The success which 
attended the undertaking is due, in a large measure, 
to the work of Mr. Schenk. At the request of Mr. 
Walters, he went to Buenos Ayres in April, 1887, to 
start the Madero Port works for the Argentine Govern- 
ment. Returning to England in June, 1888, he acted 
es chief of Mr. Walter’s engineering staff on the 
Manchester Ship Canal. On the death of Mr. Walters, 
he remained with the executors until 1890, when they 
were released from the contract. He then entered 
the service of the Manchester Ship Canal Company, 
and remained with the Company until the canal was 
opened in January, 1894. In June of the same year, he 
returned to Swansea and took up the post of engineer 
of the Swansea Harbour Trust, a position he held for 
twenty-nine years; he retired on the acquisition of 
the docks undertaking by the Great Western Railway 
Company. For some years Mr. Schenk had suffered 
from defective sight. This ailment rapidly grew 
worse, until at length he became practically blind. 
In spite of this, he enjoyed fairly good health, and 
his death—caused, it is thought, by heart trouble— 
occurred quite suddenly. Mr. Schenk was elected a 
member of the Institution of Civil Engineers in 
May, 1885. 





THE LATE DR. ING. GEORG 
KLINGENBERG. 


Tue Verein Deutscher Ingenieure has lost, in the 
recent death of Dr. Klingenberg, who, since 1922, has 
been its president, a man of remarkable ability and 
achievements. He early became, in the field of elec- 
trical engineering and of power plant design, as 
prominent as his father, whom he did not long 
survive, was in that of architecture. He died in Berlin 
in the second week of December. 

Georg Klingenberg was born at Hamburg, the eldest 
of seven children, on November 28, 1870. He studied 
engineering and electrotechnics at the Technical High 
School, Charlottenburg-Berlin, under Professor Slaby, 
who made him his assistant before Klingenberg had 
finished the fourth year of his course. Having assisted 
Slaby in his consulting work and designed the Holstein 
electricity works when only 23 years of age, he became 
a very popular lecturer at the college, and many 
experienced engineers attended his lectures on power 
plant design, in which he paid full attention to financial 
matters. The electricity works of Rostock, of the Vulcan 
Co., near Stettin, of Charlottenburg and Halle were 
among hisearly designs. His active interest in internal- 
combustion engines and in low-priced automobiles 
brought him in contact with the Allgemeine Elektri- 
zitiits-Gesellschaft, which founded the Neue Auto- 
mobil Gesellschaft, N.A.G. in 1896, and in 1902 elected 
Klingenberg one of its directors in succession to 
Walther Rathenare. He retained his connection with 
the Technical College until 1909. Later he was respon- 
sible for the design for the Victoria Falls and Transvaal 
Power Company of its four steam plants, erected in 
ten months, and of the pneumatic power plant which 
supplies the Rand mines with 80,000 h.p. through a 
pipe system 40 miles in length. During the war he 
built, within ten months, the Golpa-Zschernowitz power 
plant of 128;000 kw., at which the steam is supplied 
by 64 boilers at a pressure of 235 lb. persq. in. He also 
designed the 240,000-kw. Rummelburg plant, now 


approaching completion, near Berlin, where 16 boilers, 
each of 1,750 sq. m. (19,000 sq. ft.) heating surface, 
are to generate steam at 515 lb. per sq. in. for 
supplying three generator units. 

Having been president of the Verband Deutscher 
Elektrotechniker for four years, Klingenberg was, in 
1921, elected president of the German Association of 
Technico-Scientific Institutions, and, in the following 
year, president of the Verein Deutscher Ingenieure. In 
this capacity, he issued warnings, as he had done before, 
against early specialising. Dr. Klingenberg preferred, 
wherever possible, to carry out his work himself, even 
acting as the architect of his own house. Anything 
but a reckless business man, he showed little toleration 
for the negative type of person who meets every pro- 
posal with a “ but.”” He succumbed toa second attack 
of pneumonia, when just 55 years of age. 





NEW THAMES FIREFLOAT. 


Messrs. MERRYWEATHER AND Sons, Lruirep, de- 
livered on December 23, to the London County Council 
waterside fire station at Charing Cross Bridge, a new 
motor-driven firefloat, the Beta III., built by them for 
the London Fire Brigade, under Lloyd’s Special Survey, 
class 100 A.1 for firefloats, and to the Board of Trade’s 
requirements. The boat has been designed to meet all 
the special conditions called for by the Brigade ; it is 
able to navigate in narrow channels, in fairways 
encumbered with traffic, and can proceed up the canals 
connected with the docks and the river. The Beta LIT 
is a twin-screw boat, measuring 70 ft. in length overall, 
13 ft. 6 in. in extreme breadth, the draught being 
3 ft.9in. The contract speed of 10 knots was exceeded 
on an average of six runs on the measured mile. The 
hull is of steel and the deck and deck woodwork 
of teak. There are two separate sets of six-cylinder 
internal - combustion engines for propelling the 
boat and for driving the fire pumps. They are 
located in the engine-room amidships, and are each 
capable of developing 110 brake horse-power at 500 
revolutions. When disconnected from the propeller 
shafts, each engine is coupled up to a Merryweather 
gunmetal turbine pump of a new design, each of the 
two pumps being nominally rated to deliver 1,000 
gallons per minute at a pressure of 90 lb. per square 
inch. In the course of tests, each pump was found 
capable of discharging 1,350 gallons per minute at 
the above pressure, and at the contract delivery 
a pressure of 120 lb. was maintained. At a pressure 
of 50 Ib. per square inch, each pump was found 
to have a volumetric capacity of 2,400 gallons per 
minute. The auxiliary machinery consists of two 
combined dynamo and air-compressor sets driven 
by internal combustion engines; the air compressors 
are employed to charge the starting bottles, whilst 
the dynamos supply current’ for lighting the boat, 
and for operating a 20-in. Admiralty type search- 
light fitted on the deck. On arrival at the water- 
side fire station, on December 23, a 4-hour continuous 
run on pumping was carried out under the supervision 
of Mr. A. R. Dyer, the chief officer of the London Fire 
Brigade. 








Wuitworts Soctery.—tThe third annual commen.cra- 
tion dinner of this society was held at the Holborn 
Restaurant on Monday, December 21, 1925, the anni- 
versary of the birth of Sir Joseph Whitworth, with the 
President, Mr. Wm. Sisson, Gloucester, in the chair, 
and about 70 members present. There are now 470 
members on the roll. Full information in reference to 
the society may be obtained from the Hon. Secretary, 
c/o the Institution of Mechanical Engineers, Storey’s 
Gate, Westininster, S.W. 1. 

TENDERS.—The Egyptian Ministry of Public Works 
is calling for tenders for the supply of a 20-kw. power 
plant for Giza Reformatory. 'Tenders, which should 
be addressed to the Director-General, Mechanical 
Department, Ministry of Public Works, Cairo, will 
be received up till February 20, 1926.—lhe Municipal 
Council of Johannesburg is inviting tenders for the 
supply and delivery of 300 solid-drawn boiler tubes 
for Babcock and Wilcox land-type boilers. Tenders 
will be received up till noon on January 30, 1926.— 
The Postmaster-General’s Department, Melbourne, is 
ealling for tenders for the supply of battery-charging, 
power-hoard equipment. ‘Tenders will be received up 
till March 16, 1926.—The Soutk African Railways and 
Harbours are inviting tenders for the supply of 
electrically-operated hoists for raising and lowering 
locomotives, electrically-driven geared winches, four- 
wheeled trucks (for 3 ft. 6 in. gauge), and removable 
adjusting blocks. Tenders must be presented not later 
than noon, February 25, 1926. Local representation 
iz advisable.—-The Egyptian Ministry of Communi- 
cation, Ports and Lighthouses Administration, Cairo, 
are calling for tenders for the supply of plate-bending 
rolls, Tenders will be received up till noon February 25, 
1426. It is essential that firms tendering shall be 
represented in Egypt. Further particulars regarding 
any of the above tenders may be obtained from the 
Department of Overseas Trade, 35, Old Queen-street, 





London, 8.W.1. 
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MOTOR RAIL CAR DEVELOPMENTS 
IN THE UNITED STATES. 


Hatr a century ago, to develop a country or serve 
the needs of a district, it was only necessary to build 
a railway line and provide a steam locomotive suitable 
for the class of traffic. Conditions now are very 
different. The war gave a great impetus to mechanical 
road transport, and competition of this class is now 
being faced by the railways. 

This problem is by no means confined to British 
railways and is present in practically every civilised 
country. In the United States the solution has been 
found in the use of the internal combustion (petrol) 
engine to develop motive power in place of the 
steam engine, and in the following article a descrip- 


3. 


tion is given of some of the types of cars which 
have been developed for this traffic. 

One type of such cars is made bythe Edwards Rail- 
way Motor Car Company, Sandford, N.C. It is illus- 
trated in Figs. 1 to 5 on this page and opposite. The 
train consists of a single car of length 43 ft., and light 
weight of 39,000 Ib. (Fig. 5). The total seating 
capacity is 41 passengers, and the car has an ample 
luggage compartment. The car is mounted on two 
bogies, and into each of these is built a power plant, 
as shown in Figs. 1 to 3. The power units are quite 
separate, and the car may be operated with either 
one or both in use, and a power plant may be cut in, 
or cut out, when the car is running. Each power 








unit is mounted on a frame suspended within the 
bogie by cantilever springs, and is sufficiently low for 
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the top to be below the floor level of the car. Over 
each motor is placed a trap-door which permits access 
for any adjustments and minor repairs. The removal 
of the bogie from under the car is quite a simple 
matter, and with the bogie out the power unit is 
accessible for complete overhaul. Both bogies follow 
the conventional four-wheel passenger coach type of 
construction. The wheels are 30 in. in diameter; 
outside journal boxes are used, and these are fitted 
with plain roller bearings. Helical springs are used 
over each journal box. The axles are of heat-treated 
chrome-nickel steel. Each power unit consists of a 
four-cylinder engine of 5-in. bore by 64-in. stroke, 
developing 60 h.p. at 1,200 r.p.m. A multiple-disc 
clutch is used to transmit the power to a four-speed 
transmission. The final drive from the transmission 
to the axle is by two chains running in oil-tight 
housings. Each engine is equipped with a generator, 
self-starter and storage battery. A separate set of 
controls of the mechanical type is provided for each 
unit, and so arranged that the motors may be operated 
separately or together. 

This type of car having two engines permits of the 
use of one engine on level track and with light loads, 
and of both engines on gradients and with heavy loads, 
thus enabling fuel to be economised. The design of the 
power units is such that when only one engine is operat- 
ing none of the parts of the second unit is in motion, 
except the driving sprocketsandchains. The generators 
on the engines supply only a few emergency lights, 
and the main lighting system is supplied from a small 
plant in the driver’s compartment. This plant 
furnishes 110-volt direct-current for lighting, driving 
an air compressor, and operating the motors of the 
hot-air heating system. 

A standard Westinghouse air-brake system is 
installed, and in addition there is a hand brake operated 
by a ratchet conveniently located for the driver, as 
shown in Fig. 4. 

With 60 h.p. motors a maximum speed of about 
35 m.p.h. is attained on level track, whilst with 
75-h.p. engines 45 m.p.h. is reached, and with 100-h.p. 
engines 60 m.p.h. This car will operate equally 
well in either direction, and would appear to provide 
the ease of reversibility which is usually attributed 
to petrol-electric rail cars. Reports up till the present 
indicate that this type is quite satisfactory, and 
21 of this model were ordered last year in America, 
Another type which has been quite successful is that 
manufactured by the J. G. Brill Company, Philadelphia, 
Pa. The train consists of two coaches, a motor coach, 
and a trailer coach, having a combined length of 106 ft. 
Each coach is mounted on two bogies having swing 
bolsters slung from the side members. The power 
plant, which is carried at the forward end of the motor 
coach, consists of a six-cylinder engine, with a bore of 
6 in., and stroke of 7 in., developing 185 h.p. at 1,300 
t.p.m., and 150 h.p. at 1,000 r.p.m. The engine is 
governed at 1,300 r.p.m. and its normal running speed 





is 1,000 r.p.m. 
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Each cylinder is fitted with two inlet and two ex- 
haust valves. Ignition is by two independent magnetos 
and the intake manifold is heated by hot water taken 
from the jacket. All bearings are supplied with oil 
under pressure, the pressure of the oil varying with the 
throttle opening, with a maximum working pressure 
of 75 lb. per square inch. An oil relief valve is fitted 
to prevent undue pressures at starting. 
of the engine, without clutch, is about 2,500 lb. The 
engine is supported on brackets attached to two 10-in. 
channels which run the whole length of the car. 

The driving mechanism is mounted in the front 
bogie and both axles of this bogie are driven. 
for effecting the necessary speed reductions are 
mounted in a specially constructed bolster and are 
totally enclosed. The transmission consists of three 
shafts, the upper one receiving power from the engine 
and driving an air compressor, the lower one trans- 
. mitting the power to the axles, and a countershaft. 
A further speed reduction between the lower shaft 
and the axle is effected by a 16/35 spiral bevel gear 
combination. The axles are made of heat-treated 
nickel-chrome steel. 

The clutch is of the dry plate type. The driving 
mechanism consists of plates of malleable cast-iron, 
and the driven mechanism of steel plates having 
riveted to them moulded asbestos facing. 
clutch is kept in engagement by 12 helical springs. 
The connection between the clutch shaft and the 
transmission is by universal joints and drive shaft. 
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connecting the side members of the bogie. Timken; Water cooling is obtained by two radiators placed 
taper roller bearings are used on all axles. One leaf|at the front of the car. The engine is fitted with a 


The method of mounting the engine and driving mech- 
anism is shown in Fig. 6. 

Fig. 7 is a section through the axle and shows the 
method of transmitting the drive from the lower 
shaft to the axle. Power is supplied to the spiral 
bevel pinion which is in constant mesh with the spiral 
bevel gears. From either of these gears power is 
transmitted to the dog clutch, which is capable of 
sliding on the splined shaft, and hence to the shaft 
itself. By changing the position of the dog clutch 
the motion of the car is reversed. It follows from 
this mechanism that the car has the same speeds in 
reverse as in forward gear. 

The starting torque is taken by a torque arm spring 
attached to the axle housing and to the transom 








spring, 48 ins. long, is placed under each axle, and is 
anchored to the bogie at the end nearest the centre, 
but free atthe other end. The centre of the spring is 
attached to the roller bearing housing. The drive 
from the axle to the bogie is through the leaf spring 
connections. The side frames of the bogie are built 
up from Tee-sections with a web of steel plates, and 
are connected by transoms. The axle centres are 8 ft. 
4 ins. apart. 

The transmission is capable of giving five speeds, and 
with an engine speed of 1,000 r.p.m., these result in car 
speeds ranging from 54m.p.h. to45 m.p.h. By running 
the engine speed up to 1,300 r.p.m., a car speed of 
58 m.p.h, may be obtained. 





self-starter, and also drives a generator for charging a 
storage battery and supplying current for lighting. 
The generator is fitted with an automatic cut-out and 
voltage control. The petrol supply is carried in a tank 
of 100 galls. capacity, slung below the car and is fed 
to the carburettor by autovac. The operator of the car 
is provided with a seat. Foot control of the clutch is 
used, and foot acceleration is provided in addition to 
hand regulation of the throttle. Regulation of the 
spark is arranged for and also means for choking the 
carburettor and also for giving additional fuel. The 
operation of gear changing is carried out by one lever, 
whilst a separate lever is provided for operating the 
reverse. The instrument board gives indication of 
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engine r.p.m., water temperature in the radiators, oil 
pressure, and amperage. Standard Westinghouse air- 
brake equipment is installed which applies brakes to all 
wheels. 

The motor coach may be used either with or without 
a trailer as circumstances require. The motor coach 
will seat 56 passengers and the trailer coach 60. An 
ample luggage compartment is provided in the motor 
coach. A hot water heating system is installed and 
suitable lavatory accommodation provided. The 
light weight of the motor coach is 53,000 lbs., and of 
the trailer coach 43,000 lbs. When loaded, the fuel 
consumption works out at about 3 miles per gallon, 
and about 80 miles per gallon of lubricating oil. These 
cars, though fitted with reverse, can really only be 
operated from one end for continuous operation. In 
newer countries like the United States, the British 
Colonies and South America, where land is compara- 
tively cheap, reversing Y’s or triangles are easily 
installed. In England this is not quite such a simple 
matter, as there is practically no spare ground at our 
terminals. However, as turntables are provided at most 
important stations for locomotives there does not 
appear to be any reason why these should not be used 
by motor rail cars. There is no doubt that double 
end control would enhance the usefulness of this type 
of car, and this does not appear to be an insurmount- 
able problem. 

Reports up till the present indicate that this type 
is giving satisfaction in the United States and in various 
British Colonies in which such cars (or a smaller model) 
are operating, and it is a matter for regret that our 
manufacturers allow coionial markets to be captured 
by foreign countries. 

In the two foregoing types, the engine is placed 
inside the body of the car, in one case suspended from 
the bogie, and in the other from the centre channels. 
The type about to be described follows more closely 
motor-car practice, in that the engine is placed outside 
the body and covered by a bonnet similar to road 
practice. This type is manufactured by the Sykes 
Company, St. Louis, Mo. A train consists of two 
coaches, a motor coach and a trailer coach, the com- 
bined length being 102 ft. The train is illustrated 
in Fig. 8. Each coach is mounted on two bogies. 
The centre distance of the bogies on the motor coach 
is 37 ft., and on the trailer coach 333 ft. The bogie 
wheel base is 5 ft. 2? in., and curves of 200 ft. 
radius may be negotiated. The bogies are of standard 
bolster construction with semi-elliptic leaf springs 
under the bolster carried in a suspended cradle. 
The wheels are 30 in. in diameter. The axles are 
of chrome-nickel steel and have plain roller bearings. 
Helical springs are used over each journal box. The 
power plant consists of a six-cylinder engine of 53 in. 
bore by 6}in. stroke, developing 180-h.p. at 1,250 r.p.m. 
Electric starting and lighting systems are provided, 
the generator being directly driven from the engine, 
and a storage battery is supplied. The engine is 
mounted on brackets attached to the centre channels 
of the car and the centre of gravity of the engine 
is directly above the swing bolster of the front 
bogie. The clutch is of the multiple plate type, 
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running in oil, and is pneumatically operated. Some- 
thing of this nature would appear to be essential with 
the horse-power at present in use and the still larger 
power which is likely to be used in the future. A small 
air cylinder is provided, and the piston of this is con- 
nected with the clutch-operating gear, so that it assists 
the foot pressure on the clutch pedal. The first move- 
ment of the pedal closes the cylinder exaust valve 
and opens the air-admission valve. On releasing the 
clutch pedal the position of these valves is reversed, 
and the cylinder pressure exhausted to the atmos- 
phere, allowing the clutch springs to function in the 
usual manner. 

To facilitate inspection and repairs, a special trans- 
mission has been developed. The gear-box and a 
two-stage air compressor are mounted on a frame 
slung from the underframe of the car midway between 
the bogies. Power is transmitted from the clutch 
to the gear-box by a hollow shaft. The inside axles 
of each bogie are driving axles, and they are connected 
to the gear-box by bevel gears and hollow shafts. 
The transmission provides four speeds forward and 
two speeds in reverse. At an engine speed of 1,250 
r.p.m., the gear changes give car speeds forward of 
8-3, 16-7, 33-4 and 44-6 miles per hour, and in 
reverse of 7-8 and 10-4 miles per hour. 

Standard Westinghouse air-brake equipment is 
fitted, together with an emergency hand-brake. The 
cars are provided with facilities for heating and with 
lavatory accommodation. These cars appear to stand 
up well to the work and perform runs in some sections 
of 260 miles perday. During 1924, twenty of these cars 
were ordered by American railways. 

Though many attempts have been made in the 
past to develop motor rail cars, it is only recently 
that a decided forward movement has taken place. 
Accordingly, there is no such thing yet as standard 
practice. In the United States they have made pos- 
sible, profitable operation of branch lines, and in 
Australia motor rail cars have been in operation con- 
tinuously for two years, performing runs of 230 miles 
per day in some cases. Doubts are often expressed 
as to the reliability of this type of transport as 
compared with steam, but the mileage now regularly 
run by motor rail cars in various parts of the world 
should be sufficient to show that, though perfection 
may not have been reached, the experimental stage 
has been left well behind. 





CATALOGUES. 


7alves.—A list of bronze high-pressure stop valves in 
sizes ranging from } in. to 3 in. bore and of straight 
and right-angle patterns, has come to hand from Messrs. 
J. Hopkinson and Company, Limited, Huddersfield. 


Fibre Gears.—A catalogue showing a number of finished 
toothed gears made of their Fabroil material is to hand 
from the British Thomson-Houston Company, Limited, 
Rugby, who also supply gear blanks and sheets of the 
material. In addition to the cut gears accurately 
moulded gears are made, and these are preferable as 
regards durability; for quantities of a hundred and 
upwards, they are also cheaper to produce. 





Electric Light Fittings —A new and enlarged edition 
of their catalogue of electric light fittings has been issued 
by Messrs. Veritys, Limited, Aston, Birmingham. This 
= one of the most comprehensive catalogues of its 

ind. 


Adjustable Spanner.—We have received a_ leaflet 
showing an adjustable-grip spanner made by Messrs. 
Ambrose Shardlow and Co., Limited, Attercliffe, 
Sheffield. The handle is pivoted to the head, and acts as 
a lever pulling the jaws to a close grip on the nut. 


Electric Machines.—A priced list of motors, generators, 
transformers, &c., held in stock for immediate dispatch 
and a catalogue of electrical equipment for the printing 
and allied trades have been received from the Swedish 
General Electric Company, Limited, 5, Chancery-lane, 
London, W.C.2. 


Electric Hammer.—Messrs. Kango Company, Limited, 
78, Petty France, London, S.W.1, send an illustrated 
catalogue of an electrically-driven hammer for chipping, 
sealing, stone drilling and any work requiring a rapid 
succession of light blows. A reference to this hammer 
will be found on page 809 of our issue of June 26 last. 


Stuffing Box for Centrifugal Pumps.—A stuffing box 
for centrifugal pumps dealing with dirty or gritty water 
is the subject of a circular received from the Pulsometer 
Engineering Company, Limited, 11, Tothill-street, 
Westminster, London, 8.W.1. It operates by opposing 
the entrance of grit by means of a slight flow of the 
used lubricating grease. 


Gearing.—Two interesting catalogue publications are 
to hand from Messrs. David Brown & Sons (Huddersfield), 
Limited. One is a pamphlet on the worm drive for 
motor-cars, and the other contains a general description 
of the works, machinery and products of the firm at 
Huddersfield. The latter is of special interest in showing 
the great variety of finished work turned out. 


Flexible Tubing.—A catalogue of flexible tubing and 
connections received from Messrs. Hobdell, Way and 
Co., Limited, 45, Church-street, Minories, London, E.1, 
includes practically all varieties, such as Petro-flex 
metallic, wire sheathed, rubber and cotton, and for all 
pressures up to 2,500 lb. per square inch. It is supplied 
in qualities, specially adapted for steam air, oil, petrol, 
water, &c., for use on motor cars, aircraft, ships, diving 
apparatus, paint sprays, &c. 


Bottle-Filling Machines.—Circulars illustrating and 
describing bottle-filling machines, which they manu- 
facture under the Alison-Broadhurst patents, have 
reached us from the Albro Fillers and Engineering Com- 
pany, Limited, 34 and 38B, Holloway-road, London, 
N.7._ The machines, examples of which were illustrated, 
and described in our issue of April 17 last on page 475, 
operate on the vacuum principle and are suitable for 
filling bottles, tins, jars and other forms of containers 
with wines and spirits, thick or thin liquids or heavy 
creams and polishes. Single-head and multi-head 
machines are shown, the multi-head machines being 
either of the straight-line or rotary types. 





INSTITUTION OF PuBLIC LicHTING ENGINEERS.—At 
the Council Meeting of the Institution of Public Lighting 
Engineers, held at Leeds at the termination of the second 
annual meeting and conferences, it was confirmed that 
the third annual meeting and conference should be held 
in September, 1926, at Newcastle-on-Tyne, under the 
presidency of Mr. R. Davidson, Superintendent of the 
public lighting of that city. 
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AIR COOLER FOR TURBO-GENERATORS. 


CONSTRUCTED BY MESSRS. COLE, MARCHANT 


Fig1. 
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AIR COOLER FOR TURBO- 
GENERATORS. 


Tue closed-circuit system of cooling alternators 
of turbo-generator sets offers certain advantages over 
the older open-circuit method, and is rapidly increasing 
in favour. The most important advantage lies in the 
fact that, as no fresh air is drawn into the system, there 
is no danger of dust accumulating on the armature 
windings. With the open-circuit arrangement, the 
dust drawn in from the atmosphere is trapped by 
passing the air through a water screen, or over surfaces 
covered with a viscous fluid. Both these arrange- 
ments are open to the objections that they require 
periodical attention, and that any dust which passes 
through the filters accumulates on the windings. 
There is a further danger in the case of the water-screen 
arrangement that the humidified air may have a 
detrimental effect on the insulation. 

With the closed-circuit system, the only dust which 
can be present is that which is in suspension when the 
circuit is first closed, and this is quite negligible in 
amount, while the air cannot be humidified by the cooler, 
as it never comes into direct contact with the water. 
The temperature of the air in the circuit is to a great 
extent independent of that of the outer air, making the 
system particularly suitable for use in hot climates. As 
a final point in favour of the closed-circuit system, it may 
be mentioned that, apart from the unlikely occurrence 
in the absence of dust of a fire due to a short circuit, the 
limited supply of oxygen present is rapidly used if a 
fire does occur for any reason, with the result that 
the possibility of damage from this cause is very remote. 

We illustrate a cooler of the closed-circuit type, 
manufactured by Messrs. Cole, Marchent and Morley, 
Limited, of the Prospect Works, Wakefield-road, Brad- 
ford, in Figs. 1 to 6, above, and on the opposite page. 
The particular cooler illustrated is installed at the 
South Kirkby, Featherstone and Hemsworth Collieries, 
Limited, South Kirkby, Yorkshire. The drawings are 
almost self-explanatory, and the apparatus , may 
therefore be described very briefly. As will be seen 
from Figs. 1 and 3, it consists of a number of gilled 
tubes fixed between two tube plates, to which the-water 
connections are bolted. The water flows through the 
tubes, the air passing over the outside through the 
network of gills. The tubes are arranged in groups, and 
the headers in each group are divided so as to ensure a 
reversal of the flow in every alternate tube. Each 
division has connections which are visible in Fig. 3, 
to a vertical header at both the inlet and outlet 
ends. The arrangement of the tubes in groups greatly 
facilitates the operation of cleaning, as a group can be 
withdrawn and a spare inserted in a very short time, 
the cooler being meanwhile operated on open circuit. 
An enlarged view of the gills is shown at the bottom 
of Fig. 5, and the general appearance of the assembled 
cooler is illustrated in Fig. 6. The position of the 
cooler in the closed-air circuit will be clear from Figs. 4 
and 5, which show the air ducts in the alternator foun- 
dations. The air is circulated by a fan mounted on the 
rotor of the machine, entering at the ends and being 
discharged from the centre into the hot air inlet shown 
in Fig. 4. The water connections for the cooler are 
tapped off the two sides of the condenser cooling water 
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circuit, as shown in Figs.4 and 5. Distance reading 
thermometers and pitot tubes for recording air pressure 
are fitted in the air trunk on the inlet and outlet sides 
of the cooler, as shown in Figs. 2 and 3; the recording 
instruments are mounted on the gauge board. When it 
is required to operate the cooler on open circuit, either 
for cleaning purposes or any other reason, the air can 
be drawn from the atmosphere by opening doors 
on the alternator, and also opening the louvre door 
shown in Figs. 4 and 5. Under these conditions, the 
return trunk in the circuit ceases to form part of the 
system. If desired, automatic electrical control gear 
can be fitted to operate the doors in the event of a 
dangerous rise in temperature. 





THE JUBILEE OF THE MARINE 
SPRING-LOADED SAFETY VALVE.* 


By Donatp MAcNIco.Lt. 

Tne first steam boilers were all stationary, so that 
there was no need for any type of safety valve other 
than deadweight. Practical steam navigation came 
a little earlier than steam locomotion on land, and 
the first practical steamboat in this country was 
the Comet, while its contemporary in the New World 
was the Clermont. In both these cases navigation 
was what might be termed inland, so that a deadweight 
safety valve for the boilers appeared to be only 
natural. This created a precedent, and a precedent 
is a great thing in engineering. 

With the continued development of marine propul- 
sion, engineers began to experience difficulties with 
the deadweight valve on the boilers then in use, and 
in 1870 the position became acute, for steam pressures 
had been steadily increasing, and had reached 100 1b. 
per square inch. 





™ * Paper read before the Institution of Engineers and 
Shipbuilders in Scotland, October 20, 1925. Abridged. 
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In the beginning of that year John Elder made the 
compound engine for marine purposes a commercial 
success, and engineers realised two important facts. 
Firstly, that the Board of Trade rule which gave 
4sq. in. of valve area per square foot of grate surface 
for all pressures was wrong, and secondly, that when 
the ship rolled, the loss of steam through the dead- 
weight valves lifting was much greater at the higher 
pressures, 

In April, 1872, Mr. James Howden read a paper 
before this Institution on “‘ A Rule for Determining 
the Areas of the Safety Valves of Steam Boilers in 
Relation to their Power and Pressure,’”’ wherein he 
advocated the fitting of two safety valves, one loaded 
by deadweight and the other by a spring. Other 
papers followed, the most outstanding of which was 
that by Mr. Hazelton Robson, entitled ‘‘On the 
Advantages of Springs for Loading Government Safety 
Valves of Marine Boilers instead of Deadweight,’’ read 
before this Institution on December 23, 1873. 

Mr. Robson’s paper was the outcome of efforts to 
induce the Board of Trade to approve of the use of 
spring-loaded valves, a large number of which he had 
made in the works of Messrs. D. and W. Henderson. 
Its publication aroused great interest and enthusiasm 
amongst members of the Institution, and it was 
proposed and seconded that a committee be formed 
to collect data and forward a memorial to the Board 
of Trade in favour of the spring-loaded safety valve. 

The committee’s experiments in connection with the 
flow of steam are particularly interesting. One out- 
standing feature of the experiments was the confirma- 
tion of the theory that the same quantity of steam 
was discharged through an orifice from a higher 
pressure to a lower pressure as long as the lower 
pressure did not exceed 58 per cent. of the higher 
pressure. In 1875 the Board of Trade sanctioned 
the loading of safety valves by springs, and their 
formula for valve size gave a decreasing area for the 
higher pressures. 
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AIR COOLER FOR TURBO-GENERATORS. 


CONSTRUCTED BY MESSRS. COLE, MARCHANT 
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Before joining my firm some 18 years ago, I had 
always assumed that when passing steam at maximum 
pressure, safety valves lifted one-fourth of their dia- 
meter; that is to say, that the edge area was equal to 
the disc area. Soon, however, I found this to be far 
from the truth. Ordinary direct spring valves only 
lift approximately one-twenty-fourth of their diameter 
or, in other words, give an edge area of one-sixth 
of the disc area. Consequently, I gave a great deal of 
time and attention to the problem of designing a 
valve to lift to one-fourth of its diameter. Ultimately 
the conclusion forced itself upon me that this could 
only be done satisfactorily on the relay principle of a 
small valve controlling a larger one. 

In 1908 a number of British destroyers were fitted 
with oil-fired boilers, and when the accumulation 
trials took place, notwithstanding that the safety 
valve area had been increased in proportion to the 
higher calorific value of oil, the valves were not nearly 
large enough for their duty. A considerable pressure 
was noticed in the waste-steam portion of the valve 
chests which prevented the valves from lifting the 
requisite height. In some cases slightly larger valves 
and much larger waste-steam pipes were fitted, and the 
accumulation trials were satisfactorily passed. In the 
case of H.M.S. Cossack, built by Messrs. Cammell 
Laird and Co., Limited, Mr. J. Hamilton Gibson fitted 
a cylinder to the steam drum, and connected the 
easing lever to a piston inside the cylinder. A pipe 
led from the waste-steam space to the cylinder, so 
that the pressure on the piston assisted the valve. 

French engineers, however, had adopted this arrange- 
ment some 12 years previously. The American 
Board of Trade safety valve was also on the same lines. 

A direct-loaded valve is a delicate piece of mechanism. 
The actual blow-off pressure is generally about 5 Ib. 
above the working pressure, so that at the working 
pressure there is only that amount per square inch to 
overcome all distortion, &c., and to keep the valve 
tight. Again, the direct-loaded Admiralty pattern 
valve has a spring compression at the working load 
equal to the diameter of the valve, while the Board 
of Trade valve has a spring compression only one- 
fourth of the diameter of the valve, so that per unit 
of distortion in the seatings, that is, between the faces, 
there is four times the effort in the Board of Trade 
design as compared with the Admiralty design. In 
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other words, the seatings do not become so distorted 
in the Board of Trade safety valve. Distortion 
has always shown up more or less in Admiralty valves 
by a bad feather of steam at the waste-steam pipe, 
some five pounds at least below the working pressure, 
and the larger the valve the worse the leakage. 

When the spring-loaded valve was introduced, both 
the valve and seat were designed so that as soon as 
the former lifted, a greater area was exposed to the 
steam to overcome the increasing resistance of the 
spring. The valve usually dances or pulsates; to 
this movement the term generally applied is dirling. 
As the pressure drops, the valve takes to its seat during 
one of the pulsations, and thus cuts off the steam sharply 
and cleanly. 

When Mr. Gibson adopted the balancing or lifting 
piston, he did away with the lifting device in the valve 
itself, with the result that it was most difficult to say 
at what point the valve had actually lifted, and still 
more difficult to say when it had shut properly. Friction 
affected the valve all the time, and generally it was 
still feathering at about 30 lb. below the working 
pressure. Following the unsatisfactory functioning 
of this type of valve, the late Mr. Robert Cockburn 
and I intruduced the relay or full-bore valve. An 
outstanding feature is the saving in weight. 

In the group of British destroyers built in 1912, two 
tons were saved in the valve equipment on four boilers. 
It is now the standard naval fitting in all navies of 
the world, with the exception of Germany and the 
United States. It has also been adopted by the French 
shipping, Compagnie Generale Transatlantique, in their 
new ships, and last year the 19 Lethuillier and Pinel 
valves on La France, belonging to that company, 
were replaced by relay or full-bore fittings. In the 
beginning of 1914 it was tentatively approved by the 
Board of Trade for a steamer for the Cunard Company, 
which was to have been built by Messrs. Scott’s, 
Greenock, but owing to the war she was never com- 
pleted. After an exhaustive series of experiments 
had been conducted with this type of valve, it was 
found to be the most satisfactory for high steam- 
pressures in the region of 800 lbs. per square inch. As, 
however, I wish to confine myself more particularly 
to the mercantile marine valve, I shall not enlarge on 
this fitting. 

In 1919 Messrs. Cockburns of Cardonald, started 
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experiments on a high-lift type of valve, with the 
object of reducing the size and cost of valves. About 
this time also the British Marine Engineering Design 
and Construction Committee were deliberating on the 
valve question, and amongst other considerations they 
revised, hardly to its betterment, the formula for safety 


37-5 xX G 


valves. The old formula was based on the 


quantity of steam that could flow through an orifice 
in a given time with a certain steam pressure, and on 
the assumptions that 20 lbs. of coal per square foot of 
grate surface per hour could be burnt with natural 
draught, that an evaporation of 8 lb. of water might 
be expected per pound of coal, and that the valve 
lifted approximately one-twenty-fourth of its diameter. 
With the introduction of forced draught the formula 
was altered to allow for the extra coal to be consumed, 
37-5 x G@_C . ‘ 

a Erde C being the estimated 
coal consumption under forced draught. Obviously 
the rule required to be again changed when oil fuel 
was introduced, due to the higher calorific value of oil. 

In calculating valve area for a given quantity of 


and took the form 


steam, I use > for ordinary valves which lift one- 


twenty-fourth of the diameter, E being the evaporation 
per hour and P the absolute pressure. This gives a 
slightly larger area of valve than that obtained by the 
Board of Trade formula, and fixes the minimum size 
of valve for any quantity of steam to be passed. If, 
when the Board of Trade formula was first introduced, 
the quantity of steam had been taken as one of the 
factors, it would not have required modification when 
any change took place, either in fuel or methods of 
combustion. 

When the British Marine Engineering Design and 
Construction Committee were considering the revision 
of safety-valve formule, I suggested that area of 
fire grate or fuel consumption was a better basis for 
valve design than that of heating surface. I fully 
expected when the rules were: published that there 
would have been some statement relative to the fuel 
consumption per square foot of heating surface, 
but this is not the case, as will be seen from the formula, 


which is KxH = area of valve, where K varies for 


different types of boiler and conditions of firing, H is 
the heating surface, and P the absolute pressure in 
pounds. 

It is obvious that safety valves determined by the 
new rule can only pass the same amount of steam at 
the same pressure as one of corresponding size designed 
to the old rule. This being so, it is an easy matter, 
from a comparison of the two formula, to find a fuel 
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value for the new formula. From the trials of a number 
of boilers I tabulated values of fuel consumption, 
although the varying ratio of grate to heating surface 
made the task somewhat difficult. I find that for 
Scotch cylindrical boilers, where K = 1-25 with 
naturai or forced draught other than closed stokehold, 
the consumption per square foot otf grate is in the 
region of 25 Ib. of coal per hour, the equivalent con- 
sumption per square foot of heating surface being 
0-62 lb. of coal. Again, for the same type of boiler 
with closed stokehold, the consumption of coal per 
square foot of grate is 30 Ib., the equivalent consumption 
per square foot of heating surface being 0-75 lb., where 
K = 1-5. With oil, allowing an evaporation of 12 |b. 
of water from | Ib. of oil as against 8 lb. of water from 
1 Ib. of coal, the quantity of oil burned per square foot 
of heating surface is 0-5 lb. (a low consumption). 
In the cas of water-tube boilers where K = 1- 
for natural draught, and 1-25 for closed stokehold and 
oil, the quantity of coal burnt per square foot of grate 
is 25 lb. and 30 lb. respectively, corresponding to a coal 
consumption per square foot of heating surface of 
0-6 lb, and 0-7 Ib. respectively, and in the case of oil, 
of 0-47 (again a particularly low consumption for water- 
tube boilers). These are the figures for certain boilers 
which were fitted with valves made in accordance with 
the new rules. But the Committee should state what 
consumption of fuel per square foot of heating surface 
they had in view when the new rules were drawn up; 
naturally these figures should be worked to during an 
accumulation trial. I need only state that, if desired, 
2 lb. of oil could be, and has been, burnt per square 
foot of heating surface, and 1 1b. is an every day occur- 
rence in naval work. 

The committee had all the information required to 
produce an extremely simple formula, not necessarily 
in terms of evaporation, but of fuel consumption. 
The objection to both the new and the old formula is 
that they would need to be altered if a fuel of higher 
calorific value than oil were discovered or manufactured, 
whereas this would be unnecessary had they been 
directly based on evaporation. When coal is used as 
a fuel, and assuming an evaporation of 8 lb. of water 
per hour per pound of coal, the new formula would 


7a) 


where C is pounds of coal consumed 
For 
where C is pounds of 


become C + as ’ 
per hour, and P the absolute working pressure. 
oil the formula would be C + z > 
oil consumed per hour, and P as before. These formule 
would be applicable to any type of boiler. 

In connection with the first destroyers fitted with 
oil fuel, it has already been stated that in the original 
valves there was considerable pressure in the waste- 
steam portion of the chest. If it is desired to have a 
constant pressure in the waste-steam portion of the 
chest or at the base of the waste-steam pipe, it is better 
for each size of ordinary valve to be fitted with a 
particular size of waste-steam pipe suitable for each 
boiler pressure. Inthe past the area of inlet and outlet 
in the valve chest was made equal to the area of the 
valve, or where there was more than one valve, the 
aggregate area of the valves. In a 4-in. single valve 
with a 4-in. inlet and outlet twice as much steam passes 
through the valve at 200 Ib. as at 100 Ib., so of necessity 
the pressure in the: waste-steam portion of the chest 
must be higher in the valves fitted for 200 lb. A high 
waste-steam pressure causes back pressure on the valve 
and prevents it lifting as high as it would with a lower 
pressure ; but, practically speaking, it does not neces- 
sitate a pipe of increased thickness. 

It has been shown that in the safety valve of H.M.S. 
Cossack, back pressure was turned to good account. 
Unfortunately, Mr. Gibson in his valve did away with 
the lifting device on ‘he valve proper, and thus made 
the valve unsatisfactory in its action. He also made the 
piston integral with the valve, as was also done in the 
other two designs. Now this initiated a source of 
possible sticking. In 1919 Messrs. Cockburns, of 
Cardonald, realised that the question of sticking or 
gagging required most careful consideration. Ulti- 
mately a fitting was evolved possessing a new feature, 
in that the valve lifted in the first instance as an 
ordinary valve. Whenever there was _ sufficient 
pressure in the waste-stesmispace of the chest, the 
secondary valve, or piston, which was loose on the 
spindle, lifted and abutted the underside of the spring 
seating in the spindle. Until the piston lifted it actea 
simply as a valve with four webs, the piston portion 
being about } in. below the bush or seating in the 
casing. [This valve was illustrated in ENGINEERING, 
vol. exvi, page 66.—Ep.E.] 

Trials were conducted on a water-tube boiler at 
Messrs. Yarrow’s works in May, 1919, with a 2}-in. 
double high-lift valve, at which there were present 
representatives of the Board of Trade, Lloyd's, &c., 
and various insurance companies. Subsequently the 
Board were approached to sanction the use of the 
fitting at a 50 per cent. reduction of area as compared 
with the ordinary valve. They, however, would only 








agree to a reduction in area of one-third, stating at the 
same time that after twelve months’ service the matter 
might be reconsidered. An outstanding incident 
brought out its superiority over the ordinary safety 
valve. After valves of the ordinary type had been 
fitted to a large liner, it was decided to change from 
coal to oil fue]. Subsequently the accumulation trial 
was carried out, and a higher accumulation of pressure 
took place than was desired. The ship had 12 boilers, 
with 12 leads of waste-steam pipe to the two main 
steam pipes up the funnels. The fitting of larger 
valves and waste-steam pipes would have been a costly 
procedure, so the valves were converted to the high- 
lift type, and on the trial the maximum accumulation 
of pressure was in the region of 4 per cent. This 
trial demonstrated that for high-lift valves on this 
principle the area of the waste-steam pipe need only 
be equal to the combined area of the valves. 

The introduction of high-lift valves virtually reduced 
the areas of valves and waste-steam pipes by one-third. 
Lloyd’s, however, thought it desirable to keep waste- 
steam pipes up to the full area. Mr. Clarke, late 
chief engineering surveyor to Lloyd’s Register in 
Glasgow, reminded me that I once held the view that 
the flow of steam through the waste-steam pipe was 
not affected until the external pressure was from 
58 to 60 per cent. of the internal pressure, and sug- 
gested that a test might be conducted to prove this. 
Accordingly a stop valve of 5-inch bore was fitted to 
the waste-steam pipe of a 2-inch single high-lift valve 
with a waste-steam pipe of 5-inch bore. The first 
test was conducted with a perfectly free exhaust. 
On a second test the stop valve on the waste-steam 
pipe was closed down until a back pressure of 60 per 
cent. of the boiler pressure was attained. The result 
was that actually a much higher evaporation was 
passed, this, of course, being due to the greater back 
pressure lifting the particular type of valve, and giving 
a greater egress orifice at the point where restriction 
occurs, namely, the edge area of the valve proper. 
Before, however, approving of a reduction in waste- 
steam pipe area, they asked that a test might be 
conducted with an actual length of waste-steam pipe 
at the reduced area, to see if this would have any 
material effect. This led to a comparative trial being 
made between the 2-in. single high-lift valve with a 
5-in. and a 2-in. waste-steam pipe respectively. 
Approval was subsequently given to high-lift valves 
of this type being fitted with waste-steam pipes of 
1-1 times the combined area of the valves, 

Subsequently a further reduction of valve area was 
considered, but before approaching the Board of Trade 
on the matter it was decided that the design should be 
modified. In the ordinary valve it is essential that 
large clearance be given between the bush in the bottom 
of the spring casing and the valve spindle, for if the 
spigot on the bottom of the casing is a slack fit in the 
chest to an extent greater than this clearance, the 
valve might function quite satisfactorily when first 
fitted, but care must be exercised in case of reassembling 
of parts after an overhaul; otherwise the valve might 
be rendered inoperative. The large clearance given 
between the diaphragm on the spindle and the bush in 
the casing prevents any possibility of trouble arising 
from sticking. 

With a view to obtaining the Board of Trade’s 
sanction to use this design with a 50 per cent. reduction 
of area of valve and waste-steam pipe below that 
required for ordinary valves, it was decided to run 
comparative tests with the ordinary and improved 
high-lift valves. Comparative trials were carried out 
in 1925, before representatives of the Board of Trade, 
Lloyd’s, British Corporation and Bureau Veritas. 
Mr. Barr, senior engineering surveyor of the British 
Corporation, stated that he was quite satisfied with 
the results, and subsequently official approval was 
given by the Society. The Bureau Veritas next 
intimated their approval. The Board of Trade stated, 
however, that they did not think the tests were quite 
conclusive, and Lloyd’s were of the same opinion. 
The former instanced that the ]1}-in. waste-steam pipe 
was more than 1-1 times the area of the 1}-in. valve, 
the actual increase of area being 1-386 times, which 
was the nearest size of commercial pipe at that time 
available, and, further, that the satisfactory func- 
tioning of the valve depended upon the high back- 
pressure shown in the tabulated results. It was 
pointed out to the Board that the valve did not depend 
upon a high back-pressure for its action, and, further, 
that the trials were comparative, and an exceptionally 
high rate of fuel consumption had been obtained, 
namely, 65 lb. and 80 lb. of coal per square foot of 
grate respectively, on two trials, whereas 30 lb. was 
vhe normal consumption for the accumulation trials. 
A further trial was carried out on May 10 last, with the 
waste-steam pipe exactly 1-1 times the area of the valve, 
and the rate of coal consumption was 30 lb. per square 
foot of grate per hour. This trial was very satis- 
factory. 

Approval was received from the Board of Trade and 











Lloyd’s to a 50 per cent. reduction in valve and waste- 
steam pipe area for the improved form of high-lift 
valve, in June and July of this year, subject to satis. 
factory accumulation tests. 





EXPLOSION OF A NEW OIL TANK. 


PREPARED by Mr. G. S. Taylor, O.B.E., H.M. 
Senior Engineering Inspector of Factories, a report 
dealing with the explosion of a new oil tank, which 
occurred on January 14, 1925, at the works of Messrs. 
The Medway Oil and Storage Company, Limited, Isle 
of Grain, Kent, was issued recently by the Home 
Office. The construction of the storage tank in 
question was practically completed, and it was ready 
for test when the top was blown off by an explosion. 
The tank, which was being built by Messrs. The Mother- 
well Bridge and Engineering Company, consisted of a 
cylindrical shell, 102 ft. 6 in. in diameter, built up of 
six tiers of steel plates to a height of 30 ft. The shell 
plates varied in thickness from $-in. at the bottom to 
q-in. at the top. The bottom of the tank was covered 
with }-in. plates, and the top consisted of a slightly 
truncated cone-shaped roof, made of 0-1 in. steel 
sheeting supported on suitable rafters. On the shell 
near the bottom of the tank, an 8 in. sluice valve was 
fitted for controlling the flow of liquid into or from the 
tank. 

On the morning of January 14, the dip doors and 
manhole on the tank were closed and the second of 
two air-pressure tests was applied. This is stated to 
have been satisfactory. The tank was then left in 
the charge of the foreman tester, who was in command 
of a party of men employed in examining the various 
joints for any sign of leakage. Acting upon the instruc- 
tions of the foreman, a boilermaker was about to insert 
a red-hot $-in. rivet into a hole in the curb angle at 
the top of the tank when there was a flash of flame 
from the hole, followed by a dull rumbling noise, and 
the whole roof of the tank was blown off. The foreman 
and two of his men were killed and three of the other 
workmen were injured. 

In the opinion of Mr. Taylor, there is little doubt that 
the explosion was due to the ignition of petrol vapour, 
present with the air in the space of the top of the tank, 
and that the ignition was produced by the heated 
rivet. The petrol vapour was derived from petrol 
which entered the tank with the water used for testing 
purposes. The presence of petrol in the water was 
due to the fact that the same pump and pipe line were 
used for both petrol and water. In consequence of 
the explosion, Messrs. The Medway Oil Company have 
decided to take all necessary steps to ensure that no 
heated material or flame shall be taken near a tank 
under test, or at any time when it is likely to contain 
inflammable vapour. Furthermore, frequent exami- 
nations will be made, during construction and testing, 
in order that the presence of inflammable vapour may 
be detected at once. The report adds that the steaming 
of the pipe line, recommended by the jury at the 
inquest, would certainly facilitate the removal of the 
residual petrol, but, unless such steaming were followed 
by adequate ventilation, it might not be effective. 
Whatever method is adopted for cleaning the pipe line 
after it has been used for conveying petrol or oil, it 
will still be necessary to have a tank examined and 
tested for inflammable vapour before any hot riveting, 
welding, or other work involving the use of heated 
material or flame, is done upon it. 





THE CasE-HARDENING OF STEEL BY MEANS OF SODIUM 
CyAniIpDE.—A well-written pamphlet recently issued by 
the Cassel Cyanide Company, Limited, 19, St. Vincent- 

lace, Glasgow, C.1, deals very fully with the case- 
i cedieiong and heat treatment of steel by means of & 
liquid bath of fused sodium cyanide. The advantages 
of this method over other processes involving solid 
carburising mixtures are well set out, and a good deal 
of theoretical information on the whole subject is 
included. The contention, which has sometimes been 
expressed, that the carburising action of cyanide is 
sharp and sudden, as compared with the progressive 
penetration obtained from ordinary solid ‘ cements,” 
is stated to be entirely erroneous, it having been 
established that penetration proceeds in the same 
manner with cyanide as with solid carburising media. 
The mixture recommended as giving the best results 
contains approximately 75 per cent. of sodium cyanide 
and 25 per cent. of other sodium salts, added as diluents. 
Provided that due care is exercised in handling the 
material, and that a hood is fitted over the furnace 
to carry away noxious fumes, the use of cyanide presents 
no great difficulty. Case hardening is more quickly 
and easily carried out in a liquid than in asolid carburising 
medium, and the tendency of the product to warp is 
much reduced. The temperature is, moreover, more 
satisfactorily controlled, and the carburising effect is 
more uniform. The fact that the cyanide process is 
carried out at 850 deg. C., a temperature much lower 
than that usually employed when using solid carburising 
media is undoubtedly a great advantage. 
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THE ENGINEERING OUTLOOK. 
Il. Exectrican. ENGINEERING. 


ELECTRICAL engineering and the construction of 
motor vehicles are the two youngest branches of the 
engineering industry. It is significant that in the 
years 1924 and 1925 they were also the two most 
active branches. Although they both show great 
expansion to-day as compared with 1913, the 
activity of electrical engineering has been more 
consistently maintained’ than’ that of the motor 
industry in recent years. 

At the end of the war the arrears of electrical 
development awaiting to be undertaken at home 
were too great to be worked off rapidly. In virtue 
of this sound home market, electrical engineering 
did not suffer so acute or prolonged a depression 
as ‘other branches of the engineering industry. In 
1922 its activity was temporarily reduced by the 
managerial functions dispute in common with the 
rest of the industry, but after the termination of 
that dispute it made a rapid recovery, and by the 
beginning of 1923 was once more in a sound, if not 
prosperous, condition. In 1923, 1924, and 1925 
temporary depressions have been noticeable at the 
end of the season, in August and September. Apart 
from these, the record of electrical engineering has 
been one of uninterrupted progress until recent 
months. 

In the absence of a Census of Production the 
volume of production, as a whole, can only be 
measured statistically by indirect methods. The 
most valuable indices for the electrical industry are 
statistics of employment and the consumption of 
copper in the United Kingdom. The large Govern- 
ment stocks of copper left over from the war were 
exhausted at the beginning of 1921, and other 
stocks in this country have remained at an even 
level since that date. Since the production ‘and 
export of copper in this country are negligible, the 
import statistics may be taken as an approximately 
accurate measure of consumption. As regards 
employment, unemployment insurance figures do 
not distinguish electrical from other branches of 
engineering prior to 1923. It has been possible, 
however, to supply this deficiency from an investi- 
gation by sample in 11 principle districts of the 
United Kingdom. 

TasiEe I.—U.K. Imports of Copper and Employment in 
Electrical Engineering. 





























Monthly Volume Index Index 
Average in 1913 = No. Employed. | 1913 = 
for Tons. 100 ; 100 
1913 ..| 8,912 | 100 10.909 100 
1918 —_* se 12,808 117-4 
1920, May. = a 19,356 ce 
Ist Qr. 4,953 55-6 ~ oe 
2nd ,, 3,493 39-2 —t | — 
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1923— 
Ist ,, 8,016 89-9 Ist half-year, |1,,-.- 
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1924 
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4th |, 12,950 | 145-3 Bs) | 149-9 
ott 16,355 | 
Ist ,, ..} 143556 163-3 1st half-year, | z 
znd » +. | 18,705 | 153-7 16,643 | p}52°5 
3rd ,, ..| 14,384 | 161-4 2nd half- z 
4th ;, ..} 14581 | 163-0 1607 | 1A7- 45 
( i | 





* Figures not comparable owing to War Stocks. 
t Figures not comparable owing to Managerial Functions 


Dispute. 

The sample taken as an index of employment in 
Table I covers nearly 25 per cent. of all workpeople 
engaged in electrical engineering. Its representa- 
tive character, at least as far as later vears are 
concerned, is guarantecd by the close similarity 
of its movement to that of unemployment insurance 
statistics, which since 1923 have been as follows :— 


TaBLe Il.—Llectrical Engineering—Actual Numbers 








Employed. 
| 
pe . Increase, 
| Nos. Per cent. 
At July, 1923 he ig > 7 _ 
At July, 1924 Paso g p Hod 17-7 
At July, 1925 72,432 25-3 


Table II reflects clearly the upward movement in 
the total volume of production which has taken 
place during the last three years. Table I indicates 
also that the present volume of production is 
greatly in excess of the pre-war level, From both 
tables it is evident that the rapidity of expansion 
in 1925 has been less than it was in 1924, while the 
statistics for the later months of 1925 point to a 
definite check. In all probability this relapse is 
purely temporary, and need not be regarded with 
undue alarm for reasons which will be described 
later. 

The export statistics of electrical machinery make 
a very encouraging picture. There are few British 
industries to-day which can boast of a volume of 
exports equal to that of 1913. Yet, as appears 
from the following table, the monthly average of 
electrical machinery exported in 1925 was 31 per 
cent. greater than that for the year 1913. And 
in no quarter of 1925 has the excess over 1913 been 
less than 10 per cent. 


Taste ITI.—U.K. Exports of Electrical Machinery. 
(Volume in tons and value per ton in £.) 











Volume. Value per Ton: 
Monthly Average 
for— 

Tons. Index. £ Index. 

1913 .- we aa 2,238 100 84-5 100 
1922, 1st quarter .. 1,757 78-5 272-5 322-5 
28 =; «3 1,228 54-8 274-0 324-2 

3rd va B 1,204 53-8 214-9 254-3 

4th a “4 1,389 62-6 221-3 261-9 

1923, 1st Bs ue 1,637 73-1 206-8 244-7 
2nd i, a 1,659 74-1 186-6 220-8 
io 1,467 65°5 189-2 223-9 

4th 7 2,234 99-8 175-5 207-7 
1924, Ist pa 2,574 115-0 162-3 192-1 
ee 2,496 111-1 166-9 197-5 

3rd “~ 2,439 109-0 174-5 206-5 

4th a 2,844 127-0 175-5 207-7 
1925, Ist ia 2,942 131-4 174°5 206-5 
2nd, 2,815 125-8 177-0 209-5 

3rd # “4 2,537 113-4 171-3 202-7 

4th a -. | 2,498¢ | 111-3 177-6* | 210-1 

















* Estimate for the quarter on the basis of October and 
November. Itis probable that the December figures will improve 
the position. 

The value per ton figure has also behaved satis- 
factorily in recent quarters. After a rapid drop 
from the peak value of 2741. per ton in 1922 to 
1627. per ton in 1924, it made: a slight recovery 
to 1751. per ton, round which figure it has since 
fluctuated. Apart from this comparative stability, 
which is in itself a good sign, the failure to follow 
the general decline in values noticeable in other 
branches of engineering would seem to indicate 
that the increased volume of electrical machinery 
exports has not been obtained by unremunerative 
price-cutting. But the present value per ton is 
more than double that in 1913, and it is at least 
doubtful whether it can be maintained in 1926 
in face of foreign competition and the return of 
this country to the gold standard. 

From a comparison of Table III with Tables I 
and II, it would seem legitimate to infer that 
1925 has been a less successful year in the home 
market than in export market, inasmuch as the 
indices of production as a whole are relatively less 
favourable than the export indices. Such an 
inference would rest on somewhat slender grounds 
were it not decisively confirmed by the ‘‘ Index 
of Activity in the Electrical Industry,” prepared 
by the Economic and Statistical Department of 
the B.E.A.M.A. and published monthly in the 
Economist. The importance of this new index lies 
in the fact that it is based upon horse-power instead 
of weight or price, and thereby escapes many of 
the errors due to changes in design and materials. 
Taken. together, the evidence is conclusive that 
the failure of the home market is responsible for the 
set back in the later months of 1925. It is reassur- 
ing that increased exports point to a sounder 
competitive position, whereas the reduction of 
home demand is in all probability purely temporary. 
As pointed out by the Heonomist in commenting 
upon the ‘*‘ Beama”’ Index, much more remains to 
be done in the way of electrical development at 
home than has been achieved so far. The cause 
of the present depression is to be traced to un- 
certainty regarding Government action in the stan- 
dardisation and inter-connection of electricity 








So far the production of British electrical engi- 
neering for the home and export markets has been 
considered. It remains to attempt some appre- 
ciation of the activity of its principal competitors. 
In the British market foreign competition has 
been in one respect ineffective, and in another 
disturbing, as may be seen from Tabie IV. 


TaBLe 1V.—-U.K. Imports of Electrical Machinery. 
(Volume in tons and value per ton in £.) 











Volume. Value per Ton. 
Monthly Average 
for— | 

Tons. Index. £ Index. 

1913 .. = ne 902 100 115-1 100 
1922, Ist quarter .. 346 38-4 358-8 312-0 
2nd _sSCi,, a 354 39-2 254-0 220-9 
3rd pa ia 505 56-0 201-7 175°+4 
4th a ae! 272 30-2 190-6 165-7 
1923, Ist ws se 338 37°5 246-4 214-2 
, a 2 375 41-6 218-5 190-0 
3rd bs es 296 32-8 230-3 200-6 
” es 286 31-7 239-9 208-6 
1924, Ist és ae 276 30-6 253-1 220-1 
2n ys <a 394 43-7 233-1 202-7 
3rd 303 33-6 259-1 225-3 
4th ; 383 42-5 207-7 180-6 
1925, Ist ‘ 397 44-0 208-7 181-5 
2nd, 307 34-0 284-2 247-1 
3rd . 355 39-4 266-0 231-3 
4th ‘ 248* 27-5 261-4* 227-1 

















* Estimate for the quarter on the basis of October and 
November. 


In volume the importation of electrical machinery 
has never risen above 45 per cent. of the 1913 
level during the last three years, and it has seldom 
been above 35 per cent. The monthly average 
has not amounted to 400 tons in any quarter. 
On the other hand, the value per ton has been as 
high as 284/, and constantly in the neighbourhood 
of 2501. To some extent no doubt these imports 
are speciality products. But the fact remains 
that they must from their high value per ton be 
high-grade machinery with a considerable labour 
value in their cost—+the very type in which British 
industry should be unassailable. 

Outside the British market the competitive posi- 
tion can best be gauged from international export 
statistics. Unfortunately, statistics of volume are 
not obtainable for the United States, and the 
omission of so important a country would vitiate the 
whole comparison. Accordingly, in Table V the 
declared values of exports of electrical machinery 
from six principal countries are expressed in 
sterling at the average rate of exchange prevailing 
in each of the years compared. 


TaBLE V.—Declared Values of International Electrical 
Machinery Exports. 











(000 Omitted.) 
! 
Country Exporting. | 1913. | 1923. | 1924. | 1925.* 
5. 
£ | £ | £ £ 
Germany .. .-| 3,167 | 2,867 2,483 2,376 
United Kingdom ..| 2,269 3,951 5,318 5,762 
U.S.A. He ..| 1,694 4,632 §,341 3,977 
Switzerland .. ste 814 | = 8ol 997 1,096 
Sweden A oy 247 | 741 1,063 1,060 
France 4 a 165 | 435 | 707 652 
Total ..| 8,356 13,317 15,909 | 15,223 











* Estimate for year on basis of first nine months. 

As compared with 1913 the position of this country 
has undergone a remarkable change. Germany, 
which then led the world, is now exporting less 
than half as much as Great Britain. The United 
States, which as a result of the War gained the 
pre-eminence from Germany and in 1921 exported 
three times as much as Great Britain, has failed to 
maintain her position. By 1924 this margin had 
been much reduced, and in 1925 Great Britain 
for the first time since 1913 surpassed the United 
States. 

Individually, the other three countries included 
in Table V are comparatively insignificant, though 
together their exports in 1925 were nearly equal to 
those of Germany. But the rapid development of 
France and Sweden as exporting countries deserves 
attention. These two countries together are now 
exporting four times as much as in 1913 as measured 
by value. Although allowance must be made for 
higher prices, this rdte of increase is vastly greater 
than that of any other country. In the case of 





supply, and is easily removable. 


France, the extensive development of water power, 
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central power stations and railway and rural 
electrification, has afforded a large home market 
with a steady stream of orders to her manufacturers. 
On this basis research laboratories have been insti- 
tuted and technical progress has enabled her to 
compete with increasing effectiveness in European 
markets. The present activity of the French and 
Swedish industries, no less than past experience of 
the British industry, are all arguments for the 
removal of the causes dealt with in our first article 
which are tending to depress the home market. 

In electrical engineering above all, the danger of 
American and German co-operation is to be feared. 
Germany’s productive capacity to-day is greater 
and not less than in 1913, and the present compara- 
tively low level of her exports indicates great 
potential competitive power. With American 
financial resources at her back, the principal 
obstacle in the way of effective German competition 
would disappear. The flotation of the following 
German loans in New York during the first 10 
months of 1925 is therefore not without significance : 


Million 

Dollars. 
Rhine-Westphalian Electric Caption aa 10 
Elektro Werke A.G. Berlin met 10 
A.G. Saechsische Werke 15 
A.BLG. ss ese aes aaa av one 10 
United Westphalian Power Corporation ... 7:5 


The agreement between Siemens Shuckert and 
the Westinghouse Electric and Manufacturing 
Company of New York to ‘‘exchange the results 
of investigations, experiments and inventions for a 
period of ten years’ has been generally known for 
some time. 

If then British electrical engineering has good 
cause to be satisfied with its achievements since the 
war, and if its sound position has been deservedly 
won in the face of great difficulties, it is probable 
that a stern struggle lies ahead. It may be regarded 
as certain that the two great competitors of this 
country will make a determined attempt to oust her 
from her present pre-eminence. In that struggle 
both will be provided with differing but comple- 
mentary advantages. 

France, Switzerland, Sweden, Italy, Holland and 
Belgium, which were formerly valuable markets are 
now becoming increasingly self-supporting, even 
where they are not active competitors in export. 
These are but the normal conditions of competitive 
production. In spite of the economic handicaps of 
British engineering which were discussed in our 
previous article, the prospects of electrical engine- 
ering can be viewed with confidence as long as a 
sane policy of electrical development at home is 
put in hand forthwith, and the resources necessary 
for technical and commercial research thus accu- 
mulated are devoted to that purpose. 





THE MACHINERY OF THE P. AND O. 
LINER ‘‘ RAWALPINDI.’’ 

Tr is a tradition of the P. and O. Company that 
the machinery with which their vessels are equipped 
shall not only be the best for its purpose, but 
shall have been demonstrated to be so before it is 
adopted. It is seldom, therefore, that the equip- 
ment of its fleet shows any abrupt departure from 
already approved practice, and the machinery of 
the s.s. Rawalpindi, the hull and equipment of 
which has been described on pages 467 and 508 
of our previous volume, does not, therefore, disclose 
much that is new. Having regard, however, to the 
probability that the Company has now satisfied 
the needs of its services for the time being, the 
leading features of its mechanical arrangements 
have the special interest of representing what may 
be taken to be the best practice at a period when 
for the moment it is undergoing little change. 
By the courtesy of the Company and the builders, 
Messrs. Harland and Wolff, Limited, of Belfast, 
as well as of several of the sub-contractors whose 
names will be mentioned in their appropriate 
places, we are able to illustrate some of the 
more important of these arrangements in the 
present and subsequent numbers. The design and 
arrangement of both main and auxiliary machinery 
have been made by Mr. Robert Leslie, M.I.N.A., 
who is also responsible for their upkeep after the 
ship is in commission. 
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The eciel sivangements of the machinery are 
shown on Plate [V in elevation in Fig. 1, in plan in 
Fig. 2, and in cross-sections in Figs. 3 to 5. The 
propelling machinery consists of two sets of quad- 
ruple expansion reciprocating engines operating 
twin screws, built by Messrs. Harland and Wolff, 
Limited, the builders of the vessel, at their Belfast 
works. These engines are balanced on the Yarrow, 
Schlick and Tweedy system, in which it will be 
remembered that the arrangement of the cylinders 
and the design of the pistons in cast-iron or steel, 
solid or shaped, is varied to facilitate the balancing. 
We have already described a ‘set of similar engines 
on another P. and O. vessel (vol. cx, p. 453, and 
Plate LVIII), and need not, therefore, here illustrate 
the not very different arrangement of the Rawal- 
pindi’s engines. They develop a total of 15,000 
indicated horse-power when running at 90 r.p.m. 
under steam at 215 Ib. per square inch. The 
cylinders are 33, 47, 673, and 97 in. with a stroke 
of 5 ft. The low-pressure pistons are fitted with 
Lockwood and Carlisle packing, and the others 














to very small sizes, in which the reduction of size 


is of no.great consequence. For an engine as large 
as the Rawalpindi, however, and with so high a 
piston speed, the reduction in size has a special 
importance, as economising the space available for 
removing the valve. 

The valves are all operated by double-bar ‘link 
motion, and the expansion levers are arranged for 
over-linking. The-engines are each fitted with an 
Aspinall’s patent governor. The weigh-shafts are 
at the back of the engines, and reversing is effected 
by a Brown Brothers. direct-acting steam and 
hydraulic engine with steam cylinder, 22 in. ‘dia- 
meter by 21 in. stroke. 

The engine columns are in cast iron of box section, 
oil being stored inside them. The guide surfaces 
for taking the crosshead thrust when running 
ahead are carried on separate castings, bolted to the 
columns and arranged for water circulation. The 
crossheads are fitted with cast-iron slippers, having 
white metal surfaces for both ahead and astern 
running. The connecting rods have the usual 


Fig.8. ie 
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with Ramsbottom rings carried in removable hoods. 
The cylinders are all fitted with separate liners, and 
in all except the high-pressure cylinders the space 
between the liner and the body as well as the space 
between the two thicknesses of metal that form the 
bottom of the cylinder are fitted with pipe connec- 
tions, so that they can be used as steam jackets. 

The high pressure and first intermediate-pressure 
cylinders are each fitted with one piston valve, 
the second intermediate-pressure cylinder with two 
piston valves, while the low-pressure cylinder is 
fitted with the latest form of the balanced slide 
valve supplied by Messrs. Andrews and Cameron, 
of Kirkintillock, N.B. 

A view of this valve is shown in Figs. 6 to 
8 on this page. It has two faces exactly alike 
steam being admitted between the two inside 
edges on the end bars of the valve and the 
extreme edges of the saddle, while the exhaust 
is controlled by the outside edges on the middle 
bars of the valve, and a third steam inlet is 
provided by introducing a passage through the 
saddle. As a consequence of this construction 
the saddle takes the whole steam load, and the valve 
is not only balanced back and front in all positions 
of its travel, so reducing its working friction, but is 
rather less than half the size of an ordinary double- 
ported valve for the same areas. The valves are 
made with double as well as triple openings and down 
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double bearings at the top end, and both these and 
the bottom end bearings have gun-metal bushes lined 
with white metal. The crankshaft is of built-up: 
type in two lengths coupled together, and runs in 
seven bearings, which have cast-iron bushes, lined 
with white metal and cast-iron caps. The sole 
plate of cast-iron box section is of three pieces 
bolted together. 

The main condensers are of pear-shaped cross 
section, 11 ft. 10 in. between tube plates, and pro- 
vide 7,650 sq. ft. of cooling surface in each. The 
bodies are built of steel plates and angles, while: 
the water boxes and end covers are of cast iron.. 
The condensers are supported on the two aftermost 
back columns of the engines, and the circulating 
water flows three times through them. An auxiliary 
condenser is also provided for the service of the 
auxiliary machinery when the vessel is in port. 

The thrust blocks are of the Michell type, each 
block having an oil tank adjacent to it, so connected 
that when the block is full of oil, circulation is 
maintained between the tank and the body of the 
block by the rotation of the shaft. 

The intermediate lengths of shafting are each 
supported by two bearings of cast iron lined with 
white metal, the bases being hollow for the circu- 
lation of water. Light sheet steel covers are fitted, 
having boxes for oil or grease lubrication. A friction 
brake is arranged on each line of shafting. The- 
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ARRANGEMENT OF MACHINERY OF THE PEN INSU 


CONSTRUCTED BY MESSRS. HARLAND AND WOLFF LIMIT] 


(Fer Description see. 
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PLATE IV. 





ENINSULAR AND ORIENTAL LINER “RAWALPINDI.” 


/OLFF, ,JIMITED, ENGINEERS AND SHIPBUILDERS, BELFAST. 





Description see Page 32.) 
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OIL FIRING SYSTEM OF THE P. AND O. LINER “RAWALPINDI.” 
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which merge into one!funnel of elliptical cross 
section common to both boiler rooms. This funnel 
has a minimum internal area of 180 sq. ft., and 
a dummy funnel is provided aft over the engine 
casing. % p 

The boilers are arranged to burn fuel oil only, 
in conjunction with the Howden system of hot-air 
forced draught, for which four forced-draught fans 
with impellers of 6 ft. diameter are provided above 
the boilers and driven electrically. 

The furnaces are fitted with White’s patent oil- 
burning gear, manufactured by Messrs. Harland 
and Wolff under licence from the White Patent 
Oil Burning Company, Limited, and are the first 
in the P. and O. fleet to be fitted on this system. 
The care that has been taken to reduce the com- 
plexity of the lay-out, both in storage and distri- 
bution, and in particular to avoid redundancy of 
pipes, makes the general arrangements of this 
installation of some interest.. The description can 
be followed conveniently by reference to Figs. 9 to 
14 on pages 33 and 34, of which Figs. 13 and 14 show 
the arrangement of the suction and filling pipes 
in cross section and plan; while Figs. 9 to 12 show 
the arrangement of the discharge system in plan, 
longitudinal section and cross sections. Independent 
sets of oil-fuel units are provided in each boiler 
room. These consist of one twin suction filter, one 
twin pressure strainer, two fuel pumps, and three 
heaters. This equipment is practically equivalent 
to a duplicate set, as one fuel pump with two 
heaters and one half of the suction and pressure 
filters are sufficient to maintain the full service 
output in each boiler room. The suction and 
delivery pipes in the separate boiler rooms are 
moreover cross-connected, so increasing the elasticity 
of operation. An electrically-driven lighting-up oil- 
fuel pump, served from the main and the emergency 
switchboards of the ship, is also provided in one 
boiler room for facilitating the starting up of the 
boilers from cold. 

The fuel oil is stored in bunker tanks abreast 
of the boiler spaces, and in deep tanks, which 
extend right across the ship immediately forward 
of the forward boiler room. When necessary, an 
additional supply can be carried in the double- 
bottom tanks under the boiler rooms. There are 
two settling tanks foreach boiler room of capacity 
70 tons each, arranged on the port and starboard 
sides of the ship, one tank being in use while the 
contents of the other are settling.  Oil-filling 
stations are provided on the shelter deck aft of 
the centre line of the installation on the port side 
and forward on the starboard side. All storage 
and settling tanks are fitted with Pneumercator 
depth gauges, as already mentioned in our 
description of the ship (page 467, vol. cxx), 
and thermometer tubes. The settling tanks are 
further equipped with electric thermostats and 
electric alarms. The oil has a flash-point of 
150 deg. F., Abel’s test, and the temperature in 
the settling tanks is not allowed to exceed 
125 deg. F. A transfer pump is provided in each 
boiler room, arranged to draw from any bunker 
or double bottom, and discharge to the settling 
tanks and filling pipes. The fuel tanks are filled 
from the transfer pipes from the two stations on 
the shelter deck, which are equipped with the 
necessary hose connections and strainers. All the 
suction valves can be opened and shut from the 
shelter deck, the valves on the oil tanks No. 2 
on port and starboard sides being operated by 
gearing and the others by wire leads. The suction- 
pipe flanges are dimensioned for a working pressure 
of 100 Ib. per square inch, and the pipes after 
— jointed are tested to 200 lb. per square 
inch. 

The air main with branch pipes to the top of 
each storage tank extends the full length of the 
boiler rooms on both port and starboard sides. 
This main terminates in a gauze-netted vapour 
stand-pipe on the funnel, which carries away 
at a safe height all noxious fumes displaced from 
the tanks during the operation of filling. A drain 
from the air main is led to an overflow tank, 
located in the double bottom under the engine 
room, and emptied by the transfer pumps. A 
sediment pump is arranged to deal with the oily 
matter that is liable to collect in the gutter ways 





surrounding the fuel tanks, together with the 
sediment inside the tanks. This pump discharges 
into an inspection tank, from which the oil, it 
clean, is returned to the transfer system. A conduit 
separator located in the fidley is fitted to meet the 
regulations of the Board of Trade forbidding the 
discharge of oil in navigable waters. Oil that 
contains an admixture of water is pumped by the 
sediment pump from the inspection tank into the 
separator, the oil being returned to the system 
and the clear water passed overboard. 

The oil bunkers and settling tanks are fitted 
with heating coils 2 in. and 2} in. bore respectively, 
supplied with steam at 100 lb. working pressure. 
The condensate from the coils is collected in an 
observation tank and flows thence by gravity either 
into the feed tank-or, if contaminated by oil, into 
the bilge. 

As a security against fire, perforated pipes for 
the emission of steam are arranged under the 
floor plates, steam being taken from the auxiliary 
steam range for this purpose. In addition a 
foam-type fire extinguishing plant is provided, 
together with an ample number of hand extincteurs. 

Special attention should be drawn to some of the 
arrangements for discharge, shown on Figs. 9 to 12. 
All joints of oil fuel discharge to burners are suitable 
for a working pressure of 200 1b. per square inch, and 
all oil discharge pipes, heaters, and fittings are 
tested to a pressure of 400 lb. per square inch. Sand 
boxes of 10 cub. ft. capacity are placed in each 
stokehold. The steam supplied to the transfer 
pumps, pressure pumps, and heaters can be shut 
off from outside the boiler-room. Two pressure 
gauges are connected to each discharge filter set 
and four to the discharge pipes in the boiler-rooms. 
Oil-fuel burners are fitted with a safety shut-off on 
each burner. Relief valves on oil heaters are loaded 
to 150 lb. per square inch, and on pressure pumps 
to 140 lb. 

The oil fuel is discharged from the pressure pumps 
to heaters in the boiler-rooms, and from the heaters 
through pipes serving either all or each of the boilers 
in each room. Similar systems are provided for 
the returns from each boiler in each boiler-room, 
and from all boilers to the suction filter and the 
settling tanks in each boiler-room. A pressure pump 
and a lighting-up pump discharge are provided to 
each burner, and a lighting-up pump discharge to 
each range. All this system, together with the oil- 
fuel pressure-pump discharge to galleys, is made in 
solid-drawn steel, and individual and combined 
escapes from the relief valves on the heaters are 
provided in lap-welded steel. 

A circulating pump, made by Messrs. Harland 
and Wolff, is provided for each main engine, with 
compound cylinders of 12 in. and 21 in. diameter 
respectively by 10$-in. stroke, and an impeller 54-in. 
diameter. The suction and discharge are 21-in. 
diameter, and the pump is fitted with bilge suction 
non-return valves. With the exception of the 
hydraulic pump,.the remainder of the pumping 
plant is by Messrs. G. and J. Weir, Limited, of 
Glasgow. This plant includes two independent 
air pumps of the dual type, with 15-in. cylinder 
and 26-in. pump by 18-in. stroke, suctions 
for wet-air pump 8} in., and for dry-air pump 
54-in. diameter, delivery 74 in. to feed tank and 
64 in. overboard, and no bilge connections. Three 
feed pumps, with 20-in. cylinder, and 14-in. pump, 
by 32-in. stroke, draw from the float tank, heater, 
boilers, and ballast main for emptying tanks, con- 
taining boiler feed water, and deliver to boilers 
through main and auxiliary feeds, heater, and over- 
board. A bilge pump, which can be used also for 
ballast duty, is of the single type with 10}-in. cylinder 
by 13-in. pump by 24-in. stroke, with suction and 
delivery each 6 in., and a similar ballast pump 
draws from ballast tanks, bilges, sea and main dis- 
charge pipes, and delivers to main and auxiliary 
condensers, sanitary and fire mains, wash deck 
service, hot-water main, and overboard, in addition 
to supplying the distiller and refrigerator. A third 
pump of the same type serves as sanitary and bath 
pump, drawing from bilges and sea, and delivering 
to sanitary and cold-water bath mains and over- 
board. The auxiliary boiler-feed pump, of single 
type, with 9}-in. cylinder and 7-in. pump by 21-in. 
stroke, with 3}-in. suction and 3-in. delivery, draws 





from float and reserve fresh-water tanks, boiler 
bottoms, and sea, and delivers to auxiliary feed 
pipes, fresh-water main, and overboard. This 
pump is so connected that it can do the work of the 
fresh-water pump should the latter break down. 
The fresh-water pump is of the single type with 
5-in. cylinder and 5-in. pump by 9-in. stroke, with 
3-in. suction and 24-in. delivery. A similar pump 
serves the bath heater. 

A duplex set of Carruthers’ gravitation-feed water 
filters of the two-strata type is provided for each 
engine on the air-pump delivery pipe between the 
feed tank and the common float tank. These have 
a filtering area of 62,475 sq. in. in both strata, and 
each filter deals with 50 tons of feed water per hour. 
A duplex set of pressure filters is also fitted on the 
delivery pipe between the feed pumps and the 
boiler, with a duty of 120 tons per hour and a filter- 
ing area of 200 times that of the feed. A smaller 
set of pressure filters is also fitted on the auxiliary 
feed pipes. 

A bath heater is provided for supplying hot water 
in harbour or during cold weather. For boiler-feed 
make-up two evaporators are provided, each capable 
of supplying 50 tons per day, with a steam coil 
working at 215 1b., and evaporators at 251b. A soot 
hoist is fitted for each boiler-room, to lift 3 ewt. 
either in harbour or at sea. 

Two sets of fresh-water condensing plant are 
provided, each consisting of evaporator, condenser, 
and filter, and having a capacity of 3,000. gailons 
each per 24 hours at a steam coil pressure of 150 Jb. 
and evaporator pressure 5 to 10 1b. per square inch. 


(To be continued.) 
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The Life of Elbert H. Gary: The Story of Steel. By IDA 
M. Tarsett. London and New York. D. Appleton 
and Company. 1925. [Price 12s. 6d. net.] 
THE story of a successful career cannot but be 
interesting and probably instructive, whatever the 
scene of its action and the course of its development. 
The obstacles to be overcome supply that element 
of doubt in the issue which is necessary to sustain 
interest, and the final triumphant success ensures a 
sufficiently dramatic termination. In the par- 
ticular instance before us no element is wanting 
that gives variety to a tale of individual energy 
and national progress, and tf: author, well versed 
in the history of her country’s material advance- 
ment, has used her opportunities well and judi- 
ciously. Many of the best-known names in Ameri- 
can industry figure on her pages and compel our 
attention. 

The scene, too, is as varied as are the activities 
of the protagonists. In the opening pages is 
revealed to us a quiet sylvan scene in Illinois, 
liable, however, to be disturbed by the evil practices 
of “claim jumpers” and “land sharks” in the 
district where Erastus, the father of Elbert Gary, 
had built a snug and comfortable home, around 
which fruit-trees and vines flourished, and the 
adjacent prairie was radiant with flowers in summer 
and gleamed white under winter snows. Here, 
where life was hard and strenuous, men learnt 
to be self-reliant and virtuous, though schools and 
teachers were scarce. Buta great instructor was on 
its way: this was the railroad, which vigorously 
invaded Illinois in the middle of the last century, 
and men felt it necessary to follow whither it led. 
The author describes the Gary home and upbringing 
very fully, and if the account is apt to grow a little 
tedious the length may be justified, for it shows how 
much has been accomplished in a single life-time, 
and how small a part the ordinary curriculum of 
book-learning plays in the development of character 
and in the preparation of a life’s work. A soil less 
congenial for the development of one who was to be 
the pioneer and demonstrator of new theories in 
industry could hardly be conceived. 

As many others have found since, war was to be 
an early instructor of the youthful Gary, but he 
served too short a time with it to benefit by its 
discipline. When the War of Secession broke out— 
how few of us now remember its violence, though 
we still hallow the memories of Stonewall Jackson 
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or General Grant—Gary was refused as a volunteer 
on account of his youth, but he managed to run 
away with a company—a proof of his determination, 
and perhaps an indication that he had found that 
the farm offered but an inadequate field for the 
exercise of his active mind and far-reaching ambition. 

Of greater promise was the opportunity of 
preparing for a course of legal study, that proved 
of very considerable value to Gary in the career 
that he was destined to follow. Here we may leave 
him successfully struggling with difficulties, but 
gaining experience of men, making money, and 
acquiring reputation that will ensure him power and 
consideration in business circles. Had he stopped 
here no biography would have been necessary to 
chronicle his fortunes. Care and industry, skill 
and application, have wafted many mediocre men 
to an assured position, and their virtues are recorded 
on their tombstones. 

Gary, however, had an idea, and sufficient 
energy to make that idea powerfully influence 
industrial development in the iron and steel trades 
when supported by those who could provide the 
means for giving his suggestion a fair trial and testing 
its economic value. The scheme was very simple. 
In its broadest outline it substitutes combination and 
co-operation for competition and isolation. It 
presages the advantages to be derived from con- 
ducting a manufacturing business on the largest 
possible scale, and lies at the foundation of “ big 
business’? as understood in the United States. 
Applied to a number of mills, it is asserted that the 
greatest economic value follows when a mill makes 
but one product, and makes that one continuously. 

Applied to a number of mills differently equipped, 
designed and capitalised, this proposition is by no 
means axiomatic, though the author, in adoration 
of the brilliancy of Judge Gary, will admit neither 
doubt nor criticism. She is apt to deliver rather 
harsh judgments on those who cannot see eye-to-eye 
with the silver-tongued judge. Andrew Carnegie 
is one of those who meets with little mercy. He 
is represented as “a cruel.competitor, feared as 
much for his ingenious devices in getting advantages 
on railways and in markets, as for his conscienceless 
price-cutting and his irresponsibility in pooling 
arrangements, which were then almost universal 
in the iron and steel trade.” Though he figures 
fugitively in these pages, we seo no reason 
for this unfavourable opinion. Men do not readily 
forsake conservative views that operate well in 
business. Pierpoint Morgan was long before he 
was willing to back Gary’s theories with his 
millions, but when he did, no man had a stauncher 
friend. Gary, himself, did not show any great 
eagerness to conduct his own scheme. He looked 
back wistfully at the good income he was making 
in the law, and would accept the chairmanship of 
the giant company for only three vears. 

And above all lowered the uncertainty of the 
operation of the Sherman Industrial Law, enacted 
to prevent any restraint on commerce, which 
Gary’s legal equipment eminently fitted him to 
apprehend. When appealed to by Pierpont Morgan, 
whose millions were likely to be jeopardised, Gary 
seems to have exhibited the subtleness of the 
serpent with the harmlessness of the dove. The 
Sherman Law, he intimated, would be deprived 
of its sting when men saw how excellent were 
the motives of the trust and how beneficially 
their powers were exercised. The speech was not 
without casuistry and could only convince men 
who were willing to be convinced. He seems to 
have overlooked the fact. that success would bring 
jealousy and envy to sharpen the tools latent in 
the Sherman Act. As a matter of fact lawsuits 
did follow that dragged their weary length through 
minny years and must have cost millions. 

On the other hand, it is only right to say that 
the action of the trust was to ameliorate many 
grievances in the workshops, to promote greater 
confidence between employer and employed, to 
induce the operatives to become small investors, 
to encourage the acquisition of house property. 
and to further other schemes which have tended 
to prevent trade unions running riot. 

On the whole, the scheme worked well, but there 
was much friction, especially in the early days, 
so much so that on more than one occasion Judge 





Gary threatened resignation. Probably, too, there 
was much over capitalisation. A mill-owner does 
not willingly surrender his privilege of direction, 
and will not forsake his well-nursed schemes, 
without handsome compensation. But on this 
question, as on many others, the author is silent, 
and we should like to hear more of the arguments 
of the other side. The author has given us a 
very readable, pleasant book, but it is not one 
from which we can form any just comparison between 
the conditions of industry obtaining in the United 
States and this country ; still less would it be safe, 
without much more detail, to adopt the suggestions 
for permanent improvement in the relation between 
capital and labour. 


Elementary Guide to Reinforced Concrete. By ALBERT 
LAKEMAN, M.I. Struct. E. London: Concrete Publi- 
cations Limited. [Price 2s.] 

Ir is no easy matter to write such a book as Mr. 

Lakeman has produced, since the study of the design 

of reinforced concrete structures requires knowledge, 

at a very early stage, very much in advance of 
elementary principles. Mr. Lakeman has, however, 
accomplished this difficult task in a very creditable 
manner, and has succeeded in dealing with his 
subject in such a way as to place in the hands of 
those engaged on the construction of works in rein- 
forced concrete, sufficient knowledge in a simple 
form to enable them to realise the necessity 
for careful supervision, and provides them with 
reasoned explanations for the care necessary 
in the accurate placing of reinforcing bars, the 
correct proportioning and thorough mixing of 
concrete aggregates and the necessity of adhering 
rigidly to the dimensions given on the drawings. 

The author deals, with sufficient thoroughness 
and with essential simplicity, with the main 
principles involved in the design of reinforced 
concrete structures. He shows the nature of 
tension, compression and shearing stresses, explains 
the effect of the various forms of loading on the 
structure and the necessity for a safety factor. 
He then proceeds to deal with the relative purposes 
of the steel and concrete in combination and the 
benefit to be derived from their joint action in resist- 
ing the stresses involved, and, in a simple manner, 
explains the action of a member under flexure. He 
deals briefly, but clearly, with the several types of 
beams ; rectangular, T- and L-shaped, with single 
and double reinforcements, and follows with a 
description of the effects produced by various end 
conditions of restraint and by continuity. He 
demonstrates the action of the three types of lever 
and the application of the principles of leverage to 
the case of loaded beams, with special reference to 
the methods adopted in determining reactions, 
bending moments, and shears. 

Reinforced columns are then dealt with, the 
nature of “long” and “short”? compression 
members being explained, and the factors which 
have to be taken into consideration by the designer, 
being placed before the reader in a very clear way. 
The essentials requisite for the design of simple 
walls are then considered, after which a brief survey 
of the loading on retaining walls is entered upon, 
leading up to a description of various types of 
these structures and their uses. 

The author concludes with a reference to the 
nature of the resistance of soils and an explanation 
of the element of design as applied to foundations. 

Throughout the book frequent references are 
made to the deductions to be drawn from the 
various essentials of design, as effecting the practical 
construction, and the reader cannot fail to be 
impressed with a clear and definite conception of 
the necessity for conscientious carrying out of the 
work and strict compliance with the details of 
design as regards dimensions laid down, &c. 

The author is to be congratulated upon the 
production of an inexpensive book, which fulfils 
the very necessary and useful purpose of providing 
knowledge, within the capacity of those untrained 
in the theoretical side of the subject, which suffices 
for the appreciation of the necessity for intelligent 
co-operation between the supervisor on the con- 
struction of reinforced concrete structures and their 
designer. Every inspector and foreman engaged 
on reinforced concrete construction would be 


greatly benefited by the knowledge attainable by 
the perusal of the contents of this little book. ~ 





Die Gewinde ihre Entwicklung, thre Messung und thre 
Toleranzen im Auftrage Ludw Loewe and Co., A.G., 
Berlin. By Dr. G. Bernpt. Berlin: Julius Springer, 
[Price 36 gold marks.] P 

THis work is an account by Dr. Berndt, who is 
a professor at the Technical High School of Dresden, 
of the development, measurement, and tolerances 
of screw threads. It has been written not of his 
own motion, but as a commission from Messrs. 
Ludwig Loewe and Co., who in a short foreword 
state that in the comprehensive and circumstantial 
literature relating to screw threads no distinction 
has hitherto been made between what was practi- 
cally valuable or useless, and no comprehensive 
and critical account of the subject matter is to he 
found. In connection with their manufacture and 
standardisation of screw gauges, it was accordingly 
necessary to collect a large amount of material, 
which they have given into the skilled hands of 
the author with the object of producing a work of 
reference that would save others from having to 
go over the same ground. In handing this material 
over to Dr. Berndt, the firm gave him a free hand 
about the form in which he should present it, and 
both they and he are to be congratulated on having 
produced a work of reference of the useful and 
comprehensive character that Messrs. Loewe had 
in mind. 

In German practice the number of systems of 
screw threads that are currently employed has 
been reduced to two, the metric and the Whit- 
worth. At the same time other countries have not 
simplified their standards to the same extent, and, 
as Dr. Berndt points out, German engineering 
industry has constantly to follow the threads of 
earlier German makers and of foreign competitors 
when undertaking replacements of existing plant 
or supplying material to be used with standard 
manufactures of other countries. The practice of 
earlier times, indeed, led many, or most, manufac- 
turers to desire as far as possible to obtain threads 
of their own, so as to attract to themselves the 
repairs and replacements that their manufactures 
might require. The uneconomic result of this 
policy is now recognised in most countries, and the 
detailed history, with which the work opens, of the 
development of the various systems of screw threads 
shows the growing tendency to standardisation, 
although a much wider diversity is still maintained 
than it may be hoped will be ultimately necessary. 

Nothing can be more helpful to the prospect of 
reducing the number of separate systems than a 
knowledge of the circumstances that led to the 
development of those that have existed in the 
past, and in various countries continue to be used 
at the present time. This knowledge is given very 
fully in the detailed historical section which consti- 
tutes the first third of the book. For manufactur- 
ing purposes, however, a knowledge of the history 
of systems of screw threads is not sufficient without 
the means of measuring their dimensions, and the 
second part of the book is therefore devoted to a 
description of the various methods of mechanical 
and optical screw measurements. The circum- 
stantial description that is given of the apparatus 
and methods for this purpose is the more valuable 
because it lays considerable stress on the difference 
between the order of accuracy that can be pre- 
scribed and that which can be obtained in practice, 
and it gives a caution that may be useful in all 
countries against the extravagant practice of 
specifying degrees of accuracy that are beyond 
what are required, or even what are in practice 
attainable. 

The last part of the work describes the intro- 
duction and limits of tolerances in screw threads. 
and the manner in which they can be verified. 
Here the author is on more controversial ground 
than when advocating the standardisation of 
threads. The definition of tolerances for screw 
threads is, as he recognises, much more difficult 
than with plain cylinders, and the tolerances that 
have been proposed have not yet been introduced 
so completely as to have obtained the warranty of 
prolonged practical experience. The necessities of 
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Laboratory have gone some way in the direction of 
standardising tolerances, but Dr. Berndt has 
exercised a wise discretion in giving full details of 
the proposals that have been made and to some 
extent are being practiced in the various industrial 
countries. The 636 pages of the text are supple- 
mented by a useful bibliographical appendix. 

The work may be commended as a critical 
compendium of detailed information on a subject 
in which it has been lacking. From a more general 
point of view, it may also be instanced as an 
example of the sort of contribution that enlightened 
and public-spirited manufacturers might make to 
the advantage of their industry, and, if the practice 
were more general, to their own. In this country, 
unfortunately, not many such examples are to 
be found; one of the most notable was Mr. Brearley’s 
eminently practical work on the heat treatment of 
tool steel, of which in 1911, when Mr. Brearley 
was in their service, Messrs. Thomas Firth & Sons 
had the public spirit to sanction the publication, 
though it disclosed much that had previously been 
kept secret in the steel trade. There seems no 
reason to believe that Messrs. Firth have had 
occasion to regret their action, unusual though it 
was at the time ; and in the publishers’ advertise- 
ments of the work now under notice the third 
edition of a German version of Mr. Brearley’s work 
is announced, showing the substantial value of 
this contribution to the literature of industrial 


science. 





Strength of Materials. By Atrrep P. Poorman, A.B., 
C.E., Professor of Applied Mechanics, Purdue Univer- 
sity. First Edition. London: McGraw-Hill Publishing 
Company Limited. 307. pp. [Price l5s. net.] 

Strength of Materials. By Epwarp R. Maurer and 
Morton O. WitHéy, Professors of Mechanics in the 
University of Wisconsin. New York: John Wiley and 
Sons, Inc. London: Chapman and Hall, Limited. 
382 pp. [Price 17s. 6d. net.] 

THEsE two books are primarily for the use of 

students, which term, with the rapid growth of 

knowledge and methods of treatment, may be made 
to include those long past student age. Though 
nominally on the strength of materials they are 
made to include much that relates to the strength 
and behaviour of the less complex arrangements 
of materials, so that the titles err, if at all, on the 
side of modesty. Dealing first with Professor 

Poorman’s book, the opening chapters give a brief 

but sufficient statement of the nature of stress and 

strain and the properties of structural materials. 

Reference is here made to the ‘variation in stress on 

either side of the hole in. a holed tension piece, and 

stress curves are given showing the well-known 
peculiarities, in which Professor Coker, amongst 
others, has displayed se much interest, but there is 
no adequate warning that the high stress indicated 
nearest the edge of the hole should not be taken as 
forecasting a small final resistance of the piece, 


-and is in fact of only occasional importance with 


respect to ultimate resistance of a ductile material. 
Mild steel is,.for instance, very accommodating 
beyond the elastic limit. Early in the, book we 
have, though a little unusual, the treatment of 
riveted joints, after which beams—free, fixed- 
ended and continuous—are considered, and ques- 
tions of flexure examined. The style is clear, and 
as an example of this lucidity may be quoted the 
treatment of stresses in a beam of ductile material 
when stressed past the elastic limit. Beams of 
two materials, of wood and steel, or steel and 
concrete, are dealt with as allied problems. The 
resilience of beams under various conditions of 
loading, the torsion of shafts, and cases of combined 
stress are usefully dealt with, followed by the treat- 
ment of columns, establishing first the Euler prin- 
ciple, developing the Rankine formule, and ending 
by the consideration of straight line methods, making 
a good exposition of the basis of practical design, 
supplemented by a summary of the whole matter. 
The concluding paragraphs of this section, indicating 
the difference between stress in a beam and stress 
im a column are particularly good and illuminating. 
Methods of determining the slope and deflection of 
beams are further elaborated towards the end of the 
book by reference to the bending moment figure 
(apparently based on Moir’s theorem), and again 
by what is called the equivalent cantilever method, 





by which the beam is supposed to be divided into 
two parts, each a cantilever with respect to the other 
part. The problem is thus reduced to the determina- 
tion of two cantilever flexure curves having a com- 
mon tangent. A choice of methods has no doubt 
advantages, as sometimes one and sometimes 
another may prove more convenient. The book 
ends with a-chapter on curved beams and sundry 
tables. Though a knowledge of the calculus is 
assumed in the reader, it is but little used. The 
explanatory matter is very helpful, and the author 
is to be congratulated on a certain clearness of expres- 
sion welcome to all and essential to most students, to 
whom the book should be useful. 

The second book covers, as might be expected, 
much the same ground as the first. Though the 
two are reviewed together there is no need to intro- 
duce comparisons which may seem to be invidious. 
This should be avoided, but without hurt to either 
it may be said that while the second book deals 
somewhat less fully with some matters, it includes 
the consideration of others not found in the first. 
Professors Maurer and Withey’s contribution opens 
with the usual definitions, stress and strain being 
treated in considerable detail. This is followed by 
some account of the mechanical properties of the 
chief materials used in engineering, and the investiga- 
tion of particular cases of stress in bars, rings, short 
reinforced concrete columns, bars of unequal length 
and riveted joints. Sixty-five pages are devoted to 
the study of simple beams, exclusive of the flexure 
question, from which it may be inferred that the 
treatment is tolerably complete. Passages relating 
to the compression in the top flanges of I-beams, 
inducing a tendency to flex sideways, are informing 
in an unusual degree, as practice has varied consider- 
ably in this respect. Examination in detail of the 
fibre stress in an over-stressed beam, culminating 
in a definite calculation of the resistance moment 
on sound principles, is of much interest. A chapter 
devoted to the determination of the slope and flexure 
of a bent beam will be found most useful by those 
sufficiently mathematical, and is indeed less helpful 
than some other parts of the book ; some addition 
to the explanatory text might be an advantage. 
Cases of statically indeterminate beams, fixed- 
ended and continuous, are covered by a short chap- 
ter, and beams having special loadings, of unusual 
section, or curved, are treated -in some detail. 
Reinforced concrete beams are examined with special 
reference to points of difficulty not commonly 
treated, or treated in a perfunctory manner, as, for 
instance, shear-plu;-tension at about one-quarter 
span points. 

Over thirty pages are devoted to the con- 
sideration of torsion, and torsion with bending, 
and to sptings, about the same space being given 
to columns ond t» column questions, treated in the 
usual manner, hut very fully. The text concludes 
with the study of various propositions relating to 
flexure, resilience, flat plates, thick cylinders, and 
other matters, somewhat academical in character. 
Useful tables are given at the end. Generally, it 
may be said that the book is a welcome addition to 
engineering literature, useful to any student, but 
more particularly to those qualified to follow the 
mathematical reasonings. The calculus is freely 
used, geometrical or graphic solutions being but 
little resorted to. Both these books may be com- 
mended without hesitation, the first being some- 
what simpler in its treatment of the subject, though 
less comprehensive. Each is well printed, the 
mathematical work well displayed, and there are 
great numbers of illustrative diagrams. Numerous 
problems to be solved by the student are given, 
with the correct answers by which to check his 
results. 

Reverting to a suggestion made at the beginning 
of this notice, it may be advanced that older readers, 
accustomed to older methods than those which from 
time to time become available, may with advantage 
turn over the pages of new books to ensure that later 
developments of their art, having value, shall not 
be altogether missed, though there may remain 
still a partiality for the processes with which they 
have become familiar, which for them may still be 
most reliable, but this indicates simply the difference 
there commonly is between the old practitioner 
and the new. 





ELECTRIC LOCOMOTIVES FOR THE 
LAPLAND RAILWAY. 


THe Lapland Railway. which forms part of the 
system of the Swedish State Railway, and which 
was constructed largely with a view to the develop- 
ment of the ironstone mines in the country, has 
been completely electrified in the course of the 
last ten years or so. The first section to be dealt 
with was that between Kirunavaara and Rik- 
sgoransen, which has a length of 75 miles. This 
was converted in 1915, and was very successful 
from the first, the working costs being materially 
lower than the guarantees. In 1917 grants were 
obtained for further electrification in an eastern 
direction, and the section between Kirunavaara, 
Giallivare and Nattavaara was proceeded with. 
The first part of this section—that from Kiruna- 
vaara to Gallivare—was completed by the begin- 
ning of 1920 and the continuation to Nattavaara 
in the course of the following year. The extension 
to Boden was dealt with in the early part of 1922, 
and the section from Boden te Sulea and Svartén 
on the Gulf of Bothnia by the end of August of 
the same year. As the electrification of the Nor- 
wegian line from Riksgrinsen to Rarvik is now 
completed, it is possible to travel from the shores 
of the Gulf of Bothnia to the Atlantic by electric 
train. The total length of the electrified Lapland 
Railway is 280 miles. 

The lines operate on a single-phase system with 
14,000 volts on the trolley wire, 80,000 volts being . 
used for main transmissions. The original electric 
locomotive equipment consisted of 14 1,800-h.p. 
freight locomotives, and two 1,000-h.p. express 
passenger locomotives. When the extensions east 
of Giallivare were undertaken four more 1,800-h.p. 
freight locomotives were ordered, and, later, ten 
1,200-h.p. freight locomotives and two 2,400-h.p. 
express passenger locomotives. In this article it 
is proposed to illustrate and give some details of 
the latest types of both freight and passenger 
locomotives. They have in each case been built 
by the Swedish General Electric Company, of 
Visteras, Sweden. 

The latest type of freight locomotive is illus- 
trated in Figs. 1 to 4 on page 38. Its main 
particulars are as follows :-— 

Length overall 11,250 mm. (37 ft.) 

Rigid wheel base... 3,450 mm. (11 ft. 34 in.) 

Total... 43d .. 6,350 mm. (20 ft. 9 ins.) 


Wheel diameter 1,350 mm. (53 in.) 
Draw-bar pull at 22 miles 


per hour ... gee and 6-2 tons 
Draw-bar pull at 184 miles 

per hour ... ase vile 9-5 tons 
Maximum starting effort 18 tons. 
Motor output (continuous) 860 h.p. 
Motor output (one hour 

rating) ... oft pe 1,120 h.p. 


Maximum speed ... 374 miles an hour 


Weight of electrical equip- 


ment sae poo as 26-5 tons 
Weight of mechanical 

equipment ase 42-1 tons 
Total weight 68-6 tons 


The locomotive is fitted with two motors, which 
drive a common jack-shaft through spur gearing. 
The jack-shaft centre is 110 mm. (4 in.) above the 
centre of the wheels, and the drive is transmitted 
to the inner driving wheels by a heavy coupling 
rod on each side. The outer wheels are driven 
from the inner wheels by short, independent 
coupling rods. The arrangement, which will be 
clear from Fig. 2, was adopted owing to the necessity 
of providing a machine of moderate overall length. 
The spur wheel on the jack-shaft has 111 teeth, 
and the pinions on the motor shafts 29 teeth. 
These gear wheels are 135 mm. (5% in.) wide. A 
spring drive is employed in connection with the 
spur wheel to damp out inequalities in coupling- 
rod forces and prevent damage to the gear. The 
outer pairs of driving wheels are mounted on 
trucks, and the outer coupling rods allow of a 
certain amount of lateral motion and swivel in 
these trucks. 

The locomotive is fitted with two pantograph 
collectors, the 14,000-volt current being led through 
an oil circuit-breaker to the main transformer. 
The door of the circuit breaker compartment 
is fitted with a  short-circuiting arrangement, 
which connects the incoming line to earth when 
the door is opened. The transformer has a capacity 
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of 640 kv.-a., and is arranged with tappings to 
transform the 14,000 volts of supply to 120, 280, 
480 and 720 volts. It is of the oil-immersed type, 
with forced air cooling. As will be seen from 
the plan given in Fig. 3, the main transformer is 
situated towards one end of the locomotive; the 
control gear is situated at the other end, and the 
low-tension connections between the two are 
carried under the floor. They are shown in Fig. 5, 
on page 39, which is an interior view of the 
locomotive during construction looking towards the 
transformer. A view looking in the other direction, 
towards the control gear, is given in Fig. 6 on the 
same page. The two motors, as shown in Fig. 3, 
are placed in the centre of the machine. They 
are fully enclosed, and cooling air is supplied by a 
motor-driven fan mounted above them, as shown 
in Figs. 3 and 6. The two motors, each developing 
415 kw., or 565 h.p., on a one-hour rating, or 
315-kw., 430-h.p., on continuous rating, are of 
the series commutator type, and are permanently 
connected in series. The machine is fitted with a 
motor-driven air compressor, which is indicated 
in Fig. 3. 

There are 11 steps on the master controller, one 
being a stand-by and 10 being running positions. 
If, however, two of the locomotives are coupled 
together and driven as a single machine, 20 running 
positions become available. The increased number 
of steps is obtained by arranging that when the two 
machines are coupled, the corresponding contac- 
tors are not closed together, but in turn. The 
control circuits of the locomotive are supplied from 
a 120-volt tapping on the main transformer, and 
when the machine is standing with the pantographs 
down it is necessary to raise them by hand in order 
to start up. The pantographs are raised by an 
air cylinder, and a hand-operated air pump is fitted 
to enable this preliminary lifting to be carried out. 
Pressure air is, of course, available from the com- 
pressor when connection has once been made. 
When one of the pantographs is lifted the main oil 
switch, shown in Fig. 8 on page 46, may be closed 
and current at 120 volts for the control circuits 
becomes available. Connection is made from the 
transformer to the controller through fuses and 
throw-over switches. 

The master controller, a vixw of which is given in 
Fig. 7 on page 39, is provided with a reversing 
handle which locks the main drum when it is in 
its off position. When the reversing handle is 
moved to forward or reverse, as may be desired, the 
main reversing switch, which is fixed above one of 
the motors, moves into its corresponding position. 
This reversing switch is illustrated in Fig. 9 on 
page 46. It can be operated only when the main 
contacts are not carrying current. The movement of 
the reversing handle also makes contact so that 
current is available to the leads which supply 
the compressor and ventilator motors. This con- 
nection passes through switches and fuses on the 
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Fic. 4. GerNERAL View or LOCOMOTIVE. 


auxiliary control panel. Moving the reversing 
handle also releases two push buttons which are 
mounted on the cover of the controller. When the 
handle is in its neutral position these buttons 
are mechanically locked. Their purpose is to 
control the operation of the second oil switch 
when two locomotives are coupled for multiple 
control. Pressing down the right-hand button 
closes the switch in the further locomotive by 
setting in operation an electric-magnetically con- 
trolled compressed air valve. The switch may be 
opened again by pressing down the left-hand 
button, current for the operation being supplied 
by a battery. The oil switch in the second locomo- 





tive may also be closed directly by hand, or by hand- 


operation of the compressed air valve. 

To start the locomotive the main controller is 
moved into the preliminary running position: 
This energises the no-volt relay coil through fingers 
and contracts on the controller drum. The supply 
of current to the no-volt relay coil is dependent on 
the reversing switch being properly closed, and 
none of the motor connections can be operated 
unless ‘this is the case. The no-volt relay energies 
itself after closing, and at the same time completes 
the circuits of the operating coils of the motor 
contactors by connecting them to’ earth. The 
motor contactors are fully interlocked so that no 
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Fie. 6. Interior Virw, sHowrnc Matn Contactor FRAME. 


incorrect connections can be made on the main 
circuits. 

_ The main contactor panel can be seen in the 
interior view of the locomotive given in Fig. 6. 
At the left-hand side of this panel there are a 
number of hand-operated contactor switches. 
That at the left-hand upper corner serves to change 
over the supply from the transformer to the test 
coupling, while that immediately next to it supplies 
current for the control circuits to, or from, the 
second locomotive in the event of a breakdown in 
one or other of the locomotives. These two switches 
are shown in Figs. 10 and 11, on page 46. The 
left-hand switch in the second row, which is of 
the type illustrated in Fig. 11, connects the 





ventilating motor either to the 120-volt or 60-volt 
tapping of the transformer. The lower voltage is 
provided for use in very cold weather. 

The right-hand contactor switch in the second 
row changes over the leads to the compressor 
and ventilating motors from the transformer to 
the test coupling. The control circuit interrupters, 
which are of the type shown in Fig. 12, on page 46, 
and can be distinguished below the contactor 
switches in Fig. 6, make and break the circuits 
of the operating coils of the main contactors, 
reversing switch and oil switch. One of the inter- 
rupters is arranged for compressed air control so 
that when the pressure is released. by applying 
the brakes, current is cut off from the motors 
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Fic. 7. Master CoNTROLLER. 

and cannot be restored while the brakes remain 
on. 

The lighting circuits of the locomotive are 
normally supplied from a small lighting transformer 
at 24 volts. This transformer is indicated in Fig. 3. 
In the event of the pantographs being down, how- 
ever, or the trolley wire dead, the lighting circuits 
are changed over to the auxiliary battery to which 
we have already referred in connection with the 
tripping of the oil switch. The change over is 
effected automatically by the lighting throw-over 
switch. The lighting circuits are controlled upon 
switchboards in each driving compartment, which 
also carry the control apparatus for the heating 
circuits and the compressor and ventilating motors. 

The main contactors, which form the most 
important part of the control gear, are of the type 
illustrated in Fig. 13, on page 46. The contactors 
are provided with damping winding and no sparking 
contacts are provided, current being broken on 
the main contacts. Connection between the two- 
current carrying parts is made by a rolling action 
of the moving contacts which ensures that the sur- 
faces are kept smooth and in good current-carrying 
condition. 

The contactors, as will be evident from Fig. 13, 
are so constructed that they can be hung 
in a frame or supported from below. In the case 
of the gear with which we are concerned, the con- 
tactors are suspended, and a special sledge arrange- 
ment has been designed in connection with the 
frame by means of which any contactor may easily 
be removed for inspection or repair. The arrange- 
ment is illustrated in Fig. 14, on page 46. Normally 
it is only necessary to slide the contactor on to the 
sledge without there being any necessity to lift it 
away from the gear, as examination and minor 
fepairs can easily be carried out while it lies on the 
sledge. 

(To be continued.) 
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LETTERS TO THE EDITOR. 
FORGING versus PRESSING. 
To THE EprToR OF ENGINEERING. 

Sir,—Referring to the description of the 150-ton 
forging machine in your issue of December 18, it is 
stated that the action is between that of a hammer and 
a press. Does this mean that deformation proceeds 
partly by squeezing and partly by hammering? Or is 
this description of the action to be taken only to refer 
to a difference in favour of the crank press over other 
forging presses in the matter of the times of contact of 
the squeeze ? 

There are certain fundamental differences between 
pressing and hammering which must be kept clearly in 
mind. In a press the time of duration of the squeeze 
is under control, and more or less definitely ascertained, 
and the force is dependent on the resistance of the job, 
with a maximum limit (in this case 150 tons). In a 
hammer, the three factors—time, force and resistance— 
are inter-dependent. The force, i.e., the pressure effect 
in the job, depends on the time of contact, and the 
latter depends on the resistance to deformation, 
varying with the temperature and the area of contact. 
The greater the resistance the shorter the time of absorp- 
tion of the energy and the harder the blow. It is this 
that differentiates entirely a percussion from a pressure 
machine ; and effects can be produced easily by ham- 
mering that require heavy apparatus to equal by 
pressure. A hammer will continue to do work at a low 
heat where a press would produce little effect. 

In the case of the crank press, the squeeze will 
occur near the bottom dead centre of the crank position, 
and the vertical component of the crank velocity is 
clearly so small as to be negligible compared with the 
velocity in a hammer falling through several feet ; 
and nothing in the nature of a blow takes place. Com- 
paring the working of a hammer and a crank press, one 
or two interesting points arise in operating the latter, 
especially where an auto-relieving device is arranged. 
A hammer operating at its maximum will automatically 
deliver its full energy to the job, whether this be hard or 
soft, and irrespective of the area of contact. To get the 
maximum out of the crank press, the condition must 
be favourable, and the operator must be aware of the 
relation holding between hardness of job, area of con- 
tact, and depth of penetration of squeeze. If the safety 
device is not to be brought into play too frequently, 
it would seem likely that the machine would mostly 
be worked somewkat short of its maximum capacity. 
It. would he interesting to know whether any ill-effects 
arise due to heating of the oil in the ram if the operator 
force the pace, and the 150 tons limit gets reached 
frequently. This would be likely to occur in flat sec- 
tions towards the end of the heat, say when giving 
the last squeezes to bring the job to measured length. 

The slipping point of the clutch is presumably 
arranged for a maximum torque, and to take care of a 
bad jamb occurring well in advance of the dead centre. 

The lack of data #s to horse-power, working stroke, 
and speed of revolvcvion prevent one from properly 
following the comparison between the press and ham- 
mers in similar work. No mention is made of the 
pallet widths employed. In rapid “drawing out,” 
narrow pallets are used with advantage as there is 
less needless spreading at each squeeze which, when the 
job is given a quarter turn has to be taken in again. 
In any comparison this point must be taken into 
account, 





Yours truly, 
W. H. Snow, Wh. Ex. 
Manchester, January 2, 1926. 





THE COMMERCIAL SIDE OF 
ENGINEERING. 


To tHe Eprror oF ENGINEERING. 

Str,—One frequently hears of the difficulty which 
youths experience in finding remunerative employment 
as engineers. This difficulty undoubtedly exists in 
many branches of the trac‘e (or profession). but I am 
of the opinion that there is one branch, and an attrac- 
tive one too, which is commonly overlooked—I refer 
to the commercial side of engineering. I speak as one 
who has been trained in works, a technical school, and 
a university, and, after gaining a wide practical experi- 
ence, I am now the managing director of a large and 
important firm of engineers. The branch to which I 
refer is that of commercial representative in home and 
foreign countries, and there appears to be a real 
difficulty in getting hold of suitable men to fill such posts 
even when good remuneration is offered. The lack 
of supply of such men is, I think due to the fact that 
youths are not alive to the existence of such openings, 
and consequently do not get the proper training to fit 
them for posts of this description. It may, therefore, 


be of help to some, if I outline the course of training 





which, in my opinion, will best fit them for such 
openings. 

Type of Youth Required.-He should be of good 
physique, smart in appearance, of good character, 
fond of outdoor sports, and sensible. 

Practical Training Required.—After a good general 
education he should go into some engineering works 
when about 16 years of age, where he will work exactly 
the same hours, and under the same conditions as 
the regular employees of the firm—the firm will see 
to it that he gets shifted to various departments, and 
also to outside erection work, as they think desirable. 

For two or three evenings a week from 16 to 21 
years of age, he should attend evening classes bearing 
on his future work. It may be well at this stage to 
state that I do not consider youths who have been 
through a course of training at a technical school or 
university as suitable for the positions I have in view, 
mainly because they are too old to start on practical 
work in the shops after their technical training, and, 
moreover, if they have done what their teachers at 
college term “ well,” they nearly always get swelled 
heads, which unfits them for what they regard as 
‘* dirty ’’ menial work in the shops. 

The commercial man, in my opinion, does not require 
an advanced technical training, but it is absolutely 
essential that he should be well up in the details of 
the plant and wares turned out by his firm. He must 
also be able to talk intelligently to clients about the 
plant he wishes to get orders for. 

Office Training.—At about 20 or 21 years of age, the 
youth should go into the Drawing Office for at least 
a year, not to become an expert draughtsman, but to 
enable him to follow drawings and to get out general 
arrangements in view of the probability of bis having 
in the future to send home such schemes to his firm 
for them to base their estimates and tenders upon. 
In general, the details of such schemes will be got out 
by a draughtsman sent from headquarters. Another 
year or so should be spent in the commercial office of 
the firm, where he will get an insight into costing, 
ordering materials, office practice, book-keeping, &c. 
This will bring him to about 23 years of age, when he 
will be qualified to go as an assistant to one of the 
firm’s representatives. 

Remuneration._No premium will be asked from 
youths undergoing such a training, and the remunera- 
tion up to 21 years of age would be the standard weekly 
rates of pay for thedistrict. After that he would receive 
increases until he went out as an assistant to one of 
the firm’s representatives at a starting salary of about 
1501. per annum with prospects up to 1,000/. per annum 
or more according to his success. The firm I represent 
would be glad to meet with two or three youths who 
are willing to undergo such a course, and doubtless 
there are many other firms in the country in the same 
position as ourselves. 

Yours faithfully, 
Manaaine Director. 
January 5, 1926. 





THE OPTICAL SOCIETY. 


Ar a meeting of the Optical Society, held at the 
Imperial College of Science on Thursday, December 10, 
1925, Mr. T. Smith, the President, being in the chair— 
the following papers all dealing with photographic 
surveying were presented and discussed. 

“General Principles of Photographic Surveying,” 
by Colonel H. 8. L. Winterbotham. The paper gavea 
brief outline of the development of photogrammetry 
from terrestrial and aerial positions, and an indication 
of some of the points to be considered in the design of 
instruments required by the photogrammetric surveyor 
in this country. The instruments originally used, 
such as the Canadian type of survey camera, were of 
the nature of photographic theodolites. No optical 
machinery was available for utilising the views taken 
by the camera. It was soon established that the use of 
stereoscopy facilitated the identification of points 
common to different views. The introduction of the 
Zeiss comparator with its movements, of one plate 
relative to the other (parallactic angle), of both plates 
sideways (orientation), of both plates up and down 
(height), led to greatly improved contouring and a con- 
siderable reduction in the time of plotting. The 
stereoautagraph of von Orel embodied the optical 
properties of the comparator and provided mechanical 
arrangements whereby the observer was enabled to 
plot mechanically, the time required to plot one point 
being reduced from 5 minutes to 1 minute. In the case 
of photographs taken by a simple camera in the air, 
it was difficult to reconstruct a 3-dimensional landscape 
from a 2-dimensional picture, unless the points of 
exposure had been established. Optical mechanical 
instruments were now in course of construction which 
would do for surveys from the air what the stereoauto- 
graph of von Orel does from photographs taken from 
a terrestrial position. 


‘* Perspective Conditions of Photogrammetry,” by 
Lt.-Colonel W. N. MacLeod. The perspective conditions 
which must be satisfied in aerial survey work were 
discussed in this paper, and the methods of reconstruct- 
ing these conditions from the photographs obtained 
were described, reference being made to such instru- 
ments as the rectifying camera, the tilt-finder, the 
photogoniometer and the plotting machine. Attention 
was drawn to the desirability of designing new apparatus 
with which to carry out the necessary reconstruction 
with the requisite accuracy. 

“Some Precision Problems in Air Survey,” by 
Lieutenant M. Hotine. In this paper various problems 
were considered with regard to cameras for use in the 
air, for example, the lens and its calibration, the 
time available for exposure, and the construction of a 
shutter which had to be subjected to sudden alterations 
of temperature and constant vibration. The factors 
upon which accuracy in air survey measurements 
depends were described, and suggestions were made 
about some of the conditions which should be fulfilled 
in apparatus employed for such measurements. 





WIRELESS ENGINEERS AND THE 
INSTITUTION OF ELECTRICAL 
ENGINEERS. 

In view of the proposal to form another sectional 
institute of engineers —a society for those specialising in 
wireless telegraphy and telephony—the Committee of 
the Wireless Section of the Institution of Electrical 
Engineers call attention to the fact that the best 
interests of the qualified professional wireless engineers 
are best served by the Institution, membership of 
which implies a professional status in one or other 
of the many applications of electricity. It has already 
been explained on behalf of this old-established 
progressive and chartered Institution that an engineer 
with adequate wireless qualifications can become a 
Corporate Member of the Institution, and that others 
not reaching that standard are admissible as Graduates. 
The Council of the Institution has approved suggestions 
which have been submitted by the Committee of the 
Wireless Section to make it more definitely representa- 
tive of the professional wireless engineers. In future 
applications for membership based upon general scien- 
tific training and technical wireless qualifications will be 
referred for consideration and recommendations to a 
Wireless ection Membership Sub-Committee. To all 
who have technical qualifications in the study, design, 
manufacture and operation of wireless or high- 
frequency apparatus the resources of the Institution 
are therefore available and membership of the Wireless 
Section will give all who are properly qualified their 
legitimate professional status. It is still further 
proposed to extend the work of the Institution by 
the formation of Local Wireless Sections in association 
with the Local Centres throughout the country, and 
by stimulating efforts it is hoped to get more wireless 
papers read before the Local Centres. When formed, 
these Loca] Wireless Sections will be entitled to 
representation on the Wireless Section Committee. 
It is also proposed to make the Chairman of the 
Committee an ex-officio Member of Council in the 
same way as are the Chairmen of the Local Centres. 
A very attractive decision to wireless engineers is 
that in future, in addition to appearing in the Journal 
of the Institution, all papers and discussions on 
wireless subjects will be issued separately in the form 
of ‘Proceedings of the Wireless Section of the 
Institution of Electrical Engineers.” 





ORGANISATION FOR MAINTENANCE OF SuPPLIES.—The 
action that will be taken by the Government, in the event 
of a national emergency, to ensure the supply of essential 
commodities to the public, has been the subject of 
several questions in Parliament. For this reason. 
particular interest attaches to Circular 636, which was 
issued by the Ministry of Health in November last. This 
circular makes it clear that the actual duty of maintaining 
supplies will fall upon the local authorities, the area for 
which each authority will be responsible being defined in 
the circular, which latter gives information regarding the 
help which will be given by the Government to supple- 
ment normal methods of distribution, and suggestions 
for the utilisation of voluntary effort in the most efficient 
manner. The Government scheme has been criticised 
in some quarters on the grounds that no proper provision 
is made for the enlistment of volunteers until a state of 
emergency is actually declared, and the duty of preparing 
a preliminary register has, therefore, been undertaken by 
the organisation for the maintenance of supplies. It 
should be emphasised that this organisation is strictly 
non-political and non-party, and is in nosense provocative 
in character. The sole object of the register is to obtain 
a classified list of members who are willing to assist the 
Government of the day, to the best of their ability, in 
the maintenance of the essentail public services. The 
head office of the organisation is at 70, St. Stephen's 
House, S.W.1., at which enrolments can be made, and 





further information obtained. 
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NOTES ON NEW BOOKS. 


MANUFACTURERS of motor vehicles are naturally 
averse to owners attempting to carry out their own 
adjustments and repairs, but there are a number o 
mechanically-minded people amongst those who possess 
cars, to whom such operations constitute one of the 
createst pleasures of possession. These owners will 
carry out their own repairs however much the 
makers may protest against the practice, and to them 
must be added a large body of motorists who maintain 
their cars to the best of their individual ability on 
the grounds of economy. Under these circumstances, 
it is as well that instructions for avoiding the more 
obvious pitfalls should be available, and it was to 
meet this need that the Temple Press, Limited, first 
introduced the “Motor Repair Manual.” The book is 
frankly written for the amateur who has no practical 
knowledge even of the simplest workshop operations, 
and although it is doubtful whether such know- 
ledge can be imparted by a text-book, the manual 
evidently meets a real demand, as is shown by the 
fact that it has now reached its fourth edition. The 
first three chapters deal with the selection of tools, 
and the correct method of carrying out such operations 
as drilling, filing, and soldering. They hardly call for 
comment, except perhaps in the case of the instructions 
given for soldering a petrol tank. In this connection, 
no mention is made of the precautions which must be 
taken to ensure that the tank is entirely free from 
petrol vapour, although the absence of due attention 
o this point may lead to a serious accident. Chapters 
[V to VI are devoted to instructions for taking down, 
making adjustments, and re-assembling the engine, 
and Chapters VII to XI give similar instructions 
for the various chassis components. We feel decidedly 
dubious regarding some of the instructions given in 
these chapters, as such operations as taking down and 
reassembling the gear-box or back axle require a 
degree of skill quite beyond that of the average 
amateur mechanic. To take an actual case, the 
correct meshing of the crown and bevel pinions in the 
rear axle is a matter of the utmost importance, and 
trouble frequently arises due to this operation not 
having been correctly performed, even by a skilled 
mechanic. To suggest, therefore, that it is a ‘‘ matter 
of judgment ” for the amateur to decide where packing 
washers should be inserted appears to be distinctly 
inadvisable. The remaining chapters are devoted to 
the alignment of the road wheels, to zarious workshop 
hints, and to instructions for building a motor-house. 
The manual is sold at the price of 2s. 6d., and is freely 
illustrated by the type of perspective view which forms 
such an admirable feature of ‘‘ The Motor.” 





River water, as it contains bacteria and alge, cannot 
be used for drinking purposes with safety, unless it is 
treated by some means for the destruction of organisms 
which might give rise to epidemics. Storage for a 
prolonged period is one means which may be adopted 
but it is not economical, as the capacity of the storage 
equipment must be great if a sufficient period is to be 
allowed to render the water fit for human consumption. 
Much smaller accommodation may suffice if the water 
can be treated rapidly by a process of sterilisation. 
Boiling is effective, but necessitates the use of a large 
installation of boilers and coolers. Ozone may be 
employed, but the cost of treatment is high. Ultra- 
violet light may serve, but unfortunately, the extent 
of the penetration of the rays is not great. It is now 
acknowledged that chlorine is the sterilisation agent 
which most closely meets requirements in regard to 
economy, accuracy of control and rapidity of action. 
In this connection we may call attention to a small 
handbook on ‘‘ Water Sterilisation by Gaseous Chlorine,” 
prepared by The Paterson Engineering Co., Limited, of 
Windsor House, Kingsway, London. This work, which 
1s now in its fourth edition, contains descriptions of 
the standard types of chloronomes for specific duties. 
Information is given in it on automatic control, pressure 
feed and portable plants. Another service to which 
chlorine treatment can usefully be put is the pre- 
vention of algoid growths in the cooling water used 
in cooling towers, and as circulating water for con- 
densers. In these spheres the troubles due to the 
aman of slimes are completely eliminated by 
its use. 





A fourth edition of the highly useful “ Hydraulic 
Diagrams,” prepared by Professor C. W. L. Alexander 
of University College, Cork, has just been published by 
the author and Messrs. Cornish, Limited, of 39, New- 
street, Birmingham, the price of issue being 3s. net. The 


practical work. Even in the very exceptional cases 
where a greater refinement may be required, the 
diagrams will be very useful as providing a very 
necessary check upon the values found by direct 
computation. 





Modern gas manufacture has taught people that 
carbon monoxide is very deadly and has brought 
this unregistered poison within the reach of everybody. 
That carbon monoxide acts by forming some compound 
with the hemoglobin, the red pigment of the blood, 
has long been understood; but all physiological 
chemists do not regard the mechanism of the reaction 
simply as a ‘question claire, trés claire, absolument 
claire,” as it is thought to be by Dr. Maurice Nicloux in 
his ‘‘ L’Oxyde de Carbone et l Intoxication Oxycarbonique ”’ 
(Paris: Masson et Cie., price 22 francs). On the bisis of 
former work and various recent researches and cf those 
of his colleague R. Legendre, Dr. Nicloux insists that the 
molecule of hemoglobin combines with a molecule of 
carbon monoxide CO as it combines with a molecule of 
oxygen O., that the CO and O, can replace one another 
and are taken up from mixtures of the two gases in 
accordance with the partial gas pressures and the law of 
mass action, but that 1 volume of CO acts like 250 
volumes of O,. The blood of an animal or man 
breathing in a non-mortal CO-air mixture takes up a 
maximum proportion of CO, after which the same 
mixture may still be inhaled for hours and days without 
further absorption of CO. Death follows when about 
66 per cent. of the hemoglobin has been converted into 
the CO compound ; that percentage is approximately 
the same for man as for dogs, pigeons, &e. Dr. Nicloux 
admits that exposure to the gases from charcoal heating 
irons and from furnaces may cause slow poisoning by 
carbon monoxide. Yet he states that death by CO 
is due to asphyxia as would be death in a nitrogen 
atmosphere devoid of oxygen. The book is described 
as a chemico-biological study, and offers but little of 
interest to the engineer. Dr. Nicloux describes the 
Nicloux-Legendre oxygen breathing apparatus as an 
improvement of the French A.R.S. mask. He also 
points out, as is known, that the hopcalite of the 
Burrell mask (United States Bureau of Mines) 
quickly loses its efficacy as a CO destroyer in an atmo- 
sphere which is not absolutely dry. He has not, 
however, especially studied the problem of protection 
against CO poisoning. 








THE SOCIETY OF GLASS 
TECHNOLOGY. 


Two papers were read and discussed at the meeting 
of the Society of Glass Technology at University 
College, London, on Wednesday, December 16. The 
first, entitled “ The Composition of Glass Suitable for 
Use with Automatic Machines,” by Professor W. E. S. 
Turner, dealt with the whole field of glass compositions 
which had heen used, particularly for glass bottles, 
from the time of the Roman glass makers down to the 
present day. The introduction of the automatic 
machine had very much limited the range of com- 
positions available. For example, in using a number 
of types of machines the percentage of lime in the glass 
could not be raised safely above 10 per cent., whereas 
in some of the glass used on the Continent and worked 
by hand the percentage had considerably exceeded 
20 without causing excessive difficulty. Professor 
Turner then went on to indicate various compositions 
of glass which had been employed in recent times 
both in this country and in America, pointing out that 
the factors which decided the limits of composition 
were the size of the article, whether colourless or 
coloured, the method by which the machine was to 
be charged, that is to say, whether by suction or by 
gob feeding, and, finally, by the type of machine 
itself. Scientifically, the factors of importance were 
the viscosity of the glass, the rate at which the 
viscosity changed with temperature, the heat con- 
ductivity and heat radiation. 

In the second paper entitled ‘“‘ The Relationship 
between the Durability and the Chemical Composition 
of Glass,” by Miss V. Dimbleby and Professor Turner, 
dealt with work carried out by Miss Dimbleby at 
Sheffield over several years. Glasses were tested of 
similar type in which soda was replaced successively 
by lime, magnesia, alumina, titania, zirconia, barium 
oxide and boric oxide. In all 70 to 80 individual 
glasses were prepared, and the action of the four 
reagents, namely, boiling water, hydrochloric acid, 
sodium carbonate and caustic soda solution were 
tested. The research probably represented the most 








diagrams give at sight the discharge through pipes and 
sewers under various conditions, and also the flow over 
weirs, with or without end contractions. Another dia- 


thorough attempt which had been made up to now to 
discover the relationship between the durability and 
the chemical composition. 








gram shows the velocity of. flow in open channels as 
deduced from Bazin’s new formula. The set are clearly 


pr inted on strong paper, and for most purposes they|a gift of residual funds amounting to about 2,5001. 
give results with all the precision really necessary in| was accepted by the Society from the Glass Research 


The ordinary meeting, at which the papers were read, 
was preceded by a special general meeting at which 


Association. The interest on this sum is to be devoted 
to the writing year by year of a report by some eminent 
authority on the progress of glass technology. 





EXPLOSION OF THE BOILER OF 
THE S.S. ‘*GAEL.”’ 


A RECENTLY-PUBLISHED Report of a Formal Investi- 
gation, held under the Boiler Explosions Acts, at the 
Sheriff Court House, Greenock, gives particulars of 
the circumstances attending the explosicen of the 
boiler of the S.S. Gael, a fish-carrying steel screw 
steamer, having the following registered dimensions : 
83-4 ft. in length, 19-9 ft. beam and 8-1 ft. draught. 
The explosion occurred on January 21, 1925, when 
the vessel was off Kilfinan Bay, Loch Fyne. A part 
of the lower front end plate of the boiler was blown 
out, leaving a hole, of irregular form, measuring 
approximately 14 in. by } in., through which the 
contents of the boiler escaped. The accident was 
found to be due to the fact that the plate was so badly 
corroded that it was unable to withstand the working 
pressure. The -boiler was of the single-ended, cylin- 
drical, multi-tubular marine type, having an internal 
diameter of 10 ft. and a length of 9 ft. It had two 
furnaces of 3 ft. outside diameter with separate com- 
bustion chambers. The boiler was of steel, while the 
smoke tubes and stays were of iron; it was made by 
Messrs. Muir and Houston, Limited, of Glasgow, and, at 
the time of the explosion, was twenty-two years old. 
Constructed under the survey of Lloyd’s Register of 
Shipping, the working pressure of the boiler was 130 lb. 
per square inch. 

The report states that the survey of the boiler had 
been greatly neglected. The last regular survey was in 
1919; the last regular overhaul and test was made in 
1920. Since, then, the only inspection had been that 
given by the engineer of the vessel, a man advanced in 
years, who, though a trained engineer in his youth, was 
barely competent to undertake a satisfactory survey. 
The owner’s contention was that, as he was insured, he 
wasentitled to rely on the insurance company fulfilling 
their obligation to make periodical surveys. No 
steps were taken, however, to see that the insurance 
authorities did their duty. The report further states 
that the duty of the owner is to see that his ship is safe, 
and he may contract with a third party to fulfil that 
duty for him. If, however, the third party, in the 
owner’s knowledge, fails to carry out his contract, the 
owner remains liable. The findings of the Formal 
Investigation were that the owner and the insurance 
company were to blame for the explosion, and that the 
former should pay 301. and the latter 10/. towards the 
cost of the Investigation. The engineer and his 
assistant were exonerated from blame. 





ContTracts.—Messrs. Howden-Ljiingstrom Preheaters 
(Land), Limited, 133, Helen-street, Govan, Glasgow, 
have shipped two large air preheaters to work in 
conjunction with two Babcock and Wilcox boilers at 
Natal Sugar Estates Factory, Natal, South Africa. 
The total heating surface of the preheaters is 43,100 
sq. ft.—Messrs. Sulzer Bros., 31, Bedford-square, 
London, W.C.1, have received an order from Messrs. 
the Netherland Steamship Company, of Amsterdam, 
for the propelling machinery of the new passenger 
motorship Christiaan Huygens, a vessel having a 
deadweight capacity of 21,700 tons. The machinery 
will consist of two main engines totalling 11,600 brake 
horse-power at 115 r.p.m., three auxiliary Diesel engines 
totalling about 2,000 brake horse-power, one auxiliary 
Diesel engine of 200 brake horse-power with airless 
injection, and one auxiliary compressor and an emergency 
set consisting of a hot-bulb engine and compressor 
combined.—Messrs. the British Thomson-Houston Com- 
pany, Limited, Crown House, Aldwych, London, W.C.2, 
have received the following contracts: Twelve months’ 
supply of Mazda vacuum and gas-filled train-lighting 
lamps for the G.N. section of the L. and N.E. Railway ; 
a year’s supply of Mazda lamps for the Dublin United 
Tramways; twelve months’ supply of Mazda lamps 
for the Aberdeen Line; and a six months’ contract 
for the supply of Mazda lamps to the Great Northern 
Company (Ireland), Limited.—Messrs. the Westinghouse 
Brake and Saxby Signal Company, Limited, 82, York- 
road, King’s Cross, London, N.1, have received an 
order frora Messrs. Pearson and Dorman Long, Limited, 
for an installation of automatic electro-pneumatic 
decking plant for both the top and the bottom of No. 3 
Pit of Snowdon Colliery, Kent. 'The equipment includes 
power-operated gates.—Messrs. the Leeds Forge Com- 
pany, Limited, 3, Central mage ry London, 8.W.1, 
have received an order from the High Commissioner 
for South Africa for 500 all-steel bogie covered wagons, 
each of 40 tons capacity, and a repeat order for 70 
all-steel bogie hopper coal wagons.—Messrs. Meldrums, 
Limited, Timperley, near Manchester, have secured a 
contract for supplying a complete refuse destructor 
installation for the City of Caracas, Venezuela, the 
cost of which amounts to nearly 30,0007. The instal- 
lation will consist of two independent plants, each 
consisting of a four-grate “‘ Meldrum ” simplex destructor, 
with water-tube boiler, regenerator, chimney, and 





containing building. 
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HORIZONTAL CRUDE-OIL ENGINE. 


THERE are certain classes of stationary engine work 
in which simplicity and reliability are of primary 
importance. This is particularly the case in many 
installations abroad, where only native labour is 
available for running and maintaining the engine, and 
in these or in similar circumstances, the two-stroke 
cycle cffers undoubted advantages. Among the firms 
who have developed general-purpose engines cperating 
on this cycle, the name of Messrs. Clayton and Shuttle- 
worth will be familiar to most of our readers, as this 
firm has, for a number of years, manufactured a range 
of horizontal semi-Diesel engines of this type. These 
engines, which are now handled by Messrs. Babcock 
and Wilcox, Limited, of Babcock House, Farringdon- 
street, E.C.4, have recently been improved in detail, 
and we illustrate one of the latest type in Figs. 1 to 3, 
on this page. Before describing the engine we may say 
that the range comprises eleven different sizes, varying 
from 6 to 150 b.h.p. Up to 75 b.h.p., the engines are 
single-cylinder models, as shown in Fig. 1, but the 
three larger engines of 80, 100 and 150 b.h.p., are fitted 
with two cylinders. ° 

Crank-case compression is employed throughout 
the range, and, as will be clear from the figures, the 
general construction follows the usual lines for engines 
of this type. A somewhat distinctive appearance is 
given by the prominent air-valve casing, which is 
arranged above the crank case. This casing has 
recently been increased in depth to provide accommo- 
dation for an air filter of cocoanut matting, which also 
serves as an effective air silencer. The arrangement of 
the filter and air valves is shown in the section, Fig. 2, 
and from this view it will be evident that the area of 
the filter is amply sufficient to prevent any appreciable 
reduction in pressure. The necessity for such a filter 
is not always realised, but it is practically essential 
if the atmosphere is laden with dust or sand particles ; 
a condition which is of frequent occurrence in hot and 
dry climates. The upper cover is readily removable 
to enable the filter to be opened up for cleaning. 

In some two-stroke engines, the adoption of a closed 
crank case has led to the working parts being relatively 
inaccessible, and it is therefore of interest to note the 
precautions which have been taken to guard against 
this defect in the engine illustrated. The constructional 
details can be followed from Figs. 2 and 3, and from th 
former, it will be seen that the upper half of the crank 
case is formed by a separate casting, which can be lifted 
off after removing five bolts. The crankshaft bearing 
caps are left in position, and the removal of the cover 
therefore gives an accessibility equal to that of an open- 
type engine. From Fig. 2, it will also be observed that 
the cylinder head is detachable, enabling the piston to 
be withdrawn, and the water jackets to be cleaned out 
if requiretl. The modifications to which we have 
referred include the re-design of the hot bulb, which is 
now pear-shaped instead of spherical, and of the piston 
deflector and cylinder head. The new form of these 
units can be seen in Fig. 2, the object of the altera- 
tions being to increase the flexibility, and also the 
efficiency of the engine. On engines of 35 b.h.p. and 
upwards, the consumption is guaranteed not to exceed 
0-5 pint per b.h.p. hour on full load, the figure for the 
smaller engines being slightly higher. 

The working parts of the engine hardly call for special 
comment, but it may be mentioned that the connecting 
rod is fitted with adjustable phosphor-bronze split 
hearings at both ends, and that the crankshaft is 
machined all over, and is fitted with balance weights. 
The cylinder, gudgeon pin, and crank pin are all 
positively lubricated by means of a mechanical lubri- 
cator operated from the crankshaft, and the main 
bearings are fitted with ring lubricators. The fuel pump 
is mounted on the side of the cylinder, as shown in 

Fig. 1, and the fuel supply is regulated by a governor 
mounted under the cover shown on the end of the 
crankshaft. The governor is arranged to vary the 
supply of fuel at each impulse to suit the load, and also 
to regulate the point of injection, giving early injection 
for light loads and vice-versa. As will be clear from 
the illustrations, the engine is substantially constructed, 
and the name of the makers is a sufficient guarantee 
of the material and worxmanship employed in its 
construction. 





TrraL Trip or 8.8. “Crry or WELLINGTON.”— 
Recently the single-screw cargo steamer City of Welling- 
ton, built by Messrs. Barclay, Curle and Co., Limited, for 
the Ellerman Lines, Limited, carried out a successful 
trial trip in the Firth of Clyde, when a mean speed of 
13 knots was attained. The vessel, which has been 
constructed to the requirements of the highest class of 
Lloyd’s Register, is 426 ft. 6 in. long, 54 ft. 9 in. in beam, 
and 32 ft. deep, and has a gross tonnage of 7,200 and a 
deadweight - carrying capacity of 10,000 tons. The 
propelling machinery,,constructed by the shipbuilders, 
consists of a set of triple-expansion engines, having 
cylinders of 24 in., 41} in. and 72 in. diameter and 51 in. 
stroke. Steam is supplied by three single-ended boilers, 





fitted with superheaters and Howden’s forced draught. 
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THIN GRAPHITE-TUBE VACUUM- 
ELECTRIC FURNACE. 


Apart from the metal-tube furnaces of Nernst, 
Wartenberg, and others, most vacuum-electric furnaces 
have been of the carbon-tube type introduced by 
Arsem twenty years ago, and have changed very little 
in their general features. They still leave much to be 
desired, however, in several respects. Carbon expands, 
and also adsorbs and evolves again large volumes of 
gases. Itis, therefore, difficult to keep the furnace joints 
airtight and to maintain a vacuum. In spite of the so- 
called vacuum, the carbons burn away and have 
to be renewed frequently, and the furnaces consume a 
great deal of current. Various designs and mechanical 
devices have been adopted to overcome these difficul- 
ties. A furnace of the type which Otto Ruff, of 
Danzig, devised before the war seemed to Professor J. R. 
Partington and Mr. W. L. Anfilogoff, B.Sc., to be suit- 
able for their study of high-temperature reactions at 
the East London College. An improved furnace, which 
they constructed with the aid of a grant from the 
Chemical Society Research Fund, retains the char- 
acteristic features of the Ruff furnace. This is illus- 
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trated in Figs. 1 to 4, on the opposite page, as it 
was described at the November meeting of the Fara- 
day Society. Fig. 1 shows the furnace in sectional 
elevation, Fig. 2 in plan, while Figs. 3 and 4 show details. 

The furnace is mounted vertically and the chief 
materials used are graphite and bronze. The hot 
tube (1), Fig. 1, in which the graphite crucible (2) is 
suspended, is surrounded by the radiator case (3), which 
is enclosed by the furnace casing (15) made of bronze ; 
the casing is lined inside with fireclay (5). Outside 
the casing is the water jacket contained in a zinc 
cylinder (16). The whole is mounted on a base 
through which the lower fittings of the hot tube pro- 
trude. The base is supported by four legs. Connection 
with the air pump is made through the copper tube 
(21) and the current is taken to and from the bronze 
leads (14). The main body, 1.e., the water jacket, 
measures approximately 13 in. in diameter and 19 in. 
in height. 

The hot tube, 17 in. long and 1} in. in diameter intern- 
ally, is of a peculiar shape. The graphite, near the ends 
which taper, has a wall thickness of 4 in. In the cen- 
tral portion, 6 in. Jong, the wall thickness is reduced to 
about 4 in. (1-5 mm.). The object is to concentrate 
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the heat in the central portion of the tube, while 
keeping the ends sufficiently thick to carry the current 
without becoming hot. The central portion of the hot 
tube is generally provided with a series of slits, arranged 
on a helix. When not perforated in this way, at 
least one +; in. hole is drilled through the shoulder of the 
tube to equalise any pressure differences inside and 
outside the tube. The ends of the hot tube, Fig. 4, 
fit into graphite adapters marked (10) in Fig. 1 and 
shown separately in Fig. 3. The two adapters are not 
quite identical ; Fig. 3 actually shows the lower one the 
upper adapter being recessed in order to fit the upper 
furnace seal. The boring of the thin graphite tube 
necessitated the use of a special split brass adapter for 
holding it in a chuck. This adapter is set up true in 
the lathe and the graphite tube is pushed in and held 
gently but firmly by means of three set screws on 
a collar. To turn the outside of the tube it is set 
up on a mandrel, also of a special design, and turned 
between the lathe centres. The thickness to which 
the central portion of the tube is reduced is a matter 
of experiment and depends upon the grain and purity 
of the graphite. The slits are cut with a Swiss ward 
file, by hand. The graphite adapters are likewise 
made in special brass holders in which they are 
turned, bored and parted at one setting. It will be 
seen from Figs. 3 and 4 that the adapters and hot tube 
are formed with hemispherical ends instead of plain 
tapered ends. The advantage gained is that a slight 
radial movement between the hot tube and its 
adapters is possible when in position in the furnace so 
that expansion and compression strains are reduced. 
The hot tube and its adapters are supported by a 
spiral spring (13) of bronze, the size and strength 
of which are of paramount importance. Too strong 
a spring would make the hot tube collapse under 
excessive longitudinal pressure, while if too weak the 
spring would itself get hot, and arcing might occur at 
the top adapter and seal of the tube. The spring 
selected is of hard-drawn brass wire, .-in. in diameter 
giving a compression of 4-in. per lb. weight. The 
lower furnace seal, (11) in Fig. 1, is made of bronze, and 
its vacuum gland (12) is of tinned bronze. The upper 
furnace seal (11) was also made of bronze at first 
and without the flange shown in Fig. 1, but the 
weight proved too great for the hot tube, and the upper 
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seal is now made of graphite. To the hot tube are fitted 
two internal graphite heat seals (8). The lower one is 
supported on a graphite rod (9) while the upper one is 
turned to fit round the graphite rod (7), which serves 
as a support for the crucible. This rod is drilled and 
tapped to take a steel suspension rod (24), which 
passes through the upper vacuum gland. The vacuum 
lead (21) is taken through the lower vacuum gland, 
already mentioned, and ends at the graphite seal 
support (9), through which a 3-in. hole is bored to give 
access to the interior of the hot tube. The graphite 
crucible and its lid are turned. The sight hole 
(22) contains two quartz plates ,*; in. thick, separated 
by a brass ring; the vacuum joint is made with the 
aid of asbestos string, and the knurled cover is finally 
sealed by means of a strong shellac solution. Inert 
gas or other gases required for the reactions are intro- 
duced through the 3-in. copper tube (20). 

The furnace casing, which constitutes the main 
frame of the furnace, is a bronze casting, the 
cover of which is carefully machined in accurate 
alignment to avoid strain on the several adapters of 
the hot-tube system. Owing to the difficulties of 
machining, the boss of the casing was cast separately 
and fixed by countersunk screws and solder; this is 
not indicated in Fig. 1. On the outside, the casing and 
cover are tinned by covering them with solder and 
turning the surface smooth, leaving about y in. of 
solder to close any blow holes and to ensure air tight- 
ness. This is done before the casing is lined, during 
which operation the casing is heated from inside. 
The inside of the casing is then ready for lining with 
§-in. of Pyruma cement, which is dried, iron rods 
being placed inside until the cement has hardened. Any 
blisters due to moisture are broken with a hammer and 
filled up with cement. Another layer of about } in. 
thickness is then applied to the first, so that the 
lining has a final thickness of }.in. The casing 
can then be placed in the lathe and the lining 
trued up. At the centre of the boss the sight 
hole is drilled completely through the layer of solder, 
casing and lining; the Pyruma cement sets very hard 
and can be drilled only at a slow rate. The radiation 
case (3), which looks like a box in the diagram, 
really consists of two concentric cylinders of graphite 
held in position by graphite plates. The radiation 
case is packed with powdered graphite. The air in the 
powder can escape through a 4-in. hole drilled in the 
top of the case. The box-case rests on four cubes of 
magnesite (4), of 1-in. side, ground and polished, which 
themselves stand on a plate of graphite (6). 

The water jacket is a zinc cylinder soldered at 
the seam and to the base plate of steel. The water 
enters the upper jacket (17) through the pipe (18) 
and runs out through pipe (19); in working, the 





temperature is allowed to rise to 90 deg. F. in the 


main jacket, and to 110 or 120 deg. in the upper jacket. 
The insulation is effected by means of vulcanite 
bushes and rubber, jointing of the latter material being 
also inserted between the cover and casing. 

The furnace, up till now, has been used chiefly for the 
study of carbides and gas reactions. Temperatures of 
2,000 deg. C. have been maintained for 8 hours; at 
2,500 deg. C. the thin hot tubes lasted for #-hour. The 
purer the graphite, the longer it will last. 





HIGH-LEVEL BRIDGE, NEWCASTLE- 
UPON-TYNE: UNDERPINNING AND 
REPAIR OF FOUNDATIONS OF 
RIVER PIERS.* 

By Cyrit Franois Benaouas, M.Inst.C.E. 


Tuts bridge carries the London and North-Eastern 
Railway and also a covered carriage-way with side 
footpaths over the river Tyne between Newcastle 
and Gateshead, having been constructed under an 
Act of Parliament obtained by the Newcastle and 
Darlington Junction Railway Company in 1844. 
It is divided into six spans of 125 ft., four of which 
are river openings, with ashlar piers spanned by bow- 
string girders composed of curved cast-iron ribs, tied 
by wrought-iron chains. The railway is carried on an 
upper platform supported by cast-iron columns from 
the ribs, while suspended from the same ribs by 
wrought-iron rods is a carriage-way at a level of 
22 ft. 7 in. below the rails. 

Three of the piers stand in the river, and when the 
bridge was built the depth of water at low water was 
3 ft., whereas, at present, the depth is 27 to 30 ft. 
with a rise of tide of 15 ft.; the clear headway of the 
bridge above H.W.O.S.T. is 82 ft. 10 in. 

The foundations of the four river piers (the northern- 
most of which is now a land pier enclosed by the quay 
frontage) were obtained by piling. Each pier is carried 
by 121 timber piles phe # ave 4 ft. apart, centre to 
centre, in both longitudinal and transverse directions. 
Each transverse row of piles is connected by a crown 
of Memel 12 in. by 12 in. mortised and bolted to the 
head of every pile. A bed of concrete 5 ft. thick sur- 
rounds the tops of the piles up to the top of the crowns, 
and two courses of 3-in. planking, placed diagonally, 
are fixed on top of the crowns. 

In constructing the foundation, a coffer-dam was 
formed of two rows of sheet piling driven 4 ft. apart, 
between which the sand was removed to a depth of 
16 ft. below low water, the intervening space from 
that level to a few feet above high water being filled 


cut off at about low water level and left in for the 
protection of the foundations. 

In 1906 it was found necessary to widen the south 
channel at the bridge to enable the large battleships 
built at Elswick Yard above the bridge to be taken to 
sea. ‘To effect this the piles of the outer coffer-dam 
on the north side of the south pier were cut away 
to a depth of 10 ft. below low water. A few additional 
piles were driven at the north-east and north-west 
corners of the foundation to connect the inner and the 
outer rows of coffer-dam piling. 

In 1911, borings made in the foundations to ascertain 
the condition of the underlying material, proved that 
a deposit of mud and silt under the north side of the 
foundation of the south river pier extended to a depth 
of about 7 ft. below the underside of the concrete. 

A further examination, made in 1915 by diver, 
showed that there were gaps between the piles of 6 in. 
or more in the north face of the south pier. Probings 
were made between the piles with an iron probe 
8 ft. long, and in almost every case an 8-ft. penetration 
was obtained without difficulty with the pressure of 
one hand. No further examination was made during 
the war, but in 1919 it was decided to construct a steel 
coffer-dam around the south pier for the purpose of 
examining the condition of the piles and the state of 
the foundation. British steel piling, of 8 in. by 
5 in. by 28-lb. section, was used, a special pile-driving 
frame being necessary on account of the confined 
working space available. 

Inspection shafts were then cut through the base of 
the pier at six points in order to obtain further infor- 
mation as to the condition of the underlying mud. 
On the north side of the pier, these shafts showed that 
the amount and disposition of the mud was fairly 
uniform along the length of the pier; against the steel 
piles of the coffer-dam it extended to a depth of about 
16 ft. below low water, sloping up from this point and 
running out at about 15 ft. from the coffer-dam. 
On the south side, the shafts showed sand immediately 
under the concrete. 

Underpinning of the foundations with concrete was 
commenced at the north-west corner in_ sections 
corresponding with the spacing of the piles, the 





* Abstract of a paper to be read before the Institution 





of Civil Engineers on Tuesday, January 12. 
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shuttering being fixed behind the piles. At a depth of 
16 ft. 6 in. below low water, a strong foundation of 
clay was obtained against the steel sheeting; this 
was stepped up under the pier to correspond with the 
rise of the clay to the south. 

Experience having been obtained by making the 
support just mentioned, and the condition of the mud 
and the underlying strata being now known, the 
general underpinning of the pier proceeded. On the 
north side of the foundation, the underpinning was 
carried to a depth of 16 ft. 6 in, below low water, 
but on the south side a sound foundation on strong 
clay was obtained at a depth of 12 ft.9 in. below low 
water, and suitable steps were made from one side to 
the other to correspond with the slope of the clay. 
The whole of the timber work in the foundation, 
comprising sheeting piles, king piles, bearing piles, 
crowns, and double 3-in. decking, was in excellent 
condition. 

The excavation was carried out through the shafts, 
small hand buckets being used to pass the material 
up the shaft to a skip on the base of the pier, the latter 
being handled by crane mounted on an overhead stag- 
ing. The concrete used in underpinning was 1: 2:4 
mixture, the material used being screened river gravel. 
It was important to secure a sound joint between the 
new concrete of the underpinning and the old concrete 
of the foundation, and this was effected by grouting 
under compressed air. Channels were formed at the 
top of the concrete underpinning by means of a 2-in. 
pipe which was withdrawn before the concrete had 
ully set. The grouting-pipe was connected to these 
channels, and grout was forced in until the resistance 
offered to the pressure indicated. that a sufficient 
quantity had been inserted. 

On completion of the underpinning, the steel coffer- 
dam was cut off by means of oxy-acetylene plant, the 
cut-off level ranging from 1 ft. 9 in. to 2 ft. 6 in. above 
Jow water, and finished with an apron of 3-to 1 concrete, 
made with }-in. crushed whinstone. An examination 
was made of the foundations of the north and centre 
piers by means of steel shafts which were bolted 
down to the base of the pier and carried up above 
high water. These shafts had a working chamber 
at the bottom 4 ft. by 3 ft. to accommodate two 
men, who cut through the base of the pier. There 
was no sign of removal by scouring of the sand under- 
lying the bed of concrete which surrounds the top of 
the piles of the centre pier, and it was possible to make 
an examination 7 ft. or 8 ft. below low water without 
the use of air pressure. No repairs were found 
necessary for the foundations of this pier. 

In the north pier it was not possible to get to the 
underside of the concrete without the use of com- 
pressed air; the shaft was therefore fitted with an 
air-lock, the pressure required being 8 lb. per square 
inch at high water. There was evidence of a slight 
displacement of material immediately under the 
concrete in the south face of the pier, that is, the 
channel side, but not sufficient to affect in any way its 
stability. In order to prevent any further washing 
out of the sand the pier was surrounded by steel 
sheeting of the same section as that used at the south 
pier, the top being finished off with a concrete apron. 





THE Motor-Surp ‘‘ MyrtLeBaNnK.’’—Built by Messrs. 
Harland and Wolff, Limited, Govan, the motor-ship 
Myrtlebank was recently delivered to her owners, Messrs. 
Andrew Weir and Co. (Bank Line, Limited). We 
gave a brief description of this vessel in our issue of 
November 13, last, on page 601. 


PERSONAL.—Messrs. the Birmingham Small Arms 
Company, Limited, have entered into an agreement 
with Messrs. Standard 'felephones and Cables, Limited, 
whereby the developments of the latter company in 
connection with radio-broadcast receiving apparatus 
will operate for both companies. A new company has 
heen formed under the name of B.S.A. Radio, Limited, 
which company will market the new B.S.A. products.— 
Messrs. F, Gilman (B.S.T.), Limited, pneumatic engineers, 
Grange Works, Grange-road, Smethwick, have purchased 
the business hitherto known as Messrs. G. F. Clements 
and Co., Smethwick, manufacturers of boiler-scaling 
tools.—We have been informed by Mr. R. P. Sloan, the 
chairman and managing diretor of the Newcastle-upon- 
Tyne Electric Supply Company, Limited, that Mr. H. A. 
Couves, M.I.E.E., has been appointed general manager 
of that company, and of certain of its associated com- 
panies.—Messrs. The Gear Grinding Company, Limited, 
Handsworth, Birmingham, have completed arrangements 
by which a gear-grinding company has been established 
in Milan, Italy. This company will be known as the 
Societa Italiana Rettifica Ingranaggi (S8.I.R.I.).—Mr. 
A. G, Clausen has joined the staff of Messrs. Hal Williams 
and Co., consulting engineers and factory architects, 
and will assist them more particularly in the refrigeratin 
side of their business.—Messrs. Lehmann, Archer an 
Co., Limited, 5, Farringdon-road, London, E.C.1, have 
been appointed sole concessionnaires, for Great Britain 
and Ireland, for all the standard products of Messrs. 
C.A.V. Small Tools, Limited, including Wade lathes and 
acceseories. 
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NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—New business in the Welsh coal 
trade has been retarded since the holiday by the effects 
of the stormy weather. Shipping has been thrown 
out of position with the result that the arrangements 
of colliery owners and shippers have been disorganised 
and the regular working of the pits imperilled. Though 
fairly well sold on paper, the non-arrival of expected 
tonnage has made it necessary for colliery companies 
to seek an immediate outlet for current production. 
Prospective buyers, in the circumstances, have hesitated 
to commit themselves, and followed a waiting policy 
so as to secure the full advantage of the concessions 
offered for quick shipment. Best Admiralty large coal 
ruled from 22s. 6d. to 23s., with seconds from 21s. 6d. 
to 22s. 6d., while Monmouthshires were relatively 
steady at 18s. 6d. to 20s. Dry large has been neglected 
with the bests from 21s. 6d. to 22s., and ordinary grades 
from 20s. to 21s. Smalls have been very erratic and 
generally weaker on the basis of lls. 6d. to 12s. for 
the best bunker descriptions, 10s. 6d. to lls. for good 
bunkers, and 9s. 6d. to 10s. for cargo sorts. In the 
past week, 384,150 tons of coal were exported foreign 
as cargo from South Wales, compared with 263,230 tons 
in the preceding holiday week, and 301,830 tons in the 
corresponding period of last year. Shipments from 
Cardiff amounted to 238,430 tons, against 164,760 tons 
in the previous week ; from Newport 41,850 tons, against 
36,740 tons; from Swansea 62,770 tons, against 30,170 
tons; from Port Talbot 36,820 tons, against 25,170 tons; 
and from Llanelly 4,280 tons, against 6,390 tons. Of 
last week’s total 50,210 tons were despatched to the 
Argentine, 27,000 tons to Brazil, 49,200 tons to Egypt, 
61,170 tons to France, 19,800 tons to Greece, 41,530 tons 
to Italy, and 32,150 tons to the United States. 


Dry Dock Fusion.—The scheme for the fusion of the 
Mountstuart Dry Docks and Shearmans, Limited, and 
Messrs. Elliot and Jeffery, Limited, was agreed to 
by meetings of the shareholders held at Cardiff on 
Monday. Proposals for the reduction of the capital 
by reducing the lJ. shares to 10s. shares were also 
adopted, and Mr. J. Elliot was appointed managing 
director, and will be elected chairman at the confirmatory 
meeting to be held this month. Mr. Thomas Elliot 
was elected a director of the company. 


Iron and Steel——Exports of iron and steel goods in 
the past week amounted to 13,534 tons, of which 5,121 
tons consisted of tinplates and terneplates against 
4,21} tons in the previous week, 4,681 tons of black- 
plates against 941 tons, 1,436 tons galvanised sheets 
against 5,931 tons, and 2,296 tons of other iron and 
steel goods against 1,084 tons. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel——Resumption of production at the 
Sheffield and district steel and engineering works finds con- 
ditions much as they were before the holiday shut down. 
During the interim, there have been numerous inquiries, 
The bulk of these have been in respect of tools and small 
implements, and are regarded mainly as feelers from the 
price standpoint. What proportion of actual contracts 
will materialise from them remains to be proved. A few 
useful inquiries have also been received in respect of 
heavy products. These again, however, are at cut 
prices, and, having regard to the large amount of idle 
or semi-idle plant that has to be maintained, offer little 
prospect of remunerative working. There is hope of 
improvement in business in steel plates, which for some 
time has been depressed. The current demand for boiler 
plates, and for boilers complete, tends to improve, except 
so far as Lancashire cotton trade requirements are 
concerned. Makers of railway furnishings are operating 
at full capacity on substantial order books. An en- 
couraging development, which eventually should mean a 
great deal more work for steelmakers, is that in their new 
contracts the London and North Eastern Railway Com- 
pany specify that all supplies must be of British manufac- 
ture and, what is more important, from steel of British 
manufacture throughout. This means that no more 
semi-manufactured material from the Continent can 
be employed in supplies to this company. More 
active conditions at the steelworks, in consequence of this 
development, are expected to recompense the railway 
company for the increased cost in which they may be 
involved by this patriotic action. It is anticipated that 
other British railway companies will follow suit. 


South- Yorkshire Coal Trade.—New business is coming 
forward more freely now that the holiday influence has 
been removed. House-coal pits have managed to wipe off 
a considerable portion of arrears resulting from railway 
congestion. The Metropolitan and country districts 
continue to be big buyers of best grades. Secondary grades 
have indirectly benefited, being firmer at recent rates. 
Virtually the whole of the output of steam fuel is going 
away under contract to inland and export buyers. 
Surpluses have been reduced by restriction of colliery 
working. There is a steady demand for all classes of 
washed fuels. Forward business is limited pending a 
clearer indication of future values. Quotations :— 
Best branch handpicked, 31s. to 34s.; Barnsley best 
Silkstone, 28s. to 30s.; Derbyshire best brights, 26s. to 
27s. 6d.; Derbyshire best house, 24s. to 25s. ; Derbyshire 
best large nuts, 17s. to 20s.; Derbyshire best small nuts, 
12s. 6d. to 14s.; Yorkshire hards, 16s. 6d. to 19s. 6d. ; 
Derbyshire hards, 16s. to 19s.; rough slacks, 10s. to 
12s. 6d.; nutty slacks, 7s. 6d. to 9s. ; smalls, 3s. 6d. to 6s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLesBRroucnH, Wednesday. 


The Cleveland Iron Trade.—Continued activity in 
Cleveland pig-iron promises to result in further upward 
movement in prices, particularly as the shortage of 
supply is becoming more acutely felt, and at present 
increase of output does not seem likely. Complaint is 
still heard that market quotations are altogether un- 
remunerative to producers, and so long as this is the 
case firms cannot be expected to kindle idle furnaces. 
Home needs are on a scale practically sufficient to 
take up the limited output, so that the trifling demand 
for despatch to customers overseas is causing no uneasi- 
ness. For home consumption, No. 1 is 71s.; No. 3 
g.m.b. 68s. 6d.; No. 4 foundry, 67s. 6d.; No. 4 forge, 
66s, 6d.; and mottled and white iron each 66s, Export 
prices are sixpence above the foregoing figures. 


Hematite——Scarcity of East-Coast hematite is acute, 
and is causing inconvenience to customers. Home and 
foreign buyers continue much in evidence, and values 
show a marked upward tendency. It is practically 
impossible to make purchases for prompt delivery. 
Both for home use and for shipment abroad, Nos. I, 
2 and 3 are quite 77s., and No. 1 is quoted 77s, 6d. 

Foreign Ore.—There is little doing in imported ore, 
but sellers take a firm stand, and anticipate renewal of 
buying in the near future. Best rubio is 21s. to 21s. 6d., 
c.if. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is in 
considerable request for local use, and good average 
qualities realise 22s. 6d. delivered here. 


Manufactured Iron and Steel.—Inquiries for manu- 
factured iron and steel are expanding, and whilst prices 
have not, as yet, been quotably advanced, upward 
movements in one or two departments would cause no 
surprise. Common iron bars are 11. 5s.; iron rivets, 
127. 15s.; packing (parallel), 8/.; packing (tapered), 
111; steel billets (soft), 7/.; steel billets (medium), 
71. 10s.; steel billets (hard), 81. 2s. 6d.; steel ship, bridge 
and tank plates, 71. 5s.; steel angles, 6/. 17s. 6d. ; steel 
rivets, 12/7. 10s.; steel joists, 61. 17s. 6d.; heavy steel 
rails, 8/.; fish-plates, 12/.; and galvanised corrugated 
sheets (24 in. gauge, in bundles), 177. 


Shipments of Iron and Steel_—December shipments 
of iron and steel from the Tees amounted to 89,401 tons. 
The total clearances for the year 1925 reached 999,045 
tons, comprising 371,666 tons of pig-iron and 627,379 
tons of manufactured iron and steel. Of last year’s 
loadings of pig-iron, 168,764 tons went coastwise and 
202,902 tons went abroad; and of those of manufac- 
tured iron and steel 178,340 tons went coastwise, and 
449,039 tons went abroad. Last month’s shipments 
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were composed of 37,196 tons of pig-iron, 2,662 tons of 
manufactured iron, and 49,543 tons of steel. Of Decem- 
ber despatches, 14,911 tons of pig-iron went coastwise, 
and 22,285 tons went abroad ; 504 tons of manufactured 
iron went coastwise, and 2,158 tons went abroad ; 
and 7,676 tons of steel went coastwise, and 41,867 tons 
went abroad. The principal customers last month were 
Scotland for pig-iron, with an importation of 12,803 tons ; 
the Cape for manufactured iron, with 1,010 tons; and 
India for steel, with 9,449 tons. 





NOTES FROM THE NORTH. 

Guiascow, Wednesday. 

Scottish Steel Trade,—With the steel works still closed 
for holidays, there is little fresh to report in connection 
with the industry. Consumers are not yet in the market, 
and very few inquiries have come to hand, so that the 
outlook has not improved. In surveying the state of 
the trade during the past year, it cannot be considered 
as other than extremely disappointing. A year ago 
we were all hoping for a return to better conditions, but 
unfortunately, the tide never turned in our favour, 
and we now find things worse, if anything, than they 
were at this time last year. Not only did prices decline 
steadily over the period under review, but the demand 
was smaller and foreign competition much keener during 
most periods of the year. The following comparison of 
prices is interesting :— 


Dec. 31, Dec. 31, 
1924, 1925. 


Boiler plates eve, ene lll. 

Ship plates vee OO ¥Ga. 71. 108, to 71. 12s. 6d. 
Sections . sca Oe AOS. 7l. to 71. 28. 6d. 
Sheets, # to fin.... 11. 5s. 91. 28. 6d. to 91. 5s. 


In the month of March, a reduction of 5s. per ton was 
made in prices, but that brought out little fresh business, 
and in April it was agreed to “free prices,” except for 
boilers plates, which were still-to remain under control. 
The new prices failed to stimulate dealings because of 
the foreign competition. which had increased, and because 
of the difficulty shipbuilders had in securing new con- 
tracts. The lower prices now ruling have helped to keep 
down the import of Continental steel to some extent 
recently, and although the home price for ship plates 
is still higher, the matter of quick delivery means much 
to the consumer who does not desire to carry a heavy 
stock at the present time. With regard to the current 
prices, however, not only are they lower than a year ago, 
but the costs of production have risen considerably. The 
local makers are now in the unenviable position of not 
only having no profits on their output, but a decided loss. 
Such a state must come to an end sooner or later, and 
grave consideration is being given to the matter. All 
might be well if the prospect for this year looked favour- 
able, but there seems no gleam of hope at the moment. 


Black-Sheet Trade,—In the black-sheet trade, a fairly 
good state ruled for the lighter gauges, but the heavier 
sorts have been in poor request for the major part of 
the past year. Quite recently the producers of light 
sheets and galvanised sorts could boast of being booked 
three months ahead. Active conditions rule all round, 
and the demand for the latter kinds seems likely to 
continue. The prices now ruling are as follow :—Sheets, 
17 to 20 gauge, 111. 10s. per ton; 21 to 24 gauge, 
11l. 15s. per ton; and 25 to 27 gauge, 131. per ton. 


Malleable-Iron Trade.—In the West of Scotland malle- 
able-iron trade, a very poor year came to a close on 
December 31 last, and few were sorry. The demand 
during the twelve months was far from encouraging, and 
at no period was there experienced any pressure for 
supplies. During the year prices were marked down 
15s. per ton, and now stand at I1/. 5s. per ton for 
“Crown” bars. In the steel re-rolling branches, busi- 
ness was fairly good overall, but competition has latterly 
been very keen. 'The low prices asked for steel bars have 
been all against the demand for iron bars, but there are 
prospects of the latter coming into their own again 
and of an improvement taking place in the near future. 


Scottish Pig-Iron Trade.—The year 1925, like the pre- 
vious year, was a most unhappy one for the Scottish 
pig-iron maker. The demand was poor ail the year, 
and prices never marked even one advance. General 
dull trade was perhaps the main factor, but the import 
of foreign and Colonial iron also had a bad effect. A 
number of shipments came from India, and after all 
charges were paid, the price delivered here was a little 
below the local quotation. The furnaces in blast were 
steadily reduced, but in spite of this stocks accumulated. 
Towards the end of the year there was a feeling that the 
corner was turned, or was just about to be, and that we 
were on the eve of better times, but at the moment it 
is difficult to believe that, although we are hopeful that 
a steady improvement is at hand, 

Hematite iron throughout the past year was in very 
poor demand and prices were unsatisfactory. The latter 
kept on the decline all the time, and the current price 
is 77s, 6d. per ton delivered at the steel works. The 
output was curtailed, and even with that stocks have 
been heavy. At the close of the year, the number of 
furnaces in blast was only eight. The outlook for 1926 
is very doubtful, but some are of the opinion that an 
early improvement will take place. 





METRIC-EQUIVALENT TAaBLES.— We have received a 
folder containing 30 useful metric -equivalent tables, 
prepared from official figures, and published by Messrs. 
The Central Translations Institute, Limited, 808, 
Salisbury House, London Wall, F.C.2. The price of 


NOTICES OF MEETINGS. 


THe INSTITUTION OF MECHANICAL ENGINEERS.— 
To-night, at 6 p.m., at Storey’s Gate, S.W.1. Extra 
General Meeting. Third Report of the Marine Oil- 
Engine Trials Committee. Monday, January 11, at 
7 p.m., Graduates Section. ‘‘ The Reduction of Factory 
Costs,”’ by Mr. E. H. Lewis, M.Sc. Friday, January 15, 
at 7 p.m., Informal Meeting. ‘‘ Novelties at the 1925 
Engineering Exhibitions.” 

THE JuNIoR InstITUTION OF ENGINEERS.-—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. ‘‘ Notes on 
Salesmanship,” by Mr. A. J. Simpson. Thursday, 
January 14, at 1.45 p.m. Visit to the Tobacco Factory 
of Messrs. Carreras, Limited, City-road, E.C. Friday, 
January 15, at 7.30 p.m. ‘The Commercial Side of 
Foundry Work,” by Mr. J. Wolstenholme. 

THE Socrety or CHEmIcAL INDUSTRY: CHEMICAL 
ENGINEERING GrovuP.—To-night, at 8 p.m., at the 
Chemical Society, Burlington House, Piccadilly, W.1. 
‘**'The Manufacture of Hydrogen suitable for the Hydro- 
genation of Oils,”” by Mr. A. Edgar Knowles. “ The 
Production of Hydrogen by Micro-Organisms,’ by 
Dr. A. C, Thaysen. 

THE IystiTUTION oF MuNICcIPAL AND County EN- 
GINEERS: YORKSHIRE District.—Saturday, January 9, 
at 2.30 p.m., at the Town Hall, Huddersfield. General 
Meeting. 

THe InstTiItTuUTE oF TRANSPORT: NoRTH-EASTERN 
LocaL SEectTion.—Saturday, January 9, at 3 p.m., at the 
Town Hall, Newcastle-upon-Tyne. “Some Financial 
and Political Aspects of Highway Development,” by 
Mr. A. Hacking. ‘ 

THE INSTITUTE OF BRITISH FOUNDRYMEN: LANCA- 
SHIRE BrRaANCcH.—Saturday, January 9, at 4 p.m., at the 
College of Technology, Manchester. ‘‘ Liquid Shrinkage 
in Grey Iron,” by Mr. J. Longden. 

THe Institution oF ELECTRICAL ENGINEERS: 
WESTERN CENTRE.—Monday, January 11, at 6 p.m., at 
the Hotel Metropole, Swansea. Annual Dinner. Address 
by the President, Mr. R. A. Chattock. 

THe IwnstTITUTION OF AUTOMOBILE ENGINEERS: 
BIRMINGHAM CENTRE.-—Monday, January 11, at 7 p.m., 
at the Chamber of Commerce, New-street, Birmingham. 
** The Elimination of Noise in the Motor Cycle,” by Mr. H. 
Briggs. 

THe InstiruTion oF ELECTRICAL ENGINEERS.— 
Monday, January 11, at 7 p.m., at the University College, 
Gower-street, W.C.1. Informal Meeting. Discussion on 
‘* The Electrical Installation at the Rockfeller Building, 
University College,’’ opened by Mr. W. C, Clinton, B.Se. 

THE INSTITUTION OF ELECTRICAL ENGINEERS: SOUTH 
MIDLAND StTupEnts’ Section.—-Monday, January 11, at 
7 p.m., at the Birmingham Temperance Hall, Temple- 
street, Birmingham. Exhibition of Technical Films. 

THE INSTITUTION OF ELECTRICAL ENGINEERS: NORTH 
EASTERN CENTRE.—-Monday, January 11, at 7 p.m., at 
the Armstrong College, Newcastle-on-Tyne. Informal 
Discussion on “ Switchgear for Large Power Stations,” 
opened by Mr. L. E. Mold and Mr. A, G. Shearer. 

THE BRapFoRD ENGINEERING Socrety.—Monday, 
January 11, at 7.30 p.m., at the Technical College, 
Great Horton-road, Bradford. Lecture, ‘‘ Mechanical 
Boiler Flue Cleaning,” by Mr. R. Gallaher. 

Tue InstituTE oF METALS: ScorrisH LocaL SECTION. 
—Monday, January 11, at 7.30 p.m., at the Institution 
of Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. ‘The Mechanical Properties of 
Non-Ferrous Metals and Alloys at High Temperatures,” 
by Professor F. C. Thompson, D.Met., B.Sc. 

Tue Surveyors’ InstituTIon.—Monday, January 11, 
at 8 p.m., at Great George-street, S.W.1 ‘* Recent 
Forestry Development,” by Mr. W. L. Taylor. 

Tue INSTITUTION OF PETROLEUM TECHNOLOGISTS,— 
Tuesday, January 12, at 5.30 p.m., at the Royal Society 
of Arts, John-street, W.C.2. ‘‘ The Vapour Pressures of 
Fuel Mixtures,”” Part II., by Mr. J. Stanley Lewis. 
Discussion on “The Estimation of Unsaturated and 
Aromatic Hydrocarbons,”’ by Professor J. 8. 8. Brame. 
Tue InstiTuTION oF Civi. ENGINEERS,—Tuesday, 
January 12, at 6 p.m., at Great George-street, S.W.1. 
Ordinary meeting. Paper submitted for discussion, 
“High Level Bridge, Newcastle-upon-Tyne: Under- 
pinning and Repair of Foundations of River Piers,” by 
Mr. Cyril Francis Bengough, M.Inst.C.E. Wednesday, 
January 13, at 6 p.m., Informal Meeting. ‘‘ The Testing 
and Examination of Materials for Railway Construc- 
tion,” introduced by Mr. Frederick James Paice. 

Tue InstrruTeE oF MARINE ENGINEERS.—Tuesday, 
January 12, at 6.30 p.m., at 85-88, The Minories, Tower- 
hill, E.1. “ Lubrication,” by Mr. Stanley E. Bowrey, B.Sc. 
Tue INSTITUTION OF ELECTRICAL ENGINEERS: NORTH 
MIDLAND CENTRE.—Tuesday, January 12, at 7 p.m., at 
the Hotel Metropole, King-street, Leeds. ‘* Invention and 
Patents,” by Mr. W. E, Burnand. 

Tue INstTITUTION OF ELECTRICAL ENGINEERS: Scor- 
TISH CENTRE.—Tuesday, January 12, at 7 p.m., at the 
North British Station Hotel, Edinburgh. ‘*‘ Electricity 
Supply Tariffs,” by Mr. H. M. Sayers. 

THe INstTITUTION OF AUTOMOBILE ENGINEERS: 
CoveNtTRY CENTRE.—Tuesday, January 12, at 7.30 p.m., 
at the Broadgate Café, Coventry. ‘* Logie Applied to 
Failures,’ by Mr. J. D. Parkes. 

TxeE InstiTUTION OF ELECTRICAL ENGINEERS: NORTH 
WeEsTERN CENTRE, STUDENTS’ SECTION.—Tuesday, 
January 12, at 7.30 p.m., at the Milton Hall, Deansgate, 
Manchester. ‘‘ Thermal Protective Devices,” by Mr. 





THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanp.—Tuesday, January 12, at 7.30 p.m., at 39, 
Elmbank-crescent, Glasgow. ‘Failure of Metals by 
Creep,” by Professor William Kerr, Ph.D. 

THE PoptaR ScHooL oF ENGINEERING: OLD Boys’ 
Socrety.—Tuesday, January 12, at 7.45 p.m., at the 
School of Engineering, High-street, Poplar, E.14. “‘ The 
Tower Bridge, its History, Construction and Erection,” 
by Mr, N.S. Williams. 

THe Royat AgErRonauticaL Society. — Tuesday, 
January 12, at 8.30 p.m., at the Science Museum, South 
Kensington, 8.W.7. Conversazione, 

Tue INstiruTIOoN oF MuNIcIPAL AND County ENGI- 
NEERS : SOUTHERN DisTRICcT.—-Wednesday, January 13, 
at 11 a.m., at the Town Hall, Swindon, General Discus- 
sion, at 2 p.m. Visit to Great Western Railway Works 
at Swindon. 

THE INstiTUTION oF ELECTRICAL ENGINEERS: SouTH 
MIpLAnD CEenTRE.—Wednesday, January 13, at 7 p.m., 
at the University, a “The Power Losses 
in Magnetic Sheet Material at High Flux Densities,”’ 
by Mr. C, E. Webb. 

THE Association OF ENGINEERING AND SHIPBUILD- 
ING DRAUGHTSMEN: BIRMINGHAM AREA TECHNICAL 
CoMMITTEE.—Wednesday, January 13, at 7.30 p.m., 
at the Chamber of Commerce, New-street, Birmingham. 
** Springs,” by Mr. J. Mitton. 

THE INSTITUTION OF ENGINEERS-IN-CHARGE.—Wednes- 
day, January 13, at 8 p.m., at St. Bride Institute, Bride- 
lane, Fleet-street, E.C.4. ‘‘ Industrial Economics,” by 
Mr. J. W. L. Rowe. 

THE INSTITUTION OF CHEMICAL ENGINEERS.—Wednes- 
day, January 13, at 8 p.m., at the Chemical Society, 
Burlington House, Piccadilly, W.1. ‘‘ A Critical Review 
of Published Experiments in Filtration,” by Mr. A. J. V. 
Underwood, M.Se. ‘‘ Tube Mill Grinding—with Special 
Reference to Grinding in a Current of Air,” by 
Geoffrey Martin, Ph.D., F.1.C. , 

THE INSTITUTION OF CIVIL ENGINEERS: YORKSHIRE 
ASSOCIATION.—Thursday, January 14, at 7.30 p.m., at 
the Hotel Metropole, Leeds. ‘‘ Recent Developments in 
Centrifugal Pumps for Waterworks, Sewage and other 
Purposes,”’ by Mr. F. Kennerley Preston. 


THE INsTITUTE OF PATENTEES.—Thursday, January 
14, at 8 p.m., at the Old Colony Club, Aldwych House, 
Kingsway, W.C.2. Lecture, “‘ Popular Fallacies Con- 
nected with Engineering and Science,’”’ by Mr. A. 8. E 
Ackermann. 

THe InstiruTion oF MunNIcIPAL AND CouNTY 
ENGINEERS ; METROPOLITAN Districr. — Friday, 
January 15, at 6.30 p.m., at the Middlesex County Hall, 
Westminster, S.W.1. ‘‘ Notes on Roadway Paving 
Policy and Maintenance for Modern Traffic Conditions,” 
by Mr. Osmond Cattlin, M.Inst.C.E. ‘‘ Housing and 
Maintenance,” by Mr. E. 8. Moule. 

Tue Instirure or Metats: Swansea Loca SEc- 
TION.—Friday, January 15, at 7.15 p.m., at the Univer- 
sity College, Singleton Park, Swansea. “The Wire- 
Drawing Process,”’ by Professor F. C. 'Thompson, D.Met. 

THE MANCHESTER ASSOCIATION OF ENGINEERS.— 
Friday, January 15, at 7.15 p.m., at the Engineers’ 
Club, Albert-square, Manchester. ‘The Value of 
Research in the Production of Castings,’’ by Mr. J. G, 
Pearce, B.Sc. 

THe InstTiTuTION OF ENGINEERING INSPECTION.— 
Friday, January 15, at 7.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. ‘* The Character- 
istics of Electric Lamps in Relation to their Testing,” by 
Mr. B. P. Dudding and Mr. G. T. Winch. 

Tue Institute oF METALS: SHEFFIELD LocaL 
Section.-Friday, January 15, at 7.30 p.m., at the Uni- 
versity, St. George’s-square, Sheffield. “‘The Early 
History of Gold,” by Professor C. H. Desch, F.R.S. 

THe Ramway Cius.—Friday, January 15, at 7.30 
p.m., at 65, Belgrave-road, 8.W.1. ‘* Railway Signalling 
from a Traflic Point of View,” by Mr. B. Wagenrieder. 


THE INSTITUTE OF BRITISH FOUNDRYMEN: LANCA- 
SHIRE BRANCH, JUNIOR SECTION.—Saturday, January 16, 
at 7 p.m., at the College of Technology, Sackville-street, 
Manchester. ‘‘ Factors that Constitute Problems in 
the Iron Foundry,” by Mr. 8. G. Smith, 





OutTeuT OF MACHINERY FOR THE YEAR 1925.—Messrs. 
the Central Marine Engine Works, West Hartlepool, 
have constructed the propelling machinery of 12 ships 
during the year 1925. These 12 sets of machinery 
comprise 10 sets of triple and two sets of quadruple 
expansion engines, having an aggregate i.h.p. of 
36,980; the largest of these sets was supplied for the 
s.s. Quiloa. It had an i.h.p. of 6,910. In addition 
to the output of propelling machinery, a number of 
marine boilers, forged stern frames, rudders, stembars 
and drop forgings have been made. A large number of 
“ Cmew ” steamship auxiliaries have also been supplied. 





New Lonpon RatLway Map.—A useful new map 
of London and its environs, showing the area served 
by the constituent lines of the London, Midland 
and Scottish Railway, has just been issued. Mounted 
on stout cardboard and varnished, the map is intended 
to be hung on the walls of offices and warehouses. The 
area covered stretches from Wembley to. Barking, and 
from Peckham to Tottenham; it’ is, served by some 
75 depots and stations. The nature of the accommo- 
dation and the facilities available at each depot are 
also indicated. Copies of the map may be obtained 
on application to the offices of the L.M. and 8. Railway, 








the folder is 6d, net. 


E, G. Scott. 


13, Aldersgate-street, London, E.C.1. 
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CONTROL GEAR OF 1,130 H.P. FREIGHT LOCOMOTIVE; LAPLAND RAILWAY. 
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THE TRANSPORT AND SHIPMENT 
OF COAL. 

Ln recent weeks a good deal has been heard again 
about the cost of transporting and shipping coal 
in this country, as a result of the evidence given 
by various parties before the Coal Commission. 
Although this may have been a convenient means 
of bringing facts forward, the Commission is 
supposed to have spent some time before opening 
its inquiry, in going into data previously available. 
We fancy if they have dipped deep enough into 
the past they can hardly have failed to find numbers 
of records of arguments in this connection in favour 
for instance, of a large coal wagon, and of the 
abolition of the private owner wagon. These 
subjects occupied the Commission for several days 
recently, and though in some cases the facts were 
stated differently there was no departure from 
underlying economics, and the evidence of Mr. W. T. 
Stephenson, Sir Ralph Wedgwood and others, 
given only two or three weeks ago, is in agreement 
with the facts brought out, say, by Sir John 
Aspinall, in his James Forrest Lecture of 1922, 
or in such papers as those read by Mr. Gresley or 
Mr. Kelway Bamber, before the Institute of 
Transport. 

In his lecture in 1922 Sir John Aspinall, who, 
be it remarked, was not then directly engaged in 
such matters, drew attention to the advantages to 
be secured by increasing the size of wagons engaged 
in the coal traffic to shipping ports. He pointed 


‘lout the magnitude of this traffic, and the effect 





of even small economies in it, and the savings to 
be anticipated after allowing for necessary altera- 
tions to the coaling appliances at the docks. All 
who remember this lecture must have been interested 
in the paper read by Mr. John Auld before the 
Institute of Transport on Monday last, as it bore 
upon the same question. The subject of this paper 
was “Recent Developments in the Shipment of 
Coal at South Wales Ports,” and it formed a very 
interesting review of developments along the lines 
suggested in Sir John’s address, and better capable 
of introduction since amalgamation, than was 
formerly the case. Instead of a large number of 
dock authorities with a variety of standards and 
coaling arrangements, the whole of the coal shipping 
trade in South Wales now comes under the Great 
Western Railway, and Mr. Auld’s paper was mainly 
concerned with showing how energetically this 
company is endeavouring to bring order out of 
something which must have been akin to chaos. 

Very many years ago the North Eastern Railway 
Company moved in the direction of the 20-ton 
wagon. Its efforts were attended by success, 
owing to the fact that the railway itself owned 
most of the wagons used in the Durham and North- 
umberland coal traffic. In the South Wales district 
the Great Western did not possess such an advan- 
tage, and though the company owns 1,000 20-ton 
wagons and gives a rebate on the charges for 
shipments in wagons of this size, the smaller type 
of wagon still continues, we believe, to be built 
by colliery owners, &c. 

It is extraordinary in these days when costs have 
to be reduced to the lowest level, to make business 
worth while at all, that so little enterprise should 
be displayed to meet the situation. For many 
years we have watched coal shipping countries 
abroad developing their resources, and our country 
has been content to stand and look on, merely 
passing the comment that such and such methods 
are not for us. It may be, indeed, a long and almost 
impossible step to the 120-ton cars used, for instance, 


60| on the Virginian system for shipping coal to tide- 


water in trains which have run at times to 13,000 tons, 
but even the saving realisable by the use of a 20-ton 
wagon is appreciable, and has time after time been 
put forward here. We need not refer in detail to 
the directions in which gain is to be secured. They 
have been cited so often. They embrace, however, 
saving in tare, and therefore greater paying load ; 
saving in length, and therefore enhanced siding 
capacity ; saving in capital cost, saving in haulage 
and saving in shunting. At the docks the saving 
in speed of handling and tipping is material, to the 
great advantage both of the port and the shipping. 
The Great Western Railway is acting, we consider, 
very wisely in converting its dock equipment to 
take the larger wagon and the coal trade, which 
is lamenting the loss of much of its export business, 
and the unremunerative character of the rest, 
would be well advised to co-operate in the move- 
ment. 

If we wish to compete successfully in the world’s 
markets our trade customs must, it seems to us, 
conform to methods which will result in a suitable © 
selling price. Colliery-to-port traffic lends itself 
especially well to transport in large units. Indeed, 
the railway systems which have taken the matter 
up here would appear to have shown great restraint 
in stopping short at the 20-ton unit. This is very 
largely a concession to the collieries, most of which 
can work this type of wagon without too much in 
the way of alteration. It is the largest wagon 
capable of running on four wheels. Difficulties are 
always raised when changes are forced upon people 
by the exigencies of the times; but, when trade 
is far from flourishing, one would think that anyone 
with something to sell would be only too anxious 
to take advantage of any possible economies such 
as follow from the Great Western rebate system. 
There was agitation formerly when the general 
traders’ wagon capacity was raised from 8 tons 
to 10 tons, and again from 10 tons to 12 tons. Any 
progress in movement is bound to affect conservative 
persons, and the trouble increases if they think 
the major benefit to be anticipated may not fall to 
their own share. However, in the coal traffic, 
though it is distinctly to the advantage of the 
railways to handle port traffic in large units, the 
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collieries stand to gain by lower rates, and hence 
much better trade prospects. 

How easy it is to misinterpret arguments was 
well illustrated by the construction placed by 
Mr. Evan Williams upon the evidence given by 
Mr. W. T. Stephenson before the Commission. At 
the close of his examination as a witness, Mr. Wil- 
liams said that at Mr. Stephenson’s figures it 
would cost about 80 millions to replace existing 
stock by larger wagons. Mr. Stephenson had, 
of course, never suggested scrapping present stock, 
but, as an old railway man, realises that, with 
the average life of wagons such as it is, it would 
not take long to effect the change mainly by 
replacement as the present vehicles are worn out, 
though the work might be accelerated, It is 
unfortunate that such impressions as that which 
clearly Mr. Williams entertained should ever arise. 
Another type of statement likely to introduce 
undesirable bias into this subject is the reference 
by private owners to confiscation, Any idea of 
confiscation is unpleasant, and no one to our 
knowledge has ever suggested seriously that private 
owner wagons should be dealt with in this manner. 
Whatever views may be advanced by parties 
interested in the perpetuation of this undesirable 
system, there is no doubt that from the railway 
point of view the presence of some 700,000 wagons 
of this type, belonging to something of the order 
of 7,000 owners, who all require their particular 
wagons to be returned to their particular loading 
points, is a grave nuisance, such as would hardly 
be tolerated in any other country. But, if the day 
should ever come for the extinction of the private 
owner wagon to be practicable, we do not suppose 
that confiscatory methods will be advanced, any 
more than has been the custom here, for instance, 
in connection with the acquisition by the railway 
companies of land, or say by municipalities, of 
company-owned waterworks and electricity supplies. 





PATENTING OF CHEMICAL 
PRODUCTS. 

Ir is frequently desirable to know what protec- 
tion is available by way of patents for chemical 
products, both in this country and abroad. The 
position as regards Great Britain has materially 
changed since the Act of 1919 came into force. 
Before that time there was no restriction on the 
patenting of chemical products, provided an appli- 
cant were able to bring himself within the ordinary 
requirements for a patent, namely, that it must 
relate to a manner of new manufacture, and, 
therefore, be both something capable of being 
regarded as an invention and also something new. 
The Act of 1919 limited the protection available by 
providing that “ in the case of inventions relating 
to substances prepared or produced by chemical 
processes . . . the specification shall not include 
claims for the substance itself, except when pre- 
pared or produced by the special methods or pro- 
cesses of manufacture described and claimed or by 
their obvious chemical equivalents.” To assist 
the patentee a proviso was inserted, namely, that 
‘‘in an action for infringement of a patent where 
the invention relates to the production of a new 
substance, any substance of the same chemical 
composition and constitution shall, in the absence 
of proof to the contrary, be deemed to have been 
produced by the patented process.” 

To some extent where a patent is obtained for a 
process, it is unnecessary for any specific protection 
to be sought for the product, because it has long 
been held as axiomatic in British patent law that 
the most effective way in which an infringer can 
damage the owner of a patert for a process is by 
selling the product of the process in competition 
with the inventor. For this reason, British process 
patents may be regarded as covering the products 
of their processes, even though they may not speci- 
fically indicate this. In the application of the 
section of the Act of 1919 referred to above, the 
Patent Office deal with the matter very broadly 
in the sense that if a chemical substance is treated 
by a process which is not a chemical process, but 
may be, say, a physical process, the Patent Office 
will not permit the product resulting from this 
physical process to be protected specifically, except 
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in so far as protection is sought for a product made 
by the process described and claimed and not a 
product made by other processes. The ground on 
which the Patent Office acts is that the substance 
treated was in fact originally prepared by a chemical 
process and, therefore, must be regarded as coming 
within the Act. It is true that the Act permits 
the claim to extend to products made by obvious 
chemical equivalents of the process claimed, but 
British patent law has always conceded that the 
claim may be infringed by the obvious equivalents 
thereof, if they were known to be obvious equiva- 
lents at the date of the patent. 

In foreign countries the laws differ in many cases 
from the British law. Broadly speaking. it may be 
said there are three other types of laws dealing with 
the patenting of chemical products.' In the case 
of the United States of America, specific patents 
are allowed for products broadly independently of 
their method of manufacture, and in that country 
a process patent is not infringed by the sale of the 
product of the process. It is, therefore, very impor- 
tant for British inventors, where practicable in the 
United States, to obtain patents covering products 
as well as patents covering processes, to guard against 
infringement by importation of products into the 
United States from abroad. Similar remarks apply 
in respect of Canada. 

The next type of law is that of which an example 
is to be found in the German law. That law provides 
definitely that the products resulting from a process 
are automatically protected by the patent for a 
process. A similar law is in force, for example, in 
Holland. 

The third law to which reference may be made 
(this being more accurately a law for a particular 
country, rather than a typical law) is the law of 
Switzerland. This law provides that patents for 
inventions relating to the manufacture of chemical 
substances can only be granted when a single pro- 
cess, such as by the employment of clearly specified 
raw materials, results in a single substance. This 
law considerably hampers British manufacturers 
applying for patent protection in Switzerland, 
because it means that, assuming for the sake of argu- 
ment, a new process patented in Great Britain 
can be carried into effect in a large number of ways, 
of which perhaps say six are specifically mentioned 
in the specification, this can only be protected in 
Switzerland by a series of patents each dealing with 
the conversion of a single substance into a definite 
end product. The patenting of chemical products 
in different countries must, therefore. be carefully 
watched by those inventors who seek to obtain 
adequate protection for new products. 





BRITISH RAILWAY TRADE IN INDIA. 
As regular publications, the commercial and 
economic reports on overseas countries, which are 
issued from time to time by the Department of 
Overseas Trade, are a new feature in British com- 
mercial life, and constitute an addition to the 
sources of knowledge at the disposal of manu- 
facturers which will be of increasing value. One of 
the most recent refers to the important British 
trade in India,* and contains information and 
counsel regarding this great market for engineer- 
ing trades, which deserve the careful attention of 
British manufacturers. Its authoritative par- 
ticulars exhibit the market as possessing at the 
present time no less importance for engineers than 
in previous years, and the prospect of considerable 
increase. Though some ground has been lost, 
British manufacturers still hold a predominant 
share in many or most branches of engineering 
imports, in spite of administrative changes in the 
system of Government buying and of increasing 
competition. Thus far the effect of the report 
will not be found surprising. What, however, 
merits the closest attention is its account of the 
movements on foot in the country which threaten 
this predominance, and of the measures for pre- 
serving it that there is still time to take. 
In a few prefatory tables, contributed by the 





* Report on the Conditions and Prospects of British 
Trade in India (1924-25). By Thomas M. Ainscough, 
C.B.E., H.M. Senior Trade Commissioner in India and 


Director of Statistics, the report sets out some 
leading facts and figures in regard to the country 
and its trade. India, including the Native States, 
has an area of something short of two million 
square miles, and a population of over 300 million. 
In the year under notice, its imports and its exports 
were each well over 250,000,000/., the exports 
being some 10 per cent. greater than the imports. 
Of the imports, this country supplied some 54 per 
cent., as against 63 per cent. for the average of the 
years 1909-14. No other country’s percentage 
ran into double figures, but the shares of the 
United States and of Japan were, respectively, 
double and more than treble what they were before 
the war, while Germany had regained her full 
previous percentage. More than four-fifths of the 
exports were the products of agriculture. raw and 
manufactured. 

From a general review of the period, it appears 
that, like its predecessors, the year has been 
prosperous. Production and exports had shown a 
substantial increase, and though owing to the high 
price level of practically all imported articles, 
nothing like the same increase was shown in imports 
of merchandise ; the profits derived from the exports 
were put into gold and silver. Exchange had 
risen steadily during the first half of the year, and 
remained stable at about 1s. 6d. The financial 
situation of the Government, like the economic 
position of the country, was generally favourable. 
Internal dissensions in the Swaraj party and the 
persistent acuteness of Hindu-Moslem feeling had 
operated to clear the political atmosphere; and 
though all parties are anxious for increased self- 
government, it is realised that this can only be 
obtained by constitutional methods and co-operation 
with the Executive. It is thought, in fact, that 
there is little likelihood of an outburst of agitatior 
on a scale that would interfere with the recovery 
in trade. For the time being, indeed, the cotton- 
spinning and weaving industries, the coal industry, 
and most of the miscellaneous engineering works 
in India are acutely depressed, and the volume of 
imports has been restricted through accumulation 
of stocks and other circumstances. It is apparent, 
however, that in the generally favourable economic 
and financial conditions of the country, its:immense 
agricultural industry, large and increasing textile 
trade, its mining and engineering work, and the 
important development works in progress and in 
contemplation, must call in the early future for 
engineering manufactures on a large scale. 

The report deals with these subjects in con- 
siderable detail, from which only a few examples 
can be quoted. Among the subjects of most interest 
to many of our readers is the railway service. The 
cheapness of its rates is well known ; this in itself 
is an element of its commercial prosperity, of which 
the value must increase with the further develop- 
ment of Indian resources and trade. From the 
budget for 1925-26 it appears that the service is 
nevertheless—perhaps more correctly on _ that 
account—extremely profitable, the State surplus 
being estimated at some 7,500,000/., or approxi- 
mately 10 per cent. on the gross receipts. The 
report draws attention to the tar-reaching changes 
that are taking place in the method of purchasing 
railway materials, and to the need for “‘ increased 
efforts and greater vigilance’? on the part of 
British manufacturers “if they wish to maintain 
that predominant share in the supply of govern- 
ment stores ’’—including army as well as railway 
requirements—‘“‘ which has always been theirs in 
the past.” In connection with its policy of 
granting a preference in its purchases to articles 
manufactured or partly manufactured in India, 
the Indian Government is taking steps to develop 
the purchase of stores in the country as far as 
possible, and has recently created an Indian Stores 
Department in India, in order to assist in carrying 
out this policy. The report recommends all firms 
interested in the supply of stores to the Indian 
Government, to read the reports on this Department 
by the Chief Controller of Stores, Mr. J. S. Pitkeathly, 
which can be seen at the Department of Overseas 
Trade, 35, Old Queen-street, S.W.1, from which 
those to whom the institution of this body is known 
in general terms, may gather not only what it has 
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already done since its engineering Purchase Branch 








ne 
ry 
"S, 
on 
n. 
ts 
ts 


er 
he 
xe 
1e 


y; 
re 


v 


d 


_—e oS 


‘es 


Freee 8 


- = 


_ENGINEERING. 


49 














Jan. 8, 1926.] 
was established in 1923, but also the much greater 
scope of what it intends to do. The Legislative 
Assembly, moreover, resolved last year that, for the 
future, all prices for Government supplies should 
be quoted in rupees, delivered in India. On the 
point as to whether the Government of India will 
decide ultimately to substitute Indian purchase and 
inspection for the functions at present performed 
on its behalf by the India Store Department of 
London, the report states that in the opinion of 
most competent observers it can only be a matter 
of a few years before tenders in rupees, presumably 
for delivery and possibly for inspection in India, 
become compulsory. It is considered that such a 
development will subject British manufacturers to 
much more intensive foreign competition for Gov- 
ernment contracts, and that they will be able to 
meet this situation only if they so expand their 
organisation and technical representation in India 
as to enable them, when the time comes, to meet 
the demands of the Government completely and 
efficiently in india, as they have hitherto met 
them in London. 

The trade, in respect of which this authoritative 
warning is given, is considerable. All told, Indian 
railways—apparently including lines still in company 
ownership—purchased in 1922-23 and 1923-24 
materials to the value of upwards of 20,000,000/. 
a year, though, since 1922-23, there has been a 
large and rapidly increasing reduction in the 
amount of these imports. ‘fhe largest item is 
rolling stock, on which about a third of the 
total is spent, nine-tenths of it being imported direct. 
Up till 1923-24 not much more than a tenth of 
the total purchases were bought through agents in 
India, and not much more than a fourth were pro- 
duced in India. Owing to action taken on the 
reports of the Acworth and Inchcape Committees 
and the independent steps taken by the Railway 
Board, better use is being made of locomotive 
stock, and facilities are being provided for more 
rapid repairs. Coupled with the improved design 
and power of recent locomotives, revision of yards, 
doubling of sections, and electrification of suburban 
and other sections of various systems, these measures 
will enable a higher output to be obtained from 
locomotives, and will enable more to be kept in 
commission, spares will be reduced, and ultimately 
a surplus set free, which will have to be absorbed 
and deducted from the number to be purchased. 
The consequent uncertainty about the number that 
will be required for the next few years, instead of the 
400 locomotives a year that were. expected to be 
wanted, has doubtless contributed to the Government 
decision not to give tariff protection to the manu- 
facture of locomotives in India, but it will hit manu- 
facturers even more directly by reducing the demand. 
Till recently all wagons have heen imported, the 
results of typical offers showing the lowest Indian 
tenders to have been about half as much again as 
those that were accepted ; but four-fifths of the 
materials for permanent way were indigenous, 
including 70,000 tons of steel rails out of the 
120,000 tons required, and wagons are now being 
built in Indian works in considerable numbers. 

The report draws the attention of British manu- 
facturers of locomotives with great urgency, and in 
a less degree that of makers of other rolling stock, 
to the Railway Board’s declared policy of progres- 
sive and continuous standardisation. Working 
drawings, to general specifications and diagrams 
prepared in India for each type of locomotive, are 
to be made in England after consultation with the 
consulting engineers and with manufacturers, and, 
after final scrutiny by the Locomotive Standards 
Committee, are to be adopted tentatively as standard 
designs, Kach administration requiring engines 
will then order two or three of each type for trial 
for at least two years. It is hoped that British 
manufacturers are keeping in close touch with the 
consulting engineers on this matter, for it is con- 
sidered essential that they should obtain the first 
trial orders for the new types, so as to secure the 
advantage of patterns, &c., in subsequent tenders 
for the bulk orders that are bound to follow. The 
Board is also considering seriously the introduction 
of automatic couplings at an expenditure of some 
3,000,000/., which is thought likely to he an under- 
estimate, when the cost of transition fittings for 





enabling converted vehicles to run with unconverted, 
is considered. It is pointed out that with special 
shops and plant the simple steel castings of which 
this work mainly consists could be made as well in 
this country as in the United States, and that a 
footing in the initial stages would be of great value. 
American and Continental competitors are said to 
have been for some time in close touch with the 
Railway Board on the subject. It has been decided 
also to have headlights—apparently of the electric 
type—fitted on all important engines running on 
single-line tracks, some 6,000 in all; of these the 
only types on trial are of American make. 

In concluding an informative account of railway 
trade the report predicts greatly intensified 
competition for Indian railway contracts in the 
future. Up till now the Government policy has not 
affected British makers acutely. In 1923-24 they 
still supplied 83 per cent. of the railway purchases, 
and for the moment the complexity of many of the 
items purchased and the advantage of keeping close 
touch with the most modern practice, are keeping 
purchases in London through consulting engineers. 
It is thought, however, that in the likely event of 
rupee tenders becoming compulsory, the centre of 
purchase will be shifted definitely to India, and that 
then the position of British suppliers cf railway 
plant will be threatened seriously, unless in the 
meantime they have built up in India a technical 
and highly efficient organisation, which can draw up 
tenders and advise the railways on all technical 
points relating to the plant supply. Both continen- 
tal and American competitors are already making 
such provision, as are a few British firms; and 
Mr. Ainscough coneludes this part of his report 
with a strong recommendation to other British 
suppliers and railway contractors, that, if they 
have not already decided to take such measures, 
they should send out a director or other senior 
officer to verify the position for themselves from 
members of the Railway Board and the leading 
railway officials throughout the country. 





NOTES. 
Toe MINERAL PRopvuctTion OF ONTARIO. 


THAT the steady development of the mining 
industry in Ontario which has been proceeding 
during the last decade is being well maintained is 
evidenced by the statistics submitted to the Depart- 
ment of Mines by ore raising, smelting, and refining 
works of the Province during the first six months of 
1925. The important gold-mining and nickel-copper 
industries have reported that particularly satis- 
factory conditions ruled during the period, whilst 
the output of non-metallic minerals continued at a 
high level. Further, a recovery in the building 
industry has been reflected in a better market 
position of clay products. During the period 
reported on, the value of the total mineral produc- 
tion amounted to 41,560,355 dols., compared with 
37,997,776 dols. realised for the production for the 
first six months of 1924. Gold, of course, is respon- 
sible for the largest individual contribution to these 
totals, 701,757 oz., worth 14,506,219 dols., being 
secured during the period covered by the latest 
report, compared with 571,418 oz., worth 11,810,060 
dols., obtained in the corresponding period a year 
earlier. Nickel ranks next in importance, some 
14,824,300 Ib. of the metal, valued at 3,605,958 dols., 
being produced in the first half of 1925, compared 
with 15,775,618 lb., worth 3,271,635 dols., obtained 
in the same period a year ago. Nickel in matte was 
mined to the amount of 7,225 short tons, valued at 
2,167,649 dols., and these figures show increases of 
1,173 tons in quantity and 352,079 dols. in value 
compared with the corresponding earlier returns. 
Nickel oxide increased in quantity by 1,284,884 lb. 
to 7,055,506 lb. and in value by 670,741 dols. to 
1,570,435 dols. The production of silver from the 
Cobalt, South Lorrain and Gowganda camps was 
more than maintained during the first half of the 
year, in spite of the fact that the Coniagas mine, 
in past years an important producer, is no 
longer operated. An increase of 593,627 oz. was 
obtained, raising the total to 5,601,883 oz. the value 
improving by 530,562 dols. to 3,792,662 dols. The 
copper output amounted to 10,319,142 lb., the 





value being 1,374,087 dols.—figures not differing 
greatly from the previous year’s returns. Cobalt, 
lead, zinc, and iron continue to be obtained in small 
quantities. The value of the non-metallic minerals 
raised was approximately the same as that recorded 
for the first half of 1924, namely, about 4,000,000 
dols. Natural gas to the value of 2,479,480 dols. 
was utilised; this represents a decrease of 200,000 
dols. The quantity of gas decreased to 3,840,960 
thousands of cub. ft., a fall of 600,000 thousands. 
Quartz, salt, tale and graphite production increased, 
whilst that of white arsenic, petroleum and feldspar 
fell off in value and quantity, 


OIL IN THE ARGENTINE. 


It was stated in a report, issued some time 
ago by the Department of Overseas Trade, that 
the Argentine was obliged to import large quantities 
of petroleum, as her own wells could only produce 
from 12 per cent. to 15 per cent. of the annual 
requirements of the country. A statement con- 
tained in a recent issue of the Monthly Review of 
the Bank of London and South America, Limited, 
which was to the effect that a “‘ gusher’’ had been 
located in the Argentine, will, therefore, be of 
some interest. The output of the well, which is on 
Plaza Huincul grounds, in the Neuquen territory, 
is described as extraordinary; the yield is 350 
cub. m. per day. From 1920 to the present time 
the total yield of the whole region, in which the 
well is situated, has amounted to only 33,305 
cub. m. Furthermore, the best well in the 
Comodoro Rivadavia area gives but 120 cub. m, 
of oil per day. The Huincul oil is, moreover. 
reported to be very rich in volatile fractions, and 
to be in every way superior to the Comodoro 
Rivadavia product. The new well is to be closed 
temporarily, however, owing to the lack of adequate 
storage accommodation. It is generally acknow- 
ledged that this new discovery will lend additional 
importance to the La Plata distillery, which is 
nearing completion. Work, on this installation, 


; was begun in December, 1924, and the whole 


plant is expected to be in operation by August, 
1926. Seven tanks, having each a capacity of 
8,500 tons of oil, have been built, and the seven 
boilers of the “topping ”’ plant are almost com- 
plete ; the four boilers of the redistilling installation 
are partially erected. It is also proposed to 
construct a pipe-line to La Plata, Avellaneda, and 
Buenos Aires. The future development of the 
northern oil-bearing areas of the Argentine is 
stated to be hampered by antiquated legislation, 
and the hope is expressed that the proposed 
emendation of the present mining code will not 
be long delayed. 


Hypro-ELectric PowER IN SWEDEN. 


The water-power supply of Sweden is one of 
that country’s most important natural resources. 
Nearly 9 million turbine horse-power are said to 
be available and, of this total, only a fraction, 
namely, 1-4 million horse-power have, up till the 
present, been utilised. In an article, which appeared 
recently, in the Quarterly Report of the Skandi- 
naviska Kreditaktiebolaget, Mr. C. Kleman, Secre- 
tary of the Swedish Water-Power Association, states 
that one of the main features of the Swedish water 
supply is that variations in the discharge of the rivers 
are comparatively small. This is due to several 
causes ; in the first place, the water from the melt- 
ing snows is held in check by the forest lands, and is 
further prevented from running off too rapidly by 
the peaty nature of the soil. In addition to this, 
the lakes, which cover some 8 per cent. of the total 
area of the country, are powerful factors in regulat- 
ing the flow of the rivers. Lakes Vener and Vetter, 
the former of which is situated on the River Gotha, 
the principal waterway of Southern Sweden, are 
striking examples of these natural reservoirs. The 
rivers in the northern regions of the country, the 
Norrland, are all well provided with lakes. The 
latter are in some cases situated at heights of from 
200 to 400 metres above sea level ; they nevertheless 
command a considerable portion of the drainage area 
of their respective rivers. Three-quarters of the 
available water power is located in the Norrland ; 
this is unfortunate, principally because the ports 
of that region are ice-bound for periods varying from 
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three to six months of the year, according to the 
latitude. A powerful ice breaker is, however, being 
built, and it is thought that when this vessel begins 
to operate, navigation in the northern reaches of 
the Baltic Sea will be greatly facilitated. A portion 
of the turbine horse-power generated, roughly 
one-sixth of the total, is utilised directly for the 
driving of pulp-making machinery, saw mills, and 
other plant of a similar nature. The remainder is 
converted to electric power for the use of mines, 
iron works, paper mills, spinning and weaving 
factories and electro-chemical plants. 


HELIUM PRODUCTION IN THE UNITED STATES. 


In the November issue of the Journal of the 
American Society of Naval Engineers, Commander 
Z. W. Wicks describes the work done during the 
past six years in recovering helium from natural gas 
in America, He remarks incidentally that in addi- 
tion to its value for inflatin: airships, the U.S. 
Naval Department and Bureau of Mines have 
shown that, it would be advantageous in diving 
operations and in other work under compressed air, 
to replace the nitrogen of the latter by helium, and it 
appears that the use of the gas for cooling large gener- 
ators and motors has also been suggested. Com- 
mander Wicks states that owing to the work done 
in the United States, the cost of helium, which, when 
a mere laboratory curiosity, was 1,500 dols. per cub. 
ft., has been reduced to 23 cents per cub. ft. The first 
attempts to extract helium on a large scale from 
natural gas were commenced at Toronto in 1916, by 
Professor J. C. McLennan, but the Canadian natural 
gas contained only one-third of 1 per cent. of helium. 
When the United States entered the war, the opera- 
tion was transferred to Texas, where the gas was 
much richer in helium, and three experimental 
plants were erected there by the United States autho- 
rities. The progress made was such that in Sep- 
tember, 1918, 200,000 cub. ft. of helium were on 
dockside at Orleans, awaiting shipment to Europe. 
Work was continued after the war, and new plant 
installed, which commenced operations in April, 
1921. The cost during the succeeding May averaged 
500 dols. per 1,000 cub. ft., but in November this had 
been reduced to 135 dols. per 1,000 cub. ft. Owing 
to a failure of appropriations by Congress, work 
had then to be stopped temporarily, but was re- 
sumed 11 months later, and as experience was 
gained, the cost was, step by step, reduced, till, in 
June, 1925, it fell to 24 dols. per 1,000 cub. ft. ‘The 
gas from which the helium is extracted is piped to 
the works through a main 95 miles long, which is 
operated under a pressure of 200 Ib, per sq. in. 
The CO, contained in the gas is removed with 
caustic soda, and the pressure is then raised to some 
3,000 Ib. per sq. in., at which it enters the sepa- 
rator in which all constituents but the helium are 
liquified and removed. For the transport of this 
helium to the seaboard, large tank cars have been 
built. These have steel containers 40 ft. long and 
4 ft. 9 in. in diameter, and 4 in. thick, into which 
the helium is compressed to 2,000 Ib. per sq. in. 
For the purpose of inflating airships, helium has the 
great advantage that, unlike hydrogen, it can readily 
be freed from air with which it may become con- 
taminated in service. The cost of such purification 
is about 2 dols. per 1,000 cub. ft., and 80 per cent. 
of the helium originally used in the airship can thus 
be recovered. As matters stand to-day, it costs 
more to handle and transport the helium than it 
does to separate it from the natural gas. 


THe Cotp Routine or Evectrotytic Iron. 


The production of metallic iron by the electrolysis 
of ferrous salts was first carried out, on a small 
scale, some twenty years ago. The process has 
been developed by many investigators, among them 
Mr. Sherard Cowper-Coles, and electrolytic iron is 
now manufactured on a commercial scale in various 
localities where power is cheap. The material is 
very pure, and has been utilised for making parts 
of electrical instruments, for manufacturing special 
alloy steels, and for a variety of other purposes. 
Its characteristics have been carefully studied. 
One of the most recent investigations on the subject 
is that on the cold-rolling properties of electrolytic 
iron, by Messrs. J. R. Freeman and R. D. France, 


Paper No. 288 of the United States Bureau of 
Standards. The tests carried out were of a com- 
parative nature, the materials used being a high- 
grade, open-hearth, dead-soft steel, and _ elec- 
trolytic iron. The metal prepared for test was 
first of all rolled to a thickness of 0-065 in. and 
trimmed to a width of 34, in. The sample strips, 
after being cut into lengths of approximately 25 in., 
were sand-blasted, pickled, and annealed to a 
temperature of 760 deg. C. The cold-rolling condi- 
tions were gradually increased in severity until the 
original thickness of 0-065 in. was reduced, in two 
passes, to a thickness of the order of 0-015 in. 
None of the samples failed under this treatment, 
and a visual examination indicated that tnere 
appeared to be no appreciable difference in the cold- 
rolling characteristics of the two materials. 
Mechanical tests were then carried out on the 
original strips, and on the rolled samples. These 
tests included micro-Brinell, Erichsen, longitudinal 
and transverse tensile, and bending tests. Results 
showed that a more rapid increase in tensile strength 
and hardness was produced, by cold rolling, in the 
case of the mild steel, than in that of the pure iron. 
The Brinell tests indicated that the hardness of 
each material approached a maximum value after a 
definite amount of cold work had been done. In 
the majority of instances this maximum occurred 
when a reduction in thickness of approximately 
70 per cent. had been obtained ; a continuance of 
the rolling generally caused the Brinell number to 
fall. The bending tests revealed little difference 
in the bending qualities of the two materials under 
examination. In connection with the tensile-test 
results, a point worthy of record is that, in all cases, 
the transverse strength of the strip was superior 
to the longitudinal strength. Taken as a whole, 
the investigation has shown that the difference 
between the properties of cold-rolled mild steel, 
and those of cold-rolled electrolytic iron, is small ; 
the slight balance in advantage appears to be, 
however, in favour of the latter material. 





THE PHYSICAL AND OPTICAL 
SOCIETIES’ EXHIBITION. 


THE Sixteenth Annual Exhibition of electrical, 
optical and other physical apparatus, arranged 
jointly by the Physical Society of London and the 
Optical Society, and held on the afternoons of 
Tuesday, Wednesday and Thursday of this week 
in the Imperial College of Science and Technology, 
was planned on an enlarged scale. The number of 
exhibiting firms, which was 58 last year, has varied 
little of late, but this year increased to 72. Groups 
of non-commercial exhibits, illustrating famous 
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historical experiments, recent physical researches 
and effective lecture experiments, were also on 
view. These exhibits added more than a dozen 
pages to the descriptive catalogue, bringing the 
number of pages up to one hundred; the three 
floors of the College were fully occupied. The 
exhibition was open from 3 to 6, and from 7 to 10 
p.m., admission being by ticket on the first two 
days, and without ticket on the last day. A lecture 
was given at 8 p.m. on each evening—on Tuesday 
by Mr. J. E. Barnard, F.R.S., on ‘‘ The Search for 
Ultramicroscopic Organisms’ ; on Wednesday by 
Professor A. F. C. Pollard, on ‘‘ The Mechanical 
Design of Instruments”’; and on Thursday by 
Major W.S. Tucker, D.Sc., on “Electrical Listening.” 
The general arrangements were in the hands of 
Professor A. O. Rankine, of the College, Senior 
Secretary of the Physical Society. A minor point 


catalogue was enlarged in size, to correspond with 
the Proceedings of the Physical Society and the 
Transactions of the Optical Society, so that the 
catalogue can be bound up with those volumes. 

Dealing first with the exhibits of direct profes- 
sional interest to engineers we may refer to’ that 
Messrs. George Kent, Limited, of Luton, who ex- 
hibited a large variety of meters for measuring the 
flow of water, steam, air and gases. The ventila- 
tion manometer, illustrated in the diagram, Fig. 1, 
is a novel instrument for indicating the flow of air 
in mines, and has been designed by Mr. J. L. Hodg- 
son. The instrument is being used by Professor 
Hay for his study of mine ventilation, for which 
rotary anemometers have not proved satisfactory. 
The new manometer has been evolved under actual 
mining conditions, and consists of a simple form of 
Pitot tube, which is carried at the end of a handle 
or clamped to a fixed bracket at the side of the 
mine gallery, and of the gauge illustrated in Fig. 1. 
The pressure difference created in the Pitot tube is 
communicated to the curved manometer tube seen 
in Fig. 1, the scale of which is evenly spaced for the 
range 2 ft. to 17 ft. per second ; the full range of the 
instrument shown, the dimensions of which are 
12} in. by 2} in. and 5} in. height, is 30 ft. per 
second. The devices for levelling, a spirit level and 
a screw, are simple; the instrument weighs only 
6 lb., and a complete traverse of a gallery can be 
taken in a minute because the meniscus responds 
almost instantaneously. to any change in the air 
velocity. In another form, the instrument is used 
for measuring the air drawn through a ventilation 
fan. The other instruments of the firm have been 
noticed in our columns, the rotary steam meter, 
on page 771 of our issue of June 19, 1925, in con- 
nection with the exhibition arranged by the Insti- 
tution of Civil Engineers. 

The Wild-Barfield Automatic steel - hardening 
equipment of Automatic and Electric Furnaces, 
Limited, Farringdon-road, E.C.1, differs from that 
illustrated on page 713 of our issue of May 30, 1924, 
by being adapted to work on a direct current supply. 
The magnetic detector, which depends upon the 
loss of magnetism at a temperature which is correct 
for quenching, requires alternating currents, and 
when both alternating current and direct current are 
available, the firm recommends the former system. 
When direct current only can be obtained, part 
of the current is transformed into alternating current 
by acommutator. The furnace demonstrated was a 
fire-clay muffle, 4 in. high, 11 in. wide, and 17 in. 
long (internal dimensions), wound outside with 
nickel-chrome-wire. The Elverson oscilloscope 
which we illustrated on page 720 of our issue of 
December 8, 1922, is now made by the New Oscil- 
loscope Company, of 47, Victoria-street, S.W.1 ; 
various types were demonstrated. 

One of the chief novelties of Messrs. Evershed 
and Vignoles, Limited, of Acton-lane Works, W.4, 
was the adaptation of their Megger instruments to 
the determination of the resistance of earth-plates. 
The trouble in such measurements is the elimina- 
tion of any back e.m.f. due to electrolysis in the 
soil and to stray currents. This elimination can 
be effected by the “ three reading ’’ method, which, 
however, involves complicated calculations and is 
not accurate when conditions change during the 
test. Alternating current which would cancel out 
these disturbances cannot be used directly in 
Megger testing sets because they are of the moving- 
coil type. The difficulty has been overcome by 
providing alternating current for the earth-plates 
and direct current for the ohm-meter with the aid 
of a special reversing switch, mechanically operated. 
This switch is mounted on the same shaft as the 
generator armature and is electrically interposed 
between the plate and the ohm-meter portion of the 
circuit. The Megger earth-plate tester demonstrated, 
for measuring up to 30 ohms, was a box about a foot 
long. When a resistance of 25 ohms was connected in 
circuit, the pointer indicated 25, and the addition 
of a 4-volt battery to the circuit did not affect the 
reading. As regards the Meg. insulation testers, 
we may mention the new 100-volt 20 megohm and 
250-volt 50 megohm ranges. 

The integrating weight recorder of the firm is 
one of their peak-load recording ammeters designed 
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was made for the grain elevators of Messrs.. Henry 
Simon, Limited, of Manchester. The movements of 
the weigher are shown in the form of a stepped 
chart, each step representing one movement. After 
an hour, or other predetermined period, the record- 
ing pen is automatically returned to its zero posi- 
tion; the total amount handled by the weigher in 
an hour is thus shown by the length of the hourly 
total. The recorder further indicates, of course, the 
regularity of the operations. The instrument being 
of the duplex type, the number of operations is 
marked on the same chart as the power consump- 
tion of the driving motor; irregularities in the 
operation of the weigher can thus be checked against 
fluctuations in the power consumption of the motor. 
The same principle can be applied for checking the 
operation of any automatic machine. 

The new switchboard and portable miniature 
milli-ammeters, milli-voltmeters and testing sets. 
specially designed for aircraft and motor cars, of 
Messrs. Elliott Brothers (London), Ltd., of Lewis- 
ham, are of the moving coil, permanent magnet or 
d’Arsonval types. The portable precision moving- 
iron instruments of the firm are extremely dead 
beat’ and well shielded against stray magnetic 
fields. The voltmeters are made with single or 
double ranges; the pointer has a knife edge, and 
is of the strutted pattern to avoid mechanical 





curves A and B indicate the voltage, and current, 
while C shows the effect of connecting a condenser 
in series: the drvm speed being 550 ft. per minute. 
In Fig. 3 a fuse has been blown with an inductance 
in circuit; the curves A, B, C, and C, indicate the 
voltage of the alternator, the current in the fuse, 
and the voltage across the fuse and the fuse gap 
respectively, all taken at 50 cycles. 

The records are obtained on bromide paper or 
films, 7 cm. wide, the oscillograph giving simul- 
taneous records from three vibrators, which may 
be any combination of electro-magnetic and electro- 
static types, with the aid of one rotating-drum 
camera, one source of light, (the latter beinga lamp 
which is overrun during exposure to secure high 
light intensity), and rotating mirrors. 

The vacuum thermopile, also exhibited, is due to 
Professor Moll and Dr. Burger, of Utrecht. In 
thermopile measurements, equilibrium is reached 
when the energy received by the pile is equal to 
that which the pile loses by convection, conduction, 
and radiation. Experiments made in a vacuum 
prove that the air carries away a great deal of the 
heat, and that vacuum thermopiles are much more 
sensitive and quick in action. In order to reduce the 
conduction losses, the couple of manganin-con- 
stantan consists of wires, soldered end to end, of the 


to be cooled ; the anti-cathode is of copper, and the 


window is of nickel foil. The rare metals, which 
Messrs. Hilger are introducing for spectroscopic 
studies, comprise gallium, indium, and germanium. 
It is rather curious that. germanium, which occurs 
with silver in argyrodite, whilst the others have 
practically no ores of their own, being found in 
traces in blende and certain iron ores only, should 
be the most expensive of these three metals ; it is 
offered at 81. 58. per gramme, as compared with 
5l. 10s. and 67. 10s. per gramme for idium and 
gallium, respectively. Gallium, generally regarded 
as one of the rarest metals, has recently been used 
for filling quartz thermometers for temperatures 
up to 1,000 deg. C.; it melts at 29-7 deg. and boils 
at 1,700 deg. C. 

The Hilger ultra-violet glass spectrograph, re- 
commended for metallurgical spectrographic analy- 
sis, gives on a single plate of 6} in. by 43 in. the 
spectrum from. 7,000 (red) down to 3,170 A.U. in 
the ultra-violet. It is exceeded in range and 
dispersion by the E.1 instrument of the firm (which 
goes down to 2,100 A.U.), but it includes the 
** persistent’ or “‘sensible’’ lines. The spectro- 
graph contains two prisms of 60 deg., made of the 
most transparent ultra-violet glass, and otherwise 
corresponds in its construction exactly with the 
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resonance. Although usually supplied with con- 
tact keys, they may be left in circuit indefinitely. 
The ammeters of similar construction may be used 
on circuits of frequencies up to 500 cycles, the 
hysteresis having been reduced to a minimum. 
The instruments may also be employed on direct- 
current circuits the difference between readings 
on 50-cycle alternating-current and cn direct- 
current being less than 1 per cent. 

The Fawcett live cable core-temperature indica- 
tor of Messrs. Elliott Brothers consists of a com- 
bination of an indicator with automatic cold-end 
temperature compensation, a reference cable made 
from a portion of the main cable, a bimetallic pilot 
wire, a thermo-couple attached to the lead sheath 
or covering df the cable under test, and a current 
transformer for supplying low-tension current to 
the reference cable. The temperature of the con- 
ductor of the cable is indicated to within 1 deg. C. 

One of the novelties to which the Cambridge 
Instrument -Company, Limited, drew attention 
was the Compton electrometer, due to the brothers, 
Professors A. H. and K. T. Compton ; the former 
first observed the ‘‘ Compton effect.’ The elec- 
trometer is of the Dolezalek four-quadrant form ; 
two of the brass quadrants are fixed, and the other 
two can be adjusted vertically by the aid of a lever 
and a micrometer. The suspension thread of 
gilded quartz (gold is more easily and more uni- 
formly deposited by bombardment than platinum) 
bears a glass mirror and a mica vane; the needle 
can be tilted slightly about its longitudinal axis, 
and the sensitivity is further varied by the adjust- 
ment of the quadrants. The fundamental mini- 
mum sensitivity at about 45 deg. is 3,000 mm. 
per volt per metre, and this can be increased to 
15,000 mm. and more. The Wulf string electro- 
meter, also shown, is a bifilar instrument; the 
gilded quartz fibres repel one another when charged 
and spread out to a distance which is measured 
by a microscope. The improved Duddell oscillograph, 
exhibited last year in experimental form, is pow 
on the market, and the two photographs repro- 
duced in Figs. 2 and 3 were taken with it. In Fig. 2 


0-05 fmm. wide, 0-001 mm. thick and 8 mm. 
long, and weighs 0-003 milligramme. The resistance 
is 15 ohms, and the final temperature is reached 
within three seconds. The pile is mounted on 
platinum wire fused into an exhausted glass bulb 
which is surrounded by a double wire metal case. 

The vertical-force magnetograph, complete with 
Helmholtz-Gaugain standardising coils, has been 
made for use in Hong-Kong. It is of the stretched 
quartz fibre type described by the late Professor W. 
Watson in 1904. Tungsten steel magnets, mounted 
on either side of a platinised quartz mirror, are 
supported by two quartz fibres in the plane of the 
mirror, and the system is kept taut by a quartz 
spiral wound in one plane ; automatic temperature 
compensation is thus secured. A temperature 
record is, however, required, and this is obtained 
with the aid of a quartz-metal rod turning about a 
fulerum so as to deflect a mirror which records on 
the same chart as that on which the vertical-force 
curve is drawn. 

As regards the electro-cardiograph outfit of the 
Cambridge Instrument Company, which was also 
demonstrated, we may mention that it is now worked 
by 12-volt battery circuit, whereas previously 
100 volts were required, and is simplified in other 
respects. The vibrographs, which we have described 
on previous occasions, are new also made for record- 
ing horizontal vibrations; in this case the heavy 
weight is suspended by vertical flat springs. One of 
the most interesting novelties of this type, the com- 
bined accelerometer and air-speed recorder for 
aeroplanes, needs a detailed description ; the actual 
curvature of the path described can be deduced 
from the records obtained. 

There is always a great deal to be learnt from 
the display of new instruments and their uses by 
Messrs. Adam Hilger, Limited, Rochester-place, 
N.W.1. The new.type of X-ray tube shown is 
made to the design of Dr. J. Brentano, of Man- 
chester, who explained the principle of the use of 
this hot-cathode tube for the X-ray analysis of 
powdered crystals to the Physical Society in the 





spring of. last year. The cathode does not require 


spectroscope, shown in operation, is provided with a 
fluorescent screen of barium-platino cyanide to 
render the ultra-violet radiations visible. Two new 
model flame wave-length spectrometers, and the 
Hilger glass annealing testing bench for ascertaining 
the most appropriate annealing temperatures of 
glasses and alloys, were also demonstrated. 

Piezo-electric resonators and selenium detectors 
have quite recently been taken up by Messrs. 
Hilger for special purposes. Piezo-electric crystals 
develop potential differences at the end of the electric 
axis when compressed, and expand along that 
axis when a potential difference is applied to the 
ends. The most common crystals used are those 
of Rochelle salt and of quartz; quartz has the 
advantage of mechanical strength and constancy, 
but the crystals have to be very carefully selected. 
The strips are cut at right angles to the axis, and 
the electrodes, of metal foil, are applied to the 
upper and lower surfaces. In a single-strip instru- 
ment--as shown by the Admiralty Research 
Department in another part of the exhibition— 
the expansion is measured ; when two strips are 
cemented together with the aid of shellac, the 
strip curves and tilts a mirror. The quartz strips 
of Messrs. Hilger are 2 mm. thick and 2 cm., or 
more, in length. Their use as a resonator for 
frequency standards depends upon their extra- 
ordinary changes in capacity and resistance when 
the frequency is varied in the neighbourhood of 
resonance ; a change in frequency of 0-1 per cent. 
causes more than a hundredfold change in resistance. 
In wavemeter standardisation, the resonator is 
connected in parallel with the tuning condenser. 
For long waves (of more than 10-km. length) a short 
length of quartz strip is cemented to a long bar of 
steel; the quartz serves as the exciting medium 
and the steel bar takes up its resonant frequency 
in some manner not clearly understood. There is 
also, unfortunately, some response to over-tones, 
and crystals may be ruptured when potentials of 
more than 40 volts are applied. 





(To be continued.) 
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_ LABOUR NOTES. 


Exactiy how far Mr. Kirkwood and his friends go 
in their approval of stee] houses is not clear from 
their speeches, but as most of them are representative 
metal workers it may not unreasonably be assumed 
that when they talk about “trade union rates of 
wages for the labour employed thereon”? they mean 
engineering trade union rates of wages. According 
to one critic—who is not a skilled manual worker—the 
Weir terms would, in effect, reduce time wages to 104d. 
per hour—which is far below the building trades rate 
—but Lord Weir and his associates have repeatedly 
stated that under a system of payment by results 
the men engaged in the construction of Weir steel 
houses can make as much as, if not more than, the 
builders’ wage. The difference which is now develop- 
ing in trade union circles regarding the wages and 
conditions which should obtain in the construction of 
steel houses was foreshadowed when the saw millers 
expressed their resentment at the suspension of their 
organisation by the Federation of Building Trade 
Operatives. The rank and file of the workers— 
especially the metalworkers, of whom thousands are 
idle in the Glasgow area—object to the attitude which 
the building trades are taking up, and eventually they 
will assuredly look to their executives to adjust wages 
and conditions for steel houses, without regard for the 
impossible attitude of the people who are responsible 
for the present trouble. The steel house is, they say, 
a metalworkers’ job—to which metalworkers’ wages 
and conditions should apply. 

The Ministry of Labour states that owing to 
the Christmas holidays, unemployment returns for 
December 28, 1925, will not issued. The next 
returns will be for January 4, 1926, and will be issued 
on January 12. 





Some time ago the Birmingham Trades Council passed, 
by 39 votes to 34, a composite resolution suggesting 
lines of policy for the trade union movement and 
advocating, amongst other things, the organisation of 
Workers’ ence Corps. At a meeting on Saturday 
last, the council, by a considerable majority, rescinded 
the resolution. The mover and the seconder of the 
resolution to rescind were members of the Amalgamated 
Engineering Union. Speaking in support of the mo- 
tion, on behalf of the executive of the council, Mr. J. E. 
Corrin, the President, said that the resolution was one 
to which they could not give practical effect. He com- 
plained of the lack of definition of Defence Corps, and 
said he saw it stated in a pamphlet that it did not mean 
an armed force going about asking for trouble, but an 
organised body to guard their processions, demonstra- 
tions, pickets, &c. His retort was that they already 
received adequate police protection, and that order 
would be kept by the common sense of the working 
classes. Such an organised body would be a nuisance. 
The trade union movement was moving forward to 
its own defence and, in creating an alliance, had taken 
the first step towards trade union reorganisation. 
They could trust themselves and their movement to 
go forward in their interests. 

The contributor of a very interesting article to the 
Railway Review declares that the strike as a potent 
force in settling industry’s economic disputes has 
become out of date; its edge has become blunted, 
and to use it is like trying to meet a modern machine- 
gun with an old blunderbuss. The employers in their 
astuteness are laughing, he says, at the stupidity of 
the trade unions—which have stood still while the 
employers have progressed. ‘‘The best brains that 
modern education can supply have been drafted,” 
he continues, “‘to their assistance, the marshalling of 
facts (and fiction) as well as men is now included in 
the curriculum for the present day aspirant to mana- 
gerial posts, and here we as Trade Unionists are still 
blustering about the country in the same old-fashioned 
way as our forefathers. In almost every instance 
unions are carrying on without any equipment what- 
ever, either in staff or statistics, to meet the new situa- 
tion. .. . The strike as an instrument for winning 
better conditions for the workers is fast becoming a 
thing of the past, its potency, as an active agency in 
uplifting the status of the workers ceased when the 
introduction of conglomerations of capital ousted the 
small manufacturer. All recent negotiations for im- 
proved conditions in most of the industries can testify 
to the helplessness of the old-fashioned Trade Union 
leader against the modern advocate for the employer. 
If Trade Unionism is to regain the strength it used to 
have for raising wages and bettering the conditions of 
its members it will have to overhaul its machinery. 
Much of its stock-in-trade will have to be scrapped. 
It will have to recognise that brains are fast becoming 
the potent factor in modern negotiations. The present- 
day representative, if he is to be a force to be reckoned 


concerning all the intricacies of present day manipu- 
lations of capital. Stocks and shares will have to be 
studied with all the zeal of a Wall Street stockbroker. 
The armour of the employers will only be pierced by the 
quick-firing guns of the keen lawyer-like represen- 
tative. That way alone will ensure success to the 
movements for improved conditions. The blusterings 
of the antiquated union leaders, with their brawling 
about strikes, will be of no avail. The day of strikes 
for those purposes is ended. Its death-knell has 
sounded.” 

‘““To judge from many public speeches,’ writes 
Mr. J. H. Thomas, M.P., in a New Year message to 
the members of the National Union of Railwaymen, 
‘we are in for an exceptionally troublesome time this 
year, but my experience is that those who look for 
trouble can always get it. Not only will I look for 
peace and progress, but I will—as I have always done— 
strive to secure it. Each year sees the N.U.R. grow in 
power and influence. This is as it should be, because 
railwaymen are not an unimportant section of the 
nation, and when occasion demands I will never hesitate 
to tell the public of the important part they play in the 
life of the country. But great as is the power of the 
union, never let us allow it to be prostituted. The best 
safeguard against this danger is always to remember 
that our increased power has imposed upon us increased 
responsibilities, not to one section only, but to the 
community as a whole.” 

The executive councils of the Transport and General 
Workers’ Union and the National Union of General and 
Municipal Workers met in London on Wednesday, 
for the purpose of considering a proposal to amalga- 
mate the two bodies, The meeting was adjourned. If 
a satisfactory scheme is evolved the new organisation 
will, it is stated, have a membership of 600,000. 





At a meeting on Tuesday of the National Wages 
Board for the railways, Mr. C. T. Cramp, representing 
the National Union of Railwaymen, asked for a decision 
as to whether the functions of the sectional councils 
set up under the Railway Act 1921 extended, or did not 
extend, to joint consultation before changes were made 
in the classification of men or posts. The point at 
issue was, he said, “the local application of national 
agreements.” The classification and grading were 
part of the national agreements, and how a particular 
station might stand with regard to its grading must be 
the local application of a national agreement. The 
union had found that without consultation with the 
National Council the companies made changes in regard 
to the grading and stations of men. If it were carried 
out sufficiently widely it would mean the lowering of 
the standards which were fixed by the national agree- 
ments. Mr. Clower, speaking for the Companies, said 
that the claim affected the very important principle 
as to whether the railway companies should manage 
their own business in their own way. Hitherto, 
they had exercised the sole right of saying what number 
and what particular class of staff were necessary for 
the operation of any particular station. That right, 
he gathered, it was now sought to restrict. It seemed 
to him a very elementary principle of management 
that the company should be the deciding factor as to 
what was necessary for the proper conduct of a par- 
ticular station. The sectional councils dealt with 
appeals on grading or classification, and they were 
working entirely satisfactorily. There was a further 
right of appeal to the Central and National Wages 
Board. The Board reserved its decision. 

According to official figures, unemployment in 
Germany during the first half of December showed 





section of the London and North Eastern Railway 
Company and the Cheshire Lines Committee, or in 
connection therewith, and to ascertain and report 
on the facts.” The Court is to sit for the first time 
on Monday. 





A considerable number of the suggested alterations 
which are to be considered this year by the body 
elected to revise the rules of the Amalgamated Engin- 
eering Union relate to the constitution of the organisa- 
tion. As the rule stands, it is generally assumed to be 
much too wide in its scope, as it makes eligible for 
some classes of membership engineering workers who 
are not skilled in the sense that men are after having 
served long apprenticeships. Many of the suggested 
alterations would make the scope even wicer; one, 
as a matter of fact, proposes, ‘‘ That all employed in 
engineering industry be eligible for membership.” 
Another would make eligible ‘all workers of either 
sex engaged in the engineering industry, irrespective 
of the rate of wages they receive, if in the opinion of 
the District Committee their enrolment would be in 
the interests of the organisation.” Taken as a whole, 
the suggestions under this heading should give rise 
to an interesting discussion, but any considerable 
extension of the scope of the organisation is considered 
to be unlikely. 





The ballot which is proceeding will, of course, decide 
whether the Amalgamated Engineering Union is, or 
is not, to affiliate to the proposed Industrial A!liance. 
If the vote is against affiliation no change in the 
rules will be necessary. If, on the other hand, it is in 
favour of affiliation the following addition to paragraph 
xiii of clause (3) of Rule I will be moved on behalf of 
the executive council ; The union as a constituent part 
of the Industrial Alliance shall be empowered to take 
such action as may be deemed necessary to give effect, 
to the constitution, aims, and objects, financial or 
otherwise, of ‘the said alliance, so long as the union 
decides to remain a party to said alliance.” Nor is the 
possibility of an extension of the powers of the General 
Council of the Trades Union Cengress regarded as 
negligible. Over 50 branches propose this addition to 
the same paragraph: “The society as a constituent 
part of the Trades Union Congress shall be empowered 
to take such action by way of a strike or levying of the 
members as may be determined from time to time by 
the General Council of the Trades Union Congress 
either separately or in conjunction with the National 
Executive of the Labour Party.” 





An interesting measure dealing with hours of work 
has been introduced in the Legislative Assembly of 
Western Australia. It provides for a 44-hour week. 
It also provides for one clear day off in each seven, and 
that each day of work shall consist of eight hours 
except under certain conditions. Instead of a 44- 
hour week in the agricultural industry, there is to be 
an 88-hour fortnight; the hours can be spread over 
two weeks. In continuous processes where shifts are 
worked, the average may be over two or three weeks. 
The Bill is elastic in that respect. Provision is made 
that the workers in some callings, such as watchmen 
and caretakers, workers on coastal, river and bay vessels, 
musterers and drovers of stock, workers on farms 
engaged in feeding or attending to stock, or such other 
services as the Arbitration Court in its discretion may 
determine, shall be exempted from the provisions of the 
Bill. For this purpose the Court will recognise applica- 
tions either from individual employers or from em- 
ployers’ organisations, but will recognise only trade 
unions of workers. Overtime is permitted, but the 
Court is given power to prohibit overtime in some 
industries, if it considers that this isin the interests of 





a very sharp increase. The number of unemployed 
December 1 and 1,057,031 on December 15. 


Mr. J. T. Brownlie, as Secretary of the British Section 
of the International Metalworkers Federation, put 
the number of unemployed at 2,000,000 and the 
number working short time at 4,000,000. When the 
position was at its worst in 1923 the number of 
unemployed was 700,000, and the number on short 
time 1,500,000. 





The Court of Inquiry appointed by the Minister of 
Labour under Part II of the Industrial Courts Act, 
1919, in connection with the threatened strike of 
shopmen on the Great Central section of the London 
and North Eastern Railway and the Cheshire Lines 
consists of Mr. Holman Gregory, K.C. (chairman), 
Mr. R. A. Austen-Leigh, and Mr. Arthur Shaw. The 
terms of reference are: “‘ To inquire into the threatened 
dispute concerning the claim of the National Union of 
Railwaymen for the application of Decision No. 728 
of the Industrial Court, dated July 8, 1922, to the 
various classes of men employed in the several depart- 





with, will have to equip himself with knowledge 





ments of the railway shops of the Great, Central 


persons in receipt of State aid was 673,315 on 
Later 
figures received from Stuttgart early this year by 


the industry and of the workers. No reduction of 
wages is permitted; the same rate of wages must be 
paid for the 44-hour week as for the 48-hour week. 
The rate per hour and per day will have to be increased, 
so that the workers will receive the same weekly wage 











asnow. In support of the Bill, the Minister for Labour 
said a reduction of working hours was the burning issue 
among industrialists the world over. Australia was 
dragging behind otber countries in that respect. 





LECTURE ON BOOK-KEEPING. —A_ lecture entitled 
** Auto-Countancy or First-Final-Entry Book-keeping,” 
will be delivered by the originator of the method —Mr, R. 
Borlase Matthews, Wh.Ex., under the auspices of the 
Office Machinery Users’ Association, at the London 
School of Economics and Political Science, Houghton- 
street, Aldwych, W.C.2, on January 13 next, at 6 p.m. 
It is stated that the auto-countancy system of keeping 
accounts has been thoroughly tested over a number of 
years, and has been approved Uy indeslendent professional 
auditors and accountants. Though the detailed methods 
are new in their present application,.they do not depart, 
in principle, from those of the generally acknowledged 
manner of double entry book-keeping. At the same 
time, a costing system is provided. 
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COASTGUARD PATROL BOAT FOR EGYPT. 


MESSRS. J. I. THORNYCROFT AND CO., LIMITED, SOUTHAMPTON. 

















COASTGUARD PATROL BOAT. 


To assist the Egyptian Customs authorities in 
suppressing the illicit drug traffic which is carried on 
along the coast, the Government of Egypt have placed 
an order with Messrs. John I. Thornycroft and Co. 
Limited, of Smith-square, 8.W.1, for two motor 
patrol boats. The first of these has just been com- 
pleted, and is shown in the illustration on this page. 
The most important conditions which have to be 
met in this service are that the boat shall be capable 
of a relatively high speed and be thoroughly seaworthy, 
and it is interesting to note that on her trials, which 
were carried out in the recent heavy weather, the first 
boat attained a speed of over 20 knots. Rapid 
maneuvring capacity is also of importance in chasing 
small craft, and this is secured by the provision of 
three separate propelling units, any one of which can 
be cut out or reversed independently of the others. 

The vessel is 56 ft. long, and is built of wood through- 
out. She carries a complement of six, accommodation 
for two officers being arranged in the after saloon. 
while four men are quartered forward. The officers’ 
saloon is comfortably fitted up with sofa berths, cup- 
boards, table, &c., while the crew’s quarters are pro- 
vided with hinged cots for two men on each side of 
the boat. The crew’s lavatory is on the port side, and 
the galley and pantry on the starboard side. The engine 
room is amidships, the equipment consisting of three 
Thornycroft, R.B.6 type, six-cylinder engines, each 
capable of developing 110 shaft horse-power. Each 
engine drives through a Langdon reversing gear a 
separate propeller. The centre engine is mounted some- 
what forward of the other two, rendering the latter more 
readily accessible. The propeller shaft for the centre 
engine is protected by a metal housing. Each engine 
is provided with both hand and electric starting : 
the batteries for the latter purpose, and also for light- 
ing the vessel, are placed in a compartment at the 
after end of the engine room. There are three bat- 
teries, one connected to each engine, and these are 
charged individually from a separate mag-dynamo 
on the particular engine with which it is associated. 
A separate dynamo, driven by a single-cylinder petrol 
motor, and located in the forepart of the engine room, 
is provided for charging up the batteries when the 
main engines are notin use. In addition to the mag- 
dynamo, which, in common with the lighting and start- 
ing equipment, was manufactured by Messrs. C. A. V. 
Vandervell and Co., each engine is provided with 
alternative ignition from a Simms magneto. The 
engines are run entirely on petrol, which is stored in 
two tanks forward, each of 75 gallons capacity, and in 
an after tank of 300 gallons capacity. The fuel is 
pressure fed to the carburettors, the connections from 
each tank being brought to a distributing panel on 
the wall of the engine room, from which pipes are 
taken to the three carburettors. Any of the engines 
can thus be supplied from either of the forward tanks, or 





from the after tank, as required. The boat is fitted 
with Marconi wireless apparatus in the after cabin, 
and the deck above the forward compartment is 
strengthened to carry a one-pounder gun, which had 
not been mounted at the time the photograph repro- 
duced above was taken. 





TENDERS.—The State Electricity Commission, of 
Victoria, Australia, are calling for tenders for the supply 
of transformers and auxiliary apparatus for obtaining 
a neutral point. Tenders will be received until March 
29, 1926.—The Victorian Government Railways Com- 
missioners, Australia, are inviting tenders, to be presented 
before 11 a.m. on March 10, 1926, for the supply and 
delivery, at the railway rolling-stock workshops at New- 
port, of one combination hydraulic press and steam 
hammer, complete with all necessary equipment and dies 
and tools. Local representation is essential—The 
Postmaster-General’s Department, Melbourne, is calling 
for tenders (Schedule No. C 69) for the supply and 
delivery of motor cycles and chassis. Tenders close in 
Melbourne on March 16, 1926.—The New Zealand Govern- 
ment Railways are calling for tenders for the supply of 
two 25 h.p. variable-speed motors, one 125 kw. motor- 
generator set, and seventeen 400-volt 3-pole switches. 
Tenders will be received until March 8, 1926, Further 
particulars regarding any of the above tenders may be 
obtained from the Department of Overseas Trade, 35, 
Old Queen-street, London, S.W.1. 





PARAFFIN WAx.—Most of the paraffin wax is obtained 
in connection with the production of lubricating oils 
from ‘paraffin base’’ or “intermediate base ’’ crude 
petroleums, though lubricants can be prepared from 
almost all petroleums. During the six years 1918 to 
1923, the United States production of lubricating oils 
totalled 5,688,000,000 gallons and yielded 2,876,000,000 1b. 
of solid paraffin. On an average the melting point of 
this paraffin lies between 120 deg. F. and 130 deg. F., 
but wax of a melting point of 170 deg. F. appears to 
occur in petroleum. The paraffin is found in the 
** paraffin distillate’ remaining after the crude naphtha, 
kerosene and gas oil have been distilled off. By chilling 
and pressing, this paraffin distillate is separated into 
“slack wax” and oil or “pressed distillate”; the 
latter is worked up into lubricants. The slack wax is 
run into shallow pans about 9 in. deep, which contain 
a little hot water and in which the crude wax solidifies 
on a horizontal sereen of wire cloth of }-in. mesh; 
this cake is then sweated by slow heating until the 
* oil stream ”’ coming off reaches a satisfactory melting 
point. The so-called melting-point tests are really 
freezing-point tests. About 20 cub. cm. of the wax 
is. melted in thin-walled vertical tubes of glass_or 
copper, and the cooling curve is watched. A horizontal 
stage in the descending curve marks crystallisation of 
some constituent. In America these tests are made 
by the methods of Saybolt or of the American Society 
for Testing Materials. When the wax contains 20 per 
cent. or more of oil, the methods are unreliable, and 
solubility tests are made. According to Technical Paper 
No. 368 of the United States Bureau of Mines, drawn up 
by L. D. Wyant and L. L. G. Marsh, acetone is the best 
solvent for this purpose. The report describes: the 
testing and analysis of paraffin wax. 





YEAR-BOOKS AND ANNUALS. 


“The Glasgow Herald” Annual Supplement—An 
annual stocktaking and a review of future prospects is 
essential if a true estimate is to be made of the position 
of any industrial concern or of a combination of them. 
This is also true of the nation as a whole, and, as 
contributing to its provision, we must welcome the 
endeavours made by the editors of our leading daily 
papers in the preparation of annual supplements 
relating to the districts in which their periodicals are 
mainly circulated. As an example, attention may be 
drawn to “‘ The Glasgow Herald’’—Shipbuilding, Engi- 
neering, and Commerce in 1925, which was issued as a 
supplement to The Glasgow Herald of Wednesday, 
December 30. For this review, specialists have been 
commissioned to write on specific industries or sections 
of activity, and the result is that a supplement has 
been produced which gives authoritative statements 
and deserves the careful consideration of all who 
consider that the rebuilding of our national industries 
is the highest pursuit to which the energies and abilities 
of men can be directed. The growth of world com- 
petition in shipbuilding has resulted in considerable 
depression in one of the principal Clyde industries. 
Those engaged in marine work are faced with a situation 
which Professor A. IL. Mellanby, in his article on 
‘*Power Engineering” in this review, says “is 
commercially the most depressing and technically the 
most interesting.” He afterwards surveys the technical 
development in land practice and in marine propulsion 
with Diesel engines, as well as the endeavour, started 
by the enterprise of Sir Charles A. Parsons, with the 
co-operation of Messrs. Denny Bros. and Turbine 
Steamers, Limited, to obtain for marine propulsion 
by turbines the same high efficiency as has Leen attained 
in electric power stations. Mr. R. B. Mitchell, the elec- 
trical engineer to the Glasgow Corporation, supplied 
the article on “‘ Electricity for All,” in which he refers 
to power-station. progress, as well as to the possible 
growth of the domestic use of electric energy. Other 
valuable articles are those on the conditions in the 
steel trade, by Mr. Val Beardmore Stewart ; ‘‘ Marine 
Oil’ Engines,” by Mr. James Richardson; “ British 
Railways,” by. Mr. W. J. Steven; ‘Commercial 
Motors,” by Mr. T. Bryce-Buchanan; ‘* Motor-Car 
Engineering,” by Mr. Geo. H. Cutbush; ‘* Shipyard 
Problems,”’ by Mr. John T. Batey; and questions 
relating to the training of craftsmen, by Mr. A. M. 
Robb. At the conclusion of a thoroughly comprehen- 
sive collection of articles on industry in its various 
phases, there is provided a valuable series of tables of 
statistics relating to production in the shipbuilding 
and engineering industries of the world. ; 





Industrial Supplement to “The Sheffield Daily 
Telegraph.” —In the opening article of this supplement, 
presented with the issue of The Sheffield Daily Telegraph 
of December 31, Lieut.-Colonel the Hon. F. Vernon 
Willey provides ‘“‘ A Review of the World’s Trade in 
1925,” in which he contends that, taking all in all, the 
position of British trade is not a gloomy one. Whether 
we improve it, he says, depends entirely upon ourselves. 
The essentials of success are a much larger measure 
of goodwill in industry and a spirit of optimism. For 
the preparation of a statement on “The Industrial 
Outlook in Sheffield,” interviews are given with the 
leading manufacturers of the town. By this means 
authoritative information is provided on every phase 
of metallurgical and engineering activity in the district. 
Sir William J. Larke, in an article on ‘‘ The Iron and 
Steel Trades of the World,” contends that the principal 
ground on which to build hopes for the future is the 
manner in which the industry has withstood its fifth 
year of depression. Britishindustry has been hampered 
by oppressive taxation, to meet both national and 
local expenditure, as well as by the toll which sheltered 
industries took from those where price levels were 
necessarily governed by the necessity for competing 
in foreign markets. Given equal opportunities with 
their competitors, the British iron and steel industries 
are equipped, both in plant and personnel, to enable 
them to meet effectively all fair competition in the 
markets of the world. Sir William M. Letts, in review- 
ing the motor industry, sees the necessity for an exten- 
sion of research work and of standardisation. Mr. 
Herbert G. Williams calls attention to the gradual 
recovery in the machine-tool trade and shows, by 
figures for the period from January to September of 
1923, 1924 and 1925, what the magnitude of the change 
in exports was, as well as the variation in imports. 
This supplement is greatly enhanced in value by the 
inclusion of articles on the trades of the various districts 
adjacent to Sheffield, and the provision of the statis- 
tical information it contains has been undertaken 
with great care. 

Almanacs and Calendars.—We have received monthly 
tear-off calendars from Messrs. The Liverpool Elec- 
tric Cable Company,§ Limited, Linacre-lane, Bootle, 
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Liverpool ; Messrs. C. A. Parsons & Co., Limited, Heaton 
Works, Newcastle-on-Tyne; Messrs. The Marconi- 
phone Company, Limited, Marconi House, Strand, 
London, W.C.2 (advertising Marconi valves); Messrs. 
Aiton and Co., Limited, Stores-road, Derby ; Messrs. 
Geo. Cradock and Co., Limited, Wire Rope Works, 
Wakefield ; Messrs. R. Y. Pickering and Co., Limited, 
Wishaw, Scotland; Messrs. The International Con- 
struction Company, Limited, 56, Kingsway, London, 
W.C.2; and Messrs. John Player and Sons, Castle 
Tobacco Factory, Nottingham. A series of calendar 
refills has come to us from Messrs. the Reason Manu- 
facturing Company, Lewes-road, Brighton, and daily 
tear-off calendars have reached us from Messrs. Vernon 
Proctor and Company, Foster’s-buildings, 22, High- 
street, Sheffield; Messrs. Henry Simon, Limited, 
20, Mount-street, Manchester; Messrs. The English 
Electric Company, Limited, Queen’s House, 28, Kings- 
way, London, W.C.2; Messrs. Harrison and _ Sons, 
Limited, 44-47, St. Martin’s-lane, London, W.C.2; 
and Messrs. Ashwell and Nesbit, Limited, Barkby-lane, 
Leicester. 





Diaries and Pocket Books.—We have received from 
Messrs. International Combustion, Limited, Africa 
House, Kingsway, London, W.C.2, a pocket diary, 
the contents of which will prove of special interest 
to engineers. Much useful information is given on 
general engineering subjects and numerous tables 
are included,—The Business, Sporting and Official 
Diary, issued by Messrs. Knight, Frank and Rutley, 
auctioneers JP estate agents, 20, Hanover-square, 
London, W.1, a copy of which has been sent us, gives 
lists of Members of Parliament, the staffs of principal 
Government and public offices, and other official 
information. Sporting and miscellaneous notes and 
various tables of weights and measures are also in- 
cluded; Messrs. Vickers Limited, Vickers House, 
Broadway, Westminster, London, 8.W.1, have sent 
us a neat leather-bound diary, which, in addition 
to information of a general nature, gives a brief 
survey of the principal manufactures of the firm. 





THe InstiTvuTION oF ELEcTRICAL ENGINEERS.—The 
postponed annual dinner of the South Midland Centre 
of the Institution of Electrical Engineers will be held 
at the Grand Hotel (Grosvenor Room), Birmingham, 
on January 13 next. 





SHIPBUILDING IN 1925.—Tn addition to a considerable 
amount of repair work, Messrs. John Readhead and Sons, 
Limited, West Docks, South Shields, have launched and 
engined three vessels having a total gross tonnage of 
13,334 and an aggregate i.h.p. of 6,410.—Messrs. Amble 
Shipbuilding Company Limited, Amble, have launched 
one vessel of 143 gross tons.—A single-screw steamer 
of 6,816 gross tons and having an i.h.p. of 2,850 was 
launched by Messrs. Craig, Taylor and Co., Limited, 
Stockton-on-J'ees.—Messrs. A. McMillan and Sons, 
Limited, of Dumbarton, launched a motor ship of 
4,716 gross tons; the engine builders were Messrs. 
Harland and Wolff, Limited.—One vessel of 969 gross 
tons and of 540 h.p. was launched by Messrs. Os- 
bourne, Graham and Co., Limited, Hylton, Sunderland. 
-—Messrs. The Tyne Iron Ship-Building Company, 
Limited, Willington-Quay-on-Tyne, launched a single- 
screw steaaner of 1,556 gross tons, and having an i.h.p. of 
1,100,—-Two vessels, each having a gross tonnage of 
nearly 6,000, and an i.h.p. of 2,400, were launched by 
Messrs. The Ropner Shipbuilding and Repairing Com- 
pany (Stockton), Limited, Stockton-on-Teos.—Messrs. 
William Dobson and Company, Walker, Newcastle-on- 
Tyne, launched two steamers, the first having a gross 
tonnage of 3,564 and the second a tonnage of 4,358. 
The engines were built ky Messrs. tho North Eastern 
Marine Engineering Company, Limited, Wallsend-on- 
Tyne.—Tbree ships, the Cunard steamer Carinthia, the 
Newfoundland, and the Orient Steam Navigation 
Company's Otranto, were launched by Messrs. Vickers 
Limited, Barrow-in-Furness. The first has a gross 
tonnage of 20,277, and the Parsons turbines with which 
she is equipped have a shaft horse-power of 13,500. The 
Otranto has a gross tonnage of 20,032 and the shaft 
horse-power of its Parsons turbines is 20,000.—The ships 
launched, engined and completed by Messrs. William 
Beardmore and Co., Limited, during the year 1925, were 
two in number, the 23,28]-tcn passenger and cargo 
steamer Conte Biancamano and a 1,931-ton ice-breaker. 
—-During the oo 1925, Messrs. Napier and Miller, 
Limited, Old Kilpatrick, launched eight vessels, having 
a total gross tonnage of 16,736.—Eight ships having a 
total gross tonnage of 54,938 were launched by Messrs. 
Cammell Laird and Co., Limited, Birkenhead. Among 
these was H.M.S. Rodney, which has a displacement of 
35,000 tons. The total maximum horse-power of the 
Seg yee for the ships amounted to 64,400.— 

he vessels launched by Messrs. Barclay, Curle and 
Co., Limited, Glasgow, numbered 5, the total gross 
tonnage of which amounted to 29,453. The engines of 
four of these ships, giving an aggregate indicated horse- 
power of 14,700, were also built bythisfirm. The largest 
of the vessels was the Union Castle Mail Steamship 
corpans'® Llandovery Castle ; she has a gross tonnage 
of 10,609, 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 


OCTOBER. NOVEMBER. DECEMBER. 
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Greg) OCTOBER. NOVEMBER. DECEMBER. 
Notr.—In the diagrams, the figures plotted for tin and copper are the official closing cash 
quotations of the London Metal Exchange for “fine foreign’? and “standard” metal, respectively. 
The prices shown for lead are for English metal, whilst those for spelter are for virgin metal. 
Middlesbrough prices are plotted for steel plates and rails, and also for hematite and Oleveland 
pig-iron. The prices given, in the case of steel plates, are for ship, bridge and tank qualities, and 
those for steel rails are for heavy sections. The pig-iron prices are for East-Coast hematite and 
Cleveland iron, both of No. 1 quality. The price of quicksilver is per bottle, the contents of 
which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in other 
cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the 
horizontal lines represent Il. each, except in the case of the diagram relating to tin-plates, in 
which they represent ls. each. 








Tue Ow Tank STEAMERS “ SHIRVAN ”’ AND “SHIRAK.”’ 
— The “> -screw tank steamer Shirak, built tothe order 
of the Baltic Trading Company, was recently launched 


sister ship of the Shirvan, which we described in our 
issue of December 18 last, on page 770. The Shirvan 
recently completed her official full-speed trials at sea, 
under fully-loaded conditions. 'The. speed obtained was 


from the Walker Shipyard of Messrs. Sir W. G. Arm- 





over 11 knots, the machinery operating satisfactorily. 


strong, Whitworth and Co., Limited. This vessel is a 
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A METHOD OF TESTING CONCRETE 
BLOCKS.* 
By H. G. Luoyp, M.Inst.C.E., A.C.G.I. 
Tus paper is the sequel to the previous one on 
‘The Consistency of Portland Cement, Mortar and 

Concrete,” read by the author at the Concrete Institute 
on April 22, 1920. The object of the present paper is 
to describe the application of the principles, described 
in the previous paper, to the testing of concrete and 
hence to describe a method of testing concrete blocks. 

After testing thoroughly the two methods previously 
described, the author has discarded the Vicat plunger 
method, because it requires a wetter consistency than 
that which results in the greatest strength, and has 
amended the Boulogne ball test, besides introducing 
two other methods for the determination of con- 
sistency, which may be used in coniunction with it. 

The details of the method for the determination of 
the “standard” consistency of the Portland cement 
are as follows :— 

Weigh out 0-900 lb. of dry cement and a quantity 
of water equal to 20 per cent. of the weight of cement. 
Mix the dry cement by trowelfor half a minute. Form 
it into a ring and pour the water into the ring. Turn 
the dry cement from the outside of the ring into the 
centre without allowing any water toescape. Continue 
mixing for 24 minutes from the time that the water was 
added. A cone-shaped heap should be made next, by 
pressing and patting with the trowel against the neat 


plate are lifted also. If the mould is lifted at the 
eighth blow, then it has been filled too easily because 
the consistency of the cement is too soft. A deduc- 
tion of one-quarter of 1 per cent. should be made 
from that used. Should 12 blows be required to lift 
it, then add one-quarter of 1 per.cent. to the per- 
centage used. The plate test may be considered as 
the fine adjustment of the cone and ball tests. 

Ingredients Used in the Concrete-—Portland cement : 
Only cements which had passed the British Standard 
Specification (1920) for Portland cement were used. 

Water: The tap water was taken from the Metro- 
politan Water Board’s supply. 

The Thames ballast was dredged from the lower 
reaches of the tidal waters of the river Thames. It 
was washed, dried and then graded. Square mesh 
sieves were selected in order to be uniform with the 
sieves used for Portland cement. 

The size of the aperture of the mesh was taken 
as the basis and not the number of apertures per lineal 
inch, which is dependent on the gauge of the wire. 

The division between stones and aggregate was 
made by the #-in. square-mesh sieve. The maximum 
size of stone was limited to }?-in. diameter because this 
is common practice for reinforced concrete. 

The minimum size of sand was determined by 
retaining it on a 76 by 76 cement standard sieve 
which has an aperture of 51, in. The sand was 
graded to six sizes ranging from ¥ in. to residue. 





i114 
The gravel was graded to five, from } in. to # in. 


of this object was indicated by the presence of moisture 
on the surface of the concrete. A firm blow then 
administered near the circumference had the effect. of 
raising the level of the surface on the opposite side, 
and thereby showed that the tension of moisture 
throughout the mass was complete, and the concrete 
behaved like a jelly-like mass. 

More concrete was added, 50 firm blows were given, 
followed by 200 light rapid blows, and so on, until the 
cylinder was filled. A small cone of concrete was 
then placed on the top and one blow of the circular 
steel plate, held horizontally, was given to the cone. 
The plate was-given an eccentric movement while 
being pressed downwards. When the plate touched 
the edges of the mould it was slipped off. After the 
surface of the concrete had been smoothed with a 
trowel the plate was brought down heavily on the 
top of the mould and left. 

After 48 hours the cylinders and cubes were taken 
out of their moulds and matured in air in the mixing 
room at a temperature of about 60 deg. F. 

Weight of Concrete—The net weights of the concrete 
when moulded, are plotted on Fig. 1, where they are 
shown in a full line. 

When the blocks were taken out of the moulds 
they were again weighed. The fair averages are 
plotted on Fig. 1, where they are indicated by a dot 
dash line. 

At 28 days the blocks were again weighed. The 
fair averages are shown in a dot line on Fig. 1. 






























































































































































Fig. 1. Percentage of Aggregate in Dry Mixture by Weight Fig.2. Percentage of Aggregate wn Dry Mixture by Weight. 
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cement supported and shaped by the left hand, which 
should rest on the slab. 

Immediately the cone has been shaped, turn it over 
quickly, aided by the trowel placed partly under it. 
The bottom of the cone should just show a film of 
moisture which should disappear rapidly. It takes 
some 15 seconds to make the cone. If no moisture is 
apparent then the consistency is too dry. Add 1 per 
cent. more water and re-gauge the mixture for one 
minute. Again form a cone and note if moisture is 
apparent on the base. If so, the plasticity is likely 
to be about that of standard consistency. 

Next, mould the neat cement into a ball in the 
hands. Squeeze it together and turn it round in the 
hands and throw it from hand to hand. In one 
minute from the time that the cone was finished, a 
firm jelly-like ball should be formed which will neither 
feel lumpy nor soft. Hold the ball with both hands 
at a height of 18 in. measured from the slab to the 
underside of the ball. Then drop it. After impact 
it should retain its shape without cracking and show an 
indentation where it impinged on the slab. Re-shape 
the ball in the hands and then drop it gently into a 
Vicat mould placed on a steel plate. The top of the 
ball should then protrude 1} in. above the top of the 
mould. The plate and the inside of the mould should 
be wiped with an oiled rag beforehand. The test 
occupies only 3? minutes after the addition of water, 
provided that the correct amount is added at one time. 

A plate test is next made with a steel plate 4} in. by 
43 in. by }in. Hold this horizontally 6 in. above the 
top of the mould. Beat the ball with the centre of the 
plate. Repeat the blows at the rate of one per second. 
The momentum of the blow should be such that, if 
the mould is placed on a platform weighing machine 
the lever arm will just be lifted when the jockey 
weight records 25 lb. At the tenth blow the surface 
tension should be such that when the plate is raised, 
the neat cement, the Vicat mould and the bottom 
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The Determination of the Percentage of Water required 
to damp the Aggregate——The method described in the 
previous paper was adopted for both sand and aggregate. 
Before each test was commenced the quantity of 
water was calculated in the manner fully described in 
the previous paper. 

Method of Preparation of Blocks.—The total quan- 
tities required for each mix were estimated beforehand, 
so that almost all of the concrete mixed was filled into 
the moulds. The weight of each of the 11 grades of 
aggregate was calculated and then the materials were 
weighed out. 

The cylindrical mould used was 6 in. internal diameter 
by 12 in. long, and was made from a steel pipe cut 
longitudinally. The split pipe had an angle iron 
riveted circumferentially to the outside edge at the 
lower end. This angle iron had three equidistant 
holes drilled in it which engaged with three vertical 
pins fixed in a circular steel base plate. Cotters 
through the vertical pins held the mould down firmly. 
The vertical split in the mould was closed by three 
butterfly nuts through vertical angle irons riveted one 
on each side of the joint. A loose plate, 7 in. in diameter 
by # in. thick, was used as a cover. The cube moulds 
were made of four steel plates surrounded by a C.I. 
split ring closed by a screw. The mould was held down 
by hand and not fastened to the steel base plate. A 
steel plate was used as a cover. The moulds were 
wiped with an oiled rag before use. 

A wooden pick shaft weighing 2 ]b. with an elliptical 
head 3 in. by 1% in. was used to tamp the conerete into 
the mould and then 100 firm blows were given with the 
pick shaft. The author then tamped the concrete with 
300 light blows of the pick shaft at the rate of 400 
blowsa minute. The shaft was kept upright and moved 
gradually round the surface of the concrete with the 
major axis of the elliptical head of the shaft always 
on a radial line. No two consecutive blows were given 
on the same area. The tamping was done in this 
manner with the object of working the neat cement 
into a plastic state without disturbing the relative 


It is noticeable that the weight of the neat cement 
when moulded is about the same as that of the weakest 
mixture. A cylinder, filled with damp aggregate 
only, by the method used for the concrete, weighed 
the same as the neat cement. For the three ages, the 
curves in Fig. 1 are parallel. 

As the percentage of cement is reduced below the 
100 per cent., and its place taken by the heavier 
aggregate so the weight of the concrete steadily in- 
creases, until it comes to the critical mixture where 
the weight is at its maximum since it contains the 
largest quantity of aggregate with the voids filled. 
As the quantity of cement is decreased so the voids are 
increased with a consequent decrease in the weight of 
the concrete. 

Crushing Tests —At the expiration of 28 days the 
concrete cylinders were crushed in an hydraulic press 
between steel plates. 

The fair averages for the crushing strengths of the 
cylinders and cubes, expressed in pounds per square 
inch are plotted on Fig. 2. 

Formule Based on the Results of Crushing Tests —The 
following simple formule show the relationship between 
the percentage of cement used in the concrete and the 
crushing strength of the blocks. This is also the case 
if a heavier aggregate is used, 


When the voids are filled and N> V. 
Let N = the strength of neat cement. 








V_ = the strength at the critical mixture. 
n = the maximum percentage of dry cement 
by weight = 100 per cent. 
v = the percentage of dry cement in the 
critica] mixture. 
y = the percentage of dry cement in the 
mixture of unknown strength. 
Y = the required strength with y percentage of 
dry cement. 
Then n—y N — Y, 
n—v N—V 





distribution of the stones and sand. The attainment 


This, by transposition, gives 








100 —y 
100 — v 
If N<V, then the formula may be re-cast to suit 
the case. 
When the voids are not filled— 
Let M = the strength of the mixture with the 
minimum quantity of cement. 
== the percentage of cement in that mixture. 
= the percentage of dry cement in the 
mixture of unknown strength. 
Y’ = the strength with y’ percentage of dry cement. 
EN eet sil imate 
vo—m V-—M 
Or vi=v—{(v—™ A 
v—m 





y=n-{w-v) 
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A comparison of the curves in Fig. 2 shows that the 
critical point occurs at about the 1:14:24 mixture, 
both in the cubes and cylinders, and at this point 
the difference in the crushing strengths is at its 
maximum, decreasing steadily as the voids increase 
or the cement increases. 

A comparison of the weights of the cubes and 
their crushing strengths shows that the mixture of 
concrete which has the maximum weight per cubic 
foot is also that in which the crushing strength is high. 
This mixture has the voids only just filled with cement. 
From this point, any further substitution of cement 
for aggregate only causes the strength to increase at 
a slower rate. 

Although the strength diagram is not so well defined 
for the cylinders as for the cubes it indicates similar 
conclusions, 

If the average tensile strength of the cements used 
be multiplied by 10 and plotted on Fig. 2, the line 
joining the two points will be almost parallel to that 
of the crushing strength of the cylinders. It therefore 
appears that, between the limits of neat cement and 
the critical point, there is a definite relationship 
between the tensile strength of briquettes. moulded in 
accordance with the British Standard Specification, 
and the crushing strength of cylinders, composed of 
this type of aggregate and moulded in accordance 
with the method described herein. Other experiments 
indicate that this relationship holds good below the 
critical point also. As there is evidently a relationship 
between the crushing strengths of cylinders and cubes 
it follows that there must be a similar connection 
between the tensile strength and the crushing strength 
of cubes. 





THE LAUNCH OF THE AIRPLANE 
CARRIER, U.S.S. ‘*SARATOGA.’’* 
By PB. H. Riae. 

Tuis large and important vessel was ordered in 1917 
as a battle-cruiser, and before the keel blocks were 
laid, whilst such matters as lines, shell expansion and 
bottom framing were being laid down and material 
orders were going off to the mills, the builders were 
busy with their first set of launching calculations. 
Under the Washington Treaty, she ceased to be a 
future battle-cruiser, and after some time it was 
decided to complete her as an airplane carrier. 

The calculations were started over again, the only 
point then irrevocably fixed being the height and 
declivity of the keel blocks. As a considerable amount 
of the ship was built into place it was obviously not 
poe to change height and slope; but there was 
ortunately, no need. The weights and distribution 
were changed, not so much below but entirely so as to 
the topsides ; even the buoyancy curves were modified 
due to changes in the structure in the region of the 
waterline. The spread of the ways was a difficult 
matter to settle; due to the full form amidships and 
the fine ends, there were conflicting conditions. At the 
ends we wanted the ways close to avoid excessive 
spread and consequent slope to the poppets, and amid- 
ships we wanted them wide to avoid excessive over- 
hang on each side, As is usual with shipbuilders, we 
compromised, 

Owing to the importance of these launches, the 
original builders of the six ships had exchanged ideas, 
and all launching data as proposed by the Philadelphia 
Navy Yard, Newport News, Bethlehem and New York 
Shipbuilding Corporation were pooled and tabulated 
in parallel column form. We thus hada summary of 
four sets of ideas. It was noticed that all agreed as 
closely as was reasonable to expect when allowances 
were made for the local conditions prevailing in each 
yard. We thus proceeded with confidence, but not 
for long, as four of the ships were scrapped and only 
Bethlehem and the New York Shipbuilding Corporation 
were left in the running; these two yards have since 
co-operated to the fullest extent. It has fallen to the 
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New York: Shipbuilding Corporation to launch first. 
They now have the American record for length and 
weight of ship launched; the indications are that 
Bethlehem will launch in a later stage, and therefore 
a heavier vessel will give them the weight record. 

These launching. weights, as regards the Saratoga, 
are only exceeded by the giant North Atlantic liners 
of the Olympic, Leviathan, Berengaria and Majestic 
class, launched from European yards. The Saratoga 
is the heaviest warship launch on record, the author 
believes. The British Hood is understood to have 
been launched at some 23,000 tons, compared with 
25,730 for the Saratoga. 

Launching is always a critical operation. With her 
888 ft. of length and 106 ft. of beam, to say nothing 
of her 74 ft. of depth, this ship presented problems that 
demanded full investigation. The launching arrange- 
ment is shown in Figs. 14 and 1B, on the opposite page. 

Special Problems.—The following points had to be 
most carefully considered and every allowance made :— 

1. The building berth gave a depth of water over 
way ends at normal high tide of only 8 ft. 6 in. Many 
figures were made to ascertain whether this was enough 
to avoid damage to bottom from excessive way-end 
pressure. It was finally settled that extension of the 
ways was necessary and justified in order that sufficient 
machinery could be installed below, so that the struc- 
ture could be well closed in and riveted to give proper 
strength. The ways were extended on piles for 75 ft. 
further in order to get 11 ft. 10 in. of water over way 
ends at a normal high tide. This gave assurance that 
all boilers, motors and shafting, together with many 
auxiliaries, could be placed aboard and closed in. This 
closing was very important aft in way of the motor 
rooms, for strength of structure here was not easy to 
get otherwise. 

2. For a distance amidships the longitudinals 
directly over the ways were filled in with electric 
welding to get a metal bearing between the shell and 
longitudinal, and so relieve the rivets here from shear- 
ing stresses; between the shell and longitudinals there 
was therefore a metal to metal fit in way of maximum 
way-end pressure. As this was thought of in the early 
stages, it was easily done at little expense. 

3. Checking after leaving the ways has now for the 
first time been a real problem at the Camden yard, 
The Delaware here is wide and this yard has never 
before faced the checking problem seriously, though in 
all large and moderate weight launches an anchor is 
made available as a precaution. In two previous 
launches of battleships, anchors have been dropped-— 
in one case two such anchors and in the other, one ; 
this was mainly for checking purposes. It is hard to 
say whether they were dropped from excess of precau- 
tion or absolute necessity. In the case of the Saratoga 
there was no debate among those who made the speed 
estimates, and very definite checking arrangements 
were made; they consisted of both dropped and pre- 
viously placed anchors and will be described later. 

4. Three methods of checking were considered :— 
(a) Chain drags as used on the Clyde. They were not 
adopted for two reasons, the available travel was con- 
siderable, 1,170 ft, after the fore poppet cleared the 
groundways; they would probably have torn up the 
concrete caps of the building berth considerably. 
(6) Manila rope stops. The Plymouth Cordage Com- 
pany was consulted and furnished the builders with con- 
siderableinformation. After calculations were made, it 
was decided that the destruction of rope would prove 
to be very high and expensive. (c) The ship’s cables 
were available and a considerable number of 20,000-Ib. 
anchors from the victims of the Washington Treaty. 
As the Saratoga’s anchors are considerably heavier 
than this, it was felt that the ship’s cables could not 
well be overstressed by the lighter anchors, so why, it 
was thought, should not these anchors do a little useful 
work. They did very good work, six of them. The 
holding ground off the yard is good; it forms part of 
one of the regular Philadelphia anchorages. 

5. Owing to the small declivity, there was a feeling 
in some quarters that the speed would not be exces- 
sively high. Calculations were made for two coefficients 
of sliding friction between ways, namely, 0-02 and 0-03, 
and in each case water resistances were estimated and 
added by successive increments as the vessel pro- 
gressed down the ways, allowances being made for 
both locked and free propellers, the friction of the 
sliding ways and for various stern masks. These 
calculations were admittedly approximations, but they 
clearly indicated a possible speed on leaving the ways in 
the neighbourhood of 20 ft. per second. The excellent 
Encrneertng* (London) article on the launch of the 
Mauretania, with its good observations and records, 
was freely used as a guide. The observed speed 
leaving the ways was 22 ft. per second for the Saratoga. 
The actual speed curve was very near to the calculated ; 
they cannot be too closely compared as the weights, 
masks and propeller conditions that finally obtained 
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were different from the assumed conditions. The con- 
firmation of these figures was remarkable, and the 
builders now feel assured that they gave a true 
indication. ' 

6. This vessel has four very large propellers ; doubts 
as to the reliability of the speed estimates very natur- 
ally obtained ; these indicated both the safeness and 
the desirability of locking the propellers, but the possible 
undue slowing up of such a long vessel on the ways 
under pivoting pressure was not to be lost sight of. 
For this reason, a special brake was secured to each 
shaft, consisting of a large winch barrel and heavy 
manila rope brake operated by dropping a weight to 
apply friction to the drum. These weights were 
released by cutting ropes on deck as the vessel left the 
ways, so that no one was needed below at the time. 
One propeller did not turn at all, the other three made 
a limited number of revolutions, the ropes tore apart, 
and the propellers stopped with the ship. These three 
ropes and their weights ended the run in a highly 
disorganised state. They did very little damage, 
thanks to the wood guards placed around them. The 
intention was to leave the propellers free to revolve on 
the ways and lock them as soon as the vessel floated. 
As an indication of the stopping effect of fully locked 
propellers, as well as of their size, the calculations 
showed that they contributed just 50 per cent. of the 
water resistance working to stop the vessel when afloat. 
It was no wonder that they were somewhat feared as 
possible premature stops, particularly as these large 
vessels are frequently launched without propellers in 

lace. 

7. Dredging the river bed to allow for the dip prior 
to pivoting was necessary to a limited extent only. 
The depth off the yard averages some 40 ft. at high 
water, except close in shore. Further off there was'a 
bank which had to be cut through for safety; we 
had to allow for a static dip of some 35 ft. aft, with 
ways about 3 ft. below keel. As it was quite possible 
to damage both ship and propellers by the ways fouling, 
a cut was dredged through this bank for the width of 
the ways. The builders were fortunate to be able to 
launch safely, after such a small amount of dredging. 
Launching curves are given in Fig. 3, page 58. 

The Building Berth—The vessel was constructed 
under cover, except as to the two ends, which pro- 
jected beyond the shed lines. The shed is 784 ft. 
long by 124 ft. wide, between column faces. The 
ground slope was at 0-5364 in. per foot, and the main 
weight bearing area was supported by concrete piles, 
topped with concrete caps. The upper end was sup- 
ported by steel girders carried on brick piers, as can 
be seen from Fig. 14. The lower end was carried by 
wooden piles and caps, below high water. The steel 
girders under the launchways were supported for the 
launch itself by bays of steel columns heeled on special 
concrete foundations set in the ground. Keel blocks 
were set central and at a height of 5 ft. above and 
parallel with the ground slope. 

The Groundways.—The slope was 0-5364 in. to the 
foot and straight from end to end; no camber. They 
were 7 ft. 6 in. wide and heavily ribbanded on the 
outside. Solid blocking was fitted all fore and aft 
between ways and ground. They were centred 27 ft. 
9 in., the distance between ribbands being 35 ft. 3 in. 
or just one-third of the beam. They were specially 
built for this launch, as the existing equipment of ways 
was too narrow and scarcely in good enough condition 
for piecing out. They were 15} in. thick and of yellow 
pine, oak-faced only at the lower end for pivoting. 
In order to get strength at the forward end to take 
thrust from the starting rams, if necessary, the forward 
section was built continuous for 300 ft. on each side. 
This carried the solid ways well down beyond the open 
girders at the head on to solid ground. The building 
and sinking of the outboard 75 ft. was an operation 
calling for considerable skill; the outer end was 6 ft. 
below low water and 12 ft. below high. The piles were 
cut off level and a tapered cribbing built with the ways 
in place, the whole being sunk over the bed of piles and 
secured by divers. Ways were greased before sink- 
ing, and this grease was cleared by a diver before the 
launch of mud, rivets, bolts, washers, &c., and reported 
in good shape after some six months’ submergence. 

The Sliding Ways.—Like the groundways these were 
new, built in 35-ft. sections generally and 7 ft. 6 in. 
wide, of yellow pine, oak-faced only under the forward 
section for pivoting. The thickness was 15} in. 
Special sections were built to house the releasing trigger 
castings; likewise special groundway sections. 

Poppets and Packing.—The fore poppet was of the 
now fairly well-known New York Ship type of rocking 
poppet. The make-up is evident from the Figs. 1, 6 
and 7. As in the past, it functioned properly and the 
structure sustained no damage. The total pivoting 
pressure was 3,900 tons on an area of 450 sq. ft., half 
oneach side. The usual spruce packing was amidships, 
solid between ways and ship. Between solid packing 
and fore poppet, owing to fineness of lines, fourteen 
special vertical shores and saddle bands had to be fitted, 
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THE LAUNCH OF THE AIRPLANE CARRIER USS. “SARATOGA.” 
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Fie. 7. 


before the launch: At 0-02 coefficient of sliding fric- | 


tion, the maximum speed was 24 ft. per second after 
500 ft. of travel and 20 ft. per second at the drop off. 
At 0-03 coefficient these figures were 18-5 maximum, 
and 15-5 at the dropoff. The propellers were assumed 
locked when these estimates were made, and a mask 
of 200 sq. ft. in area was assumed behind the rudder. 

By the time allowances for differences between actual 
and estimated conditions are made, these figures are 
Seen to be quite close. The checking arrangements 
were just sufficient, but there was very little margin. 
The mask was not actually fitted. 

The Lubricant.—This yard had been experimenting 
on “Paragon” launching stearine for some years, 
from car floats to cargo boats, tankers, and on up to 
the 535-ft. passenger ships. The last two battleships 
were launched, as usual, on stearine and tallow, but 

Paragon ” had behaved so well that it was decided 
to use it for this launch. This decision was not made 
easily or lightly, as can well be imagined. A thickness 
of 2 in. of “‘ Paragon”’ launching stearine with } in. 
of “Neptune” launching grease over, nominal thick- 


| 





ArteR Poppet. 


nesses, was used; the greasing irons were 1 in. The 
result was an unqualified success ; under pivoting there 
was no smoking, the thickness left under pivoting 
pressure being a scant 4 in. after the vessel passed off. 
The mean temperature for a week before the launch 
was 50 deg. F,, maximum 65 deg. F’., minimum 33 deg. F. 
On the day of the launch, the average was 52 deg. F. ; 
at the actual time of launch it was 59 deg. F. We 
thus had a very satisfactory range of temperature to 
workin. The total lubricant used was 68,400 lb. The 
absence of squeezing out was noticeable. The fore 
poppet rocker surfaces were coated with ‘‘ Neptune” 
grease, 

Way-End Pressure—Calculations had been made for 
&@ maximum way-end pressure of 11 tons per square foot 
at 6 ft. tide, or 11 ft. 10 in. of water over way ends. 
We were short of the expected tide by 6 in. and were 
quite anxious over the resulting pressure, which went 
up to 15-1 tons per square foot for 5 ft. 6 in, tide and 
1] ft. 4in. depth of water over way ends. The bottom 
stood up well. The following reasons are submitted 
for the successful withstanding of this abnormal 











pressure, for a warship bottom: (1) Longitudinal 
bulkhead over outboard edge of ways in the region of 
heavy pressure ; (2) electric welding in way of ordinary 
double-bottom longitudinal, relieving rivets; (3) Steel 
shoring instead of wood in double bottom; (4) heavy 
machinery foundation girders reinforcing double 
bottom; (5) flanged lightening holes in transverse 
floors, instead of the usual hole and flat floor. 

As is generally known, battleship bottoms have 
shown signs of failure at 10 tons and less per square foot 
way-end pressure. The standard frame, spacing for 
such ships is 4 ft., and the Saratoga has this spacing. 
Very careful examination after the launch showed 
everything in order and no damage. 

Clearing Away Blocks and Shores.—This followed the 
usual procedure. The absence of noise was not usual 
and was an eloquent testimony to the careful workman- 
ship, the close. blocking and good alignment. The 
ship crept down hill less than } in. as the blocks, &c., 
were removed. The precautionary dogshores fell 
easily and left her on the triggers. On release of these, 
she started very deliberately owing to the large number 
(47) of tumble shores and one jammed keel, block. 
About 20 seconds elapsed between. the release of 
hydraulic pressure and clearly perceptible motion. 
The tumble shores had relatively small corner radii 
and offered a good resistance to an abrupt start: Sight 
taken along the line of ways showed no local settlements 
as the blocks, &c., were removed. A special telephone 
system at some 10 control points eliminated a lot of 
running around with messages. 

Vessel Afloat—The stopping and slewing arrange- 
ments’) have been described above. Besides the 
anchors, there was a slight drain of tide still going 
upstream to help the slew ; the outboard port propeller 
was fixed throughout. A 12-mile breeze acted at 
45 deg. on the starboard quarter, also sending her 
upstream. A fleet of 12 tugs, three of which were 
powerful ocean-going tugs, berthed the ship safely, 
after the anchor lines were dropped and left riding to 
buoys, to be picked up by a wrecking lighter. The tide 
had set down well before the ship was brought back 
across the Delaware River to her berth. The work of 
clearing out the ways and poppets was quite extensive 
and took several weeks. The buoyancy of the new 
equipment did not facilitate matters. 

The general data may be conveniently summarised 
as follows :— 


Dimensions of vessel 888 ft. x 106 


ft. x 74 ft. 
Date of launch April 7, 1925 
Time of launch 1.15 p.m. 


Camden, N.J. 
24,630 tons 
1,100 tons 


Place of launch 
Weight of ship, &c. 
Weight of cradle 





Total launching weight 25,730 tons 


Length of groundways 932 ft. 
Length of sliding ways hong eee 
Declivity of keel and ways, perfoot 0-5364 in. 


Bearing area ee ie ... 10,500 sq. ft. 
Initial mean pressure, tons per 


square foot _.... cm wsoe: ae ae 


Width of ways 7 ft. 6 in. 
Spread of ways, centres aoe, 4 ite OAT 
Water over way ends at launch .... 11 ft. 4 in. 


Static drop of ship.... ee ies h ele 
Mean draught afloat, F.W. 18 ft. 9 in. 
Maximum way-end pressure, per 

square foot aba sal .. 15-1 tons 
Minimum moment against tipping 305,000 __ ft.- 

tons 

Pivoting pressure .... 3,900 tons 
Height of tide, actual .. 5 ft. 6in. 
Height of tide, expected ..., sisal 
Maximum speed per second ., 25 ft. 


Drop-off speed per second 22 ft. 
Travel after drop-off 985 ft. 
Angle of slew "i 15 deg. 


The above paper would not have been possible but 
for the courtesy of the Navy Department and of the 
New York Shipbuilding Corporation in allowing it to 
be written for the Society. 

In the course of the discussion which followed the 
reading of the paper, Professor William Hovgaard 
said he wished to present what he believed to be a 
new method of analyzing the results of a launch. 

The method was based on the energy equation, 
which expressed the fact that: Work done by gravity 
equals (1) Work done in overcoming frictional resis- 
tances on the ways + (2) Work done against buoyancy 
+ (3) Work done in overcoming hydraulic resistance +- 
(4) Kinetic energy + (5) Work done against checking 
devices. 

The work done by gravity was equal to the product 
of the weight of the ship and the vertical distance 
which the ship at any moment had travelled. When 
the ship cleared the ways the work done by gravity 
reached its maximum value, and if a curve was drawn 
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representing the gravity work plotted on the hori- 
zontal with distance travelled as abscissae, this curve 
would run parallel with the axis of abscissae. 

(1) The work done against friction on the waye could 
be found approximately from an analysis of the 
recorded launching data and a curve plotted for which 
the ordinate of any point represented all the energy 
absorbed by friction on the ways up to that point. 
(2) The work done against buoyancy could be calculated 
with a fair degree of accuracy, although it was probably 
affected by the wave formation. (3) The work done 
against the resistance of the water could not be cal- 
culated directly ; but could be determined by model 
experiments, which, if made also after the launching, 
when the velocities were known, should yield fairly 
accurate results. (4) If the velocity of the ship at 
any point up to the time when it came to rest, was 
known, it was possible to construct a curve for the 
kinetic energy, which would rise from zero, reach a 
maximum, and finally come to zero. 

There remained (5), the work done by the checking 
devices. Evidently this was at any point equal to the 
work done by gravity minus the sum of the work 
absorbed under items (1), (2), (3) and (4). When 
the ship came to rest, the kinetic energy was zero and 
it was found that : 

Total work done by checking devices = work done 
by gravity minus work done under (1) + (2) + (3), the 
final values of which were all known. 

In order that such an analysis could be made, it was 
necessary in addition to the ordinary observations, 
to record the movement of the ship, also after she had 
cleared the ways and until she came to rest. It was, 
moreover, necessary to make model experiments, 
which of course preclude the use of this method for 
vessels of minor size or importance. 

From a rather approximate analysis of the launch of 
® certain ship he found : 


Total launching weight 6,000 tons. 
Total distance travelled 1,173 ft. 
Total vertical travel of centre of 

gravity of ship _.... 29-5 ft. 


Total work done by gravity... .... 177,000 ft. tons 

Work against friction before the after 
knuckle entered water (travel 
135 ft.) Di: Se oe ra 

Work against friction from knuckle 
entered water until ship cleared the 
ways (travel 640 ft.) 


17,000 ft. tons 


35,000 ft. tons 


Total work against buoyancy sss BBSEOO a5. 55 
Work against water resistance until 

bower anchors were dropped 

(travel 675 ft.) 55 ‘ 1 4'49,900' ., ,, 


Work done against bower-chain ten- 
sions and water resistance 

Work done against various checking 
devices = ; 


39,200 ,, 


14,500 ,,  , 


Total hdd OOU 69° 99 
which equals the total energy available due to the 
work done by gravity. 

It would be seen how relatively small the work 
done by the checking devices was. No shield was 
fitted in this case; had this been done the hydraulic 
resistance would have been enormously increased as 
the velocity acquired by the ship was quite considerable. 
In fact, the velocity reached 24 ft. sec., which was 
maintained almost unaltered over a distance of about 
460 ft., giving the ship a maximum kinetic energy of 
53,700 ft. tons. 

In a launch where the permissible travel of the ship 
was limited, the problem of designing the checking 
devices acquired great importance. What one really 
wanted to know was the amount of energy which these 
devices could be capable of absorbing, and it appears 
that the best way to determine this quantity was to go 
about it in a direct manner as here proposed. Veloci- 
ties, accelerations, forces and frictional coefficients were 
all of interest, but were only means to the end of 
finally determining the work which the checking devices 
were required to absorb and the best way in which 
this could be accomplished. When an analysis as 
indicated had been carried out ‘or the launch of several! 
ships, the data so obtained shou? be of material assis- 
tance in planning for future launches. 





CATERPILLAR TRACTOR ComPETITION.—The Depart- 
ment of Overseas Trade announces that the Commercial 
Secretary at Berlin reports that. according to a Press 
statement, the Ministry of Transport and the Ministry 
of Food and Agriculture are arranging for a prize com- 
petition, heginning in the spring of 1927, for the con- 
struction of a caterpillar tractor suitable for transport 
and agricultural pr forestal purposes. A draft of the 


directions, describing the qualities which it is desired 
the caterpillar should have, has been prepared, and is 
obtainable from the Ministry for Food and Agriculture, 
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DIRECT-READING MICROMETER. 


THE BROWN AND SHARPE MANUFACTURING COMPANY, PROVIDENCE, 


R.I., U.S.A. 





THE BROWN AND SHARPE DIRECT- 
READING MICROMETER. 

Wue there is no great difficulty in reading a 
micrometer of the ordinary type, it will be generally 
admitted that a direct-reading instrument hasimportant 
advantages, especially for rapid repetition measure- 
ments and for use by unskilled persons. Many of 
the direet-reading instruments at present on the 
market, however, suffer, in comparison with those 
of the ordinary type, from the fact that they are 
somewhat heavy and clumsy to handle, and also 
that the gears operating the dial figures are liable 
to comparatively rapid wear, which renders the 
readings inaccurate. 

These drawbacks, however, have been eliminated 

from the instrument illustrated on this page, which 
is a l-in. direct-reading micrometer made by the 
Brown and Sharpe Manufacturing Company, Provi- 
dence, R.I., U.S.A., and sold in this country by 
Messrs. Buck and Hickman, Limited, 2, 4, and 6, 
Whitechapel-road, London, E.1. As will be under- 
stood from the illustration, the weight and form of 
the direct-reading micrometer are practically the 
same as those of the ordinary type. The dials which 
give the readings, although not visible in the illus- 
tration, owing to the angle from which the photograph 
was taken, can be seen very clearly in the actual 
instrument through a small window covered by 
transparent material; the window itself is visible 
in the illustration on the right-hand side of the yoke. 
There are three dials, of the cyclometer type, driven 
by hardened-steel indexing gears from the micrometer 
screw, and having large plain figures engraved on 
their edges so that direct readings are obtained to within 
one-thousandth of an inch. The graduations on the 
sleeve are also very clear, so that, if greater accuracy 
is desired, these graduations can be used for estimating 
measurements to within about two ten-thousandths of 
aninch. Special attention has been given to the design 
and manufacture of the indexing mechanism to ensure 
durability in. conjunction with smooth and accurate 
operation, the use of hardened-steel gearing, as pre- 
viously mentioned, being an important factor in 
securing this result. 
Another feature of the design, which may be referred 
to in conclusion, is the simple and convenient means 
provided for adjusting the micrometer screw to com- 
pensate for wear. When this operation is necessary, 
a cap fitting over the end of the thimble, and held in 
position by a single screw, is removed so that the nut, 
which is provided with small tommy holes, is exposed 
through a slot in the thimble, as clearly shown in our 
illustration. The nut can then be turned by means of 
the small pin spanner shown, to effect the necessary 
adjustment, the whole operation taking only a few 
minutes. 





Tria, Trip or THE §.S. “ Quimoa.”—The steamer 
Quiloa, built by Messrs. William Gray and Co., Limited, 
of West Hartlepool, to the order of the British India 
Steam Navigation Company, Limited, of London, re- 
cently successfully carried out sea trials. The vessel 
has an overall length of 502 ft., a breadth of 60 ft. 9 in., 
and a mounded depth of 32 ft. 8 in. A cellular double 
bottom is fitted in the hull, which contains also 2 deep 
ballast tank and fore and aft peak tanks. Accommodation 
is periced for a few passengers in addition to that avail- 
able for the officers and crew. A steam windlass is 
supplied for handling cargo, and also 19 derricks, one being 
of 25 tons capacity, and 19 steam winches, the exhaust 
steam from which passes into a winch condenser. The 
eneting machinery, constructed at the Central Marine 

gine Works of the shipbuilders, consists of balanced 
quadruple expansion engines, having cylinders of 28}, 
41, 58}, and 85 in. diameter and 54 in. stroke. Steam is 
generated in five large multitubular boilers working at a 
pressure of 225 lb. per square inch. The steam steering 
gear is operated by a telemotor from the bridge. Exten- 





Berlin, W. Wilhelmstrasse, 72. 





sive auxiliary machinery has been fitted by the builders. 





CATALOGUES. 


Furnace Bars.—A circular has reached us illustrating 
@ new design of renewable grids, for use with the me- 
chanical stoker made by the Triumph Stoker Company, 
Limited, Leeds. 


Paving Blocks.—Descriptive circulars of wood paving 
blocks with rubber studs, the invention of Mr. L. Wilton 
Cox, are to hand from Messrs. Calders, Limited, 1, Dover- 
street, London, W.1. 


Ball Bearings.—We have received from the Skefko 
Ball Bearing Company, Limited, Luton, lists of dimen- 
sions and prices for upright and angle plummer blocks, 
rigid ‘housings, hanger housings, and standard and 
heavy type ball bearing hangers. 


Welding.—We have received from the Alloy Welding 
Processes, Limited, 14, Church-street, Islington, London, 
N.1, a reprint of a paper on the flux-coated electrode, 
read by Mr. C. J. Holslag before the American Welding 
Society, and circulated by this firm with their catalogue 
publications. 


Gravity Conveyors.—A system of gravity conveyors 
designed by Messrs. Herbert Morris, Limited, Lough- 
borough, is deseribed in a special catalogue of which a 
copy has been forwarded to us. The system is adaptable 
to fixed installations or portable plants. Spiral units 
and corner-turning units are made. Many examples of 
complete installations. are illustrated. 


Spun-Concrete Beams.—A system of making beams 
for building work from reinforced concrete by the 
centrifugal process is explained in some circulars received 
from Messrs. Rotocrete, Limited, 10, Windsor House, 
Victoria-street, London, S.W.1. The beams are, of 
course, hollow when finished. They can also be placed 
vertically and used as columns. 


Screwing Dies.—A descriptive catalogue of the Hart- 
ness screwing dies, made by the Jones and Lamson 
Machine Company, Springfield, Vermont, U.S.A., has 
reached us from their London office, 19, Water-lane, 

n Victoria-street, London, E.C.4. The construc- 
tion, action and sharpening arrangements are fully 
described. 


Locomotives.—The First Polish Locomotive Works, 
Limited, Warsaw, Poland, have sent us a copy of their 
catalogue containing illustrations and specifications of 
a freight and a passenger locomotive, and illustrations 
of their works and machinery. The com was 
founded in 1920, and has in hand an order for 1,200 
locomotives to be delivered in ten years. The present 
output is at the rate of six locomotives a month. 


Marine Telephone.—The Laryngaphone is a telephone 
made by the Telephone Manufacturing Company, 
Limited, West Dulwich, London, 8.E.21, under patents 
of which they are the owners. Its special advantage is 
that it can be employed in noisy situations where it 
would be impossible to use instruments of the ordinary 
type. The hand instrument has an ear piece and a 
transmitter pad, the latter being held against the neck. 
The speaker talks in the ordinary way and the vibra- 
tions of his vocal cords affect the diaphragm of the trans- 
mitter which functions in the usual manner. Extran- 
eous sounds do not reach the transmitter diaphragm 
so that they are not transmitted. The system is 
therefore of special advantage at sea and in diving 
operations. 


Electric Generators.—Messrs. Plenty and Son, Limited, 
Newbury, have issued a eee gee containing three 
estimates of the cost of supplying oil-engine driven plant 
and operating it to generate a comparatively small 
supply of electric current, such as a factory might 
require. In all three cases the annual production is 
taken as 240,000 units and the costs per unit as 1-07d., 
1-18d., and 1-2d. In all cases the year is 300 working 
days of 8 hours each, and the difference in cost per unit 
arises from the various requirements of the three con- 
sumers. In the first case the full load output (100 kw.) 
can be utilised while in the second case the usual load 
is 100 kw. but a reserve of 30 kw. is provided for emer- 
gencies although only one engine is employed. In_the 
third case, two engines are used with a combined overload 
capacity of 30 kw. The high cost of the public electric 
supply in some places is encouraging engineering firms 
to offer small generating plants and demonstrate the 
economy to be gained with them. The figures given are 





worth careful attention. 
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THE SAFEGUARDING OF LIFTS. 
By Ronatp LisTER. 


Tue problem of safeguarding lifts is one upon which 
much ingenuity, time and money has been spent, 
yet accidents continue to occur which would indicate 
that still more attention should be given to this very 
important subject. 

By its nature an unprotected lift is a dangerous 
machine. A careless individual (or under certain 
conditions, even a careful one) may become the victim 
of a variety of accidents. The often serious results 
of these need not be detailed, but when it is remembered 
that very frequently those handling lifts may be quite 
ignorant of their mechanism, and that the safety 
appliances may be subject to long periods of neglect, 
or even deliberate attempts may be made by the 
operator to throw the safety gear out of action for his 
own convenience, it will be admitted that the problem 
before the lift engineer is by no means simple. 

Roughly, the causes of lift accidents may be divided 
into two groups. These are, first, those over which 
the operator has no control, such as the failure of 
suspension ropes or brakes and the car being allowed to 
fall down the well, or being wound up into the gearing. 

Secondly, there are those arising through some 
action of the operator, such as starting the lift before 
the landing gates are closed, or opening the landing 
gates and reaching to the operating rope to bring the 
car up or down from another landing. 

Considering the first class, a very old style of lift 
which may be seen even to-day working in certain 
factories is arranged as follows: A primary shaft 
fitted with fast and loose pulleys carrying open and 
crossed belts is capable of being driven in either direc- 
ion by means of suitable belt-striking gear. A spur 
reduction gear transmits the power to a second shaft 
carrying a winding barrel from which the cage is sus- 
pended by a single rope. A handrope operating the 
belt-striking gear passes through the cage, and by 
manipulating this the cage is wound up or down, or 
is stopped by throwing the belts on to the loose pulley 
which at the same time automatically applies a brake. 
The whole lift is little more than a power-driven winch, 
and from a safety point of view has practically every 
possible weakness and defect. The rope may break, 
or one of the gear wheels shear its key and drop the 
cage, or the brake may fail and the cage “‘ run away ” 
by pulling the gearing round. Such a lift on the score 
of cheapness might reasonably be used for goods, but 
no passenger should ever be allowed to travel in it. 

The use of the balance-weight, although its object 
is primarily to economise power, makes for a larger 
degree of safety, as in the event of failure of brake or 
gear, the weight of the car and part of the full load 
is counter-balanced, and the tendency of the car to 
drop is overcome. Again, the balance weight system 
lends itself to the use of multiple lifting ropes, and as 
the ropes merely have a frictional grip on an arc of 
their pulleys, over-running in either direction only 
results in slipping instead of wrenching out the fasten- 
ings and dropping the car. 

The almost universal use of worm reduction gear 
has made most lift-winding gears self-sustaining quite 
independent of the action of the brake, so that failure 
of the winding gear on the driving side of the worm 
does not cause the car to “run away.” Even with a 
worm gear, however, where a large lead angle is used 
to reduce frictional loss the gear may not be self- 
locking and accidents have been known due to this 
cause. In all such cases mechanical efficiency should 
give place to safety. 

It is obvious that if several ropes are used between 
the car and the balance weight, they should be pro- 
vided with independent tension adjusters, otherwise 
it is likely that one rope will be taking most of the load. 
Lifts are occasionally seen -where the car is suspended 
from the two ends of a single rope, which passes over 
two pulleys on the driving shaft, while accommodated 
in the bight is a pulley from which the balance-weight 
1s suspended. While this arrangement equalises the 
tension on each section of the rope, it is to be con- 
demned, as, obviously, a single fracture in any part 
of the rope will drop both car and weight. Some lift- 
makers fit three ropes and adjust the middle one to 
run slack, so that it takes practically no load, thus to 
whatever extent the others may be allowed to wear, 
there will always be one sound rope in case of breakage. 

It may be said that given worm-reduction gear of 
suitable design a heavy rope pulley and shaft, multiple 
ropes with separate tensioning devices, and balance 
weight of sufficient size, all correctly designed and care- 
fully fitted, the danger of a dropped car is practically 
negligible. Nevertheless a further safeguard is fre- 
quently fitted in the form of a pair of serrated cams 
below the car against each guide. These cams are 
normally held out of action by the pull of the lifting 
ropes, or bya separate thin wire rope attached to a centri- 
fugal governor or over a pulley to the balance-weight, 
so that should the car break away from the weight or 





attain more than a pre-arranged speed, the cams are 
lifted into contact with the guides, which they seize 
with an automatically-increasing grip till the car 
stops. 

In the case of electric lifts, a switch is generally in- 
serted in the main circuit which is mechanically operated 
by the car should it from any cause over-run either 
the top or bottom landing. This cuts off the electric 
power and immediately stops the lift. In this con- 
nection the design of the brake is of vital importance, 
and it should be so constructed that normally a system 
of springs or weights holds the brake ‘‘ on” and locks 
the winding gear. The brake should be lifted “‘ off” 
by means of a solenoid energised only when the lift 
is working, so that failure of the current, or the develop- 
ment of a fault in the wiring system allows the springs, 
or gravity, to operate the brakes instantly. A brake 
that relies on electric energy for its application is to 
be condemned. 

Buffers should be arranged at the bottom of the well 
so that, in the unlikely event of all precautions failing 
and the winding gear continuing to run, the car will 
bottom, and relieve the tension onthe ropes, permitting 
them to slip before the balance weight hits the sheaves. 
Of course, similar buffers should check the balance 
weight at the other end of its travel before the car 
reaches the winding gear. 

A space of at least 3 ft. should be allowed in the well 
below the bottom landing level to give refuge to any 
person who through any cause might be trapped 
beneath the descending car, and if the car is not solidly 
roofed in, heavy wire guards should completely cover 
the car top to protect passengers or operators from 
anything falling down the well. A commendable prac- 
tice adopted by one firm is to hinge a part of the covering 
of the car adjacent to the landings, and in the event 
of anyone becoming caught between the car roof 
and a landing, the hinged portion can rise out of the 
way and give the victim a chance to escape without 
fatal injury. 

Considering now the second class of accident causes, 
t.e., those which arise out of actions of the operator or 
passengers, it is found that these may be practically 
all eliminated if the operation of the lift is arranged to 
comply automatically with a very simple condition, 
which is that it must be impossible to open any landing 
gate till the car is at rest opposite that landing, and, 
it must be impossible to start the car from any landing 
till the landing gate is closed. With the modern 
electric lift this problem does not present any great 
difficulty. Each landing gate is provided with an 
electro-mechanical lock which functions in the following 
manner: A pair of electric contacts within the lock 
are normally connected, when the gate is closed, by a 
projecting catch on the gate, but the first movement 
of the gate in opening withdraws this catch and dis- 
connects the contacts, and as all the locks are connected 
in series with the contro] system the lift cannot operate 
if any gate is open or has not been fully closed. A 
mechanical spring catch also normally engages with the 
catch on the gate and locks it in the closed position, 
but as the car stops opposite the landing a suitable 
projection on the car lifts this catch and releases the 
gate. The electric circuit is, however, still complete 
so that the car can be started again if desired without 
opening the gate, when the catch would immediately 
be freed and lock the gate as before. Actually these 
locks do not literally fulfil the specified condition that 
the car should be at rest at the landing before the 
gate can be opened, for as the car passes each landing, 
it momentarily releases the mechanical catch, so that 
anyone on the landing could throw the gate open at 
that instant. As the only effect of such an action 
could be to stop the car opposite the landing this 
characteristic can hardly be considered a practical 
disadvantage, though no doubt it could be overcome 
if desired by introducing a time lag in the striking 
mechanism of the lock. 

In cases where the car passes any projections on the 
side of the well, or where there is no regular operator 
in charge, an extra gate across the opening of the car 
itself, interlocked in similar manner to the landing 
gates, is desirable; and with such equipment the 
operation of the lift may be considered absolutely 
foolproof. The design of the locks must be such that it 
is impossible to work them, by inserting a pencil or 
other object in place of the gate catch or by any other 
device known to the ingenious liftman. The locks 
should be applied halfway up the gate and the electric 
wiring should be inaccessible, within the well. Locks 
acting at the top or bottom of the gates, with outside 
mechanism and wiring, are undesirable from every point 
of view, and should only be considered where lack of 
clearance or other exceptional reasons prevent standard 
electro-mechanical locks from being installed. 

In the case of non-electric lifts, of which great 
numbers are in use in factories, mills, and similar 
places where mechanical power is available, the 
problem becomes much more involved. The connection 





between the lift control gear and the landing and 


car gates or doors must be entirely mechanical, and 
when it is realised that doors may be of various types 
such as sliding, rising, single- or double-hinged, 
collapsible metal or wood, and that they may be 
situated on any, or all, sides of the well, and also that 
the car may be open on two or three sides, it is 
apparent that the design of a satisfactory interlocking 
apparatus between doors and the operating rope or 
chain, is a proposition of some intricacy. As a conse- 
quence a great variety of ideas may be found on 
different makes of lifts. : 

Recent Home Office recommendations suggest that 
all lifts, new and old, be equipped with safety appliances, 
and the. more stringent requirements of factory 
inspectors have now created a large demand for a 
device capable of being fitted to existing lifts. Some 
of the resulting schemes have been most inefficient. 
An unguarded lift is no doubt a very real source of 
danger; but, after all, it is a danger which most 
people appreciate, whereas an alleged safety device 
which is inefficient and frequently inoperative is 
undoubtedly an even greater menace, since its presence 
suggests that caution in operating the lift is not 
necessary. It is therefore imperative that great care 
be exercised when selecting safety devices for an 
existing lift, and any proposed design should be 
subjected to the scrutiny of a competent engineer. 
A test should also be made of an actual installation 
before an order is given, unless the reputation of the 
manufacturer is beyond question. Even approval by 
the Home Office merely means that the appliances 
actually fulfil the specified requirements upon test, 
but is, of course, no guarantee of good design, work- 
manship or efficiency. 

Summing up, then, the chief items in a lift specifica- 
tion to be examined from the point of view of safety, 
are :— 

(1) Worm reduction gear must be self-sustaining. 
The worm should be machined solid with its shaft, or 
if separate, its fixing should be above suspicion. 

(2) Worm wheel should be of ample strength and 
be well keyed to its shaft. 

(3) Winding sheave should be strong and well keyed 
to a main shaft of large diameter, and rope grooves 
should be of correct shape so as not to damage the 
wire ropes, and together with the diverting pulley 
should be as large in diameter as circumstances will 
permit to give an easy bend to the lifting ropes. 

(4) Ropes should be of best quality, flexible steel 
at least three in number, and of sufficient diameter 
to give a very great factor of safety. All should have 
independent tension adjustment, and each end should 
be finished with a properly spliced eye, not threaded 
through the car or balance weight fixings, doubled 
back, and fastened with a clamp and wire binding. 

(5) All gate locks should be of substantial design 
and foolproof. They should engage at approximately 
the middle of the gate, not at the top or bottom, and 
all-electric wiring and contacts should be inside the 
well. In the case of mechanically-driven lifts, or 
hydraulic lifts with handrope or chain control, the 
gate interlocking gear should be similarly foolproof, 
strong, simple and adjustable for wear. 

(6) Emergency gripping gear below the car is desir- 
able, and this should be of heavy design, and of a type 
that will not easily rust up as it may not be used for 
many years, if at all. Cast-iron should not be used 
as very high, and sudden stresses will be put on to 
this gear, should it ever operate. 

(7) Reliable “‘ knock-off” arrangements, in the case 
of belt-driven lifts, or main and control limit switches 
in the case of electric lifts, should be installed, and 
buffers to arrest the travel of the car and balance 
weight are desirable. 

(8) Ample clearance should be allowed below the car 
when at the lowest point of its travel, and also between 
the car roof and the winding gear when at the highest 
position. 





A Hopper, Suction aND GRaB DrEDGER.—Built 
to the order of H.H. The Maharao of Kutch, for service 
at ports in that State, the steel screw self-propelled hopper, 
suction and grab dredger, No. 35, was launched, recently, 
at the Victoria Shipyard of Messrs. Henry Robb, Limited, 
Leith. The suction pac has been supplied by Messrs. 
Drysdale and Co., Limited, of Glasgow; it will be 
driven by the vessel’s main engines, and has a sand- 

umping capacity of 300 tons per hour, when dredging 
From a depth of 30 ft. The grab-dredging plant has been 
constructed by Messrs. Priestman Bros., Limited, of 
Hull; it is capable of loading the vessel (500 tons) in 
three hours, when dredging from a depth of 40 ft. The 
builders of the propelling machinery are Messrs. J. 
Cran and Somerville, Limited, of Leith. The boiler is 
specially large in order that an ample supply of steam 
may be generated when burning inferior coal. The 
dredger is fitted with four steam hopper-door winches, 
made by Messrs. Henry Robb, Limited, steam windlasses, 
forward and aft, to work two bow and two stern anchors, 


steam steering gear and a complete installation of 
is being installed at 


electric light. The machiner I 
Albert Dock, Leith, by the bui of the ship. 
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ELECTRICAL APPARATUS. 


239,555. A. Roberts, Newton Heath, Manchester, 
and Mather and Platt, Limited, Newton Heath, 
Manchester. Electric Motor Starters. (5 Figs.) 
March 15, 1924.—The invention relates to electric motor 
starters. In accordance with the invention, the usual 
electrolyte tank a is provided at one end with bearings 
b for a shaft c driven by a motor d. The starter shaft 
¢ has freely mounted upon it an arm e to which are 
connected shane arms f projecting at each side of it, the 
upper arms carrying the usual blades g for making 
contact with the electrolyte in the tank a, whilst the 
lower arms have secured to them a three-pole operating 
magnet h which constitutes, with any added weight i, a 
counterpoise to the blades g. The upper arms carry a 

















(239,555) 


bar j and a keeper & making contact, with three short- 
circuiting contacts m and a three pole “hold-on” 
magnet n carried by the electrolyte tank a. On the 
starter shaft c is fixed a star whe! 0, and hanging freely 
by its upper end from a pin p on the arm e is an arm @, 
the lower end of which carriés a laminated keeper * 
acting with the three-pole operating magnet h. This 
arm q is fitted with a pin or projection s to engage with 
the teeth of the star wheel o so as.at one time (as in 
Fig. 2) to engage between two of the teeth as when the 
operating magnet h is energised and at another time (as 
in Fig. 3) to swing clear of the teeth when the magnet 
h is de-energised. A stop t is provided which serves 
the double purpose of limiting the movement of the 
counter-poise ¢ when the starter blades g are in the 
“out” position and the downward movement of the 
pivoted arm q when the keeper r is released. The 
stator circuit is controlled by a main switch u (Fig. 4) 
from the three-phase supply v, whilst the rotor circuit 
comprises the slip-rings w of the rotor which are con- 
nected through the three-pole hold-on magnet n to the 


three short-circuiting contacts m on the tank a. From 
these contacts three cables z are taken through the three- 
pole operating magnet h to the starter blades g and to a 
starting resistance y in parallel with the blades g. 
Assuming the starter blades g to be in the “out” 
position (Figs. 1 and 2), the apparatus acts as follows :— 
On the closing of the main switch w, the rotor circuit is 
completed through the hold-on magnet coils n on the 
tank a and the operating magnet coils hk on the 
blade arms f to the starter blades g and also to the 
starting resistance y in parallel with the blades. The 
motor then starts and the shaft ¢ commences to revolve. 
Energised by the current flowing in the rotor circuit, 
the operating magnet h grips the keeper r on the pivoted 
arm q, thus bringing the pin or projection s on it into 
engagement between two of the teeth of the star wheel o 
on the shaft c, so locking the arm e carrying the blade 
arms f to the shaft c and causing them to move down- 
wardly and slowly to dip the blades g into the electrolyte 
in the tank a, the direction of rotation of -the shaft c 
being such as to effect this movement. When the 
blades g are completely moved to the ‘“‘in”’ position, the 
bar j on the end of the blade arms f engages with the 
short-circuiting contacts m on the tank @ and short 
circuits them, thus cutting out all the resistance used for 
the purpose of starting the motor. At the moment of 
short circuit, the hold-on magnet n of the tank a grips 
the keeper k carried by the blade arms f and holds the 
blades g “tin” and the short-circuiting bar j firmly 
on its contacts m. Since that part of the circuit is now 
cut out, the operating magnet h on the lower arms of the 
blades g releases the keeper r allowing the arm g to 
fall downward about its pivot p to the stop ¢, so dis- 
engaging the pin s from the teeth of the star wheel o 
as shown in Fig. 3. (Accepted September 23, 1925.) 


238,951. A. Reyrolle and Co., Limited, Hebburn- 
on-Tyne, F. Coates, Cleadon, and H. W. Clothier, 
Wallsend-on-Tyne. Electric Switch Gear. (1 Fig.) 
May 28, 1924.—The invention relates to metal-clad 
electric switch gear of the draw-out type. According 
to the invention, the insulator, instead of being cemented 
into a mounting or container forming part of the main 
casing of the switch gear, is provided with a jacket or 
casing which can be attached to the transformer chamber 
by means allowing of its ready detachment. A is a 
portion of the main casing of metal-clad switch gear of the 








draw-out type, for instance, the end of a transformer 
chamber. The insulator C is provided with a tubular 
jacket D flanged at one end at D! andsecured to an internal 
flange A! on the casing by studs and nuts E, so that the 
insulator and its casing may be removed as a whole from 
the main casing. The tubular jacket D is provided at the 
other end with an inturned edge D2 and the insulator C 
is secured within it by cement, the inner end of the 
jacket D. being provided with a gasket or packing ring 
G compressed by a collar which encircles the insulator 
and screws into the end of the jacket. (Sealed.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


239,280. Humphreys and Glasgow, Limited, 
Westminster, London, and J. C. Stelfox, West- 
minster, London. Manufacture of Gas. (1 Fig.) 
June 4, 1924.—The invention has reference to the 
manufacture of gas wherein coal is carbonised by in- 
ternal heat and resultant coke used for the production 
of water gas which, with gas evolved by carbonisation 
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of the coal, is collected and stored for use. According 


to the invention, blast gases are led off from the coke 
without passing through the coal and are utilised to 
heat recuperative chambers and the coal is carbonised 
partly by the passage through it of fresh gas-making 





steam superheated by being passed through the recu- 


perative chambers and partly by the passage through 
it of hot .water gas produced by steaming the coke. 
Apparatus, according to the invention for the manu- 
facture of gas by this process, comprises a water gas 
generator 1 with superposed carbonising chamber 2, 
a recuperative chamber, for instance, a carburettor 3, 
and a superheater or fixer 4, steam inlets 5. and 6 at the 
bottom of the generator and the top of the superheater 
respectively, gas off-takes 7 and 8 leading from the 
top and the hottom respectively of the carbonising 
chamber to the carburettor 3, and a gas ofitake 9 from 
bottom of the generator to the pipe 10 leading from 
the top of the superheater to the gas holder. The 
generator 1 and the carbonising chamber 2 are in free 
communication, and an annular flue 11 surrounds and 
is open to their junction; the offtake 8 is connected 
to this flue. Valves 7a, 8a and 9a are provided in each 
of the offtakes and a valve 12 is also provided in the 
pipe 10 on the superheater side of the offtake 9; the 
valves 7a and 8a are coupled so that when the one is 
open the other is shut, and the valves 9a and 12 are 
coupled so that when the former is closed the latter is 
open, and when the former is open the latter is shut or, 
if re-circulation of some gas is ,required, partially 
shut. A three-way steam valve 13 is also coupled to 
the two latter valves so that, when the valve 9a is 
open, steam is directed through the steam inlet 6 to 
the top of the superheater or fixer, and when it is closed 
steam is directed through the inlet 5 to the bottom of 
the generator 1; 13a is the steam supply valve; 14 
is the blast air pipe with valve 14a and 15 is the stack 
valve. (Sealed.) 


238,987. Humphreys and Glasgow, Limited, West- 
minster, London, and A. G. Glasgow, Westminster, 
London. Water Gas Generators. (4 Figs.) June 18, 
1924.—The invention relates to self-clinkering water-gas 
generators. According to the invention in order to 
provide a self-clinkering and substantially self-steaming 
water-gas generator, there is embodied in the generator 
a steam boiler comprising an annular water vessel a 
surrounding the lower portion of the fuel-bed including 
the clinker adhesion zone, the height of which is easily 
found being definitely determined by the character of 
the fuel in use, and the rates and times of blasting and 
steaming required for the efficient use of such fuel. The 
extent of the inner wall of the annular boiler above the 
clinker zone is so limited that the generation of steam 
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in the boiler does not exceed the quantity of steam re- 
quired by the generator, and the heat of the upper portion 
of the fuel-bed is not so reduced that the temperature of 
the issuing blast gases will be less than that required fur 
ready ignition for utilisation. The surface of the inner 
wall of the water vessel a is set substantially vertically 
and is free of any projections which would prevent the 
free descent of the clinker. The boiler, of which the 
water vessel a forms the heated water space, is provided 
with a steam drum ¢ and circulating pipes d, e. The 
generator is provided with a mechanically-actuated grate 
which removes the clinker which it is able to do as the 
water vessel by preventing adhesion of clinker to the 
generator wall ensures the clinker and ash regularly pass- 
ing to and being removed by the grate. (Accepted 
September 9, 1925.) 





Tue Royan Sanrtrary Instirute.—Founded in 
1876, the Royal Sanitary Institute, is celebrating its 
jubilee by holding an imperial congress in London, from 
ae 5 to 10, 1926: The Rt. Hon. Neville Chamberlain, 
M.P., Minister of Health, has accepted the Presidentship 
of the Congress, and the Lord Mayor and Corporation of 





the City of London have granted the use of the Guildhall 
for the opening meeting. ' 
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ENGINEERING. 


1,000-H.P. TWO-STROKE MARINE DIESEL ENGINE. 


MIRRLEES, BICKERTON AND DAY, LIMITED, ENGINEERS, STOCKPORT. 


CONSTRUCTED BY MESSRS. 
































TWO-STROKE MARINE DIESEL 
ENGINE. 


On this page and on Plate V we illustrate a two- 
stroke marine Diesel engine rated at 1,000 b.h.p., 
which has been constructed by Messrs. Mirrlees 
Bickerton and Day Limited, of Hazelgrove, near 
Stockport. It is common knowledge that this firm 
was one of our pioneers in Diesel engineering, 
having built their first engine in 1897. Most of the 
‘ngines since turned out by them have been supplied. 
for land service ; and when it was decided to enter 


| the marine engine field, it was thought advisable 


to make an arrangement with the Swedish Nobel 
Diesel Company, which has built many such engines 
during the past few years. The engine illustrated 
embodies accordingly the experience of both firms. 

As will be seen on reference to Fig. 1, above, the 
engine has four cylinders. These are 22 in. in dia- 


| meter by 29}-in. stroke. When running at a speed 


of 125 r.p.m. the engine develops 1,000 brake horse- 
power with a mean effective pressure of 70-5 lb. 
per square inch, the corresponding piston speed 
being 615 ft. per minute. In this case the speed 
of rotation is limited by the requirements of the 
propeller and not by the design of the engine. 
A similar pattern built for land service is, in fact, 
run at 140 r.p.m. at which speed it develops 1,100 
brake horse-power. 

The overall length of the engine has been reduced 
to a minimum s0 as to economise fore and aft space, 
which is always a desideratum in the case of a 
marine engine. The pumps which provide the 
scavenging air and that needed for charging the 
starting air-receivers and for spraying the charge 
into the cylinder are therefore located behind 
the engine, and driven by rocking levers and links 
in similar fashion to the air and circulating pumps 
of the ordinary marine steam engine. The overall 
length of the engine is 23 ft. 4 in., the width is 
15 ft. 6 in., and the height 18 ft. 5 in. 

















Fie. 1. 


As will be seen from Fig. 2, on Plate V, the engine 
follows in general the usual arrangement of marine 
engines. The hollow cast-iron columns, which 
connect the cylinders with the bedplate, have here, 


air-tight and serve as convenient and spacious 
reservoirs for the scavenging air. The crosspiece 
connecting the columns at the top stiffens them as 
well as serving as an air duct and receiver space. 

The engine is of the two-cycle type. The cylinders 
and piston are of cast-iron, but the cylinder cover is 
a steel casting of simple and straightforward design. 
It receives its supply of cooling water from the main 
jacket through passages formed in the cylinder 
casting, which communicate with an annulus 
provided between the top of the liner and the 
cylinder as best shown in Fig. 7. Ports in the steel 
cover, open into this annulus and through them the 
cooling water gains access to the interior. The 
whole of the stationary water-cooled parts are 
arranged in series. The water enters at the bottom of 
the guide as shown in Fig. 2. and leaving this at the 
top, enters the bottom of the cylinder jacket, from 
which it escapes into the cover as above described. 
It passed away from the top of the cover to the water- 
jacket which is provided round the exhaust pipe, 
and is then discharged to waste. 

There are three valves in the cylinder cover, 
but of these only one, the fuel valve, is operative in 
the normal running of the engine, the other two 
being brought into action only in starting-up, or in 
manceuvring the engine, as will be explained later 
on. Near the end of its stroke the piston uncovers 
the port shown on the left of Fig. 2, and the spent 
charge then escapes through this port into the 
exhaust manifold. As soon as the pressure in the 
cylinder falls below that of the scavenging air, 
the latter lifts the quadruple valve shown on the 
right of Fig. 2, and clears out the cylinder ready for 
the compression stroke. 





The piston has, it will be seen, a very long skirt, 


however, a double part to play, since they are made, 





most of which protrudes from the cylinder at 
the end of the out stroke. Two patking rings at 
the bottom of the cylinder liner prevent leakage past 
the skirt of the scavenging air. Another view of 
the piston to a slightly enlarged scale is shown in 
Fig. 3. From this it will be seen that the skirt is held 
only at its lower end, and is merely guided at the top, 
thus making provision for the differential expansion 
of this skirt and of the piston-rod. It will be further 
seen, that the connection between the skirt and the 
piston at the lower end makes provision for any 
slight eccentricity between the two. The combined 
effect of the arrangements described is entirely to 
eliminate warping strains on either element. The 
piston head is water-cooled. The supply reaches it 
through the annulus between the central pipe shown 
in Fig. 3 and the wall of the hollow piston rod, 
whilst the return flow passes down the central pipe. 
The water connections between the cross head and 
the stationary supply pipe consists of rocking pipes 
of which one is clearly shown on the left of Fig. 2. 
The cross-head glands are arranged as shown in 
Fig. 6. The lubricating oil is supplied to the 
gland, through a port drilled in the wall of. the 
bush as indicated in the figure. Provision is made 
for the ready removal of the gland for examination 
or repacking. 

As already mentioned, there are three valves in 
the cylinder cover. A section through the fuel 
valve is reproduced in Fig. 13, Plate V. As will 
be seen, the horizontal arm of the valve lever is 
jointed, and by unscrewing the set bolt shown, the 
outer end of the arm can be dropped clear of the 
valve, which can thus be removed without dis- 
mantling the valve lever. This lever, as are also 
those which operate the other valves in the cover, 
is mounted on ball bearings; since experience has 
shown that the lubrication of such bearings is 
apt to be neglected, particularly when as in the 
case of this engine the main lubrication is automatic. 

Views showing the construction of the other valves 
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are reproduced in Figs. 11 and12. One of the valves 
serves for the admission of the compressed air used 
in starting up the engine. The other also comes 
into play then, its purpose being to pass this air 
into the scavenger receiver, when the piston makes 
its return stroke. Owing to this arrangement the 
scavenging receiver is very rapidly charged, and the 
engine can accordingly generally be started up on 
its own fuel after but two revolutions. 

The camshaft by which the valves are driven 
is made in two interchangeable parts. There are 
in all four control levers of which two are starting 
levers, one for each half of the engine; a third 
lever is the reversing lever and the fourth is the 
fuel regulating lever. The whole set are inter. 
locked so that it is impossible for them to occupy 
conflicting positions. 

In starting the engine, the motion of the starting 
lever in the first place opens a valve on the starting 
air receiver, thus admitting high pressure air to 
the starting valves. In the second place it lowers 
the levers of these valves, as also those of the release 
valves on to their cams. This results in air being 
admitted to one or other of the cylinders, forcing 
down the piston, and putting the crankshaft into 
rotation. Owing to the special provision made for 
charging the scavenging air receiver, the engine 
can be got under way very quickly, and in fact the 
operation of reversing it from fu!l speed ahead 
to full speed astern takes only 12 seconds. 

The reversing lever shifts the cams along the 
camshaft, thus making the necessary alteration in 
the timing of the valves. The fuel regulating lever 
governs the supply of oil to the fuel valves and 
thus controls the engine speed. Great flexibility 
in this regard has been attained, and the engine 
can be run at the full load torque at as little as 
24 r.p.m., and still slower under sea conditions, 
where the torque diminishes rapidly with the speed. 

As already mentioned, the whole of the pumps 
supplying the air required for the working of the 
engine are driven by rocking levers from the piston 
crossheads. The scavenger pump is double-acting 
and is shown in position on the left of the engine in 
Fig. 2, and an additional view of it is reproduced 
in Fig. 4. 

Its special feature is its suction valve, which is 
of the rotary type and is driven from the engine 
crankshaft by means of spiral gearing as is best 
shown in Fig. 5, Plate V. The coupling between 
the gear and the valve spindle is flexible so as to 
provide for any small defect from perfect alignment. 
The gears are lubricated automatically, and the 
valve spindle runs on ball bearings. The pressure 
maintained in the scavening air receiver is only 
some 2} to 34 lb. per square inch (gauge). This is 
found to be ample owing to the very large air way 
provided by the four-seat valve by which the 
scavenging air enters the cylinder. 

The high pressure air required for spraying the 
fuel and for charging the starting air receivers is 
provided by a three-stage compressor, of which the 
L.P. and H.P. cylinders are arranged concen- 
trically, and operated from the same crosshead, 
whilst the I.P. cylinder is located at the other 
end of the engine. Intermediate coolers are pro- 
vided, as usual, between the successive stages. 

The governor, the camshaft, and the fuel pump 
are all driven by a single vertical shaft geared to 
the crankshaft. The fuel pump is illustrated in 
Figs. 8, 9 and 10, Plate V. There is a separate 
pump for each cylinder, but the whole four are 
housed in a single casting as shown. They are 
driven by an eccentric mounted on the vertical 
shaft, already mentioned. The eccentric rod is 
coupled to a crosshead running in a bored guide. 
A rod from this crosshead passes through the centre 
of the pump casting, and carries at its outer end a 
cross bar to which are coupled two of the pump 
plungers. The other pair are coupled directly 
to the main crosshead. The plungers are of steel 
and are lapped and ground individually into their 
corresponding sleeves. They are quite tight under 
full pressure, but are yet so free that they can be 
rotated by the fingers. They are guided solely by 
their sleeves, being loose fits in their cross bars. 

The delivery valves are automatic, but the inlet 
valves can be positively operated. They are held 
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down on their seats by light springs, but as indi- 
cated at a, Fig. 8, there is also a lifting lever under 
each by which the valve can be opened during the 
suction stroke or kept from closing on the return of 
the plunger. To this end a yoke }, couples the main 
crosshead to the rocking lever c, which thus swings 
to and fro in unison with the motion of the cross- 
head. This rocking lever is, it will be seen, | -shaped 
and its lower extremities are coupled by the links 
d to the spindles on which are mounted the valve 
lifting levers a. 

The rocking lever c is mounted on an eccentric 
by rotating which it can be displaced up or down. 
If the eccentric be turned so as to lower its centre 
of oscillation the lifting levers a oscillate about a 
higber arc, and they then keep their valves open 
for a longer or fraction of the return stroke and 
less oil is thus delivered to the engine. It is in this 
way that the speed of the engine is controlled either 
automatically by the governor or directly by means 
of the fuel regulating lever. The link work to the 
governor consists of the rod e, the crank f, and 
the rod g, whilst % shows the link connecting the 
eccentric with the fuel regulation lever. The end 
of the rod e can slide freely through the bush by 
which it is coupled to the lever f and this ma‘es 
it possible to operate the fuel regulating lever, 
whatever the position of the governor. 

Special attention has been given to the lubrica- 
tion of the engine, which is automatic throughout, 
and sight glasses are provided which make it easy 
to adjust the supply to each part with the greatest 
nicety. All waste is carefully trapped and guided 
to the proper drains. 

Particular attention has also been paid to the 
matter of facilitating the inspection of the engine. 
The pistons can be removed in from 14 to 2 hours. 
The crankshaft is in interchangeable halves, and 
either half can be removed without dismantling the 
cylinders or the columns. Each half is a solid 
forging, 13} in. in diameter at the pins and in the 
journals. 





THE ENGINEERING OUTLOOK. 
III. Tat Motor Inpvustry. 


THE Motor Industry is another branch of engi- 
neering which has shown phenomenal growth since 
1913. In post-war years its progress has been less 
regular than that of electrical engineering, partly 
as a result of abnormal conditions in the home 
market and partly because it has been made a bone 
of political and fiscal contention. 

The artificial boom of 1920 created a temporary 
home demand for motor cars of such dimensions 
that British manufacturers were unable to cope 
with it, and considerable importation took place. 
But the depression in the two following years hit 
the motor industry more severely than most others, 
owing to the large stocks of war vehicles which 
were continuously unloaded on the market. In 
times of great stringency such demand as there was 
was speedily stifled by the existence of these huge 
stocks which were disposed of at little more than 
scrap prices. By 1923 the industry was well on the 
way to recovery, and, with the exception of the 
usual seasonal decline in the autumn, was continued 
in 1924 until disturbed by the prospect of the 
removal of the McKenna duties. Either the stimulus 
to home demand as the general depression receded, or 
a supreme effort on the part of the industry, over- 
came this set back. The upward movement was 
resumed later in 1924 and was even more rapid 
in 1925, though here again the reimposition of 
McKenna duties by creating a flood of imports 
detracted temporarily from the value of the home 
market. 

Production in the United Kingdom in 1924 is 
stated to have reached 100,000 vehicles for the 
first time, as compared with 170,000 in France, and 
3,600,000 in the United States. While these figures 
are in all probability reasonably accurate, there is 
no means of giving comparable data for previous 
and subsequent years. As in the case of electrical 
engineering, it is necessary to resort to employment 
statistics for an index of the activity of production 
as a whole. In the following table will be found the 
total number of workpeople in the United Kingdom 
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employed in the construction of motors, cycles, 
and aircraft in July, 1923, 1924, 1925, as recorded 
in the Ministry of Labour Gazette, together with a 
sample of employment in the motor industry in 
seven principal manufacturing districts for previous 
and subsequent periods. 


TABLE I.—Number of Workpeople Actually Employed. 











Motor Index | Motor Cycles | Index 
Industry | 1913 =| and Aircraft | 1923 — 
oo 7 100 (U.K.)* 100 
Districts. 
1008 a: --| 19,001 100-0 a _ 
agi8'. .. -.| 39,686 208-9 —_ -- 
1920, May 43,202 227-4 _ _ 
1923— 
Ist half year..| 27,812 | 146-4 July 23 
BO. sso, <0]. eRe 165-5 175,722 100-0 
1924— 
1st half year..| 24,765 130-3 July 28 
“a 9 oo oe] 28,402 149-8 187,195 106-5 
1st half year..} 34,328 180-6 July 27 
2nd ,, ,,.--| 984,400 181-0 200,740 114-3 














* Only available for the month of July in each year. 

Although the second series in Table I, which 
includes cycles and aircraft, is not strictly com- 
parable with the first, the motor industry accounted 
for considerably more than half the total in the last 
three years. ‘The Ministry of Labour statistics may 
therefore be taken as representative of the general 
trend of the motor industry. If allowance is made 
for the political disturbances in 1924 alluded to 
above, which are reflected in the first series, the 
figures for the whole of the U.K. corroborate those 
obtained by the sample method during the three 
years for which they are available. The most 
notable features of Table I are the great increase 
in the numbers employed since 1913 and the steady 
upward movement during the last three years, 
which bids fair to reach again in 1926 the peak 
figures attained under the stress of war production 
and the post-armistice boom. 

Until the results of the census of production are 
available, no more detailed analysis of total produc- 
tionis possible. In Table II below will be found the 
statistics of British motor exports. 


TaBir I1.—United Kingdom Export of Motors and Chassis, 
Commercial Vehicles, Motor Cycies and Tricars (Numbers 
and Declared Values). 



































| 
(1) (2) 
Motor cars and | Motor Cycles pry od 
Commercial | Tri-cars. ined 
Monthly | Vehicles. | : 
Average | | 
for | 
| Num-} y, | Num-| y, Num- | vy 
| ber. Value. | ber. Value. bor: Value. 
£ | £ 
1913... 736 | 238,471 | 1,404 | 61,105 | 100-0 | 100-0 
1922— 
Ist Quarter 256} 190,061 | 586] 41,411 |} 39-3 77:3 
2nd ie 193 | 139,484; 723] 50,741 | 42-7 63-5 
3rd = 253 | 129,143 | 681 | 42,909] 43-6 57-4 
4th ee 312 | 193,186! 431] 25,142] 34-7 72°9 
1923— 
Ist Quarter 354 195,873, 998| 51,147] 63-2 79-1 
2n a2 397 | 193,104 | 1,468 | 76,698] 87-1 90-0 
3rd » | 536 | 232,324 1,287 | 66,093] 85-2 99-6 
4th pa 799 | 338,882 | 1,631 | 76,268] 113-6 | 138-6 
1924 
Ist Quarter 900 | 311,615 | 2,447 | 106,341 | 156-4 | 139-5 
2nd », | 1,142 | 365,955 | 4,238 | 187,365 | 251-4 | 184-7 
3rd a | 1,516 | 433,205 | 3,028 | 129,991 | 212-3 | 188-0 
4th 5, | 1,641 | 509,577 | 2,807 | 118,328 | 207-9 | 209-6 
1925— 
1st Quarter| 2,137 | 598,615 | 3,908 | 154,139 | 282-5 | 251-2 
2nd »» | 2,122 | 582,982 | 4,255 | 180,723 | 298-0 | 254-9 
3rd » | 2,235 | 567,639 | 3,638 | 142,206 | 274-5 | 236-9 
4th »» | 3,092¢ 704,035¢| 3,620*| 137,116*) 313-7 | 280-7 





* Estimate for the quarter on the basis of Octoberand November. 


The position revealed by these export statistics 
is extremely satisfactory. It was seen in Table I 
that the numbers employed in the industry were 
nearly double the 1913 figure. The exports are 
approximately treble in numbers of units and more 
than two and a half times greater in value. That 
the declared value per unit should have dropped as 
compared with 1913 in spite of the general level of 
prices in this country being 70 per cent. higher 
is at first sight remarkable. It is partly due no 
doubt to the fact that there is a much greater 
percentage of light cars in the total now than in 
1913. But, even allowing for that factor the great 
improvement in the motor export position is un- 
deniable. The world consumption of cars is on the 
up grade, and will continue to be, as the effects of 
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the war recede. During 1924 and 1925 the British 
industry has taken its fair share in this upward 
movement. * 

As regards the relative success of the British 
industry in the home and export markets, there is 
no statistical basis for accurate comparison. A 
general indication of the extent to which the use 
of motor vehicles is on the increase in this country 
is afforded by the advance in recent years of the 
consumption of motor spirit. As far as the number 
ot vehicles is concerned, Table III shows that home 
demand is increasing as rapidly here as in most 
European countries. 

Taste II1I.—Number of Motor Licenses Current. 








Quarterly Cars. Cycles. Commercial 

Average. Vehicles. 
1922 ae atv 274,000 320,000 145,000 
1923 Be oy 346,000 366,000 169,000 
1924 ..  --| 481,000 419,000 197,000 
1925 oe ae 560,000 460,000 229,000 














As a measure of the value of the home market 
to the British industry these figures must be 
qualified by a consideration of the imports of foreign 
cars in the same period. 


TaBLE 1V.—Imports into the United Kingdom of Motor 
: Cars, Commercial Vehicles and Cycles. 











Index 
Monthly = ‘. 
‘Average Number. Value. 
for— Number. Value. 
== | — 
i | 
1913 1,200 265,187 100-0 | 100-0 
1922— 
1st quarter .. 1,683 306,408 140-2 115°5 
2nd , F 2,202 348,648 183-5 131-4 
Srd 55 2,016 337,941 168-0 127-4 
4th ,, 1,875 313,319 156-2 118-1 
1923— 
lst quarter .. 3,420 498,363 285-0 187-9 
2 ite 2,875 419,063 239-6 158-0 
Srd gs 987 151,436 82-2 57-1 
4th ,, 2,168 330,554 180-7 124-6 
1924— 
1st quarter .. 2,439 344,419 203 -2 129-9 
2nd (sy, 1,863 272,401 155-2 102-7 
Sa § 1,773 346,759 147-7 130-7 
4th 2,063 417,119 171°9 157°3 
1925— 
ist quarter .. 3,708 610,540 309-0 230-2 
2 a 7,575 1,294,230 631-2 487-9 
ae --| 2,108 337,504 175-2 127-3 
4th ,, ES 8,117* 546,198 259-7 206-0 

















* Estimate for the quarter on basis of October and 
November figures. 


From Table IV it is clear that foreign importa- 
tion in this industry has been a serious factor 
both before and since the war. The enormous 
figures in the first six months of 1925 are, of course, 
attributable to the reimposition of the McKenna 
duties in July, and were followed by a corresponding 
reaction. If, however, imports continue at, or 
round, the level of the last six months of 1925, 
it would still be necessary to conclude that the 
prospects for British manufacturers are favourable 
at home. The Ministry of Transport estimates that 
in 1924 there was one car to every 32 inhabitants 
of the United Kingdom, a figure which leaves 
ample room for expansion. 

As for the immediate future, it is probable that 
the activity of our most formidable competitors 
will be felt most severely outside the British market. 
The value of world exports of motor-cars converted 
into sterling at the average rates of exchange pre- 
vailing at the dates compared, and distinguishing 
the principal countries has been as follows for recent 
years :— 

TABLE V.—International Exports of Motor Cars and 

Commercial Vehicles (Declared Values). 
(000 omitted.) 








years is satisfactory. Both on account of her 
pre-eminent position as a producer and because of 
the signs of growing saturation of the American 
market, the United States must be reckoned our 
most formidable competitor in exports for the future. 
Although United States exports in 1924 were greater 
than that of any other country, they amounted 
only to 4 per cent. of her production. If only a 
further small percentage of her capacity were 
diverted to production for export, the effect on 
the competitive situation can be readily imagined. 
Further, it is difficult to see how it will be possible 
to meet that competition in the particular lines 
favoured by American manufacturers. One effect 
of her vast home market has been to enable the 
average selling price per car in 1925 to be reduced 
by 29 per cent. from the 1914 level, in spite of an 
increase in average wages of 122 per cent. in the 
same period. Standardisation and mass produc- 
tion have their disadvantages, as well as their 
advantages, but at the present time the latter 
seem to outweigh the former in the eyes of such 
promising customers as Australia, New Zealand, 
and India. 

The remarkable advance of France and Italy as 
exporters of motor vehicles in recent years also 
deserves attention. After two lean years in 1921 
and 1922 the number of cars and vehicles exported 
from France rose from 18,000 to 31,000 in 1923, 
48,000 in 1924 and 60,000 in 1925. This progress 
has synchronised with the extension of mass pro- 
duction, and a constantly-depreciating exchange. 
The removal of the latter factor, if the national 
finances of France are regularised in 1926, would do 
much to relieve the intensity of her competition. 
But, even so. with an annual production 70 per 
cent. in excess of that in this country, of which 
30 per cent. is regularly available for export, it is 
likely that France will continue to be a keen com- 
petitor. Italy has also increased her exports from 
13,000 cars and commercial vehicles in 1923 to 
19,000 in 1924, and over 30,000 in 1925. Belgium 
has made a similar advance, though on a smaller 
scale. : 

Both Belgian and Italian activity has been made 
possible by their depreciating exchanges, and both 
countries have in recent months taken measures 
to stabilise their currencies, There is, therefore, a 
definite prospect of the removal of unfair handicaps 
from these quarters during 1926. In Germany it 
is reckoned that at least two years must elapse 
before the technical and organisation changes 
can be effected which are necessary for lowering 
her production costs to a competitive level. In 
the meantime, the German market should be a 
valuable one, especially to the manufacturers of 
the small popular car in this country. It may, 
therefore, be concluded that the immediate prospects 
of the industry are a continuation of recent progress 
both at home and abroad. Without undue 
optimism, the hope may be expressed that the 
British industry will establish a definite ascendency 
over its European rivals during the present year. 
If that position were attained on a stable basis, it 
would afford a point of vantage for the graver 
struggle with the United States, which must be 
expected to dominate the more remote future of 
the industry. 





VocaTIonaL TRAINING ScHOOoL aT SHANGHAI.—For 
some time past the demand for skilled foremen to super- 
vise operations in factories and workshops in Kiangsu 
Province, China, has been steadily increasing. Several 
institutions, namely, the Nanyang University and the 
Sino-French Tung Hui College, both in Shanghai, the 
Tung Tsi College of Woosung, and the Waterway 
Engineering College and the Polytechnic College, of 
Nanking, aim to supply qualified persons to fill positions 
as vacancies arise. A third organisation in Shanghai, 
the Chung Hwa Vocational Training School has a similar 
object in view, and is in some respects a particularly 
important technical centre due to the facilities that exist 
for pursuing many courses of study. The school at first 
offered only a three years’ course in mechanics. Later 
provision for a further year’s work, of a more advanced 
character was made, and this session the complete 
course in engineering has been arranged to extend to 
five years. During the first two years, shop practice is 




















Country 
Exporting. 1913. 1923. 1924. 1925*. 
f Z. 1. Zl. & 
UGA... = 5,343 23,174 29,653 46,291 
Great Britain .. 2,861 2,85C 4,861 6,997 
France .. od 8,802 10,734 17,741 21,359 
Germany “< 4,258 1,640 975 982 
Italy .. a 1,316 2,883 3,947 5,502 
Total -.| 22,580 41,281 57,177 81,131 





* Estimate for year on basis of the first nine months. 


Although British exports lag far behind those of 


gaged in by students, the last three years being devoted 
to the study of mechanics and engineering laboratory 
work. In addition the school gives instruction in com- 
mercial subjects which include letter writing, typewriting, 
Chinese caligraphy, shorthand, and book-keeping, these 
courses extending over periods from six months up- 





France or the U.S.A., the rate of progress in recent 


wards. 





THE SHENANDOAH INQUIRY. 

Tue Report of the Court of Inquiry, appointed 
by the Secretary of the Navy of the United States 
shortly after the wreck of the rigid airship Shenan- 
doah, to inquire into the causes which led to the 
disaster, was published on January 1. Amongst the 
five officers forming the court, three, Captain 
Louis McBride, of the Constructive Corps, Comman- 
der Towers, a naval aviator, and Lieut.-Commander 
Pennoyer, are well known in this country, the two 
former having been Assistant Naval Attachés in 
London, whilst the last named was an inspection 
officer of R.38. 

The circumstances attending the wreck of the 
airship were described in our issue of September 18 
(page 359), but as these were based on cabled reports 
they were somewhat incomplete. Briefly, the She- 
nandoah left Lakehurst at 4 p.m. on September 2 
for a flight to Minneapolis, her intended itinerary 
including flights over several large cities at which 
State fairs were being held. The flight proceeded 
without incident until 2.30 a.m. on the 3rd, when the 
airship encountered strong head winds, and little 
progress was being made. Storms, accompanied by 
lightning, were observed in the distance on both 
bows. The wind increased in force, and according 
to survivors, was far stronger than had been 
experienced on any previous flight. At 4.20 a.m. 
the Commander decided to alter his course with the 
object of avoiding the head winds, but the change 
did not improve matters. At 4.55 a.m. orders 
were given to throw the petrol tanks overboard to 
reduce weight, and the crew were directed to man 
the central runway to maintain the vessel on an even 
keel. Almost immediately afterwards she ran into 
a “line squall,’ and was forced rapidly upwards 
and downwards by the strong vertical air currents 
common to such atmospheric phenomena. The 
height changed from 2,500 to 4,500 and 6,000 ft. in 
a few seconds, the vessel was spun round by the 
horizontal currents, and large angles of longitudinal 
inclination were reached. Gas was valved but this 
had little effect, and finally the structure failed, 
the airship being broken into three pieces, the 
foremost 200 ft. long, the middle 65 and the after 
430 ft. The longest and shortest pancaked to 
earth with little injury to those of the crew manning 
these portions. The foremost section, from which 
was suspended the control car, became relieved of the 
weight of the latter, which crashed to earth, killing 
the Commander, several officers and men on duty in 
it, and, acting as a free balloon, floated away and 
came to earth 12 miles from the other portions. 

The distress caused by the wreck of the airship 
was accentuated by several serious charges against 
the Navy Department, published immediately 
afterwards. It was alleged that the commanding 
officer had strongly protested against the flight, 
urging that atmospheric disturbances of a dangerous 
character were common over portions of Ohio, where 
the disaster took place, and that there were no meteo- 
rological stations in the State to give him warning. 
The official correspondence published by the Navy 
Department showed that the protest had been made 
when the flight had been ordered to take place in 
June, and that it had been vostponed until Sep- 
tember, when conditions were favourable, in order 
to meet the Commander’s objections. 

A second charge against the Department was that 
to economise in helium gas, the automatic valves 
fitted to prevent the gas in the gasbags exceeding 
a safe pressure, had been removed from eight of the 
18 gasbags, and this endangered the safety of the 
vessel and the lives of the crew. The Court, 
which has been investigating the matter for three 
months, reported that whilst the removal of these 
valves was inadvisable, and the increase in pressure 
in the gasbags due to the rapid increases in height 
experienced, might have become sufficient to cause 
some damage to the airship structure, yet the Court 
was unable to state this definitely. The pressure 
would not have endangered the airship under 
normal conditions. 

The destruction, according to the report, was due 
primarily to large and unbalanced external aero- 
dynamic forces arising from. high velocity air 
currents. The personnel of the airship are absolved 
from all blame, the Court being of opinion the 
Commander was justified in starting the flight, 
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andjhis skill, courage, and fine qualities of leadership 
when the vessel was in difficulties are highly praised. 
The report concludes that the disaster is part of the 
price which must be paid in the development of 
‘**a new and hazardous act.” 








THE BARTON POWER STATION OF 
THE MANCHESTER CORPORATION. 
(Continued ‘rom page 4.) 

Havine already referred. briefly, on page 3 ante, 
to the general arrangement of the boiler house, we 
now propose to deal with the steam-generating 
plant in greater detail. Part plans of the boiler 
house, taken at the fan-floor and firing-floor levels, 
respectively, are reproduced in Figs. 11 and 12 on 
this page, and from these it will be seen that the 
nine steam-generating units are piaced side by side 
along the centre line of the beiler house with a 
firing floor on each side. Space is left at the western 
end, as shown on the left of Fig. 11, for the instal- 











lation of a tenth unit which is now on order. The 
transverse section of the boiler house, given in Fig. 
13 on page 67, shows the arrangement of one of the 
units very clearly, and this, together with the 
photograph reproduced in Fig. 16 on page 78 
which shows unit No. 9 with the casing partly 
removed, will enable the description given below to 
be followed without difficulty. 

As previously stated, the boilers were constructed 
by Messrs. Babcock and Wilcox Limited, and each 
unit is entirely self supporting and self-contained 
with integral superheaters, economisers, air heaters, 
fans for forced and induced draught, and steel 
chimney. Special precautions were taken in the 
design to reduce radiation losses to the minimum, 
the refractory brickwork with which the casings 
are lined being made of a greater thickness 
than usual with this end in view. The normal 
evaporative capacity of each unit is 100,000 Ib. 
per hour, steam being generated at a pressure 
of 375 lb. per sq. in., and superheated by about 
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264 degs. F., so that it has a temperature of 
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720 deg. F. at the boiler stop valve. The above- 
mentioned capacity is the mcst efficient rating 
based on a supply of fuel, having a calorific value of 
not less than 10,000 B.Th.U. per lb., and represents 
a thermal efficiency of 85 per cent. The overload 
evaporative capacity of each unit is 120,000 Ib. per 
hour with fuel of a calorific value of 10,500 B.Th.U. 
per lb., and the thermal efficiency, under this con- 
dition of working is 83 per cent. 

In order to obtain the required capacities with the 
minimum floor space, it will be seen, from Fig. 13, 
that two groups of steam-generating tubes, arranged 
as in an ordinary Babcock and Wilcox marine-type 
boiler, have been placed back to back and connected 
to a central steam drum so as to form a double- 
ended unit; the steam drum, we may mention, 
is 4 ft. 6 in. in diameter internally and 25 ft. 
long, the cylindrical portion being formed of 
plates 14% in. thick at the bottom and 1% in. 
thick at the top, the dished ends being 1§ in. in 
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thickness. The steam-generating tubes are 4 in. 
in diameter externally and 374 are included in 
each group, so that they give a total heating 
surface of 16,020 sq. ft. Following Messrs. 
Babcock and Wilcox’s usual practice, the integral 
superheaters are located just above the steam- 
generating tubes, their form being shown in Figs. 13 
and 16. They each consist of 94 tubes of 1} in. 
outside diameter, giving a total heating surface 
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for the complete unit of 6,072 sq. ft. In the 
uptake above them are situated the economisers 
which are formed of 4 in. steel tubes arranged in 
groups at a slight angle as shown in the illustra- 
tions. The baffles provided cause the flue gases 
to pass over the economiser tubes three times on 
their way to the air heaters. The total heating 
surface of the economiser tubes amounts to 11,800 
sq. ft. 
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Each unit is fired by four Babcock and Wilcox 
chain-grate stokers (two at each end), and each 
grate measures 8 ft. by 16 ft., so that the total grate 
area is 512 sq. ft. As mentioned in our previous 
article, arrangements have been made for burning 
coal and coke together in norma! working, and the 
bunkers for the two fuels, and the chutes leading to 
the stoker hoppers are clearly shown in Fig, 13. 
Division plates enable the proportion of coal and 
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coke to be varied at will, although they are generally 
used in about equa] parts. For driving the stokers, 
shafts carried on the building stanchions and extend- 
ing along the whole lengthof the boiler house, on both 
sides, are provided, but claw clutches are fitted so that 
the shafts can be divided into sections as required, 
Normally, one 16 h.p. motor, of which 10 in all are 
provided, is arranged to drive the four stokers on 
one side of two adjacent units, but the capacity of 
each motor is sufficient to drive eight stokers in an 
emergency, so that there is ample provision against 
the possibility of breakdown. 

As is now common practice in high-powered 
installations, the boilers are worked under balanced 
draught, induced-draught fans drawing the flue 
gases through the tubes of the air heaters and forced- 
draught fans supplying air over the heater tubes to 
the grates. The fans and air heaters are mounted 
above the boilers, and their general arrangement 
can be followed from Fig. 11; a photograph taken 
at the fan-floor level is also given in Fig. 14, 
annexed. Fig. 15, below it, illustrates the 
induced-draught fan of one of the units, while 
the transverse section of the boiler house, Fig. 13, 
on page 67, shows the design of the air heaters and 
indicates, by dotted lines, the positions of the fans 
and motors. From these illustrations it will be 
understood that there are two air heaters, two 
forced-draught fans and one induced-draught fan 
to each steam-generating unit. The induced- 
draught fan is located on the centre line of the 
boiler house and draws the gases through both air 
heaters discharging them into the base of the 
chimney. The latter, it may be mentioned, are of 
steel-plate construction, 9 ft. in diameter, and their 
outlet ends are at a height of 121 ft. above the 
firing-floor level. Grit arresters are fitted in each 
case, seven of these having been supplied by the 
Dashper Patent Grit Arrester Co., Limited, and the 
other two by Messrs. Davidson and Co., Limited. 
A by-pass connection, fitted with dampers, is pro- 
vided, so that the flue gases can be passed directly 
into the chimney in the event of a breakdown of the 
induced-draught fan. The latter, which is of the 
Sirocco type, as also are the forced-draught fans, 
is driven by a 95 h.p. direct-coupled motor, and its 
normal capacity is 14,000 lb. of gas per hour. The 
two forced-draught fans, which are situated at the 
sides near the air heaters, are each of half the above- 
mentioned capacity, and are driven by 34 h.p. 
motors. They draw air from the atmosphere round 
the exteriors of the airc-heater tubes and deliver it 
to the grates through vertical ducts secured to the 
sides of the boiler casings. Each air heater con- 
sists of four groups of 233, 23-in. tubes, so that the 
total air-heating surface of the two heaters amounts 
to 12,080 sq. ft. This is sufficient to heat the air 
supplied to the grates by about 80 deg. F. under 
normal working conditions, and also to reduce 
the temperature of the flue gases, so that they are 
discharged into the base of the chimney at about 
275 deg. F. The induced-draught fans, it may be 
mentioned, are fitted with water-cooled bearings. 
and the water from the bearings is led to the feed 
make-up tanks. The supply obtained in this way 
is sufficient for normal requirements, so that the 
valves on the direct connections from the town mains 
to the make-up tanks can usually be kept closed. 

The table on page 69 gives very complete 
data on the working of the boilers obtained from 
the official trials of units Nos. 4 and 9, the former 
at normal load and also at overload with coal as 
fuel and the latter at normal load burning coal 
and coke together on the sandwich system. It 
will be seen that, with the No. 4 unit, the thermal 
efficiency obtained at normal load was 85-6 per 
cent,, while the corresponding figure at overload 
was 82-6 per cent. In the trials of the No. 9 unit 
at normal load, using 46-6 per cent. of coal and 53-4 
per cent. of coke, the thermal efficiency obtained 
was 84-2 per cent., and as the trial conditions were 
in other respects practically similar to those obtain- 
ing in the normal-load trial of the No. 4 unit, the 
slight reduction in thermal efficiency can be 


ascribed to the difference in the quality of the fuel. 
The difference it will be seen from the heat account 
given is to be found mainly in the greater per- 
centage loss of heat by radiation, and in the hot 
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ashes, &c. 











Fie. 15. InpucED DRavuGuHT 


Three steam-driven and three electrically-driven 
pumps supply feed to the boilers, but as these 
pumps are located in the turbine-house basement, 
we propose to deal with them later when describing 
the turbine auxiliaries. Before passing on from the 
boiler house, however, a brief reference should be 
made to the pipework of which the high-pressure 
part was supplied by Messrs. Babcock and Wilcox, 
Limited, and the low-pressure part by Messrs. 
Aiton and Co., Limited. and other contractors. 
Feed is supplied through two 6-in. ranges which 
run the whole length of the boiler house and are 
fitted with isolating valves between each pair of 
steam-generating units. From each range, 34-in. 
branches supply, through Cope feed-water regu- 
lators and isolating valves, a common main con- 














Fan AND Exectric Motor. 


nected to the check valves at the inlets to the 
economisers. An emergency supply, by-passing 
the feed-water regulator and entering the econo- 
misers through two check valves at the opposite 
end from that at which the normal supply enters. 
is also provided for each boiler. 

The steam piping is arranged on the unit system 
and the main supply pipes from the boilers are led 
to three horizontal, riveted-steel receivers located 
in the basement of the turbine house. Three steam- 
generating units thus normally supply one turbo- 
generator, but interconnecting pipes are provided 
so that, inan emergency, any of the turbo-generators 
can be supplied with steam from either of the other 
two receivers. The pipes from the boilers fall ali 
the way to the receivers, which are each provided 
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with two steam traps to nA any water which | each firing floor, is iui with a steam-pressure 


may collect in them. 


recorder, a feed-pressure gauge, a Cambridge dis- 


A noteworthy feature of the boiler-house is the | tance thermometer enabling temperatures of steam, 


very complete equipment of instruments provided. 


On both firing floors, opposite each steam-generat- 
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water, flue-gases and air to be measured at different 
points in the system, and a kilowatt meter showing 
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| 
General Description of Plant :— 
Boiler heating surface, sq. ft. ste oe ae -+| 
Superheaters heating surface, sq. ft. .. 
Economisers heating surface, sq. ft. .. | 
Total heating surfaces, sq. ft. : 2 

Air heaters heating surface, sq. ft. : 
Stokers—Babcock & W ileox « Chain _Grate— (total grate 

area), Sq. ft. = 


Particulars of Observation :— 
Date of test j 
Duration of test, hours 


Short description 


Total weight of riddlings, lb. 
Fee of riddlings 
Calorific value of riddlings (B. Th.U. g) 

Equivalent weight of coal per naan ™ | 

Total fuel consumed, Ib. 

Total fuel fired per hour, lb. et ae oa 

Average thickness of fires, in. ie i. ea wal 
| 
| 
| 


| 

| 

oF 

| 

| 

| 

| 

| 

eel 
Fuel :— | 
| 

| 


Proximate Analysis of Fuel as Fired :— 
Moisture, per cent. me 
Volatile matter, per cent. oa ae a Fe 
Fixed carbon, per cent. a <4 e a a | 
Absolute ash, per cent. a ‘iia 5 ean 
Total, per cent. 


| 
| 
Ultimate Analysis of anh as iid — 
Moisture, per cent. = ze Ae bs a 
Carbon, per cent. ate = nF Re at sel 
Hydrogen, per cent. nA we Z A 
Sulphur, per cent. 
Nitrogen, per cent. } 
Oxygen, per cent. | 
Ash, per cent. 
Total, per cent. 
Calorific value of fuel as ‘fired, “B.Th.U.’s 


Total weight (corrected for asian Ib. 

Weight per hour, lb. . 

Percentage of fuel as fired aa 

Analysis—Com bustible, per cent. 
Absolute ash, per cent. 


Ash and Clinker :— | 
oe 
| 


Flue Gases (by volume). Analysis of Dry Flue Gases :— 
Average CO: at boiler outlet, per cent. ‘ 
Average CO2 at economiser outlet, per cent. 

verage oxygen at boiler outlet, per cent. 
Average nitrogen (by difference) boiler exit, per cent 
Average CQp2 at air heater outlet, per cent. 
Average oxygen at air heater outlet, per cent. 
Average nitrogen (by difference) air heater exit, per cent. 
Average temperature leaving boiler, deg. F. es 
Average temperature leaving economiser, deg. F. .. 
Average temperature leaving air heater, deg. F 


Air and Draught :— 
Temperature of boiler house, deg. F... 
Temperature of cold air to heater, deg. F. 

Bh cca of hot air to stoker, deg. F. 
Temperature rise of air to air heaters, deg. F. 
Draught at gas exit from air heaters, in. W.G. is ‘ 
Draught at gas exit from economiser, in. W.G. -- | 

Draught at gas exit from boiler, in. W.G. os 
Draught over fires, in. W.G a 
Air pressure under grates, in. Ww oo... 
Units used for forced fans, per hour .. 
Units used for induced fans, per hour 


Feed Water :— 
Evaporated per hour, Ib. 
Temperature of feed to economiser, deg. F. 
Temperature of feed to boiler, deg. F. a 4 
Rise in temperature across econcmiser, deg. 1 ae me 


Steam :— 

Gauge pressure lb. per square inch a ‘< Re 
Temperature of saturation, deg. F. oa “e mal 
Temperature of superheater steam, deg. Fi a an 
Degree of superheat se ~ 

Deductions : Heat Transmitted per sq. ft. of Heating Surface, 
Boiler, B.Th.U.’s 

Superheater, B.Th.U.’s 

Economiser, B.Th.U.’s 

Weight of fuel fired / /sq. ‘ft. of grate/hour, Ib. 

Water evaporated /lb. Fuel as fired, 

Evaporated /sq. ft. Boiler heating surface, “Ib. 


Heat Account :— 
Efficiency of unit, per cent. 
Heat loss in chimney gases, per cent. . 
Heat lost by unburnt carbon in ashes, per cent. .. 
Heat lost by radiation, hot ashes, &e. oe neh per 





Boiler No. 4. 


























| 
naw Sh gers i Sarees aa ea! Boiler No. 9 
Normal Load. | Overload. | 
| | 
| | 
16,020 | 16,020 } 16,020 

6,072 6,072 | 6,072 
11,800 11,800 | 11,800 
33,892 33,892 33,892 
12,080 | 12,080 12,080 

512 | 512 512 
| 
29.4.25 | 30.4.25 24.6.25 
6 | 4 6 
| 
Mixed Bunker Coal Mixed Bunker Coal | Coal, 46-6 per cent. ; 
coke, 53-4 per cent. 
(Sandwich system) 

2,718 —_ 3,276 

3-1 3-76 
8,589 9, 072 9,190 

358 418 474 
85,452 66,176 84,534 
14,242 16,544 14,089 

3-5 4°5 43 

Coal Coke 

10-40 9-97 9-90 9-50 

28-57 29-08 28-87 3-53 

45-26 45-20 48-13 66-16 

15°77 15-75 13-10 20-81 

100 -00 100 -00 100-00 100 -00 
10-40 9-97 9-90 9-50 

61-43 61-12 63-42 66-14 

4-03 4-08 4-18 0-84 

2-02 2-12 1-23 1-45 

1-12 0-99 1-27 0-92 

5-2 5-97 6-90 0-34 
15-77 15-75 13-10 20-81 

100 -00 100 -00 100 -00 100 -00 
10,883 10,930 10,590 Average 
14,064 10,428 13,170 

2,344 2,607 2195 
16-1 15-4 
13-4 14-9 113.2 2 
86-6 85-1 86-8 
13-6 13-7 13-7 

— — 12-4 

5-4 5-3 _— 

81-0 81-0 — 

12-5 12-25 11:7 

— == 7°7 

-_ oa 80-6 

536 545 549 

336 355 361 

262 284 291 

58 51 68 
80 75 93 
163 164 172 
83 89 79 

0-96 1-25 0-73 

0-76 1-01 0-60 

0-61 0-81 0-45 

0-13 0-13 — 

0-12 0-2 0-20 
39-0 40-0 39-8 
46-0 60-0 47-5 

110,593 123,208 105,664 
200 199 204 

277 283 279 

77 84 75 

370 372 

441-5 441-5 442 

677 697 663 

235 255 221 

6,760 7,480 6,380 
2,420 2,905 2,285 

722 877 670 
27-8 32-3 27°5 

7-76 7-45 7-5 

6-9 7:7 6-6 
85-6 82-6 84-2 

8-5 9-4 8-3 

2-9 3-1 2°8 

3-0 4-9 | 4-7 

100-0 100-0 | 100-0 


cent 
Totals, per ‘cent... 








ing unit, is mounted an instrument board fitted 
with a steam-pressure gauge, a steam-flow meter, 
a gauge giving the water pressure in the economiser, 
a CO, indicator and recorder, and a draught-gauge 
by means of which the air pressure at various points 
can be obtained. A main board, also provided on 


the total load on the station. A system of signalling 
operated from the switchboard in the control room 
and having electrically-illuminated indicators on 
each firing floor, has also been installed. One of 
these indicators can be distinguished on the right- 
hand side of the interior view of the boiler house 


nel 

given in Fig. 4 on Plate I published with our issue 
of January 1. The indicators enable the switch- 
board attendant to acquaint the boilerhouse staff 
when any of the turbo-generator sets is to be started 
up or shut down and also when the load is to be 
increased or reduced. An electric horn is sounded 
in the boiler-house to give audible warning when 
any change is to be made. The signalling arrange- 
ments, it may be mentioned, were designed and 
constructed by the Manchester Corporation Electri- 
city Department. 


(To be continued.) 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


AN extra general meeting of the Institution of 
Mechanical Engineers, was held on Friday last, 
the 8th inst., at the Institution Buildings, Storey’s- 
gate, London, under the chairmanship of Sir Henry 
Fowler. 

MaRINE O1L-ENGINE TRIALS. 

The third report of the Marine Oil-Engine Trials 
Committee dealing with the tests of the engines 
of the M.V. Pacific Trader, and of tne ship at sea 
was summarised by Eng. Vice-Admiral Sir George 
G. Goodwin, K.C.B., the Chairman of the Com- 
mittee. The salient features of this report are 
dealt with on page 87 of this issue of ENGINEERING. 

Mr. K. O. Keller, of Messrs. Wm. Doxford and 
Sons, the builders of the Pacific Trader and her 
engines, in opening the discussion stated that he 
regretted the absence of Mr. Harvey, but that 
gentleman had furnished him with an analysis of 
the abstracts of five double voyages between the 
United Kingdom and the Panama Canal zone, 
which served as a useful addendum to the data 
under discussion. The results were :— 


Average of Five Homeward Voyages. 


Mean draught ... ae 24 ft. 9 in. 
Speed ... Ss AY 11-47 knots. 
LEP. nee 3,184. 
R.P.M. ... ai ... 84-2 
Mean indicated pressure «- 101-7 Ib. 
Fuel per ih.p. per hour (for 

engine only) .. as .. 0-34 Ib. 


Lubricating oil consumption per 


day (including all auxiliaries) 17-25 galls. 


Average of Five Outward Voyages. 
(Generally in Ballast). 


Mean draught 15 ft. 83 in. 


Speed... see ae 11-5 knots. 
FRE. ... a ox ... 2,651. 
REM. ..; ag 84-6 
Mean indicated pressure 90-4 Ibs. 
Fuel per i.h.p. per hour --- 0-345 Ib. 
Lubricating oil consumption per 

day (including all auxiliaries) 16-4 galls. 


Mr. Keller called attention to a statement in the 
early part of the report that the estimated service 
speed was 11} knots. This figure, however, really 
referred to the trial on the measured mile, but it 
was, nevertheless, realised that the trial speed of 
114 knots had been maintained in service, which 
was unusual. Sir George Goodwin had referred to 
Fig. 15 of the report (reproduced on page 88 of 
this issue of ENGINEERING) showing excess of 
oxygen in the exhaust at 120 lb. mip. They 
found encouragement from this fact as indicating 
the efficient scavenging of the exhaust of the Dox- 
ford opposed-piston engine. The mean pressure 
could, it seemed, be raised still higher. In other 
words, the combustion chamber of the Doxford 
opposed-piston engine was proving ideal. He con- 
sidered “airless injection” to be the best ex- 
pression, in contrast with “solid injection’’ and 
“mechanical injection,’’ for the type of oil admission 
used in the engine. With regard to “ common 
rail” versus “single rail” fuel distribution, he 
remarked that if the timing of the fuel pumps was 
correct, relative to the period of the injection, there 
appeared no advantage in running on a “single 
rail,” over a “common rail” system. If, how- 
ever, the period was not correct, better efficiency 





would be obtained with the “single rail.” He would 
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not like to imply that the conditions would be the 
same for engines other than of the Doxford type. 

Mr. J. H. Narbeth, C.B., who spoke next, re- 
garded the three reports already issued as of great 
importance to the commercial prosperity of the 
country. Prepared by impartial and independent 
gentlemen, the reports showed that the claims put 
forward by the makers of three essentially British 
types of internal-combustion engines had. been 
completely justified by trials. Another fact demon- 
strated was, that when the ships were put on their 
sea trials the performances of the shop trials could 
be repeated with virtually no difference. In the 
case of the steam engine, trials at sea and in the 
shop were apt to show an unfortunate difference. 
Mr. Harvey’s report as to sea performances estab- 
lished the enormous advantages of the internal- 
combustion engine. When he had spoken to ship- 
owners and shipbuilders about the engines they 
expressed some alarm about wear and tear and cost 
of maintenance, which they argued would be greater 
than in the case of steam engines. He was con- 
vinced, however, that the use of steam boilers meant 
heavier charges for replacement and maintenance. 
It had been contended that the lubrication oil 
would be extremely expensive, but he would refer, 
in this connection, to the excellent figure given 
by Mr. Harvey, namely, 17 gallons a day for a 
voyage. Denny’s were constructing a ship to be 
propelled by Parson’s turbines which would, it was 
hoped, rival the internal-combustion engine. Boiler 
pressures were expected to be 575 Ib. per square 
inch, practically within the range of the internal- 
combustion engine pressures and superheat of 
700 deg. to 750 deg. was to be used. All this was 
being done in the hope that the consumption per 
brake horse-power or shaft horse-power might be 
brought down to about 0-6 Ib. or perhaps 0-7 lb. 
per hour, whereas it had been demonstrated by the 
report that the internal-combustion engine achieved 
about half that figure. 

Mr. Sperry B. Freeman, C.B.E., referring to 
Mr. Narbeth’s remarks, said that shipowners were 
closely watching the relative economy of steam and 
oil. The larger owners were not conservative, but 
desired to be sure on certain points before making 
changes. Firstly, the economy of the two types 
was bound up with the actual cost of fuel; with 
oil above a certain cost, the oil engine could not 
be used, and once an oil-engined ship was built 
the change-over to coal could not be made. He 
wondered whether the predominance of oil engines 
would be regrettable from a national point of view, 
having regard to our plentiful coal measures and 
the absence of oil in the country. He asked whether 
the engine room staff, spoken of in the report as 
one chief engineer and four watch engineers, had 
been found adequate in a vessel containing a boiler, 
as well as oil engines, or whether, after the first 
experience, the owners had increased the staff. 
The dimension of the machinery space were given 
in the report as 56 ft. 10} in., but that length ex- 
cluded the main boiler which supplied steam while 
the ship was at sea. “ Airless injection ’’ was the 
most logical term, but engineers had generally 
adopted “solid injection.” He had tried the 
common rail method of fuel distribution in the case 
of a number of four-s‘roke cycle auxiliary engines of 
the ordinary type manufactured by a number of 
firms, but had abandoned the method in favour 
of three small pumps, one for each of the cylinders, 
better results being immediately obtained. Men- 
tion was made in the report of the use of boiler oil, 
the asphaltum in which was weighed and checked. 
Surely they did not consider that, for use in a Diesel 
engine, the figure given of 0-95 for specific gravity 
was out of the way, with an oil low in asphaltum. 
“The two-stroke cycle engine was probably going to 
be the better engine for burning oil fuel of high 
asphaltum content. He had installed centrifugal 
separators in a number of ships, with immediate 
improvement in running and a great increase in 
the life of the exhaust valves, the latter now doing 
24,000 miles without being changed. It was 
common to find in 10 tons of boiler oil as much as 
7 or 8 gallons of water and } Ib. of “ ash,” which, 
however, had not been exhaustively analysed to 
determine its composition. 





Engineer Vice-Admiral Sir R. B. Dixon, K.C.B., 
agreed that “airless injection ’’ was the better term, 
although, of course, “solid injection ’’ had been the 
phrase in use in the Navy for some twenty years and 
they were the first users of engines of the solid injec- 
tion type. Separate injection for each cylinder 
was used in the original submarine engines. So far 
as the Admiralty was concerned, the common rail 
had worked admirably. On the weight of machinery 
question, he pointed out the great saving in weight 
obtained by the adoption of the two-cycle as against 
the four-cycle engine. The question of fuel oils had 
been raised, and it was interesting to see the engine 
of the Pacific Trader running so well on British- 
Mexican boiler oil, since Admiralty experience—the 
Admiralty had experimented with nearly every type 
of oil, including palm oil and lubricating oil— 
showed that, with a fast-running Diesel engine the 
Mexican oil was absolutely the worst. This was 
probably due to the fact that the Diesel engines 
fitted in the Navy had a very high piston speed, the 
time for firing being very short, as compared with 
the slow speed engines in the Pacific Trader. He 
thought it unfortunate that it had not been possible 
in the trials to take t rsioumeter readings as these 
would have made the trials complete. In Table XXI 
of the paper comparative figures for thrust, as 
measured at the thrust block and calculated from 
model experiments, were givén. These figures 
seemed to indicate that the percentage to be added 
in the case of the model experiments for resistances 
such as rudder, bilge kee!s, &c., should rather be of 
the order of 20 per cent. than of 10 per cent. He 
asked that naval architects might discuss that point. 

Mr. Tom Westgarth asked for information on the 
consumption of the steam auxiliaries—the figure for 
the main engines was given by Mr. Keller—as it 
was necessary to know that consumption, in order 
to judge the total fuel expenditure. The engines 
would not run without the auxiliaries, most of which, 
apparently, were steam-driven. Judging by the 
somewhat widely-varying results obtained with 
torsionmeters it appeared that both the Committee 
and the makers of torsionmeters should institute 
a full investigation. 

Mr. G. 8S. Baker alluded to Admiral Dixon’s 
reference to appendage and wind resistance. In the 
usual practice, 10 per cent. allowance was more or 
less the standard figure. No doubt this figure was 
used to-day largely because it was used yesterday. 
It rather suggested an easy way of explaining 
differences to push them on to the appendage resis- 
tance, which was very difficult to measure or assess. 
He was prepared to keep an open mind as to where 
the difference really came in. Recent skin friction 
work left him with the impression that the power 
was a bit underestimated. The thrust was a 
little high, but the torque was also a little high, 
so that the 10 per cent. was not missing on thrust 
only. The ship was lined out at the experimental 
tank, where also the propeller dimensions were 
settled. They were settled by the latest method at 
the N.P.L., of trying to get a propeller which would 
give its best efficiency in service at sea and not 
necessarily on the trials. He felt that Messrs. 
Doxford were to be congratulated on departing 
from the common practice, not only in England but 
elsewhere, of putting in a propeller which would 
show good results at the trials but not necessarily 
so good at sea. 

Mr. W. J. Still remarked that to the ordinary 
observer there seemed little in common between the 
two-stroke engine of the Doxford type and the Still 
engine, the subject of a former report. The engines 
were alike in two main characteristics, namely, that 
they were two-stroke engines and that they used 
airless injection—a gocd term. He had made 
comparisons between the results of the trials so far 
published to establish the relationship of the results. 
The curves of thermal efficiency under different 
loads for the Dolius engines ard those of the Pacific 
‘lrader corresponded in form very closely, while 
those of the Sycamore, four-stroke engines, were very 
different. The overall or thermal efficiency of the 
Still engine—if they included the indicated power 
on the backs of the pistons, and also the power 
developed at the nozzles, the third-stage expansion 
and blower—was over 42 per cent. He next referred 








to the fact that the Committee had, as appeared by 
the report, avoided taking account of the 24 h.p. 
consumed by the circulating pumps in the case of 
the Doxford ship. No doubt the position was 
difficult. If they were to deduct the 24 h.p. from 
the different horse-powers produced at different 
speeds—he agreed that the matter was negligible at 
full power, although not at low powers—they would 
have been doing something not done in actual 
service, because in actual service the power was 
supplied by steam. He did not see how the Com- 
mittee could estimate what oil was consumed by the 
auxiliaries. The consumption of the engine, instead 
of being 0-416—as on one of the main trials—might 
become 0-43, which was a serious change. This 
consumption worked out at 0-55 lb. per shaft horse- 
power. He agreed that probably the engine was 
not working under the best conditions. Comparing 
the figures with those for the Dolius, the speaker 
found that, on her trials, the Dolius was using 0-43, 
instead of 0-55 Ib. of oil per shaft horse-power, 
both ships being light and therefore under adverse 
conditions. 

Mr. L. A. Legros referred to the use in the trials 
under discussion of British-Mexican oil as a fuel oil. 
In the case of tests which he had made on stationary 
engines, airless injection had been specified, because 
British-Mexican oil had been stated by engineers of 
ships making trips on the South American coast to 
be the oil that damaged engines most. This 
remark, however, did not refer to the Doxford 
engine, but to valve engines in whch there was no 
scavenge. The question of separating the asphalt 
would, he thought, have much to do with saving the 
life of the engine, taken in combination with 
scavenging, which would blow the large quantity of 
“ash,” mentioned by a previous speaker, away from 
the cylinder, and so prevent the cutting which 
would be sure to ensue with an abrasive of that 
kind. The ordinary motor car was fed with a 
mixture of dust-laden air and petrol vapour and the 
cylinders wore away. When an air filter was fitted 
the cylinders lasted considerably longer. These 
points would, he thought, interest those who were 
concerned with marine engines capable of dealing 
with any of the oils available in foreign ports. He 
also referred to the great viscosity of Mexican oil, 
and the trouble it occasioned when taking things 
down and starting up in cold weather. Everything 
had to be warmed up to get the oil to flow at all. 
With a pump giving 10,000 Ib. to the square inch 
pressure, the oil would have to go, but the trouble 
would be to get the oil into the pump. 

Mr. C. W. J. Taffs drew attention to Figs. 18a 
and 188 (see page 88 of this week’s issue of EN- 
GINEERING). It was definitely shown there that as 
the speed was increased when running at a definite 
torque, the friction was reduced. This point was 
manifest in the two previous reports, but was not 
brought out so clearly. He mentioned that the 
curve marked B, for the series of tests carried out at 
12 revolutions above the propeller law speeds was 
the one used for calculating the mechanical efficiency 
of the engine when the tests were done at sea. He 
then showed slides indicating the change in the 
thermal balance as the load was changed. He next 
showed diagrams in which were plotted logarithms 
of thrust and logarithms of torque the graphs 
showing similar inclinations. 

Mr. C. C. Mason, of the Cambridge Instrument 
Company, spoke on the torsion-meter question. 
Mr. Moullin, who was unable to be present, had 
sent the speaker certain notes, in which he observed 
that further experience with the torsionmeter had 
shown that in one of the earlier trials a mistake had 
been made which caused a slight change in the 
zero of the instrument, as it seemed to vary and 
followed a sine curve. The zero error depended on 
the positicn of the cranks when the engine was 
stopped. There was, in consequence of this, an 
undoubted indefiniteness as to what was the actual 
zero of the torsionmeter in the trials, as set on 
theship. ‘They could practically estimate, from the 
photographic records, the setting that would yield 
those results. There was no real reasons to doubt 
the accuracy of the torsionmeter, except that the 
error must be corrected for in the case of the Dolius 
trial, but not in the case of that of the Sycamore. 
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Mr. J. Hamilton Gibson considered that the 
particulars given in the latter part of the report 
under the head of ‘‘ Thrust and its Measurement,” 
might be made a little clearer. The apparatus was 
described as “‘ connected to the oil-pressure system 
of the thrust-block.”” To anyone unfamiliar with 
the Michell thrust-block that remark might be mis- 
leading,,as implying that forced lubrication was used. 
Forced lubrication was never required in a Michell 
bearing and was never used. Flooded lubrication 
was sometimes used when oil circulation was avail- 
able, but more often bath lubrication was employed, 
the thrust collar merely dipping into the oil sump 
and the oil being distributed by the rotation of the 
thrust collar. Evidently this method was adopted 
in the Pacific Trader. He therefore suggested 
that the close of the sentence should read “and 
was connected to the closed oil-pressure system 
operating the rams,” which was different from the 
lubricating system of the thrust block itself. It 
was also not quite clear to him what addition had 
been made to the measured thrust to represent the 
component of the weight of the propeller shafting, 
flywheel, etc., along the line of the shaft. The 
vessel was over 10 ft. down by the stern, and there- 
fore allowance must be made for pushing the weight 
up-hill. He presumed that line 4 of Table XXII 
of the Report showed the measured thrust with 
the corrections. On comparing the figures with the 
bottom line, it would be seen that they were greater 
than the calculated thrust by an amount varying 
between 3} per cent. and 114 per cent., a matter 
which Mr. Baker had touched upon. It would 
be interesting to see the thrust horse-power com- 
pared with the indicated horse-power. He had 
done this, he said, taking the thrust given in Table 
XXII, line 4, as correct, and found the propulsive 
coefficients—thrust horse-power divided by indi- 
cated horse-power—to be 0-78, 0-76, 0-77, 0-67, 
0-78, and 0-74, figures which seemed too good to 
be true, and would indicate that too much had 
been allowed for the sliding down of the shaft 
weights; or, on the other hand, that the 10 per 
cent. allowed to cover rudder, bilge keel, etc., wax 
notsufficient. The delicacy, and therefore accuracy, 
ot thethrust records was shown by the steady 
variation of exactly the same period as that of the 
pitching of the ship. It would be found, it a 
torque diagram for one revolution were superposed 
on the thrust diagram shown in the report, that 
the characteristic jumps and hollows would coincide 
very closely. Admiral Goodwin had hinted that 
it was not the first time that that had been done. 
It was done as long ago as 1907, and then the thrust 
diagram, which was obtained by means of a 
Richards indicator, was compared with the torsion- 
meter records and all the jumps and_ hollows 
coincided with remarkable accuracy. 

Mr. W. H. Patchell, vice-chairman of the Marine 
Oil-Engine Trials Committee, then replied briefly 
to the discussion, on behalf of Sir George Goodwin, 
who had been compelled to leave the meeting earlier. 
Mr. Patchell remarked that, from the Committee’s 
point of view, there was not very much to answer 
that evening. He had certainly been glad to hear 
Mr. Mason reinstate the character of the torsion- 
meter, upon the reliability of which doubts had been 
thrown. It was satisfactory to learn that Mr. 
Mason had found the reasons for the discrepancies 
mentioned in connection with the trials of the Dolius 
by the Committee. It would be better for British 
trade if makers could live up to their reputation, as 
the three shipbuilders and three engine builders, 
who built the ships, used in the trials, had done. 
Trials such as the Committee had carried out 
would lead to the production of more delicate instru- 
ments. Mr. Baker, he was glad to say, had jumped 
at the opportunity of testing the ships, on models of 
which he had made tank measurements. 

In connection with the coal and oil question, he 
could cite instances in which coal was being treated 
by low temperature carbonisation, and oil and gas 
were both being obtained. Such operations required 
much capital. Something was also being done re- 
garding this matter by the Fuel Research Board at 
Greenwich. The Institution was grateful to the 
ship owners and engine builders for the use of the 
ships, and he felt that the Institution was doing 
really good work. The Committee, moreover, were 


gratified that they had been given an opportunity 
of collaborating with The Institution of Naval 
Architects. 

The Chairman, Sir Henry Fowler, then announced 
that an informal meeting would take place to-night 
at 7 o’clock, when the subject for discussion would 
be “ Novelties at the 1925 Engineering Exhibition,” 
introduced by Mr. L. A. Legros. An ordinary 
general meeting will be held on Friday, the 29th 
inst., at 6 p.m., when a paper on “ Piston Tempera- 
tures and Heat Flow of High-Speed Petrol Engines,” 
by Professor A. H. Gibson, will be read and 
discussed. 





THE PHYSICAL AND OPTICAL 
SOCIETIES’ EXHIBITION. 
(Continued from page 51.) 

In continuing our comments upon the exhibition 
of physical apparatus, we may first refer to one 
of Messrs. Adam Hilger’s exhibits, which we were 
unable to deal with in our last issue. 

It is now generally believed that the response 
of selenium to light is an ionisation effect, depend- 
ing upon the rate of recombination of the ions, and 
not a thermal effect. Selenium detectors, some 
investigators claim, are very much more sensitive 
to radiations than thermopiles and photo-electric 
cells, and the effect: is several times stronger in the 
violet than in the red; but selenium, so far, is not 
suitable for measurements. Messrs. Hilger demons- 
trated the selenium detector combined with a Hilger 
ultra-violet monochromatic illuminator showing 
the spectrum of a mercury-vapour lamp down to 
1,850 A.U. The selenium cell, made by Dr. E. 
Fournier d’Albe, who showed the experiment, is 
a porcelain plate, 2 cm. square, coated on its 
upper surface with graphite ; a furrow is drawn 
across the graphite and selenium is rubbed over it. 
It does not matter that the selenium extends 
beyond the furrow on to the graphite ; the copper 
electrodes are applied to the graphite. Only the 


line of selenium is exposed to the radiation, and |’ 


the device is inserted in a Wheatstone bridge. 

The specimens of Messrs. Chance Brothers and 
Co., Limited, of Smethwick, Birmingham, were 
arranged for the purpose of illustrating the 
improvements which the firm have lately effected 
in optical glasses which were shown in various 
stages of manufacture as used in modern photo- 
graphic lenses ; the finished lenses shown were made 
by Messrs. Dallmeyer and by Messrs. Taylor, Taylor 
and Hobson. The improvements realised in dense 
barium crowns since 1915 were striking. Durability 
is tested by exposing specimens for two hours to 
superheated steam at four atmospheres; zinc 
crowns remained absolutely unaffected, and stan- 
dard hard crowns showed only very fine surface 
marks, which would leave the glass satisfactory 
for use, but extra light flints became tarnished 
and almost useless. Devitrification (crystallisation) 
may follow prolonged heating to high temperatures. 
Microscopical thin glasses, of which Messrs. Chance 
are the only manufacturers in this country, are 
made in thicknesses of 1/200, 1/130, 1/70 in. The 
contrast filters of the firm are glasses (not gelatins), 
which allow only certain rays to pass. The neutral 
glass transmits 20 per cent. of daylight, and the 
purple glass transmits mainly the ultra-violet, but 
only 0-2 per cent. of the total daylight; the 
orthochromatic yellow allows 79 per cent. to pass. 
Messrs. Watson and Sons cut these glasses to 
shape for sub-stage condensers. 

Another interesting optical display was made 
by Messrs. Ilford, Limited, of Ilford. Their 
exhibit, ‘‘as the plate sees it,” showed fruits of 
various colours in a Venetian glass bowl as 
viewed through various glass screens, and the 
absorption effects were further demonstrated with 
the aid of a Pointolite lamp. The light was 
passed successively through uviol glass (trans- 
mitting the near ultra-violet, a little violet and 
deep red)and a collimator of quartz, and then thrown 
on to a thin film of barium-platinocyanide viewed 
from the back in a mirror ; the filters to be examined 
are inserted between the lamp and the fluorescent 
screen. The absorbing medium of the firm’s 
neutral wedges, continuous or in steps, is carbon 





or finely-divided silver, chemically reduced in the 





presence of gelatin. The wedges are all cast in 
gelatin on patent plate; in the case of the step 
wedges one complete wedge is on the usual glass 
support, while another complete wedge is supported 
on celluloid which is then cut up into strips, each 
strip being reversed and laid on the complete 
wedge. This process is due to Dr. Goldberg, men- 
tioned later in our notice of the Ica exhibits. 

A simple instrument for determining whether an 
object emits ultra-violet light, and for a rough 
estimate of its intensity was exhibited by the Cox- 
Cavendish Electrical Company, 105, Great Portland- 
street, W.1. The U.V. scope, due to Dr. F. W. 
Alexander, is an ebonite tube, 8 in. long, in which the 
light from the object looked at passes through glass 
plates of Chance glass (to absorb visible light), of 
uranium glass and of ordinary glass before entering 
the eye. The tungsten arc lamp of the firm, for the 
production of ultra-violet beams, has ¥-in. rods of 
tungsten as horizontal electrodes. 

Microscopes were exhibited by several firms, some 
of whom also showed projection apparatus. The 
new projection apparatus of Messrs. C. Baker, of 
244, High Holborn, is of the simplest kind and may 
be described as an inverted skeleton miscroscope. 
it consists of a lamp, an Abbe condenser, a stage 
for the object and an eye piece, all mounted vertically 
without a camera. 

The Hartridge microspectroscope, one of the 
novelties of Messrs. Bellingham and Stanley, 71, 
Hornsey-rise, N.19, due to Dr. H. Hartridge, of 
Cambridge, secures improved accuracy in wave- 
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length measurements by producing two spectra 
of the source, reversed as to right and left, and sliding 
the one with respect to the other until the respective 
line or band in the two spectra coincides. The 
arrangement is explained by the diagram (Fig. 4). 
The dispersing system is a grating replica of 15,000 
lines to the inch. The microscope image is formed 
on the slit 5 (the jaws of which are made of stainless 
steel) and is examined by the low-power lens system 
7 from the eye-piece 9. The light entering through 
the slit falls on the double-image calcite prism 4 ; 
the two beams reflected by the mirrors 1, 2, and 3 
pass to the grating 17, which they reach at such an 
angle that they overlap on emergence into the eye- 
piece, but the red of the one beam band is super- 
posed upon the blue of the other. By inclining the 
mirror 3 the two spectra are separated into bands, 
the one above the other ; the upper band is moved 
along the lower by the micrometer screw 10. 

In the radial metallurgical microscope of Messrs. 
R. and J. Beck, 68, Cornhill, E.C., the body is a 
fixed portion of the limb and rigidly attached to the 
vertical illuminator, the position of which is not 
altered by the focusing, this being all done on the 
stage. The base of the microscope forms a cradle 
in which the circular are of the limb can be swung 
radially about the illuminator as centre of rotation ; 
thus the microscope may be inclined without dis- 
turbing the illumination. In the old vertical illu- 
minator, a small mirror or prism could only be 
turned about its horizontal axis; in the new type 
the small reflector, which may be a disc, a half-disc 
or simply a rod flattened at the end, transparent or 
opaque, is so mounted that it can be tilted in two 
directions and can be moved vertically and laterally. 
One of these microscopes was shown mounted in 
the photo-micrographic camera which Mr. J. B. 
Swan, of the Admiralty Research Department, has 
designed for industrial work. From a heavy base 
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rise four iron tubes, forming a housing for the 
microscope and supporting above it the reflex 
camera. Two more tubes, on the left, support 
horizontal tubes, this part serving as an optical bench 
on which the Pointolite lamp carrier and the other 
parts of the illuminator slide, always in alignment 
with the centre of the microscope. The instrument 
is rigid and not affected by vibrations. In the 
massive microscope of Messrs. Beck, high-power, 
dark-ground illumination is used. A narrow hollow 
cone of light, of an angle of 4 deg., is thrown from 
below on to the object in such a manner that no 
light can enter the tube; this has long. been done 
for low powers, but Messrs. Beck use the dark 
ground with objectives of 1:27 and even 1:4 
normal aperture, and can focus through slips of 
1-5mm. thickness. The Robin Hood camera of the 
firm takes photographs through an angle of 130 deg., 
so that the whole sky may be photographed at one 
exposure, 

The Ica epidiascopes, kinamo, &c., the produc- 
tions of the Ica A.G., of Dresden, represented by 
Mr. C. Garner, of 10, Poland-street, W., certainly 
appear noteworthy, both in their simple and 
in their more elaborate forms. The universal 
‘*kinamo”’ is a small kinematograph camera, 8 in. 
long, fitted with clockwork movement for a reel 
capacity of 50 ft. of standard film; it is fitted 
with exchangeable Zeiss objectives and arranged 
for four speeds. The ‘“ microphot”’ is one of the 
inventions of Professor E. Goldberg; it is a very 
simple combination of a kinamo with a microscope 
for taking photomicrographic records while watch- 
ing the living specimen under the microscope. 

The remarkable examples of prisms, lenses, 
mercury-vapour lamps, &c., made in rock crystal 
or fused quartz by Messrs. Kelvin, Bottomley and 
Baird, Limited, of Glasgow and Hither Green, 
London, were shown in a stand next to that of the 
Thermal Syndicate, of Wallsend-on-Tyne. Rock 
crystal lenses are made to specifications up to 
24 in. in diameter. The fused quartz billets shown 
were entirely free from blisters and in finish 
appeared equal to the best optical glass ; quartz 
cover glasses were also exhibited. In the artificial 
daylight Macbeth lamps, also shown by Messrs. 
Kelvin, Bottomley and Baird, flowers and coloured 
specimens really appeared in their natural colours ; 
colorimetric tests made at the National Physical 
Laboratory prove that this light matches the colour 
of an overcast northerly sky and that for ordinary 
purposes the Macbeth unit is a satisfactory substi- 
tute for daylight. 

The new type of E6tv6s torsion balance, com- 
bining visual and photographic reading and made 
by Messrs. Oertling, Limited, of Turnmill-street, 
E.C., was explained by Captain H. Shaw, who has 
been successfully prospecting for ores and petro- 
leum, &c., with this balance, as we mentioned in 
connection with the Southampton meeting of the 
British Association.* The new instrument itself 
weighs 140 lb, as compared with 4 ecwt., the 
weight of the earlier model, and the three-walled 
aluminium tent in which the instrument is obtained 
weighs 180lb. We hope to describe this instrument 
more fully later. 

Messrs. Short and Mason, Ltd., of Macdonald- 


~ 


road, Walthamstow, E., showed numerous meteoro- 


logical instruments, altimeters, altigraphs, the 
Tycos portable gas pressure gauges, and the 
Tycos gas leakage indicator. When the brass 


cap of the small box of the latter instrument is 
removed, a disc of porous tile is exposed to the sus- 
pected atmosphere ; a light coal gas then expands 
the diaphragm in the box while a heavy (sewer) gas 
contracts it. A novelty of Messrs. James Swift and 
Son, Limited, of 81, Tottenham Court-road, was 
a stereoscopic binocular petrological microscope ; 
the Dick microscope, which was also shown, we 
mentioned last year. A rather complicated accessory 
to the microscopes of Messrs. W. Watson and Sons, 
Limited, of 313, High Holborn, is Chambers’ micro- 
dissection apparatus, a clamp and lever attach- 
ment fitted to the microscope stage. By its aid 
parts of cellular tissue can be separated and the 
dissecting tool operated under high power instru- 
ments. Their waistcoat pocket telescope and 
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microscope is only 1 in. long. Messrs. Wray, of 
Ashgrove-road, Bromley, Kent, whose lumeter and 
lenses, &c., we described on page 80 of January 16, 
1925, showed an optical testing surface, an attach- 
ment to portable photometers, which is now 
required for tests at definite inclinations to the 
horizontal. 

Of the electro-medical apparatus shown we may 
mention that of Messrs. Watson and Sons (Electro- 
Medical), Limited, of 43, Parker-street, W.C. Their 
X-ray apparatus all employed Coolidge tubes, up 
to 300,000 volts and 50 milliamperes, water-cooled 
or not, some being fitted with specially-heated 
tungsten cathodes heated from batteries or by 
fitting the tube into a lamp socket. The three- 
phase oil-immersed high-tension transformer exhi- 
bited by Messrs. Newton and Wright, Limited, 
of Hornsey-road, London, N.19, and contained ina 
large tank, weighing 2} tons complete, was made 
for the Middlesex Cancer Research Board; the 
transformer works in conjunction with a rectifier 
for 250,000 volts. 

Messrs. Henry Hughes and Son, Limited, of 59, 
Fenchurch-street, gave a large tank demonstration 
of depth determination in water by the method of 
echo-sounding at sea of the Admiralty Research 
Department, which Mr. F. E. Smith, F.R.S., 
demonstrated by experiments in his Royal Insti- 


tution discourse* two years ago. The sound 
Fig.5. 
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transmitter of the firm, a turned diaphragm of 
stainless steel with a gun-metal cover, is mounted 
in the bottom of the ship ; corresponding in position 
on the other side of the ship is the hydrophone. 
On the bridge is the receiving-box, comprising an 
electric motor and worm gearing for a telephone 
switch, the brushes of which are fixed to the fathom 
scale and turned by a hand-wheelfrom outside. To 
the side of the box is further attached the repeating 
transmitter, which is connected with earphones 
and a lamp receiver in the chart-room or cabin ; 
the lamp receiver consists of three rows of 10 lamps 
each marking hundreds, tens and single feet. 
Maps of soundings, taken in this way and confirmed 
by other observations, were also displayed. 

Messrs. Paul Ditisheim, of La Chaux-de-Fonds, 
Switzerland, represented by Messrs. G. L. Fraissard, 
of 34, High Holborn, showed their electric chrono- 
graph connected with a deck watch or marine 
chronometer, printing on a tape records giving 
hours, minutes and seconds to the third decimal. 
Deck watches with Guillaume balances, one of 
which obtained the highest marks (97) at the 
National Physical Laboratory in 1924, and a new 
machine-made pocket-watch, fitted with the Ditis- 
heim balance and elinvar hair-spring for large- 
temperature variations, tested at the Neuchatel 
Observatory between — 21-5 and + 50 deg. C. 
were also shown. The clocks of Messrs. E. B. Fry, 
of 110, Pratt-street, N.W., are not precision instru- 
ments, though their centre-second fly-back, stop- 
watch is said to be accurate within } sec. The 
‘““Landell”’ clock, made in the first instance for 
photographic work, can be set to ring a bell at 
any period, from 2 minutes to 1 hour. Their patent 
pendulum seconds meter rings a bell every second, 
and will run for 10 minutes with one swing. At 
right angles to the top of the pendulum bar is 
fixed a short tube, in which a ball rolls; as the 
tube tilts downward, the ball strikes a bell surround- 
ing the top of the pendulum. The whole instru- 
ment is about 6 in. long. 

Novelties were not particularly conspicuous 
among the exhibits of the electrical engineer- 
ing firms, many of them chiefly showing improved 
apparatus. The Creed start-stop telegraph print- 
ing system of Messrs. Creed and Co., Limited, 
of Croydon, was described in our issue of January 16, 
1925, and the Murray Multiplex on page 4 of 





* ENGINEERING, September 19, 1925, page 410. 


*See ENGINEERING, May 7, 1924, page 299. 











January 2, of the same year; the keyboard trans- 
mitter and the printer have been improved. The 
Edison-Swan Electric Company, of Ponder’s End, ex- 
hibited Pointolite lamps for direct, and for alternat- 
ing-current supply ; the direct-current lamps ranged 
from 30 to 1,000 candle power, and the alternating- 
current lamp exhibited was of 150 candle power. 

The Ashdown rotoscope, manufactured by Messrs. 
Elliott Brothers for the Autocar Auxiliaries, Limited, 
of Letchworth, may be mentioned as an interest- 
ing exhibit. The instrument, the invention’ of 
Mr. A. J. Ashdown, is a stroboscope but looks 
rather like a box camera. The usual stroboscopic 
drum provided with vertical slots is replaced by 
a small wooden cylinder, through which are cut 
two horizontal rectangular slots ; in the slots are 
mounted a number of thin parallel plates, equally 
spaced. The box is held before the eyes and the 
moving object is looked at through the glass front 
of the cylinder. As the cylinder rotates about 
its horizontal axis, the plates obscure the object 
except when they are parallel to the plane of 
vision; thus two glimpses of the object are 
obtained during each revolution. The prime 
mover in the box is a gramophone motor which 
runs for 12 minutes. The main spindle drives 
a sleeve through five or six gears; the positions 
of the sleeve can be set by the aid of a knurled 
head projecting from the case. The speed (up to 150 
revolutions per second) can thus be roughly varied. 
and more finely adjusted by a second knurled head. 
which acts on the spindle, operating the brake on 
the governor disc. The India Rubber, Gutta Percha 
and Telegraph Works Co., Ltd., of Silvertown drew 
attention to their portable direct-reading Wheatstone 
bridge (workshop pattern) and to their standard mica 
condensers. The Stonebridge Electrical Company, 
Limited, of Victoria-road, North Acton, which is 
new to this exhibition, made an interesting display 
of edgewise instruments, power factor meters, 
synchronisers, &c., and of portable precision instru- 
ments, consisting of a moving-ceil galvanometer and 
Wheatstone bridge. Current nteasurements are 
apparently to be made on the same instrument 
over a range from 0-0000002 ampere up to 1,500 
amperes. The Standard multivibrator wavemeter. 
due to Mr. W. Dye, shown by Messrs. H. W. Sullivan, 
Limited, 368-369, Winchester House, E.C., was 
illustrated on page 727 of our issue of June 12, 1925. 
Noteworthy were also the variable air condensers 
with fine worm-gear adjustment, a four-dial con- 
denser of the large capacity of 4 microfarads, and 
an oscillator for testing the cables of the Pacific 
Cable Board at very low frequencies, viz., 15 
to 20 periods. Messrs. Sullivan also make the 
Tucker selective hot-wire microphones which Major 
Tucker uses in his acoustic measurements, as des- 
cribed in his discourse presently to be dealt with. 

The exhibits of Messrs. Everett, Edgeumbe and 
Co., Limited, of Hendon, ranged from 2} in. “dwarf” 
milliammeters and a 2} in. electrostatic voltmeter 
for 5,000 volts, alternating or direct current, up 
to a voltmeter for a pressure of 300,000 volts. In 
the new graphic relay recorder shown by the firm, 
a small motor drives the chart by the aid of a 
governor regulating the field and actuates the 
pen ; the printer is replaced by a short arm moving 
between two relay contacts. One of these instru- 
ments exhibited records on three charts current. 
voltage and train speed. In the 1,000 ampere 
current transformer, due to Mr. F. Ockenden, the 
primary, of copper sheets, completely surrounds 
the secondary and its iron core. These transformers 
have been supplied for frequencies up to 5,000,000 
cycles. 

Novelties in minor wireless apparatus were 
probably not scarce, but they were not easily 
characterised. In the ‘“‘ Univane” condenser of the 
Dubilier Condenser Co., of Victoria-road, North 
Acton, turning of a knob rotates, by the action of a 
pinion, one plate at the time, the second plate being 
picked up after the completion of a revolution 
by the first. The scale is rotated one turn for 
each vane, and the complete range of 0-0005 
microfarad comprises more than 5,000 divisions. 
The ‘“ Duwatcon’’ condenser gives an unbroken 
turning range when a change-over from series to 
parallel connection is required. The maximum 
wave-length in the series position is obtained at 
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i20 deg. on the scale; on further turning to| requirements, as stated in a White Paper, only 


180 deg. the wave-length finally becomes a little 
greater than it would be on switching over to 
parallel and returning the knob to zero.’ Grid 
leaks are now made of glass tubes metallised by a 
spray process. 

_ The short-wave receiver for wave-lengths ranging 
from 15 to 100 metres exhibited by Marconi’s 
Wireless Telegraph Company, Limited, was a repro- 
duction of the apparatus used by Mr. Marconi in 
intercepting signals from Poldhu on his yacht 
Elettra. The Marconiphone type 81, or “straight 


responds to the four-second dashes, which have 
been found to be the best precursor to the S OS 
signal, and differs from the ordinary wireless bell 
of the company. The instrument, which is con- 
nected directly to the ship’s aerial when the 
operator goes off watch, consists of receiver and 
selector. The receiver comprises a 3-valve amplifier 
and tuning circuits which cut out, as far as possible, 
wave-lengths other than 600 m., being sensitive 
only to waves within 2} per cent. of that wave 
length, 585 to 615 m, From the receiver, the signals 





eight’ receiver, is an 8-valve set without 
reaction. The five high-frequency stages are 
separately controlled and the valve capacities 
balanced by a special method. The Marconi auto- 
matic call key and four-second alarm device was 


pass on to the selector which picks out the alarm sig- 
nal from others. The device is set to operate at the 
termination of the third dash, but only if the signal 
lasts 4 secs. (from 3 to 5) and if the spacing is 1 sec., 
but as long as certain limits are not exceeded, all 





also exhibited. The rather elaborate instrument, 
designed in accordance with the Government 








the times may be either too long or too short. A 
series of rapid Morse dots cannot be mistaken 





for a dash; any audible space would stop the 
mechanism. 

Cooled anode valves, as made by the Marconi 
Company and by the M.O. Valve Company, of 
Brook Green, were illustrated on pages 490 to 
492 of our issue of October 3, 1924. The M.O. 
Company further exhibited high-tension rectifiers 
for 100 milliamperes at 150,000 volts peak pressure, 
fitted with molybdenum anodes almost completely 
surrounding the filament system. The new D.E.2 
amplifier valves consume 0-12 ampere on 2 volts; 
the D.E.8 valves, also for low and high frequency 
amplification, consume the same current on 6-volt 
circuits. Modulating, rectifying and transmitting 
valves were also exhibited by the Mullard Valve 
Company, of Nightingale-lane, Balham, one of these 
was the 35-kw. metal-glass valve similar to those 
installed at Rugby ; the chrome-iron anode is sealed 
in glass and water-cooled. These Phillips-Mullard 
metal-glass transmitting valves are made for inputs 
up to 60 kw., the anode dissipating up to 24 kw. 
and requiring } gallon of cooling water per minute. 

The numerous Zeiss optical inspection instru- 
ments and fine measuring tools, exhibited by Messrs. 
Dowding’s Machine Tool Company, Limited, of 
Bush House, Aldwych, W.C., attracted much atten- 
tion. The optimeters were illustrated on page 417 
of our issue of October 9, 1925. The pacsameter is 
a snap gauge combined with an indicator and a 
device for setting tolerances; these gauges are 
adjustable within } in. limits and range up to 6 in. ; 
the mechanism is contained in a forged steel body 
which is sealed through an aluminium cover. 
In the screw-thread measuring microscope, straight 
wedges of hardened steel, lapped to V-form, 
are moved up to the flank of the thread ; any light 
penetrating from the projector below betrays an 
imperfection. Simpler tools are the universal bevel 
protractor, the adjustable depth gauge, the 
optical thread calipers and twist-drill gauges, while 
the gear tooth measuring machine and the optical 
dividing head are more elaborate instruments. 
In the last machine, the scale divisions are marked 
on a disc connected directly to the spindle, and the 
scale is read to 20secs. of arc, representing 0-00025in. 
on a 4-in, circle. 

The broken-couple alarm of The Foster Instru- 
ment Company, of Letchworth, may help to 
minimise certain not unjustified prejudices against 
the use of thermocouples for furnace control. 
Thermocouples are apt to fail, the automatic signal 
then indicating too low a temperature, and the 
automatic mechanism does not stop further heat- 
ing of the furnace. To prevent this overheating, Mr. 
C. E. Foster has combined the thermocouple relay 
with the device illustrated in Fig. 5. The couple 
AB is connected by its wires C with the indicator 
or recorder D ; the alarm circuit further comprises 
an accumulator cell E of 2 volts and the very 
high resistance F. Normally, the accumulator 
current flowing through F is very small, but when 
the thermocouple breaks the whole: current of 
E passes through D, the scale of which is so arranged 
that the pointer passes beyond the maximum ; a 
separate relay then gives warning. The recorder 
itself is of a new dial type. By adopting a 
‘* Resilia ’> movement, which we have described on 
former occasions, failure of the pivot system of 
the chopper bar is avoided ; the whole mechanism 
is contained in a circular case. 

The new patented surface calorimeter, also made 
by Messrs. Foster, is due to Captain A. Blackie, 
of the Fuel Research Station. The simple 
instrument measures losses of heat from furnace 
walls, boiler laggings, &c. The principle is 
that the air contained in a closed cylindrical 
box expands when the blackened flat bottom of 
the box is presented to the hot surface. The 
rim of the black surface is slightly raised, to pre- 
vent depression of the face by contact and to 
leave a small air space across which convection 
may take place. A tube leads from the chamber 
to a U-tube gauge; the one limbis open, the 
other closed through an adjustable leak or capillary 
tube. The expanding air forces the gauge liquid 








up until the leak through the capillary balances 
the pressure. The calibration of the instrument, 
which is enclosed in a water-chamber, is empirical, 


(To be continued.) 
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HIGH-SPEED TURBINES FOR THE 
BERNE HYDRO-ELECTRIC POWER 
STATION. 


THE Matte hydraulic power-station of the City of 
Berne, Switzerland, provides a striking illustration 
of the advance made during the last 50 years in 
the generation of power by water turbines, and its 
subsequent distribution. The first power-station 
here was opened in 1879, when two Jonval turbines, 
each rated at 150-h.p., were installed. The power 
was transmitted by simple shafting to factories 
in the immediate neighbourhood. In 1890-91, a 
second station was erected alongside of the older 
one, and for this Messrs. Theodore Bell and Co., 
of Kriens, Switzerland, supplied three turbines of 
the same type and output as those already in use. 
These turbines drove dynamos by a combination 
of bevel gearing and belting, as indicated in Fig. 1, 
on page 73, which represents a cross-section through 
the power-house. The current generated was distri- 
buted for lighting purposes, and thesurplus power 
available was distributed as before, simply by means 
of shafting. As shown in Fig. 1, the draught tube 
below the turbine was moulded in the concrete, 
a plan which had shortly before been patented by 
Messrs. Bell, and was here applied by them for 
the first time. 

The demand for power continued to increase, 
and shortly before the outbreak of the war, the 
decision was taken to remodel the whole of the 
plant; abandoning the plan of distributing the 
power mechanically, and replacing the existing 
turbines with others of higher specific speed. By 
this change of type it became commercially possible 
to drive directly fairly large alternators, in spite of 
the very moderate head (3 metres) which was all 
that was available at the site. Owing to the war, 
the reconstruction in question had to be postponed, 
but, as a provisional makeshift, two of the existing 
turbines were belted to alternators which supplied 
current over the whole city. 

It was not until 1922 that further progress could 
be made. In that year one of the turbines in the older 
of the two stations was replaced by a modern unit. 
A little later the remodelling of the second station 
was begun, and the work was completed last 
autumn. The arrangement of the plant is clearly 
shown in Fig. 2, and in Figs. 5 and 6, on this page. 

As at present operated, the turbines are being 
run below their best speed, since the periodicity 
now standard in the district is 40 cycles per 
second. This, however, is to be raised to 50 cycles 
in the near future, and at this speed each of the 
three new turbines in the new station will generate 
630 kw. In the following table, a highly instructive 
comparison is made between the old and the new 
units -— 


Old New 
Jonval High-Speed 
Turbines. Turbines. 
Maximum output under three 
metres head, H.P. 130 320 
Revolutions per minute 28 214 
Specific speed, R.P.M. pa 95 970 
Aggregate electrical output. kw. 210 630 
Efficiency of turbines ... aos 715% 85% 
Overall efficiency (water to 
electrical energy) aa 57% 81% 


The most noteworthy point in the above table 
is the very large increase which has been made in 
the specific speed. This latter, it will be remem- 
bered, is defined as the speed at which the turbine 
would run with the same efficiency if reduced in 
scale so as to generate just l-h.p. under a head 


of 1 metre. This specific speed is calculated from 
the formula— 
N, NAP 
Hi 


where Ns denotes the specific speed in r.p.m., 
N the speed at which the full-sized turbine is 
run, P the power it develops, and H the head under 
which it works. When the specific speed is known 
for a particular type of turbine, the above formula 
can be used to find the speed at which the type 
must be run to generate a stated power with the 
same efficiency. 

The above table also shows that the large increase 
in the specific speed was accompanied by an increase 
in the efficiency. The intake was, moreover, 
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unaltered in size, but the spacing of the bars of the 
screens, protecting the turbines from solids carried 
by the water, was doubled, since both the guide 
blades and the runner of the new turbines can 
pass quite large solids without injury. The clear 
way through the guide blades at full opening is, in 
fact, 22 in., and through the runner blades 16 in. 





It may be noted further that the actual floor area 
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occupied in the station, as shown in Fig. 7, is 
rather less than was the case with the original 
plant, although the output has been trebled. 
Special care has been taken in the design of the 
draught pipe, which, as was the case with the old 
turbines, is moulded in the solid concrete. It has 
been proportioned so as to avoid the formation 
of any dead-water space, so that the full head 
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is effectively utilised. A comparison between that 
used for the old Jonval turbines, as represented 
in Fig. 1, and in the new station is highly instructive. 
In the latter case the section of the draught tube 
changes gradually from the circular to an elliptical 
form, with the major axis horizontal. The dimen- 
sions at the outlet of the draught tube for the first 
of the three new turbines are given in Fig. 3, 
and those for the two units installed later in Fig. 4. 
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Another section through these draught tubes is 
given in Fig. 5, which, in conjunction with the 
plan view, Fig. 6, also shows the principal dimen- 
sions and form of the spiral chamber from which 
the guide blades are fed. 

An additional section through this chamber is 
reproduced in Fig. 8, above, where it will be 
seen that a cast-iron plate forms the effective roof 
of it. This arrangement was adopted because it 
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was desired to use, with as little modification as 
possible, the conduits already formed in the concrete 
from which the original turbines took their supply. 
By means of the cast-iron plate, the effective 
area of the waterway feeding the new turbines 
was adjusted so that the speed of the water, as it 
enters the guide blades, is constant around the 
whole periphery. ‘The guide blades are pivoted in 
the usual way, and the turbine is governed by a 
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relay which, if the speed tends to rise too high, 
restricts the waterway by turning the blades on 
their pivots. 

As shown in Fig. 9, the runner is of the screw- 
propeller type, but of a somewhat unusual form. 
It has but two blades and, as best seen in Fig. 8, it is 
slightly greater in diameter at its discharge end 
than at the inlet end. It is provided, as shown, 
with a streamline cap, so as to obviate any pos- 
sibility of a dead-water space forming below 
it. The main bearing is of white metal lubricated 
with oil and water, sealed to prevent air from 
being drawn in through the turbine. The water 
used for this purpose is filtered through a sieve, 
which surrounds the shaft, to free it from the sand, 
carried by the river Aare. The whole of the weight 
is suspended from a thrust block of the Michell type 
mounted above the generator, as indicated in Fig. 7. 

Comprehensive tests of the second of these 
turbines were made last February under the 
direction of Mr. Bitterli, director of the Rhem- 
felden electricity works, and of Mr. Renggli, who 
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acted forthe Control Bureau of the Swiss Institution 
of Electrical Engineers. The tests were made at 
two different speeds, corresponding, respectively, to 
periodicities of 40 and 50 cycles in the current 
generated. Each test was made with four gate 
openings, and the results are plotted in Fig. 10. 

In this figure, the efficiencies have been plotted 
against the specific speeds corresponding to the 
four gate openings. It will be seen from the curve 
that at a specific speed of 700 the efficiency was 
over 91 per cent., a result which the makers claim 
has not previously been obtained with so high a 
value of N,. Ata specific speed of 600, the efficiency 
is 90-8, and it is still 86 per cent. with a specific 
speed of 1,000. The lower curve plotted in the 
figure embodies the results obtained with the model 
turbine and draught tube experimented with at the 
builders’ testing station. This model had adiameter 
of 50 em., whilst the full-size wheel at Matte had 
a diameter of 1,700 mm. ‘The scale ratio is, 
therefore, 3-4, and the efficiency attained was 
some 3 per cent. higher with the full-sized wheel 
than with the model. The builders consider that 
further improvement would result from still greater 
dimensions, and that a wheel 3-5 to 4 m. in diameter 
would have a maximum efficiency of 92 per cent. 
to 93 per cent. They attribute the excellence of the 
results recorded to the fact that the runner has but 
two vanes, and they also attach importance to the 
increased diameter of the runner at its discharge 
end. The runner is the result of very extensive 
experiments and its special features have been 
patented by its constructors. Its design is due 
to Mr. J. Schnyder, the chief engineer of the 
turbine department. 








THE SMOKE ABATEMENT LEAGUE.—The sixth report 
of the Smoke Abatement League of Great Britain, 
covering the period from November 1, 1924, to Sep- 
tember 30, 1925, is now to hand. It is announced that 
arrangements have been made to hold a Universal 
Smoke Abatement Exhibition in Bingley Hall, Birming- 
ham, during September, 1926. A conference will also 
be held, at the same time, in a specially-erected pavilion 
within Bingley Hall. The report also states that it has 
been decided to issue a monthly bulletin, Pure Air and 
Sunlight, actual publication has, however, been re- 
tarded owing to lack of funds. Attention is drawn to 


the fact that the League was founded as, and stillremains, 
a municipal body, to a great extent, and an appeal is 
made to local authorities to subscribe to the funds of the 
League through their Public Health, Gas and Electricity 
Committees. ' 
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BOOKS RECEIVED. 


United States Bureau of Standards. Circular No. 232. 
United States Government Master Specification for 
Rubber Goods (Methods of Physical Vests and Chemical 
Analysis). [Price 10 cents.] No. 276. Motor Vehicle 
Headlighting. [Price 20 cents.] Scientific Paper No. 
508. Spark Photography and its Application to Some 
Problems in~ Ballistics. By P. P. Quaytr. [Price 
20 cents.] Technologic Papers. No. 286. Com- 
parative Durability of Chrome and Vegetable Tanned 


Sole Leathers. By R. C. Bowker and M. N. V. 
Gers. [Price 10 cents.] No. 288. Comparative 


Cold-Rolling Tests of Open Hearth Steel Strip (Deep 
Drawing Stock) and Electrolytic Iron Strip. By J. R. 
FREEMAN, Jr., and R. D. France. [Price 1¢ cents.] 
No. 289. Comparative Slow Bend and Impact ‘Notched- 


Bar Tests on Some Metals. By S. N. PEeTRENKO. 
[Price 20 cents.]. Washington ; Government Printing 
Office. 


Coal and Peat versus Electricity. By W1tt1am DonaLp. 
Glasgow: John Smith and Son (Glasgow) Limited. 
[Price 6s. net.] 

tailway Accidents. 1825 to 

The 


Legislation and Statistics. 
1924. By H. RaynarR WUtson. London : 
Raynar Wilson Co. [Price 6s.] 

Canada. Department of the Interior. Dominion Water 
Power and Reclamation Service. Water Resources 
“Paper No. 45. Surface Water Supply of Canada, 
Atlantic Drainage (South of St. Lawrence River), New 
Brunswick, Nova Scotia, Prince Edward Island, 
Climatic Years 1922-23 and 1923-24. By K. H. Smiru. 
Ottawa: Director of Dominion Water Power and 
Reclamation Service. 


Practical Marine Diesel Engineering. By Louis R. 


Forp, M.A. London and New York: Simmons- 
Boardman Publishing Company. [Price 3ls. 6d. 
net.] 


Aeronautical Research Committee. Reports and Memo- 
randa No. 980. The Rolling and Yawing Moments of 
an Aerofoil in Straight Flight. By H. Guavert, M.A. 
London: His Majesty’s Stationery Office. [Price 
3d. net.] 

Mines’ Department. Safety in Mines Research Board 
Paper No. 15. The Limits of Inflammability of Fire- 
damp and Air. By M. J. BurGEss and R. V. WHFRELER. 
[Price 6d. net]. No. 16. 4 New Method of Measuring 
Pressures. By G. Attsop. [Price 6d. net.] London: 
His Majesty’s Stationery Office. 

Transactions of the American Society of Civil Engineers. 
Vol. LXXXVIII. 1925. Edited by the Secretary. 
New York: Offices of the Society. 

Draft and Capacity of Chimneys. By J. G. MIncte. 
London and New York: Combustion Publishing 
Corporation. [Price 16s. net.] 

Mass Production Equipment. By Puiwie Gates. Lon- 
don: Crosby Lockwood and Son. [Price 7s. 6d. net.] 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Scarcity of Cleveland pig- 
iron is becoming more and more felt. Sales for overseas 
are little heard of, but this is giving makers no anxiety 
as home needs are sufficient practically to absorb the 
limited supply. There are no stocks to speak of, and 
output is taken up as it is produced, Under such condi- 
tions prices continue to move upward. For home 
purposes, No. 1 is now 71s. 6d., No. 3 g.m.b., 69s. ; No. 
4 foundry, 68s.; No. 4 forge, 67s.; and mottled and 
white, each 67s. 6d. Export prices are sixpence above 
the foregoing figures. 

Hematite.—Supplies of East-Coast hematite are as 
difficult as ever to secure, and values are very firm. 
Home and overseas demands keep good, and makers are 
experiencing difficulty in overtaking arrears of delivery. 
Nos. 1, 2 and 3 readily realise 77s. on both home and 
export account, and No. 1 is quoted sixpence above 
mixed Nos, 


Foreign Ore.—Foreign ore is still slow of sale, but 
renewal of buying is looked for, and prices are stiffening. 
Best rubio is put at 21s, 6d. c.i.f. Tees. Durham blast- 
furnace coke is in hardly such pressing demand as_ it 
has been for local consumption, but sellers are disinclined 
to make price concessions. Good average qualities are 
22s. to 22s, 6d. delivered here. 

Manufactured Iron and Steel.—There is a better all- 
round feeling in finished iron and steel. Inquiries for 
most commodities are more numerous, and values tend 
upward. Rail makers, and constructional steel pro- 
ducers have a considerable amount of work on hand, 
sheet departments are very busy, and while manufac- 
turers of shipbuilding requisites are still badly off for 
contracts they report specifications being distributed 
more freely, and that the half-crown advance in plates 
and angles has, apparently, not checked buying. Common 
iron bars are 11/. 5s.; iron rivets, 121. 15s.; packing 
(parallel), 81.; packing (tapered), 11/.; steel billets 
(soft), 7/.; steel billets (medium), 7/. 10s.; steel billets 
(hard), 82. 2s. 6d.; steel ship, bridge and tank plates, 
7l. 7s. 6d.; steel angles, nie steel rivets, 121. 10s.; 
steel joists, 7/.; heavy steel rails, 8/.; fish plates, 121. ; 





and galvanised corrugated sheets (24-in. gauge, in 
bundles), 177. 


Ironstone Miners’ Wages.—At a conference of Cleve- 
land Ironstone Mineowners and miners representatives 
this week, the proceedings closed by both sides express- 
ing gratification at the reasonable attitude adopted by 
the employers and the men in wages matters affecting 


the Cleveland mines. Sir Hugh Bell, Bart., who pre- 
sided over the proceedings, placed before the meeting a 
statement based on the ascertained selling price of 
Cleveland pig iron for the past quarter which showed 
that the owners were entitled to make a reduction in 
wages of 18-40 per cent. After a long discussion it was 
agreed that wages be reduced by 5 per cent. on and from 
the 25th inst. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel——Now that the holiday influence has 
disappeared, the resumption at steel works has become 
general, and, in some instances, a better demand is ex- 
perienced. Railway steel manufacture is an improving 
section of the heavy trades. Following the recent amend- 
ment of the L. & N.E. Railway Company’s contracts, 
specifying that all material should be of British origin 
throughout and that British labour only should be used, 
comes the news of their placing contracts with local 
firms for the supply of steel rails. Messrs. Steel, Peech 
& Tozer are to provide 4,000 tons, Messrs. Samuel Fox 
& Co., 2,000 tons, and Messrs. Cammell Laird & Co., 
4,000 tons. It is expected that as soon as the new year’s 
railway programme orders are issued, this area will 
further benefit both directly and indirectly by contracts 
for rails, wagons, and other supplies. Business in 
marine -steel manufacture continues at a minimum. 
Prospects of an early improvement are not favourable. 
In contrast, automobile-steel makers are enjoying active 
times, the demand in several instances being equal to 
the output. In the implement sections, an increase in 
business is recorded. Mining requisites show an expan- 
sion. Contemplated developments, both at home and 
abroad, are expected tojresult in orders for larger quan- 
tities. The agricultural demand has an upward tendency. 
With the advent of spring, home requirements should be 
supplemented. Road-making schemes are responsible 
for a stronger call for stone-breaking and crushing 
machinery and concrete mixers. The lighter trades are 
operating at about the same capacity as before the 
holidays. Saws occupy a stronger position, as does 
builder’s ironwork. 


South- Yorkshire Coal Trade.—While the demand in 
some classes of fuel has slumped, this has been offset 
by an improvement in ‘other grades, and, on balance, the 
position is slightly stronger. Best steams find a better 
market on both home and export accounts, while other 
industrial fuels tend to gain strength from a better 
inquiry. House coal has weakened. Cobbles and nuts 
are slightly firmer. Foundry and furnace coke are going 
away in increasing tonnages for shipment. Quota- 
tions :—Best branch handpicked, 31s. to 34s.; Barnsley 
best silkstone, 28s. to 30s.; Derbyshire best brights, 
26s. to 27s. 6d.; Derbyshire best house, 248. to 25s. ; 
Derbyshire best large nuts, 17s. to 20s.; Derbyshire 
best small nuts, 12s, 6d. to 14s.; Yorkshire hards, 
16s. 6d. to 19s. 6d.; Derbyshire hards, 16s. to 19s. ; 
rough slacks, 10s. to 12s, 6d.; nutty slacks, 7s. 6d. to 
9s.; smalls, 3s, 6d. to 6s. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Coal Trade.—Improved conditions have been 
manifest in the Welsh coal trade during the past week, 
Shipping, which had been delayed by stormy weather, has 
reached port, with the result that colliery demands rapidly 
increased, and salesmen were in a position to adhere to 
quotations, whereas a week ago, although booked up 
on paper. they were only too willing to make concessions 
in order to secure orders which would provide them with 
an immediate outlet for coal standing in the sidings or 
at the docks. Smalls, in particular, have benefited from 
the arrival of shipping, and the best bunker sorts 
advanced from lls, to 13s. while cargo smalls increased 
from 10s. to lls. 6d., and inferiors from 9s, to 10s. 6d, 
Large coals, too, are steady on the basis of 22s, 6d, to 23s. 
for best Admiralty classes, 21s, 6d. to 22s. for secondary 
descriptions, and 18s, 6d, to 20s. 6d. for Monmouthshires. 
Dry large coals, however, are neglected and weak on the 
basis ‘of 21s. to 22s, for the best sorts, and 19s, 6d. to 
20s. 6d. for ordinaries, In the past week, 449,090 tons of 
coal were shipped as cargo to foreign ports from South 
Wales, compared with 384,150 tons in the preceding 
week, Exports from Cardiff were increased from 238,430 
tons to 298,380 tons, and at Newport from 41,850 tons 
to 59,840 tons, but those at Swansea were reduced from 
62,770 tons to 52,830 tons, at Port Talbot from 36,820 
tons to 35,600 tons, and at Llanelly from 4,260 tons to 
2,440 tons, Of the total shipments, 111,080 tons were des- 
patched to France, 40,600 tons to Argentina, 25,200 tons 
to Brazil, 38,930 tons to Egypt, 78,450 tons to Spain, 
and 18,900 tons to the United States. The New Brook 
Anthracite Colliery, owned by the Grain Shipping Co., 
Limited, of Cardiff, has been acquired by the Pwllbach, 
Tirbach and Brynamman Anthracite Collieries, Limited, 
Swansea. The New Brook is an anthracite property, 
situated in the best area, comprising about 1,285 acres, 
with reserves of coal of about 4,000,000 tons. The 
colliery has been equipped with new up-to-date plant 
and machinery, and is served by private sidings connected 
with the London Midland and Scottish main line. 


Tron and Steel,—Exports of iron and steel goods in the 
past week amounted to 13,478 tons, against 13,533 tons 
in the previous week, Shipments of tinplates and terne- 
plates totalled 8,328 tons, against 5,121 tons; black 
plates and sheets to 3,615 tons against 4,681 tons, galvan- 
ised sheets 1,238 tons against 1,436 tons, and other iron 
and steel goods to 297 tons against 2,296 tons, 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 


Scottish Steel Trade.—The reopening of the Scottish 
steel works this week has not been with any great flourish 
of trumpets on account of the small amount of work on 
hand. There has been practically no accumulation of 
specifications during the holidays, and the immediate 
prospects are far from reassuring. Work on the Clyde is 

oor, and shipyard orders and inquiries are very few. 
The black sheet trade is busy, and some of the works were 
reopened last week. All of them have good order books, 
and the fixing of new business since the stoppage for 
holidays has been very satisfactory. A goodly number 
of inquiries have also been received and the outlook for 
the present is very good. Prices all round show little 
change. 

Malleable Iron Trade.—A dull tone is prevalent in the 
West of Scotland malleable iron trade, and, although a 
restart has been made, it lacks strength. There has been 
only a moderate inquiry in the market, and the amount of 
business booked during the past week does not ensure 
steady running of plant for any time. Unless business 
opens out considerably it would seem as if the experiences 
of the past few months were going to be repeated. The 
price of ‘* Crown” bars is unchanged. 


Scottish Pig-Iron Trade.—The pig-iron works have again 
resumed operations except in one case at least, where 
repairs have delayed the restart. Orders are scarce and 
the current demand is small, while inquiries do not 
amount to a heavy tonnage. The total production will 
be smaller meantime, as three blast furnaces at the 
Summerlee Iron Works, Coatbridge, have been blown 
out owing to a wages dispute. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, January 9, amounted to 199 tons. Of the 
total, 174 tons went overseas, and only 25 tons coastwise. 
For the corresponding week of last year, the figures were 
341 tons to foreign destinations, and 244 tons coastwise, 
making a total shipment of 585 tons. 


Clyde Shipbuilding.—A contract has been placed with 
Messrs. Napier and Miller, Limited, Old Kilpatrick, by 
the Union Steamship Company, oi New Zealand, for a 
single-screw cargo steamer of 4,000 tons d.w. Recipro- 
cating steam engines will be supplied by Messrs. J. G. 
Kincaid and Co., Limited, Greenock. 


Scottish Shipbuilding—The shipbuilding returns for 
the last month of 1925 brought the year’s output - 
to quite a respectable figure, although the year overall 
was not very satisfactory. At an early stage of the 
year the outlook was supposed to be promising, but 
the ultimate figures are rather less than 40,000 tons 
under those of 1924, and for many months back it 
was feared that 1925 would show a very poor return. 
Orders for new tonnage have been extremely difficult 
to pick up on account of the high costs of construction, 
and the foreigner has secured a preference, while ship- 
owners will not place orders at to-day’s prices without 
some prospect of a satisfactory return on the heavy 
outlay for up-to-date tonnage. The output from the 
various Scottish shipbuilding centres for the past two 
years is as under :— 





— 1925. 1924, 





Vessels} Tons. |Vessels} Tons. 


The Clyde... «| 280 |523,322 251 | 538,021 
The Forth... os 37 8,403 22 | 26,051 
The Tay : 6 | 20,905 8 | 20,414 


The Dee and Moray 


Firth : 23 6,708 31 | 14,637 





346 | 559,338 312 | 599,123 

















The total output from the Clyde yards for the past 
year only ranks twelfth in the history of the river, 
and is rather more than 233,000 tons below the record 
year 1913, when the figure was 756,976 tons. 


Clyde Shipbuilding.—The contract to build two shelter- 
deck type steamers for London owners has been secured 
by Messrs. Scott’s Shipbuilding and Engineering Com- 
pany, Greenock. These vessels will be 8,500 tons dead 
weight and will be fitted with steam reciprocating 
engines, 3 





TENDER.—The Siamese State Railways are calling 
for tenders for the supply of all-steel goods wagons. 
The closing date for the receipt of tenders is 2 p.m, 
Monday, March 29, 1926. Further particulars may be 
obtained from the Department of Overseas Trade, 
35, Old Queen-street, London, 8.W.1 (Room 50), 
teference AX. 2719. 





ContTRAcTS.—Messrs. The Underfeed Stoker Company, 
Limited, Aldwych House, Aldwych, London, W.C.2, 
have recently received orders for 23 class ‘‘A’”’ self- 
contained stokers, 4 ash and coal conveyors, 2 powdered 
fuel plants, 2 underfeed stokers, 2 air heaters, and 
12 Detrick arches.—The Admiralty recently placed 
an order for an annealing furnace, of the Wild-Barfield 
type, with Messrs. Electric Furnace Company, Limited, 
17, Victoria-street, London, 8.W.1. During the year 
1925 the company received orders for 45 Ajax-Northrup 
high-frequency furnaces, 6 Ajax-Wyatt furnaces, 
14 electric resistance furnaces, and 3 Héroult are 
furnaces, 





NOTICES OF MEETINGS. 


THE Institution oF, MUNICIPAL AND COUNTY 
ENGINEERS: METROPOLITAN DuistRict.—To-night, at 
6.30 p.m., at the Middlesex County Hall, Westminster, 
S.W.1. ‘‘ Notes on Roadway Paving Policy and Main- 
tenance for Modern Traffic Conditions,” by Mr. Osmond 
Cattlin, M.Inst.C.E. ‘‘ Housing and Maintenance,” by 
Mr. E. 8. Moule. 


THE InstITuTION oF MECHANICAL ENGINEERS.— 
To-night, at 7 p.m., at Storey’s-gate, 8.W.1. Informal 
Meeting. Discussion on “Novelties at the 1925 
Engineering Exhibitions.” Friday, January 22, at 
6 p.m. General Meeting. “Piston Temperatures and 
Heat Flow in High-Speed Petrol Engines,’’ by Professor 
A. H. Gibson, D.Sc. 

Tue Junior InstiruTIon oF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Ordinary 
Meeting. ‘The Commercial Side of Foundry Work,” 
by Mr. J. Wolstenholme. Friday, January 22, at 7.30 
p-m. Lecturette, “‘The Engineer and His Relation- 
ship to the Tea Industry,” by Mr. E. Granville-Smith. 


THE RatLway CiuB.—To-night, at 7.30 p.m., at 65, 
Belgrave-road, S8.W.1. “Railway Signalling from a 
Traffic Point of View,”’ by Mr. B. Wagenrieder. 


THE INSTITUTION OF ENGINEERING INSPECTION.— 
To-night, at 7.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘The Characteristics of 
Electric Lamps in Relation to their Testing,” by Mr. 
B. P. Dudding and Mr. G. T. Winch. 


THE INstTITUTE OF BRITISH FOUNDRYMEN: LANCA- 
SHIRE BRANCH, JUNIOR SECTION.—Saturday, January 16, 
at 7 p.m., at the College of Technology, Sackville-street, 
Manchester, Lecture, ‘“‘ Some Factors which Constitute 
Problems in the Iron Foundry,” by Mr. 8. G. Smith’ 


THE British Cotp STORAGE AND IcE ASssocIATION.— 
Monday, January 18, at 5 p.m., at the Engineers’ Club, 
Coventry-street, W.1. “Modern High-Speed Refri- 
gerating Machines,”’ by Mr. G. W. Daniels. 


THE Farapay Socirety.—Monday, January 18, at 
5.30 p.m, at the Chemical Society, Burlington House, 
Piccadilly, W.1. ‘‘ The Electrode Capacity and Resist- 
ance of Electrolytes for a Wide Range of Frequencies,” 
by Mr. B. B. Banerji. ‘The Effect of the Electrode 
Material and Oxidation Potentials,” by Mr. J. A. V. 
Butler, Mr. W. E. Hugh, and Mr. D. H. Hey. “The 
Electromotive Behaviour of Cupric Oxide,” by Mr. 
R. E. W. Maddison. “The Colloidal Properties of 
Nitrocellulose Sols in Mixed Solvents,’ by Mr. A. High- 
field. ‘‘ Vapour Pressure and Heat of Dilution of Aqueous 
Solutions.”’ Part I (a) “‘ Vapour Pressure of Aqueous 
Solutions of Urea.” (b) ‘‘ Heat of Dilution of Aqueous 
Solutions of Urea,’’ by Mr. E. P. Perman and Mr, T. 
Lovett. ‘‘A Note on Kinetic Activation as a Factor 
in Gas Reactions,” by Mr. W. Taylor. 


THE INsTITUTE oF TRANSPORT: MIDLAND LocaL 
Srection.—Monday, January 18, at 6 p.m., at the 
Queen’s Hotel, Birmingham, ‘Commercial Horse Trans- 
port,” by Mr. J. H. Stirk. 


THE SHEFFIELD SociETY OF ENGINEERS AND METAL- 
LURGISTS,—Monday, January 18, at 7.30 p.m., at the 
University, St. George’s-square, Sheffield. ‘‘The Marine 
Steam Turbine,”’ by Mr. Stanley S. Cook, B.A., M.I.N.A. 


THE JUNIOR INSTITUTION OF ENGINEERS: NORTH- 
WESTERN SEcTION.—Monday, January 18, at 7.30 p.m., 
at the Manchester Geographical Society, 16, St. Mary’s- 
Parsonage, Manchester. Lecture, “‘ The Importance of 
the Selling Aspect of Production Planning,’’ by Mr. 
W. D. Adamson. 


THE INSTITUTION OF AUTOMOBILE ENGINEERS: 
GLascow CENTRE.—Monday, January 18, at 7.30 p.m., 
at the Royal Technical College, Glasgow. ‘“‘ Logic 
Applied to Failures,” by Mr. J. D. Parkes. 


THE Royat Soctety or Arts.—Monday, January 18, 
at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture. ‘“‘The Decoration of Furniture ’ (Lecture I) 
by Mr. H. P. Shapland. Wednesday, January 20, at 
8 p.m. Ordinary Meeting. ‘“‘ Problems in Paint and 
Varnish Technology,” by Mr. H. Houlston Morgan, 
Ph.D., B.Se. Friday, January 22, at 4.30 p.m. Indian 
Section. “Indian Maps and Surveys,” by Colonel 
W. M. Coldstream, R.E., C.L.E. 


Tue INstiIruTE or TRANSPORT.—Tuesday, January 
19, at 5.30 p.m., at the Institution of Electrical 
Engineers, Savoy-place, Victoria Embankment, W.C.2. 
Graduates’ and Students’ Lecture. ‘‘ Relations between 
the State and Railways in Japan,”’ by Mr. H. Koaze. 


THe Roya InstitutTion,—Tuesday, January 19, at 
6.15 p.m., at Albemarle-street, W.1. ‘‘ X-Rays and 
Living Matter,”’ by Dr. J. A. Crowther. Friday, January 
22,at9p.m. ‘* The Work of the Davy Faraday Research 
Laboratory,” by Sir William Bragg. 


Tue InstTiITUTE oF MARINE ENGINEERS.—Tuesday, 
January 19, at 6.30 p.m., at 85-88, The Minories, Tower 
Hill, E.1. ‘Poetry and the Engineer,” by Mr. W. 
Blane. 

Tue Norts-East Coast INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS: MIDDLESBROUGH BRANCH.—Tues- 
day, January 19, at 7.30 p.m., at the Cleveland Scientific 
and Technical Institution, Corporation-road, Middles- 
brough. ‘Public Works and Housing at Middles- 
brough,”” by Mr. 8. E, Burgess, M.Inst.C.E. 


THE INSTITUTION OF AUTOMOBILE ENGINEERS: 
WOLVERHAMPTON CENTRE.—Tuesday, January 19, at 
7.30 p.m., at the Engineering Club, Queen-street, Wolver- 
hampton. ‘‘The Elimination of Noise in the Motor 
Cycle,”’ by Mr. H. Briggs. 








THe InstiruteE or Merats: Nortu-East Coast 
Locat SEection.—Tuesday, January 19, at 7.30 p.m., 
at the Armstrong College, Newcastle-upon-Tyne, “The 
Principles which Govern the Heat Treatment of Non- 
Ferrous Alloys,’”’ by Prof. F. C. Thompson, D.Met., B.Sc. 


THE Society or Grass TECHNOLOGY.—Wednesday, 
January 20, at 2.30 p.m., and Thursday, January 21, at 
3 p.m., at the College of Technology, Sackville-street, 
Manchester. General] Discussion on Refractory Materials 
for Glass Making. Wednesday, January 20, at 2.30 p.m. 
“The Use of Refractories in the Glass Industry,” by 
Mr. E. A, Coad-Pryor, B.A. ‘‘ Some Experiments upon 
the Development of Sillimanite Refractories for Glass,”’ 
by Mr. W. Angus McIntyre. ‘‘The Manufacture of 
Some Experimental Tank-Blocks and their Behaviour 
in Service,” by Mr. W. Angus McIntyre. ‘‘ Note on a 
Design for a Glass-Pot Board,” by Mr. F. Winks, M.Sc. 
“Some Properties of Sillimanite Bricks and Kaolin- 
Sillimanite Mixtures,” by Dr. H. 8. Houldsworth. 
“Some Notes on the Use of Sillimanite in Glass Furnace 
Practice,’ by Mr. F. G. Clark and Mr. W. J. Rees, B.Sc. 
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W. E. S. Turner, D.Sc. ‘‘ Commercial Sillimanite as a 
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Porosity, Density and Mechanical Strength of Sillimanite- 
Ball-Clay Mixtures,’ by Mr. A. Cousen, M.Sc., and 
Professor W. E. S. Turner, D.Sc. “Investigations on 
Commercial Sillimanite as a Refractory Material for 
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Glass,” by Mr. A. Cousen, M.Sc., Dr. 8S. English, and 
Professor W. E. 8. Turner, D.Sc. Thursday, January 21, 
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TRADE POSSIBILITIES IN RUSSIA. 


THE modern historian—or perhaps rather the 
modern teacher of history—is in the habit of 
pointing out that the old conception of his subject, 
so long dwelt on and taught, gives but an ineffective 
and incorrect picture of the progress and state of 
any people. The older school of history directed 
its attention almost exclusively to records of 
battles and political and social intrigues, the condi- 
tions of common people, and the advances of trade 
and the arts occupying but small space in its 
darkling background. Of the insufficiency of this 
outlook and the essential accuracy of the modern 
point of view there can be little question. The 
history of any country is in the end made by its 
every-day people and its thinkers—its dreamers on 
the hill-tops—and the ordinary properties of 
history are usually little more than an excrescence 
affecting but little the progression, or retrogression, 
of a nation. 

The truth of this modern view receives interest- 
ing indirect light from a commercial report on Russia 
which has just been published by the Institute of 
Commercia] Research. The document is, as it 
styles itself, a commercial report and does not pre- 
tend to be else, but the incidental information which 
it gives about the state of the country, and which 
is necessary for its purpose, illustrates to what a 
remarkable extent the dramatic events of recent 
years have left the main conditions of the country 
essentially as they found them. The point is 
clearly brought out by the problem of the so-called 
“landless peasants.” Russia is in the main an 
agricultural country of small farmers, or peasants, 
and quite recently a Special Commission appointed 
by the Soviet Government has been investigating 
the question of, what it terms, “surplus labour” 
in the villages. The Commission reports that there 
are not less than 18,000,000 of these surplus peasants 
in the country. The majority consists of landless, 
unskilled workers. Having no land which they can 
farm in their small way, the only means of liveli- 
hood of these people is to seek casual work. They 


another, mostly in the summer months; and in 
the autumn return to their villages with such little 
earnings as they have been able to amass. The 
feature of this matter bearing on our present point 
is that this state of affairs is no recent creation of 
the Revolution. It existed in Czarist times ; when 
it was estimated that the number of unemployed 
in the villages was from 18,000,000 to 20,000,000. 
Figures of this kind can hardly be taken to indicate 
a state of prosperity and can in themselves carry 
but little hope to British manufacturers who may 
be desirous to extend their markets. They, how- 
ever, do suggest that, in essence, the country is in 
much the same condition that it was twenty years 
ago, in which case it should still form an enormous 
potential market. 

A matter arising out of this investigation of 
unemployment, will serve to illustrate both the 
attempts which are evidently being made to bring 
the country to a more healthy economic condition, 
and also the point of view and essential object of 
the Report. It is proposed to make an effort to. 
deal with this problem of surplus population by 
carrying out a large colonisation project in Siberia. 
According to the scheme which has been worked out, 
the transmigration of peasants should begin in 
1929, when it is proposed to transfer a first batch of 
500,000. This movement will be continued until 
some 5,000,000 or 6,000,000 of the population have 
been settled on new lands. Incidentally, and before 
we finally leave our initial point, it may be said that 
an exactly similar scheme was in being under the 
Czarist Government when in the same way it was 
proposed to colonise Siberia with the triple object 
of relieving unemployment, developing the country, 
and, no doubt with a political object, populating it 
with pure Russian stock. 

It must be noted that this Soviet colonisation 
scheme is apparently genuinely what it pretends to 
be, and that proper surveys and investigation of 
surplus lands are being made; while it is intended 
that houses, sheds, roads and other such equipment 
shall be provided for the transferred population. 
This point brings us directly to the essential business 
of the admirable Report with which we are con- 
cerned. It is pointed out in this document that this 
great movement of population cannot be carried 
out without enormous supplies of plant and material 
which certainly cannot be furnished by Russian 
industries, and those of our manufacturers who are 
interested in developing their business with Russia, 
‘are advised that this project may ultimately furnish 
an important field for some of their products. 

It is clear that this colonisation scheme cannot be 
carried out without very large expenditure. That, 
indeed, is in many ways the basis of the whole 
matter. It is unfortunately also the basis of most 
of the industrial projects which the Soviet Govern- 
ment has in hand. It is unnecessary to say that 
two of the outstanding characteristics of this 
Government are lack of funds and lack of credit. 
This, however, has not prevented the drawing-up 
of elaborate and ambitious schemes of which the 
colonisation project which we have mentioned, is 
only asample.. It would appear that the compilers 
of the Commercial Report are satisfied that the 
projects are in general put forward seriously, but 
they suggest that considerable caution is necessary 
in dealing with official figures, which usually repre- 
sent what the Government would like to spend, rather 
than what it is likely to spend. It is not possible 
in the space at our disposal to deal with the various 
schemes of development in any detail; the general 
lines of one or two of them may, however, be quoted, 
to illustrate the trade possibilities which they 
adumbrate. 

The Soviet Government has, according to its 
constitution, a monoply of foreign trade, which is 
carried on by the State through authorised trading 
organisations. Statutory provision has, however, 
been made for departures from this main principle, 
and concessions can be made to private firms trading 
with private capital. It need not be said that this 
Government monopoly has not proved a striking 
success, and much pressure has been brought to 
bear by the trading organisations, in favour of an 
alteration in the law. This has been refused, but, 
according to the Report, the Communist Party has 
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alterations in the licensing system, which, it is 
expected, will considerably facilitate to carrying-on 
of business with the trading organisations. Work- 
ing through these tradings organisations is perhaps 
the most immediately promising method by which 
British manufacturers can attempt to increase their 
trade with Russia, but, as the bulk of the trade is 
apparently likely to remain in the hands of the 
Government, it will be well to give an idea of the 
ambitious Soviet industrial programme before 
referring further with the trading institutes. 

The Government schemes cover transport and 
manufacture of all kinds. Shipping may be taken 
as a first example of the former. In the middle of 
last year the Russian mercantile fleet consisted of 
524 ships of an aggregate tonnage of 256,000, but 
less than three-quarters of these were seaworthy, and 
of the remainder a considerable percentage is laid- 
up for lack of cargo to handle. The Commissariat 
of Ways and Communications has prepared a five 
years programme of development of the merchant 
fleet, and has placed it before the State Planning 
Committee, the duty of which it is to examine and 
report on all such schemes. The programme covers 
the building of 228 vessels of a total deadweight 
of 819,340 tons, of which the majority are to be 
driven by internal combustion engines, the total 
cost being estimated at 114 million roubles. The 
present Russian rouble has a gold backing and is 
roughly equal to 2s., so that the proposed expendi- 
ture on shipping is some 11} million pounds, It is 
also proposed to carry out important port works 
and to supply a floating dock for Leningrad in 1928, 
the total shipping expenditure being brought up 
by these works to 20 million pounds, of which two 
millions are to be spent in the year October, 1925 to 
October, 1926. The Report makes no attempt to 
estimate what proportion of this programme is 
likely actually to be carried out, but states that the 
Soviet shipping organisations are of opinion that the 
whole of the money will be found. 

The material of the Russian railways is apparently 
in an even worse condition than Russian shipping, 
and it is reported that nearly half the locomotives, 
one-third of the freight trucks and 60 per cent. of 
the passenger stock is in need of repairs, the greater 
part being practically unusuable. In the present 
condition of the country this state of affairs 
apparently becomes serious only at the time of the 
harvest, but since it is upon the harvest that the 
rehabilitation of Russia to a considerable extent 
depends, the matter is of great importance. One 
of the Soviet’s industrial schemes consists in the 
construction of a factory in the Ukraine, with a 
capacity of from 3,000 to 5,000 heavy goods wagons 
a year. The matter is still only in the report 
stages and apparently no business is likely to arise 
in connection with it for some considerable time. 
An important railway work in a much more advanced 
stage is the electrification of the Moscow suburban 
lines, which has been sanctioned, As it is certain 
that home industries cannot supply more than a 
small part of the material required, there may be 
some possibility for British manufacturers in 
connection with this project. 

Another direction in which it may be possible to 
extend our exports to Russia is in connection with 
road transport vehicles. In 1923 international 
motor trials were held in Russia under the auspices 
of the Soviet Government. As a result of these 
tests the Chairman of the Organising Committee 
expressed the opinion that vehicles of European 
pattern were the best for Russian use, American 
makes being too expensive to run. Following these 
trials some orders were placed in Germany, Great 
Britain, Austria and France. Actually the greatest 
purchases of material of this kind up till the present 
appear to have been of tractors, of which some 
4,000 were to be imported last summer and 20,000 
in the early part of this year. Reports appeared in 
the daily Press a few days ago to the effect that 
orders for large quantities of Fordson tractors had 
been placed in America. It is clear that the possi- 
bilities of obtaining orders of this kind must largely 
turn on the acceptance of the terms of payment 
available. In the case of the recent orders for 
textile machinery placed in this country, which 
amounted to a total of 1,750.000/., the terms of 
payment were 10 per cent, cash, 20 per cent. in four 
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months bills, 20 per cent. in cash on the day of 
shipment, and 50 per cent. spread over twenty 
months. This expenditure covered part of an 
ambitious scheme for equipping textile mills, which 
forms one of the Soviet Government’s projects and 
for which an expenditure of some 9,000,0001. is pro- 
posed for the year 1925-26. Theseshipping, railway 
and textileschemes form only examples of the projects 
in hand, and if it is not clear to outsiders where all 
the necessary funds are to come from, it is probably 
also not clear to the Government. It should be 
noted, however, that the Soviet Commissioner of 
Finance is reported to the effect that budget receipts 
for the current year will be 40 per cent. over those 
of 1924-25. The railways are also stated to be 
now showing a balance of receipts over expenditure. 

One of the great practical difficulties of the 
country, following directly on the impossibility 
of its Government raising foreign loans, lies in the 
lack of supplies of all kinds, and particularly of the 
supplies which are required by the peasants. The 
buying capacity of the peasants is rapidly increasing, 
but they will not surrender the fruit of their work 
save in exchange for goods. Government paper 
evidently has no attraction. It is particularly in 
connection with this aspect of the situation that the 
possibility arises of doing business with the Co- 
operative Societies, which handle the bulk of the 
retail trade. Trade is also carried on by “‘ mixed 
companies,” i:e., companies of which the capital 
and directorate are (at least nominally) partly 
Russian and partly foreign. It is suggested in the 
Report* that, apart from keeping in touch with the 
official Soviet trading organisations in foreign 
countries, one of the best ways in which a British 
manufacturer can do business with the country is by 
working in connection with one of these mixed 
companies. If at the same time a manufacturer can 
arrange to conduct buying, as well as selling opera- 
tions, his prospects will be improved. As Great 
Britain took considerably more than twice the value 
of exports from Russia last year as compared with 
any other country, she should be able to make full 
use of any advantage this mutual buying and selling 
gives. With some 8,000,000/. worth of exports to 
Russia she took second place only to the United 
States in the same year, but the conditions suggest 
that she should be able to improve this position. 
Full details of the United States imports are not 
available, but it is known that that country sent 
296.919 tons of foodstuffs to Russia in the year con- 
cerned. which helps to explain her leading position, 








PROBLEMS OF BROADCASTING. 


Now that clear speech and music of good, if not 
perfect, quality can be transmitted and received 
with regularity over considerable distances, it may 
be said that the main problems of wireless telephony 
have beensolved. As might be expected, however, 
the application of this particular branch of applied 
physics to the regular entertainment of some 
millions of persons has brought with it a number of 
problems for which solutions must be found if the 
important industry that has developed since the 
advent of broadcasting is to be maintained and 
advanced. We are here, of course, referring to 
technical problems, and not to that of providing 
programmes which will be acceptable to the greatest 
number of users of the system, although this latter 
problem is not without its technical aspects. 

Problems of broadcasting would, perhaps, have 
been a more accurate title for the lecture delivered 
by Captain P. P. Eckersley to the Institution of 
Electrical Engineers on the 7th instant, and 
entitled ‘‘ Past, Present and Future Developments 
in Wireless Telephony.”’ Actually the lecturer 
had little to say on the general applications of 
wireless telephony, expressing the view that it 
affords a comparatively poor means of individual 
communication, but is particularly well adapted 
for broadcasting messages and other sounds to a 
large number of persons simultaneously. It is 
desirable, however, in any national system of 
broadcasting to provide good reception facilities 
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for persons in all parts of the country, the possibility 
of reception on a simple crystal set being used by 
the lecturer as a criterion of the necessary signal 
strength. To achieve this end, the British Broad- 
casting Company established a number of small 
relay stations, in addition to their main stations in 
thickly populated districts, but this multi-station 
policy left a considerable part of the country in 
which the desired standard of signal strength was 
not attained. They therefore constructed the high- 
power station at Daventry, which we illustrated and 
described in our issue of July 31 last on page 134. 
in order to provide for those areas not served by 
local stations. A long wave-length, viz., 1,600 m.., 
was adopted to avoid interference from ship stations 
operating near the coast. From this installation the 
broadcast programmes can be received on simple 
apparatus over practically the whole of the country. 
There is now a demand for the provision of alterna- 
tive programmes over as large an area as possible. 
and in this connection international as well as 
national considerations have to be taken into 
account. Owing to the fact that the acoustic 
frequencies by which the carrier wave of a broad- 
casting station is modulated affect the wave- 
length, it is necessary to allow a frequency variation 
of 5 kilocycles per second above and below the 
frequency of the carrier wave. The number of 
stations that can operate in the wave-length band 
available for broadcasting is thus limited, and the 
provision of alternative programmes is dependent 
on the use of fewer stations of higher power. 
Captain Eckersley suggested that the solution to 
the national and international problem was to be 
found in the employment, in this country and on 
the Continent, of a comparatively few high-power 
stations to which exclusive wave-lengths, separated 
sufficiently to avoid mutual interference, should be 
allotted. Other stations, intended for local recep- 
tion only, could be worked on exactly the same 
wave-length, since, if the wave-lengths of two 
stations were identical, no heterodyne effect would be 
produced by the carrier waves, and reception would 
be quite satisfactory at short distances from either 
of them. It would not, of course, be possible to 
receive separately the transmissions from two 
stations at distances approximately equal from 
both of them. In this connection, Capt. Eckersley 
mentioned that he had worked the London and 
Bournemouth broadcasting stations simultaneously 
on the same wave-length, and had carried out some 
experiments on reception in the neighbourhood of 
the latter station. He had found that at 5 miles 
from Bournemouth, the London transmission could 
not be heard at all, although it was just audible 
at a distance of 10 miles and at a distance of 
15 miles from Bournemouth definite interference 
by the London transmission was experienced. 
In the course of his remarks the lecturer referred 
briefly to the possible causes of the distortion 
experienced in transmissions from considerable 
distances, especially on comparatively short wave- 
lengths. This might arise from interference between 
waves reflected from different portions of the 
Heaviside layer or from the fact that the side and 
carrier frequencies might be changed by differential 
reflection and absorption, A solution to these 
difficulties, he suggested, might also be found in the 
use of longer wave-lengths and higher power. 
Apparently there are more problems awaiting 
solution for the improvement of reception than for 
transmission, which has already reached a fairly 
high standard of excellence. Captain Eckersley. 
therefore, had but little to say on the subject of 
transmitting apparatus, although he briefly ex- 
plained the choke-control, absorption-control and 
grid-control methods of modulation. Of these, the 
first mentioned is generally employed, although, as 
usually arranged, it suffers from the drawback that 
the generator must be capable of supplying twice the 
power actually utilised. In its simplest form, two 
similar valves are employed, one to produce the 
oscillations and the other to modulate them at 
acoustic frequencies. The oscillator valve is 
coupled to the aerial system and the transmitting 
microphone is connected, through suitable amplifiers 
and transformers, between the grid and filament of 
the modulator valve, so that the potential on the 
grid is varied at the frequency of the sounds received 
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by the microphone. The anodes of both va!ves are 
connected in parallel and joined through a high- 
impedance choke to a source of high-tension con- 
tinuous current. The effect of the variations in the 
potential of the grid of the modulator valve is to 
cause similar variations in the ohmic resistance of the 
valve, andalso, of course, intheenergy flowing through 
it. The presence of the choke in the circuit, however, 
prevents the additional energy which flows, following 
a reduction in the resistance of the modulator valve, 
from being drawn from the source of supply and the 
energy is therefore taken from that flowing in the 
oscillator valve. The amplitude of the oscillations 
produced by the latter is consequently reduced. 
A corresponding increase in amplitude of the oscilla- 
tions will, of course, follow an increase in the resist- 
ance of the modulator valve, and the oscillations in 
the aerial system will thus increase and decrease in 
amplitude at the same frequency, and in the same 
manner, as the sound wave impinging on the micro- 
phone. By rectification in the receiving apparatus, 
the oscillations of the carrier wave are eliminated 
and a fluctuating current, following the changes in 
amplitude due to the modulation, flows in the 
telephones, setting up vibrations in the diaphragm 
of the latter which are almost exactly similar to 
those of the microphone. That this should be the 
case is a remarkable achievement of physical 
science, which comparatively few among the millions 
who are daily entertained by its means ever pause 
to consider. 








WROUGHT IRON. 

WHEN the Bessemer process of steel manufacture 
was introudced in the latter half of last century, 
it was thought by many, that the puddling furnace 
was being definitely superseded, and would, before 
long, pass out of use. From the point of view of 
yield and speed of production the new process was 
vastly superior, and it was freely predicted that the 
need for wrought iron would soon cease altogether. 
To some extent this prediction has been verified ; 
in all the prominent iron works, the existing pud- 
dling furnaces were dismantled and, in their place, 
converters and, subsequently, open-hearth steel 
furnaces were erected. The designation “iron 
works ” became obsolete and, in its place, the name 
“steel works ” came into being. After a lapse of 
fifty years, however, it must be admitted that, 
although the sphere of utility of puddled iron is 
restricted, the material is still used by engineers. 
There yet remain a few cases in industrial practice 
in which wrought iron is superior to steel, and this 
superiority is maintained in spite of the relatively 
high cost of production of the former material. 

It has been stated above that, when the Bessemer 
process came to the fore, all large metallurgical 
concerns abandoned the puddling furnace in favour 
of plant producing liquid steel. This replacement was, 
of course, gradual and, in the majority of instances, 
afew puddling furnaces were retained. This was done, 
partly because, as already noted, engineers found that 
for certain specified purposes, steel could not replace 
wrought iron, but also partly because metallurgists 
were loth to allow the art of puddling to pass out of 
existence altogether, and were desirous of main- 
taining a small nucleus of skilled workmen. In the 
shadow of large modern open-hearth plants, may 
occasionally be found humble 5-cwt. puddling 
furnaces still carrying out the time-honoured pro- 
cess introduced by Henry Cort in 1784. 

Of late years there has been a renewal of interest 
in wrought iron and the opinion has been expressed 
that one of the chief reasons why the field of use- 
fulness of the material is restricted is because the 
comparatively small output of the old-fashioned 
puddling furnace limits the size of the forgings 
capable of being turned out. To a large extent 
future developments, it is believed, depend upon 
the possibility of producing a unit mass of iron 
of large size, coupled with a reduction in costs 
of manufacture. This was one of the conclu- 
sions arrived at by Mr. H. E. Smith in a 
paper devoted to the manufacture and use of 
wrought iron, and presented at the October meeting 
of the American Iron and Steel Institute, held in 
New York. Mr. Smith, who is engineer of tests of 
the New York Central Lines, gives the point of view 
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of the chief user of wrought iron in the United 
States, the railway engineer. Several interesting 
statements were made by the author, who is of the 
‘belief that the wrought iron made to-day is superior 
to that made a generation ago. Modern metal- 
lurgists, he says, have a more precise knowledge of 
the pig iron and other raw materials, and of the 
nature of the reactions in the process, which results 
in the production of a better and more uniform 
product. 

On account of the qualities of strength and endur- 
ance required by puddlers, the question of mechanical 
puddling received a great deal of attention on the 
part of metallurgists and engineers in the “ sixties ” 
of the past century. It was at that time that the 
mechanically-operated rabble received the curious 
but expressive name of “iron man.” According 
to one authority, some 500 of these contrivances 
were patented during the ten years from 1865 to 
1875. Many of these appliances remained in the 
experimental stage, but a few of them attained some 
measure of success. During the years which 
followed, the attention of the whole of the engineer- 
ing and metallurgical world was taken up by the 
new processes of steel manufacture, and the question 
of mechanical puddling was forgotten. Had it not 
been for the rapid advances made by Bessemer 
steel, the ‘iron man” would, doubtless have 
reached perfection. 

As the difficulty of obtaining puddlers is greater 
now than ever before, the question of mechanical 
puddling is coming to the front once more, and 
it is not surprising that of four papers dealing 
with wrought iron read at the October meeting of 
the American Iron and Steel Institute, no less than 
three of them should be devoted to processes of 
making wrought iron by mechanical means. One 
of these papers was by Mr. J. P. Roe, of Reading, 
Pa., and described the furnace bearing his name. 
This is rectangular in shape, and is 24 ft. long by 
12 ft. wide. It is supported by two hollow trun- 
nions, one on each side, each resting in roller bearings 
set on the top of columns ; the furnace is capable 
of oscillating between these columns through an 
angle of 120 deg. The charge weighs about three 
gross tons, the fuel used is gas, and the chemical 
reactions are similar to those of the old puddling 
process. In the early stages, the machine is made 
to oscillate rapidly through an angle of 45 deg. 
oneach side of the horizontal ; towards the end of the 
operation, however, the motion is slowed down 
considerably. The ball of finished metal is removed 
as a whole and is squeezed in an hydraulic press. 
The process has been in operation for some years 
and has apparently been successful; the output is 
stated to average 1,000 tons per furnace per month, 
It is claimed that the thorough agitation of the 
iron in the furnace produces a fine-grain material 
of uniform quality. The lining of the furnace, the 
wear and tear on which might be expected to be 
heavy, is stated to have a good life. 

The Ely furnace, described in another paper by 
Mr. F. H. Dechant, of Reading, Pa., is also an 
oscillating furnace. The weight of the charge is 
about 800 lb. and the fuel used may be either 
oil or pulverised coal. Here again the ball of 
finished metal is removed as a whole and squeezed 
in the usual way. The resultant product is stated 
to be quite satisfactory ; little is said, however, 
concerning the life of the lining of the furnace, 
In each of the above processes the handling and 
squeezing of a large mass of iron sponge is appar- 
ently accomplished without any great difficulty. 

Perhaps the most interesting of all the new 
methods of production is that described by Mr. J. 
Aston, of Pittsburgh, Pa. In this process, the 
wrought iron is manufactured synthetically by 
mixing molten mild steel with molten slag. under 
carefully-regulated conditions. The metal may be 
produced by any of the well-known steel processes, 
the slag is melted in a cupola and made from 
such readily available raw materials as iron ore, 
roll scale and sand. As is well known, the freezing 
point of the metal is approximately 2,730 deg. F., 
and that of slag in the neighbourhood of 2,100 deg. F.; 
fused slag has, therefore, a chilling effect on molten 
iron. Furthermore, liquid steel carries relatively 
large amounts of gases in solution, which gases are 





liberated, upon solidification, at a rate proportional 





to the speed of freezing. When, therefore, the 
molten iron is poured into a bath of slag, there is 
almost instant solidification of the metal, and the 
spontaneous liberation of the dissolved gases reduces 
the iron to a spongy, porous mass, which is said 
to be entirely similar to a well-worked puddled 
ball. Owing to the intensity of the heat, the slag 
not only remains liquid, but: becomes hotter, and 
permeates all the interstices of the metallic mass. 
With properly regulated proportions of metal and 
slag, it is stated that final temperature equilibrium 
may be reached at from 2,500 deg. to 2,600 deg. F., 
which is the welding temperature of iron. The 
excess slag is drained away and the mass treated 
in the usual way, as it if were a puddled ball. 

Extensive experiments have been in progress for 
several years at the works of Messrs. The A. M. Byers 
Company, Pittsburgh, and some 850 heats have 
been made ; the blooms produced have an average 
weight of 800 Ib. Although difficulties have been 
encountered, it is stated that the fundamental 
principle of the disintegration of the molten iron, 
and the formation of a sponge, has never failed. 
It is further claimed that the material produced has 
satisfied the most exacting tests for wrought iron. 
Perhaps the most attractive feature of the process 
is, that no special apparatus is necessary and, that 
wrought iron and steel may be made in the same 
plant. 

Many of the problems connected with the pro- 
duction of Jarge masses of wrought iron appear to 
have been solved. The Roe and the Ely furnaces, 
have both, we understand, been turning out wrought 
iron, on a commercial scale, for some years, and 
experiments with the Aston process evidently seem 
well advanced. There is one question, however, 
upon which further information would be welcome. 
The old-time puddler divided the charge of finished 
metal into several balls, each weighing some 200 Ib., 
partly because this was a convenient weight for 
him to handle, but also because it was found difficult 
to remove the excess slag from the interior of larger 
masses. Little is said on this point in connection 
with these newer processes. The broad statement, 
only, is made that the material produced is quite 
satisfactory, and it must be admitted that some of 
the results of mechanical tests given are very good. 
It is, of course. quite possible that the use of modern 
appliances has rendered feasible the entire removal 
of excess slag from the heart of a large sponge, and 
that the iron produced is perféctly sound and homo- 
geneous throughout. If such is the case, and large 
sections of solid, tough wrought iron, free from open 
seams, are available at a reasonable price, the metal 
is not only likely to become once again of industria! 
importance, but its sphere of usefulness will in all 
probability be considerably extended. 








NOTES. 


THE WoRLD’s SHIPBUILDING AND MARINE 
ENGINEERING. 


THE shipbuilding returns of Lloyd’s Register, for 
the quarter ending December 31, 1925, have just 
been published. They show that the tonnage under 
construction in Great Britain and‘ Ireland, which 
amounts to 885,013 tons, is more than 124,000 tons 
less than the September figure for 1925, and about 
412,000 tons less than the tonnage building a year 
ago. That the position is an unfavourable one is 
further emphasised by the fact that the total 
recorded is the lowest since September, 1909, and. 
is more than 1 million tons below the average figure for 
the twelve months immediately preceding the war. 
Another unsatisfactory feature is that the tonnage 
commenced during the quarter, is 99,565 tons 
below that commenced during the previous three 
months, while the tonnage launched is 8,755 tons 
lower than the corresponding figure for the third 
quarter of 1925. The merchant vessels, now build- 
ing in this country, number 217: 156 of these are 
steamships, 48 are motorships, the remaining 13 
being sailing ships and barges. It is interesting to 
note that the tonnage of the motorships is equi- 
valent to 51-6 per cent. of the steam tonnage. The 
decline in shipbuilding is not confined to the United 
Kingdom. The total merchant tonnage building 
in other countries, amounting to 1,184,532 tons, 
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is about 13,000 tons less than the total for the 
September quarter. A noticeable feature is that, 
for the first time since the returns were issued, 
Italy takes first place among the leading foreign 
shipbuilding nations. The totals are: Italy, 309,578 
tons; Germany, 234,145 tons; France, 167,256 
tons; Holland, 108,894 tons; and the United 
States 105,211 tons. The figures for tonnage com- 
menced and tonnage launched abroad, also show 
substantial decreases on the total for the previous 
quarter. The tonnage under construction through- 
out the world amounts, at the present time, to 
2,069,545 ; out of this total 1,007,381 tons of ship- 
ping are fitted with internal combustion engines. 
The motor tonnage is thus nearly equal to the steam 
tonnage, and these figures are an index of the 
development of this system of propulsion. In Den- 
mark, Germany, Holland, Italy and Sweden, the 
motor tonnage under construction greatly exceeds 
the steam tonnage ; the combined totals for these 
five countries are: 186,454 tons of steamers, and 
579,436 tons of motorships. The total horse-power 
of the engines building, or being installed on board 
vessels, at the end of December, 1925, was 1,523,384 
h.p. Out of this total, Great Britain and Ireland 
supplied 588,194 h.p. Germany contributed 
209,950 h.p., Italy 160,760 h.p., France 146,500 
h.p., and the United States 119,470 h.p. Excluding 
engines of less than 500 h.p., the horse-power of each 
set of engines averages 3,187 h.p.; the average 
horse-power for reciprocating steam engines is 
1,867 h.p., for oil engines 3,818 h.p., and for steam 
turbines 9,160 h.p. In conclusion, it should be 
pointed out that the tonnage figures quoted are 
gross tons and that no account has been taken of 
vessels of less than 100 tons gross. 


VAPOUR PRESSURES AND UNSATURATEDS OF 
Furt Mixtures. 


The paper on “ Vapour Pressures of Fuel Mix- 
tures,” which Mr. J. Stanley Lewis, of the Royal 
Naval College, communicated to the Institution of 
Petroleum Technologists on January 12, was a 
further contribution to researches with which we 
dealt on page 587 of our issue of May 8, 1925. It 
described experiments made at temperatures 
between 20 and 50 deg. C. on mixtures of alcohol 
with benzene (a typical aromatic), with cyclohexane 
(a naphthene), and with hexane (a paraffin), purified 
so far as possible (the purity of hexane is always 
very questionable).- The vapour-pressure curves 
found were all of similar type. As alcohol is added 
to the other hydrocarbons, the vapour pressure is 
quickly raised to a maximum, and subsequently 
sinks rather more slowly to the lower alcohol value ; 
this rise in vapour pressure goes together with a 
lowering of the boiling point. The effect is greatest 
with the paraffins and least with the benzene series. 
The further addition of water raises the vapour 
pressure still more, but only to a small extent, 
because the maximum is reached with 2 or 3 per 
cent. of water and the mixtures then separate into 
two phases. Mr. Lewis has also studied ternary and 
quaternary mixtures and is continuing these investi- 
gations. After this paper, the meeting proceeded 
to a further discussion of the ‘‘ Determination of 
Unsaturated Compounds in Petrol,” a subject 
which Dr. Ormandy and Dr. Craven had raised at 
the November meeting as mentioned on page 647 
of our issue of November 20. The discussion was 
opened by Professor Brame and continued by Dr. 
Dunstan, Mr. Lomax, Dr. Craven, and Mr. Harold 
Moore, all of whom really presented ample and 
valuable data of recent work of their own. Un- 
saturateds are determined mainly by the iodine 
or bromine test and by the sulphuric acid test. 
Both these reagents adsorb certain constituents of 
petrol and notably of cracked spirit, or are adsorbed 
by them, and the tests of the iodine and aniline 
values and of volume differences involve distilla- 
tions, density and refraction determinations, &c. 
When the Institution of Petroleum Technologists 
issued their “Standard Methods of Petroleum 
Testing in 1924,” they refrained from standardising 
these tests for unsaturateds, and the subject is 
not now any riper for standardisation. In England 
it is customary to make the technical sulphuric 
acid test with acid of 80 per cent.; in America 
an acid concentration of 93-2 per cent. is used. 





Professor Brame would prefer 84-5 per cent., 
which is the monohydrate H,SO,, H,O, but he 
would accept 88 per cent. Mr. Lomax has gone 
up to 101 per cent. As the real mixture of the 
unsaturateds, olefines or diolepines, is unknown, 
and as the adsorption continues to increase as 
the acid strength and time are increased, and 
the products are further apt to change during 
the tests, the commercial value of the tests appears 
doubtful. But it is necessary that these problems 
should be solved. 


THE MANUFACTURE OF HYDROGEN. 


The Chemical Engineering Group of the Society 
of Chemical Industry discussed on January 8, 
at Burlington House, two papers on the manufac- 
ture of hydrogen, particularly for the hydrogenation 
of oils. The first paper was by Mr. A. Edgar 
Knowles, of the International Electrolytic Plant 
Company, of Chester, which has been respcnsible 
for the largest plants in existence. The brief refer- 
ences to non-electrolytic processes which Mr. 
Knowles made, did not pass unchallenged. The 
Haber-Bosch process (water-gas catalysis) Mr. 
Knowles considered the cheapest large-scale process, 
but the gas was unsuitable for oil hydrogenation on 
account of its contents, though small, of nitrogen, 
and particularly of carbon monoxide, which is 
a poison to the hydrogenation catalysis. The Lane 
steam-iron process, also giving a_ high-quality 
hydrogen, was objectionable as well as in its modi- 
fications, for a similar reason, contamination with 
carbon monoxide and sulphur, and had practically 
been abandoned for these purposes, as had also the 
Linde process. The advantage of the electrolytic 
hydrogen processes was the recovery—though not 
always attempted-—of the oxygen as a valuable 
by-product ; further, that the main cost item, 
electricity, was always 2403 ampere hours per cub. 
m. of dry hydrogen. There was no internal-cur- 
rent leakage and loss of gas in well-constructed 
cells, whose ampere-hour capacity was directly 
proportional to the number of electrodes. The 
gases were washed by freshly distilled water fed 
into the cells—ordinary water would corrode 
the cells in the long run. Further gas puri- 
fication was in Mr. Knowles’ cells obtained with 
the aid of palladium pumice, which need only 
be heated to start the operation. The woven 
asbestos diaphragms gave complete satisfaction, 
and a hydrogen of practically 100 per cent. was 
produced. Any alkali-spray carried off passed into 
V-tubes running over the cells, and drained off 
back into the cells, which embody many clever 
devices. Since the first plant of 200 cells had been 
put down at Bromboro, Mr. Knowles stated large 
plants had been erected at Erith, at Bussi (Italy), 
where five units had been installed for 7,500 am- 
peres at 105 volts and 400 cubic metres of hydrogen 
per hour, and elsewhere. The largest electrolytic 
plant so far planned anywhere is for 2,000 cubic 
metres of hydrogen, and is now being completed near 
Solum, in the French Pyrenees, It contains three 
7,500 ampere units, at 500 volts. Given cheap 
electricity, the electrolytic generation of hydrogen, 
which required no skilled labour, offered great 
industrial advantages. Mr. Knowles, however, did 
not give any actual figures of cost. The second 
paper, by Dr. A. C. Thaysen, of the Holton Heath 
Naval Cordite Factory, dealt with the production 
of hydrogen by micro-organisms, which remains 
possible by butyl alcohol fermentation, but 
has hardly advanced beyond the stage in which 
the war left this problem. Dr. Thaysen thought, 
however, that the bacterial utilisation of cellulose 
waste for the production of power alcohol, might 
sometime become a success, and place abundant 
hydrogen at our disposal. 





THE DEVELOPMENT OF THE PorT oF MEMEL, LITHU- 
ANIA,—At a meeting of the council of engineers of the 
Ministry of Communications of Lithuania, the question of 
developing Llaipeda (Memel) port was considered, In 
addition to the construction of harbour works, improved 
railway communications are necessary. In view of its 
importance, the council of engineers is examining the 
whole question very fully. A project is stated to have 
been drafted, and it is articipated that a large sum of 
money will be voted for the scheme. The expenditure 
will, however, be spread over a number of years. 
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Metallurgy and its Influence on Modern Progress. By 
Sir Rospert HapDFietp, Bt., F.R.S. London: Chap- 
man and Hall, Limited. 1925. [Price 25s. net.] 
WHEN, owing to the labours of Bessemer, of 

Siemens, and of Sidney Gilchrist Thomas, all three 

of whom were, it is gratifying to recall, of British 

birth, the Iron Age was succeeded by the Age of 

Steel, all branches of engineering received a fresh 

and powerful stimulus and the material progress 

of the world was greatly advanced, The more 
adaptable metal, available in quantities unknown 
before, endowed the engineer with a medium which 
proved cheap, abundant and almost infinitely 
flexible, and responded to the needs of the time 
and the purposes which it was required to sub- 
serve. The milestones of progress reach out, how- 
ever, in apparently unending succession into the 
future. We have already reached a stage when 
the increasing needs of the engineer call, once 
again, for the yet newer materials requisite 
for the due solution of new, and formerly 
unsuspected problems with which he is faced, 
materials possessed of properties of strength and 
endurance far superior to those with which he has 
hitherto been compelled to rest content. The new 
age is one which, having almost exhausted the 
possibilities of steel, requires alloys for its further 
progress and development. Sir Robert Hadfield 
lays, in his new book, no claim to the exclusive 
creation of the Age of Alloys. His contemporaries 
may, nevertheless, recognise ungrudgingly, that in 
regard more especially to the great and important 
group of ferrous alloys, which include manganese 
steel, silicon steel, nickel and chromium steel and 
the interesting and valuable ternary alloys contain- 
ing both these metals, he has achieved a measure of 

success which entitles him to be regarded as a 

pioneer of the same order, in relation to the Age of 

Alloys,as Bessemer and his contemporaries were to 

the Age of Steel. 

The influence of metallurgy on modern progress 
has never been better demonstrated than in the 
pages of this interesting work, in which Sir Robert 
presents a clear and consecutive account of metal- 
lurgical progress in the ferrous metals from the 
earliest times, and traces the close connection which 
has always existed between it and its sister science, 
engineering. Some of the information contained 
in his new book has, as is in the circumstances 
almost inevitable, already appeared in the numerous 
papers which the author has, from time to time, 
contributed to the Proceedings and Transactions of 
the Royal Society. the Institution of Civil Engineers, 
the Institution of Mechanical Engineers, the Iron 
and Steel Institute and the Faraday Society. It 
has, however, been revised and, in many cases, 
entirely rewritten for the new volume, and it is, 
in any case, a great advantage to have, within the 
compass of a single volume, these valuable records, 
systematicaily arranged in a convenient and consecu- 
tiveform. If greater detail be required, the original 
memoirs, many of which are of great length, can 
easily be consulted, for, in each instance, the 
sources can be readily ascertained by referring to the 
appendices. To have included the whole of the 
data with which Sir Robert’s early experiments on, 
for example, manganese steel or the behaviour 
of metals at low temperatures, were accompanied, 
would have been to have swelled the book to an 
extent that might well have become unweildy or 
even unreadable. In its present form it is neither. 
The style is fresh and vigorous, and the various 
sections are written in a way which will appeal to 
an audience far wider than that for which the book 
has ostensibly been written. Moreover, it leads up 
to current practice and deals with a number of 
problems to which more and more attention is 
daily being directed. Amongst these is the vital 
problem of fuel economy, which is dealt with in a 
manner commendably clear and succinct, and to 
which it will be necessary to refer later. 

In the first part of the book, the author gives an 
historical review of his subject divided into three 
chapters. The first is entitled ‘‘The Birth of 
Science,” in which he refers to the rise and de- 
velopment of the scientific spirit in its modern sense 
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in great measure, by the influence of Roger Bacon. 
The contributions, in later times, of Boyle and 
Priestley, and, in regard more particularly to ferrous 
metallurgy, of Dud Dudley, are also dealt with. 
In the Second chapter on ‘“‘ The Rise of Steam,” Sir 
Robert deals with the pioneers of the industrial 
revolution, Papin and Savery, Newcomen and 
Watt, and Boulton and Murdoch. The third chapter 
of this part is devoted to the twentieth century, 
and includes references to the work of Dewar, 
Sorby, Beilby and Bragg. The whole part is 
profusely illustrated with well-chosen ‘portraits of 
manv of those mentioned and with some beautiful 
reproductions from early MSS. and printed books. 

In Part IL (Metallurgy) the author deals, in the 
opening chapters, with the antiquity of iron and 
gives an account of the early metallurgists and of 
the medieval literature of the subject. The suc- 
ceeding chapters deal respectively with the influence 
of carbon on simple and alloy steels; with alloy 
steels generally, and with manganese steel, silicon 
steel, and the heat treatment, microstructure and 
applications of steel and steel alloys. As it is with 
manganese steel and its discovery that the name of 
the author is chiefly identified, it is to the chapter 
dealing with this material that readers will mostly 
refer. It should not, however, be forgotten that 
Sir Robert had the chief share in the discovery of 
silicon steel as well, while it was by but a slender 
margin that he missed the discovery of the modern 
group of metals known as “ rustless ”’ or ‘* stainless ” 
steels. Indeed, his earliest paper on the influence 
of chromium on iron (which was published more 
than 33 years ago) may be said to have foreshadowed 
these later, developments. 

Manganese steel was first described in a paper 
read before the Institution of Civil Engineers, 
in 1888, but its discovery predated that announce- 
ment by six years. Jts non-magnetic properties, 
notwithstanding that it contains about 86 per 
cent. of iron; its property of becoming toughened 
on quenching, instead of hard and brittle as is the 
habit of ordinary steel in these circumstances ; 
its high tensile strength and its great resistance 
to abrasive wear, immediately directed the attention 
of engineers and metallurgists alike, to the new and 
remarkable material. Its practical applications 
were, however, somewhat delayed, as much research 
work and investigation were found necessary before 
its peculiar properties could be fully developed 
and rendered available for the purposes for which 
it was to be found suitable. Even when these 
difficulties had been successfully surmounted there 
was some hesitancy amongst engineers and others 
in availing themselves of the material, the result 
of the usual inertia in regard to anything new 
and not therefore fully understood. The leading 
metallurgists of the day, however, hailed the advent 
of manganese steel as marking a new era in the 
history of alloys. Thus, the late Dr. J. E. Stead 
confessed that the whole metallurgical world 
had been surprised at the discovery of the material, 
and described it as ‘‘ one of the most marvel- 
lous ever brought before the public.”’ This view is 
one from which no one would now-a-days dissent. 
Indeed, the late Floris Osmond described the 
discovery as not only of great scientific value but 
stated that in his opinion, it ranked, in the history 
of metallurgy as one which was “ equal in impor- 
tance to that of the effect of quenching carbon 
steel, and the only one of the same order which 
it had been reserved for the present age to 
make.” 

Sir Robert Hadfield gives an interesting account 
of the experiments which led to this invention, and 
pays a tribute to the labours of the distinguished 
French metallurgists of the Terre Noire Company, 
who, in succeeding in producing high grade ferro- 
manganese, had rendered possible the new develop- 
ment. With his first experimental cast of 99 Ib. 
of the material he made a grinding wheel, two tools 
and two nailcutters. The grinding wheel proved to 
be exceptionally hard, and it is something of a 
coincidence that when, later on, the author directed 
his attention to silicon steel, it was a grinding 
wheel, or disc, which was again selected as the 
object of the first experiments. Manganese steel, 
as is well known, is now used extensively for tram- 
way crossings and frogs, for the jaws of crushers, 


and for the shoes of stamps, and in many other 
applications in which extreme toughness and 
durability are required. It possesses to a marked 
degree the property of hardening under mechanical 
deformation, the Brinell number rising in such 
circumstances, from about 200 to as much as 600, 
or “ glass scratching hardness,” when the material 
has been in use and subjected to heavy wear and 
stress. During the war manganese steel found a 
novel and exceedingly valuable application, having 
been used for making steel helmets; some six 
million of these helmets were served out to the 
troops. It thus became, as the author remarks, 
instrumentai, doubtless, in saving many thousands 
of valuable lives. 

Silicon steel has properties no less useful, in their 
degree, than those of. the older and better-known 
material. It exhibits high qualities of resist- 
ance to sudden shock. It is, however, in con- 
nection with electrical engineering that silicon 
steel has found its widest and perhaps mest valuable 
applications. It possesses very high magnetic 
permeability, combined with unusually low hys- 
teresis losses. Mr. T. D. Yensen, the Director of 
the Magnetic Research Department of the Westing- 
house Laboratories, computes the saving effected 
by the use of silicon steel in electrical machinery, 
in preventing energy losses, saving copper, &c., 
up to the year 1921 only, at 80,000,000/. It is 
employed very largely in the manufacture of 
transformers. Its production, on a commercial 
scale, was attended with difficulties even greater 
than those encountered in the case of manganese 
steel, and the story of how these were solved is 
not the least interesting chapter in Sir Robert 
Hadfield’s fascinating volume. 

The concluding chapter of this part deals with 
the applications of the special steels, and gives a 
good deal of very useful information in regard to 
a group of materials which is becoming of greater 
importance every day. This consists of the new 
non-scaling, heat-resisting and non-corroding steels. 
They are closely connected with the wide question 
of fuel economy. Modern intensive power pro- 
duction, with its tendencies towards the use of 
pre-heaters, new methods of regeneration and 
recuperation, and high temperatures and pressures 
in steam generation—pressures and temperatures 
undreamed of in the past—has brought in its 
train a host of problems which will need to be 
solved before its potentialities can be fully explored, 
let alone adequately developed. In this solution 
the new ferrous alloys containing nickel or chromium 
or both, are destined to play a part of ever-increasing 
importance. The Hadfield Research Laboratories 
have made extensive researches in this direction, 
and many of the results are now made public. 
The same may be said of the somewhat similar 
alloys which, in modern steam turbine and 
internal-combustion engine practice, are called 
upon to resist stresses which, years ago, would 
have been looked upon as prohibitive, and even 
to-day require metals possessing qualities far in 
advance of most engineering materials. To these 
stresses must be added the ability to stand up well 
at the temperatures employed and to resist the cut- 
ting and. corroding action of high-pressure fluids and 
vapours. In regard to such materials Sir Robert 
Hadfield has much to say which it behoves the 
engineer to learn. 

The transition from Part II, which deals with 
the subjects already reviewed, to Part III, which 
deals with fuel economy is easy and natural. Here 
again engineers will find that the author has 
amassed a wealth of carefully selected detail and 
welded it into a coherent and informative whole. 
The efficiency of, for example, various types of 
furnaces and of different metallurgical processes is 
shown to be unduly low, a fact of which the heat 
engineer is already aware. What, however, is of 
more interest to him is the direction in which greater 
efficiency can be secured. He will find in this part 
of the work much help, and not a few suggestive 
indications of how to proceed, and of the methods 
to adopt in order to improve existing practice 
along the lines which the author shows to be not 
only desirable, but, in many instances, actually 
feasible. Part III forms a fitting conclusion to 





that portion of the book dealing more especially 


with metallurgy in its practical and workaday 
aspects. 

Part IV is devoted to education and research, 
and comprises a criticism of existing methods of 
technical education and proposals for its improve- 
ment. It also includes a chapter descriptive of 
the leading engineering and metallurgical societies 
and institutions, and of their scope and activities. 
Finally, the author passes in review the methods 
and facilities offered for research work, and con- 
cludes with a thoughtful essay on the future 
prospects of scientific progress in general and of 
metallurgy in particular. Sir Robert believes that 
in international co-operation lie the greatest 
possibilities for future advancement, and he 
concludes by emphasising the necessity for dis- 
interested and unselfish service, rendered not less 
in the cause of humanity at large than in that of 
the purely material progress of science. His text 
is embodied in one word—perseverance—and he 
ends on a high note with a quotation ascribed to 
Oliver Cromwell: ‘‘ He who ceases to aim at better 
things will cease to do good things.” It is a timely 
reminder of the eternal necessity of constant work 
and conscientious endeavour, which all will well 
to lay to heart. 





TrapE Marks.—A useful little pamphlet entitled 
“Trade Marks”? has been recently issued by Messrs. 
King’s Patent Agency, Limited, 146a, Queen Victoria- 
street, London, E.C.4.__ A paper read by Mr. B. T. King 
before the Publicity Club of London, forms the basis 
of the work, which contains advice on the selection, 
adoption, registration and use of trade marks. 

PERSONAL.—Messrs, Allen-Liversidge, Limited, Victoria 
Station House, Westminster, S.W.1, inform us that 
they have just registered a company in Bombay, under 
the name of Messrs. Allen-Liversidge (India), Limited, 
for the purpose of carrying on their business in India.— 
Messrs. Sprecher and Schuh Company, electrical appa- 
ratus manufacturers, Aarau, Switzerland, have come 
to an arrangement with Messrs. Isenthal and Co., 
Limited, by which their products will be manufactured 
at the Denzil Works, of the latter firm, Willesden, 
N.W.10. Messrs. Sprecher and Schuh’s representative 
in this country is Mr. J. B. Rudkin, Albion House, 
59, New Oxford-street, London, W.C.1. 

all 

Extectricitry Commission: N.W. Miptanps ELEc- 
tTRIcIty Districr.—In connection with the Electricity 
(Supply) Acts of 1882 and 1922, and in pursuance 
of a notice issued by the Electricity Commissioners 
on December 3, 1924, of the provisional determination, 
by them, of the North-West Midlands Electricity 
District, the Commissioners announce that they will 
hold a local inquiry at the Town Hall, Stoke-on-Trent, 
commencing at 10.30 a.m. on February 17, next. The 
Commissioners will hear any objections and repre- 
sentations dealing with the inclusion in, or exclusion 
from, the district in question, of certain areas. They 
will also consider a scheme, submitted by a Conference 
of Authorised Undertakers in the District, for effecting 
an improvement of the existing organisation for the 
supply of electricity, and for the formation of a joint 
electricity authority. Copies of the scheme may be 
obtained from Mr. H. H. Battle, Hon. Secretary to 
the Conference of Authorised Undertakers, Borough 
Hall, Stafford, at a cost of 10s. 6d. each. Represen- 
tations or objections with regard to this scheme should 
be addressed to the Secretary, Electricity Commission, 
Savoy Court, Strand, London, W.C.2, not later than 
February 6 next. A copy of the letter should also 
be sent to the Hon. Secretary to the Conference of 
Authorised Undertakers at the above-mentioned 
address. 


MiINnE-VENTILATING PLANT.—What is claimed to be 
the largest ventilating plant in the world has recently 
been installed in South Africa in the mines operated by 
Government Gold Mining Areas (Modderfontein) Con- 
solidated, Limited. The plant, which was manufactured 
by Messrs. Walker Brothers (Wigan), Limited, of the 
Pagefield Iron Works, Wigan, consists of a Walker 
Indestructible Fan driven by a tandem-compound 
drop-valve engine. The fan impeiler is 30 ft. in diameter 
by 10 ft. wide, and has ‘eight blades. The fan shaft 
is 21 in. in diameter, at the centre, tapering to 13} in. 
at the journals, which are 27 in. inlength. The impeller, 
together with its shaft, weighs over 30 tons. The engine, 
of which the high-pressure cylinder is 26 in., and the 
low-pressure 52 in. in diameter, develops 1,500 brake 
horse-power at a speed of 125 r.p.m. The stroke is 
36 in., and the valves are of the drop type, operated by 
Doerfel valve gear. The condenser is of the Le Blanc 
jet type. The plant has an exhausting capacity of 
900,000 cub. ft. of free air per minute, with a 7-in. 
water gauge. We understand from the makers that the 
whole of the erection work was carried out by the staff 
of the mine under the superintendence of Mr. A. Job, 
the resident engineer, and that no trouble of any sort 
has been experienced since starting up in August—a fact 
which, in an instaJlation of this size offers convincing 
testimony of the efficient work of both the makers and 





the erecting staff. 











84 
LETTERS TO THE EDITOR. 


THE COMMERCIAL SIDE OF 
ENGINEERING. 
To THE EpiToR oF ENGINEERING. 

Sir,—In your issue of January 8 is an interesting 
letter on the above subject, signed by your corre- 
spondent, ‘* Managing Director.” Having for several 
years made a careful study of the training of young 
men for the commercial and other branches of engineer- 
ing, the following description of the scheme evolved 
may be of interest as a complement to that described 
by your correspondent, ‘‘ Managing Director ’’ :— 

In 1920, when young men were commencing to be 
discharged from the Army, it became apparent that 
some special form of training was necessary for those 
young officers and men who, due to their service in 
the Army, had lost the usual period of training, and it 
was equally obvious that any scheme of training to 
suit these cases would have to be condensed as much as 
possible. Another important feature which had to be 
borne in mind was, that very few of these young men 
had any clear cut ideas as to what they wished eventu- 
ally to become. 

After careful consideration, a scheme of training was 
evolved which occupied approximately two years, and 
is best described as a foundation on which to specialise 
in nearly any of the various departments of engineer- 
ing. The following is a specimen scheme : 

Four Months. Stores—Comprising finished stores, 
despatch, receiving, rough stores, &c. The chief 
storekeeper will give personal instruction in the 
system governing the administration of all his depart- 
ment. 

Five Months. Production Department.—-Pupil will 
see the method of conducting the entire system of 
“getting output ’’ from ordering rough material to 
issue of finished parts to erectors. He will ** progress ” 
certain parts through the works. 

One Month. Service Department.—The method of 
dealing with customers’ and depot orders. 

Three Months. Fitting and Assembling Departments. 

Four Months. Cost Office—Costs systems, wages 
systems, stores ledgers, stores-checking systems, data 
supplied to works manager, works manager’s “‘ graphs,” 
systems of manufacturing, &c. 

Four Months. Works Offices —On design of jigs 
and tools, processing, rate-fixing, &c. 

One Month. Engine Test. 

One Month. Car Test. 

One Month. Material Test and Hardening. 

One Month. View Room.—Actually viewing com- 
ponents and under the personal supervision of chief 
inspector. 

Just before a change to a new department, the pupil 
should write a detail description of the system govern- 
ing the department he is vacating. 

It will be seen that the above scheme embraces several 
departments which are not generally included in the 
curriculum of an apprentice. One of the most im- 
portant of these, in the wiiter’s opinion, is the cost office. 
The cost office is essential whether a pupil is going to 
devote himself to the commercial or technical side of 
engineering. Another department not generally in- 
cluded is termed the service department; and it is 
found that the various stores form an excellent starting 
place. 

The above scheme of training was found so successful 
for dealing with young men out of the Army that my 
firm (the Lanchester Motor Company, Limited) decided 
to continue it, in order that such facilities as they 
possess for training should be taken full advantage of, 
and, up to the present, the scheme has proved itself by 
the fact that practically ail the trainees have obtained 
good positions, some im the technical branches, but 
mostly on the commercial side. 

Yours faithfully, 
JASPER E. Cooper. 

Bonheur, 49, Oxford-road, Moseley, Birmingham. 

January 12, 1926. 





To tHE Eprror OF ENGINEERING. 

Str,—I have read with interest the letter from 
‘* Managing Director” in your issue of January 8, and 
whilst I can only express appreciation and approval 
of the scheme of training that he proposes for the 
commercial representative-to-be, I cannot agree that 
the commercial side of engineering is overlooked by 
young engineers. This is certainly not the case with 
the young men who take an intelligent interest in their 
profession and are ambitious for future advancement, 
but circumstances are often unfavourable. 

In far too many engineering firms, the co-ordination 
between the technical and commercial sides of: the 
business is not good. The tremendous importance of 
close co-operation does not appear to be fully realised, 
and the relations existing between the heads of the 
different departments leave much to be desired. The 
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consequence is that the difficulties encountered by the 
young practical engineers who seek to enter the com- 
mercial side of the business after the completion of their 
workshop and drawing office training, are generally 
insurmountable unless they are assisted by strong and 
highly placed influence. It is unfortunate, but only 
to be expected, that influence, when exerted, is usually 
of a personal nature, and does not always favour the 
individual, who by personality and capability, most 
merits attention. 

I write as a young engineer who, having entered the 
profession without guidance or influence, has had to 
rely entirely on exertion to gain advancement, and has 
experienced considerable difficulty in making progress 
to a position of a quasi-commercial nature after a 
complete and thorough workshop and drawing office 
training, and study to the attainment of a university 
degree. 

_ Incase my opinion may seem premature, based as it 
i8 on some eight years only of nevertheless varied 
experience, I may add that, in this matter, I have met 
with the agreement of older and more experienced men? 

A more extensive tenure of the broad-minded views 
expressed by ‘‘ Managing’ Director ”? should mean more 
efficient and more sympathetic organisation and 
administration of engineering businesses, and fairer 
prospects for capable and diligent youths who enter 
the engineering profession with ambition and enthu- 
siasm, now so frequently foredoomed to a very small 
degree of realisation. 

Yours faithfully. 

January 12, 1926. ** VERITAS.” 


To THE Epitor oF ENGINEERING. 

Sir,—-Your correspondent, ‘* Managing Director,” is 
rather severe on technically-trained engineers. He does 
not ‘consider’? youths who have been through a 
course of training in a technical college, as they are 
addicted to ‘* swelled head,” if they manage to do well 
and are afraid of ‘* dirty work.” 

At this rate, he must have a poor opinion of himself, 
as he confesses to having heen at a technical school 
and University, and so is one of us. 

My own case comes quite near to his course of training, 
except that, when my college work was over and 
apprenticeship served (Sandwich system), I found my- 
self without work at the age of 22, owing to very poor 
trade prospects. 

I am now back to dungarees and shift work, rather 
than wait for something “‘ clean ”’ to turn up, and this 
is the spirit of the majority of technical men, whose 
motto is mente et manu. 


‘ 


I am, yours faithfully, 
Glasgow, January 11, 1926. Gq. T 





THE NEW BATTLESHIPS. 


To THE Eprror OF ENGINEERING. 

Sir.—I desire to call attention to some errors in the 
article on the above subject in your issue of December 
25, 1925. The thickness of the armour of the U.S. 
battleships West Virginia, Colorado, and Maryland, is 
given in the comparative table incorrectly. The correct 
dimensions are as stated below :— 


Incorrect. Correct. 


in. in. 
Main armour belt 16 133 
Barbette armour Is 134 


Further, the speed of H.M.S. Hood is given as 
31 knots, but on trial this ship attained a speed of 32-07 
knots. 

Yours very truly, 

H.M. Dockyard, Malta. 8S. V. GoopDALL. 

January 2, 1926. 








THE LATE MR. CONRAD W. COOKE. 
Tue news of the death of Mr. Conrad Cooke, for 
many years a contributor to our columns, will be 
received with deep regret by personal friends ir wide 
circles, and by all who were in any way connected 
with the early days of electrical work. He died on 
Saturday, January 9, at Hampstead, in his 88rd vear. 
Conrad William Cooke was born in 1843, the son of 
the marine painter, Mr. E. W. Cooke, R.A., F.R.S., 
from whom he inherited the temperament of the artist, 
if not his creative ability. Having been apprenticed to 
Messrs. J. Penn and Son, of Greenwich, he surveyed 
and laid out the first Isle of Wight Railway, under 
Sir Charles Fox, became assistant to Sir Joseph Whit- 
worth, and went into business in 1872, as partner of 
the Lambeth engineering firm of Whieldon and Cooke ; 
later he became a consulting engineer in Westminster. 
Among his products were Gramme dynamos, which he 
introduced into this country. The electric lighting 
of the Clock Tower of the Houses of Parliament, by 
the first electric searchlight, was designed and installed 
by him. He wasa prominent member of the Society of 





Telegraph Engineers, later the Institution of Electrica! 
Engineers. His engineering interests were, however, 
not exclusively electrical, and he experimented on the 
improvement of gas lighting, and became consulting 
engineer to the Welsbach Company. He was much 
in demand as an expert witness on matters physical and 
electrical, and, having travelled extensively, he was a 
member of the juries of many exhibitions, including 
the Chicago Exhibition of 1893. At the Paris Ex- 
hibition of 1881, he was fascinated by the hydro- 
dynamic experiments and their electrical analogues 
of Professor C. A. Bjerknes, of Christiania (Oslo) 
which he discussed in a series of articles contributed 
to this journal in 1882 and 1885, as he did, in 
1896, the subsequent cognate experiments of Mr. 
Augustus Stroh. He took part in the solar eclipse 
expeditions of 1896, 1900, and 1905, as correspondent 
of the Morning Post, wrote a ‘‘ Memoir of Gilbert 
of Colchester,” and founded the Gilbert Club, in 
conjunction with Professor Silvanus P. Thompson, 
in 189. Together with Mr. James Dredge, then 
joint editor of ENGINEERING, he wrote, in 1882 and 
1885, two volumes on “ Electric Illumination” ; parers 
on Wenham’s “ Hot-Air Engine,” and ‘‘ Automata, 
Old and New,” further exemplify the wide range of 
his studies. He was formerly a member of the Institu- 
tion of Civil Engineers. His broad views, erudition 
and jovial disposition made him a general favourite, 
and he was able to enjoy life to a mature age. By his 
first wife, Miss Fanny Rickards, he had five sons and 
one daughter; his second wife, Miss Sophie Augusta 
Bonnevie, daughter of a Christiania advocate, survives 
him. 





THE LATE MR. DAVID ANGUS. 

Wr regret to announce the death of Mr. David 
Angus, which occurred in London, on January 9 
last. Mr. Angus, who was for many years a railway 
engineer in South America, was born at Edinburgh 
in 1855. He served an apprenticeship of four years to 
Mr. Blackadder, civil engineer, Edinburgh, and after- 
wards held the Baxter Engineering Scholarship at 
Edinburgh University for two sessions. From 1875 
to 1882, Mr. Angus was assistant engineer to Messrs. 
D. and T. Stevenson, and was engaged on the prepara- 
tion of working drawings and specifications for harbour, 
dock, irrigation, and sewerage works, and undertakings 
of a similar nature. In 1882, he went to Brazil as 
assistant engineer to Messrs. Waring Bros., and carried 
out surveys for the Victoria and Natividade Railway. 
From 1884 to 1886, Mr. Angus was employed in erect- 
ing the railway pier at St. Nicholas, and was assistant 
constructing engineer on the extension of the Buenos 
Aires and Rosario Railway. He afterwards spent some 
months in surveying a piece of land, upwards of 100 
square miles in extent, near Mendoza, in the Argentine, 
and prepared designs and estimates of the cost of canals 
and other irrigation works. The following year was 
spent in examining and reporting on the route for the 
Great Southern Railway, from Santa Fe to Cordoba. 
The next work undertaken was the preparation of plans 
for the terminal pier at Las Piedras, for which Messrs. 
Prebble and Ware were the contractors. Later, in the 
capacity of chief engineer for Messrs. James Perry 
and Company, Mr. Angus conducted the survey for 
the Midland Railway of Uruguay. He prepared plans 
for Government sanction, and subsequently acted as 
sub-agent and constructing engineer of the line from 
Paso Toros to Paysandu, a distance of 200 km. The 
next five months, from October, 1888, to February, 
1889, was spent in examining the routes, and estimating 
the costs of construction, of the Cordoba and North 
Western, the Western Uruguay, and the Mendoza 
and San Rafael Railways. Mr. Angus was also 
responsible for the work in connection with the exten- 
sion of the Paraguay Central Railway to Pirapo. 
In September, 1892, he was appointed chief of the 
South-West Africa Company’s Damaraland exploration 
expedition. He surveyed the land between Walfisch 
Bay and the Otavi copper mine, and selected a route 
for a railway. Mr. Angus subsequently returned to 
South America, and was for some time manager, at 
Coronel, of the Aurauco Railway, Chile. He vacated 
this position m 1909, and eventually settled in 
London, where he engaged in consulting work. Mr. 
Angus was elected an Associate Member of the Insti- 
tution of Civil Engineers in 1882, and a full member 
on December 19, 1893. 





ConcRETE Houses Buitt ry 1925,—It is announced, 
by the Ministry of Health, that 24,000 concrete houses 
were erected in the United Kingdom during the year 
ended December 31, 1925. Sheffield was responsible 
for the largest number, namely, 4,754 houses ; Liverpool 
came second with 1,650 houses, and Leicester, third, with 
1,500. The numbers of houses built in other localities 
were as follow :—Dublin, 1,400; Birmingham, 1,300 ; 
Wolverhampton, 1.000; Nottingham, 1,000; Edin- 
burgh, 1,002, and Hull, 606, 


on the 
ulting 
much 
il and 
Was a 
uding 
) Ex- 
ydro- 
gues 
Oslo) 
uted 
l, in 
Mr. 
lipse 
dent 
bert 
a 
son, 
hen 
and 
pers 
ata, 
ot 
itu- 
ion 
ite, 
his 
nd 
sta 
ves 


id 


LY 


Zw. 


= a 








ENGINEERING, 


85 











Jan. 15, 19261] 


UNIVERSAL HORIZONTAL 


CONSTRUCTED BY MESSRS. A. J. 


AMSLER 


TESTING MACHINE. 


AND CO., SCHAFFHAUSEN, SWITZERLAND. 
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UNIVERSAL HORIZONTAL TESTING 
MACHINE. 


THE practice of mechanical testing has become a 
very exact science, and the machines now constructed 
have reached a high degree of efficiency. The universal 
testing machine has been much developed of late 
years, and the 100-ton horizontal machine of this 
type, which is illustrated by the photographs repro- 
duced in Figs. 1, 2 and 3 on this page, is a good 
example of a recent design. Made by Messrs. Alfred 
J. Amsler and Co., Schaffhausen, Switzerland, for 
whom Messrs. T. C. Howden and Co., 191, Cor- 
poration Street, Birmingham, are the sole agents, 





the machine ‘is designed for making tensile, com- 
pression and transverse bending tests. A general view 
of the machine and its accessories is given in Fig. 1. 
The frame of the machine proper, which consists of 
I-shaped girders, is inclined at an angle of 45 deg. to 
the horizontal, in order to permit of heavy test-pieces 
being placed in the machine, from above or from the 
side, by means of an overhead crane. This arrange- 
ment also facilitates the gripping of the test-piece, 
and moreover, renders easier the inspection of the 
material “while it is undergoing the test. Mounted 
on the frame jis a movable crosshead, which grips the 
fixed end of the specimen and may be locked in any 
convenient position by means of two pins, This cross- 








head is seen on the extreme right in Fig. 1, and is 
also shown in Fig. 3. The load is produced by rams 
supplied with oil under pressure from a pump, the load 
being measured by a pendulum dynamometer. The 
pump and dynamometer stand side by side in front 
of the machine and are seen in Figs. 1 and 2. 

The arrangement for exerting the tensile and com- 
pression load consists of two cylinders lying in one 
axis. Within the cylinders are two frictionless rams, 
one of which moves in one direction and exerts a tensile 
load while the other moves in the opposite direction 
and exerts a compression load. .The rams bear against 
the cross heads of a carriage which runs within the outer 
machine frame on ball-bearing wheels. Friction is thus 
reduced to a minimum, and the oil pressure within 
the cylinders is, therefore, a true measure of the load 
exerted by the ram. The carriage is capable of travel- 
ling over a distance of 24 in. The reversal of the ram 
movement is accomplished by means of a hand-operated 
piston valve located on the front of the main frame. 
When one of the cylinders is in use, the other is always 
connected to the oil reservoir of the pump. The pres- 
sure is produced by a three-piston oil pump, which 
imparts to the travelling crosshead a maximum speed 
of about 8 in. per minute in either direction. The 
pump, which is of the simple single-acting type, is 
worked by cranks set at angles of 120 deg. to each 
other. Any irregularity which might occur in the oil 
discharge is eliminated by the oil-delivery regulator 
of the pendulum dynamometer. The pump is driven 
by a 5-h.p. electric motor, which runs at a speed of 
1,500 r.p.m. The load exerted is measured by means 
of the pendulum dynamometer, an instrument for 
recording oil pressure, which was fully described in our 
issue of September 27, 1918, (vol. exv, page 354). 

The machine is designed for making tensile tests on 
round and flat bars, wire and hemp ropes, chains, 
and manufactured structural parts. A tensile test on 
a wire rope is seen in progress in Fig. 1. The test piece 
is held in the gripping heads shown in Fig. 3. Each of 
these consists essentially of a pair of long clamping 
wedges which are opened or closed simultaneously 
by means of a toothed gear; the maximum opening of 
the gripping head is about 6 in. Special holders and 
split rings are supplied for round bars with heads ; 
these holders are secured to bolts which are placed 
across the gripping heads. Round and flat bars are 
gripped in toothed jaws held between the clamping 
wedges. Ropes and chains are gripped between wooden 
strips placed along the whole length of the clamping 
wedges. When the latter are closed, the rope or chain 
is pressed into the wood and is thus firmly held without 
being damaged. Chains may also be secured by means 
of U-shaped round bars, which, in turn, are gripped by 
the device used for flat or round test pieces. 

An extensometer is shown clamped on to the specimen 
in Fig. 3. This instrument transmits the elongation of 
test-bars, having a maximum gauge length of 8 in., to 
a recording drum located on the dynamometer. The 
arrangement comprises two knife-edge grips which 
are held together by two telescopic tubes fitting one 
into the other. When the test-piece lengthens under 
the stress applied, the two grips separate from one 
mother by an amount equivalent to the elongation of 
the test-bar between the gauge marks. The elongation 
is transmitted to the recording drum of the dynamo- 
meter by means of a cord passing over an arrangement 
of guide pulleys. The extensometer is designed to 
withstand the shock which occurs when the test-piece 
breaks. Special apparatus is provided for transmitting 
the elongation of ropes and long test pieces to the 
recording device. 

Compression tests on concrete, cement, and stone 
blocks, or on wooden struts, are also carried out in 
the space between the two gripping heads. For this 
purpose, compression plates are attached to the front 
surface of each gripping head. To ensure that the load- 
ing is applied axially to give a pure compressive stress, 
the end plates are provided with a spherical seating. 
They are capable of being locked in position, however, 
either before or during the test. A beam, arranged 
horizontally at the extreme left end of the machine 
frame, in Figs. 1 and 2, carries the end supports for 
the transverse bending tests. These supports are 
capable of being moved along the whole length of the 
beam, and the maximum span obtainable is 6 ft. 6 in. 
The maximum cross-sectional area of a transverse 
test-piece which the machine will take, is 133 in. by 
20 in., the former being the width of the specimen 
and the latter the height, in the actual plane of bend- 
ing. The maximum deflection obtainable is about 
6 in. The machine is provided with two bending 
punches having rounded ends, one being 34 in. and the 
other 1} in. thick: these are fastened to the crosshead 
of the travelling carriage. The whole arrangement is 
shown in Fig. 2, in which a bending test on a concrete 
beam is being conducted. 

The total length of the testing machine is just over 
31 ft., and its weight, including the oil pump and the 
dynamometer, is about 7} tons. No special foundations 
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are required, the only support fastened to the floor is 
that below the loading arrangement, the bases of the 
other supports are not secured in any way and are free 
to move should the length of the frame change slightly 
owing to variations in temperature or from any other 
cause. 





LABOUR NOTES. 


“ CzgoHo-Stovak Trade Unionist,’’ writing in the 
Social Democrat, the official organ of the British Social- 
Democratic Federation, explains why the organised 
working-classes of France, Czecho-Slovakia, Germany, 
Austria, Belgium, Hungary, &c., rejected at Amsterdam 
the British proposal for an unconditional preliminary 
consultation between representatives of the Inter- 
national Federation of Trade Unions and the All- 
Russian Council of Trade Unions. ‘‘ They distrust the 
Russian Communists,’ he says, “‘for they were the 
cause of the weakening of all Socialist parties in France, 
Germany and Central Europe. In their zeal for a world 
revolution, the leaders of Moscow encouraged disorders 
and chaos in various countries, aiming first at a dis- 
ruption of Socialist organisations which stood firmly 
in the way of senseless Bolshevistic ideas, and were 
convinced that disorders would inevitably lead, not 
to world social revolution, but to the triumph of 
reaction, as in Hungary and Italy. However, the 
Russian Bolsheviks succeeded in bringing about 
splits in Socialist parties in almost all countries on 
the Continent, and they also undermined the unity of 
the trade unions and other workers’ organisations, 
with terrible consequences for the working class.” 
According to this writer, Moscow is destroying the 
units of Continental workers’ organisations, and at 
the same time, preaching “ unity”? in Great Britain. 
The explanation of their action is, in his opinion, that 
“as they failed to put their hand on the Socialist 
political organisations on the Continent and in England 
they are trying to gain influence through the trade 
union movement.” 

Through the National Minority Movement, the 
British Communist Party is, as a matter of fact, 
openly trying to capture the Trade Union Movement. 
Before the Labour Party formally excluded avowed 
Communists, an objective of the N.M.M. was, in effect, 
to transform local Trades Councils into instruments of 
Communism, with powers which would have soon 
involved them in trouble with the Trades Union 
Congress. The reorganisation of the Trades Councils 
which the late Mr. Bramley carried out stayed the 
development along that line, though, obviously, if 
the Communists succeeded in (1) capturing the 
reorganised councils and (2) getting direct represen- 
tation for them at Congress, the stoppage would only 
be temporary. The N.M.M. isstill, however, obediently 
to the orders of Moscow, moving with the object of 
capturing the unions. Since the Labour Party excluded 
Communism’s adherents, it has come out into the open 
in opvosition to the leaders of the political movement. 
The Worker, the official organ of the National Minority 
Movement, criticising Mr. Rosslyn Mitchell’s pro- 
nouncement on the subject of steel houses, says :— 
“The article contains not only an eulogy of the steel 
house, but introduces the point of view which is at 
present dominant in the Labour Party, but has been 
repudiated by the Trade Union Movement. That 
policy is the fact that the interests of the community 
come before the interests of the workers, that the 
workers should make sacrifices as demanded by the 
community ; that because the whole is greater than the 
part, the Building Trade Unions in this particular 
instance ought to recognise and acquiesce in the steel 
house-building schemes of Lord Weir.” The point of 
view ‘ that the interests of the community come before 
the interests of the workers,” has never, of course 
been repudiated by the Trade Union Movement. 
The National Minority Movement has certainly repu- 
diated it, along with several other points of view to 
which Trade Unionism strongly adheres. In the light 
of the foregoing, British trade unionists—who should, 
in a week or two, be electing their delegates to Congress 
—will, no doubt, be able to see exactly where they 
stand. 

At the recent meeting of the National Wages Board 
for the railways, a question was raised as to the principle 
involved in the contention of the National Union of 
Railwaymen that the railway companies are not 
entitled to re-grade or re-classify stations, depots, 
or posts in a downward direction, except by agreément 
either on the appropriate sectional council or between 
the parties to the main memorandum of agreement. 
The Board's decision, which was issued on Friday 
last week is as follows :—‘* The Board are of opinion 
that there is nothing in the memorandum of agreement 
of March 20, 1920, which necessitates any previous 
agreement with the unions before any alteration in the 
classification of a station or depot may be made. 








Appendices are attached to the memorandum of 
agreement of March 20, 1920, showing the initial 
classification of stations and depots in connection with 
the application of the agreement to conciliation grades. 
These appendices were prepared by the companies and 
accepted by the unions, subject to a right of appeal. 
The right of appeal is still maintained under the council 
scheme established by the Railways Act, 1921. At the 
same time we think that in the interest of all parties 
concerned in the railway service it is desirable that the 
railway companies should intimate in advance to the 
individuals concerned the dates on which changes in 
classification will take effect.” 





A special delegate meeting of the National Union of 
Railwaymen is to be held in London on January 21 and 
22 for the purpose of considering the recent award of the 
National Wages Board on the wages question. The 
award deals, it will be recalled, with the claim of the 
railway companies for wage reductions, and the all- 
grades programme of the -N.U.R. and the Railway 
Clerks’ Association for wage increases and improve- 
ments in working conditions. The meeting has power 
to reject or accept the findings. A strong recommen- 
dation to accept has been made by Mr. Dobbie, the 
president of the union, and Mr. J. H. Thomas, M.P., 
the political general Secretary, who sat on the board 
when the claims were heard and signed the majority 
report. 

It is officially announced that Sir William Mackenzie 
is shortly to resign the post of president of the Industrial 
Court, which he has held since the establishment of the 
Court in 1919. He is to be succeeded by Mr. Harold 
Spencer Morris, who succeeded him last year in the 
chairmanship of the Railway National Wages Board. 

According to the New York correspondent of the 
Daily Telegraph, the possibility of strikes on American 
railways is practically eliminated by an agreement 
between the railway executives and the employees, 
sponsored by President Coolidge, for the friendly 
arbitration of all future disputes. The agreement con- 
templates the creation of a mediation board appointed 
by the President under the authority of Congress, and, 
in the event of a dispute reaching a crisis, the board may 
be called upon by either side or directed by the President 
to intervene and arrange a settlement. When arbitra- 
tion is agreed upon by both sides, the decision of arbitra- 
tion boards shall be final. Adjustment boards are 
created which will have jurisdiction over any disputes 
relating to grievances or to the interpretation or applica- 
tion of existing agreements, but will have no jurisdiction 
over changes in rates of pay, rules, or working con- 
ditions. If the mediation board cannot settle any 
dispute and the country’s transportation is seriously 
threatened, the board may notify the President of the 
United States, who is authorised in his discretion to 
create a board of investigation to report tohim. The 
new agreement, which will be embodied in a Bill for 
passage through Congress, abolishes the unpopular 
Railway Labour Board and, generally considered, is the 
most important truce between capital and labour ever 
effected in the United States. When the Bill becomes 
law every railway in the country will be subject to it, 
and nearly 2,000,000 employees in all branches of the 
railway industry will be bound by its terms. 





An interesting suggestion relating to the general 
secretaryship has been sent in for the consideration of 
the body that is shortly to revise the rules of the 
Amalgamated Engineering Union. The proposal is as 
follows :—‘* There shall be a General Secretary who 
may, or may not, be a member of the society. Appli- 
cants for this office must be publicly advertised for and 
the appointment made by the Executive Council. 
He shall carry out the duties detailed in these rules and 
such other duties as required by the E.C., who shall 
have power to fix his salary and to formulate the 
conditions of his appointment, subject to the provision 
that the appointment may be terminated by one 
month’s notice on either side.”” Two other proposed 
amendments seek to make it obligatory on candidates 
for the offices of both General Secretary and Assistant 
General Secretary to have passed an examination under 
the auspices of the Central Labour College. 





A delegate conference of the Railway Clerks’ Associa- 
tion sat on Sunday and Monday last to consider, 
amongst other matters, the award of the National 
Wages Board on the wages question. At the close of 
Sunday’s meeting the following brief statement was 
given out for publication :—“ After a full discussion, the 
conference decided to take no immediate action in 
regard to the findings of the Board, but authorised the 
Executive Committee to go forward again with the 
programme at the earliest favourable opportunity.” 


The monthly Journal] of the Amalgamated Engineer- 


membership of the organisation decreased from 210,760 
to 208,658, and the colonial branch membership from 
25,781 to 25,665. Donation benefit was paid to 7,956 
members or 3-80 per cent. The total number of un- 
employed is, however, 17,662, or 8-1] per cent. 





An official account is now available of the negotia- 
tions which are in progress on the subject of payment 
for work done on internal combustion engines, between 
representatives of the Amalgamated Engineering 
Union and the Engineering and Allied Employers 
National Federation. The basis of the discussions 
was the claim put forward by the Hartlepool, Sunder- 
land, Tees-side and Tyne districts and considered in 
local and central conferences. In this, payment was 
demanded at the rate of time and a half for workmen 
engaged in the erection of Diesel, semi-Diesel and 
often internal combustion engines. For men engaged 
in running trials in the shop or in the ship, time and a 
half -was claimed. Adjustments in the crank-case, 
or of any part within the crank-case, were to be paid 
for at double time, which was also to be paid whenever 
the silencer was used, and was opened out for survey, 
cleaning or repair. Overtime, when it was worked, 
was to be paid for, in addition, as in the national 
agreement. During running trials and/or adjustments 
or alterations arising therefrom, the three-shift system 
was to be worked in order to avoid overtime. For 
workmen engaged on shop trials an allowance of 
1J. per man was claimed on completion of the trials, 
and for workmen engaged on trials afloat a like amount 
on completion. On dismantling work after trials 
and on completion of work preparatory to dispatch from 
the shop, time and a half was to be paid, and double 
time for all work inside the crank-case. Men engaged 
in testing solid injection spray valves were to ke paid 
double time and men engaged on trials were to be 
supplied with overalls. 

The employers, it is stated, expressed strong oppo- 
sition to the claim. The erection of the Diesel engine 
differed very little, in their opinion, apart from the 
fact that it was an internal combustion engine, from an 
ordinary marine reciprocating engine, and while they 
were prepared, they said, to grant an extra payment for 
work done in crank-cases after the lubricating oi] had 
been turned on, and not cleaned down, they could not 
entertain the other proposals. Their counter-proposal 
was that men called upon to enter and work inside 
totally-enclosed crank-cases of main propelling engines, 
after lubricating oil had been turned on, and which had 
not been cleaned down, should receive an allowance of 
2d. per hour, with a minimum of ls. per day. Accord- 
ing to the official organ of the Amalgamated Engine- 
ering Union, the executive council could not see its 
way to sign an agreement to that effect, but undertook 
to submit the proposal to the district committees 
concerned. A communication embodying the proposal 
has, therefore, been sent to the Hartlepool, Sunderland, 
Tee-side, Tyne, Liverpool, Barrow, Glasgow, Paisley, 
Dumbarton, Greenock, West Avrshire, and Mid- 
Lanark District Committees for their consideration 
and views. It is pointed out that the employers’ 
proposal applies to new work only, and if accepted will 
constitute a national] agreement. But, acceptance 
would not, it is stated, preclude the union from raising 
the other parts of the claim at some future time. 





At their meeting on Monday the Railway Clerks’ 
Association considered the question of joining the 
proposed Industrial Alliance. In an official report 
issued at the close of the meeting it was stated that 
a recommendation of the executive that the Associa- 
tion should join the alliance was deferred in favour of 
the following amendment :—‘‘ That this Conference, 
while approving the principle of the Industrial Alliance, 
considers the time premature for the Association to 
give a vote for or against affiliation, inasmuch as the 
rank and file of the membership did not appreciate the 
obligations involved in such affiliation, and instructs 
the executive committee to arrange, before a definite 
vote is recorded, for a national educational campaign 
to be instituted to explain fully the objects and 
responsibilities of the Industrial Alliance.” This 
amendment was, it is officially stated, carried on a card 
vote by 31,825 votes to 18,250. 





The Ministry of Labour states that on January 4, 
1926, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,251,900—990,700 men, 35,800 boys, 193,700 
women and 31,700 girls. On December 21, 1925, 
the number was 1,102,400—896,386 men, 25,865 boys, 
157,953 women, and 22,196 girls—and on January 5, 
1925, it was 1,307,140—998,174 men, 37,788 boys, 
238,475 women and 32,703 girls. It is pointed out 
that the figure immediately succeeding Christmas 
normally shows a substantial increase. The increase 
in the figure for January 5, 1925, over the lowest 
figure in the previous December—thatis, December 15, 





ing Union states that in December the home branch 





1924—-was, for example, 148,665. 
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THE OWENS BORE-HOLE ALIGNMENT INDICATOR. 


CONSTRUCTED BY MESSRS. C. F. CASELLA AND CO., LIMITED, LONDON. 























Fie. 2. 


THE OWENS BORE-HOLE ALIGNMENT 
INDICATOR. 


THE bore-hole surveying instrument, designed by 
Dr. J. S. Owens, which we illustrate in Figs. 1, 2 and 3 
above, was the most interesting novelty among the 
surveying and meteorological exhibits of Messrs. C. F. 
Casella and Co., Limited, 49 and 50, Parliament-street, 
S.W., at the Exhibition of the Physical and Optical 
Societies, held last week at South Kensington. Deep 
bore holes, driven, by rotary drills, may deviate greatly 
from the vertical without the drillers becoming aware 
of the fact. To find the true direction a clino- 
meter and a magnetic compass are required. These 
parts, together with a clock, a contact-making drum 
and a battery lamp, in the new instrument are enclosed 
in a casing of hard brass, which is capable of with- 
standing water pressure and is closed by screwed plugs 
fitted with lead washers. Fig. 1 shows the outer casing 
and the inner parts ready for placing in the casing ; 
the white spot is the opal domed cap of the compass, 
and the contact drum is seen on the right. In Fig. 2 
the compass and clinometer can be seen in their cradle 
with the small lamps, one on each side of compass, 
and the right-hand cradle pivot rim removed from the 
casing. Fig. 3 similarly shows the clinometer and 
contact drum. 

Both the clinometer and the compass are suspended 
in a cradle in pivots, so that they always oscillate, the 
former in a vertical, the latter in a horizontal plane, 
whatever the direction of the hole. The clinometer 
consists of a short drum, weighted below, round which 
a strip of sensitised paper is wrapped and held in 
position by clips; the drum oscillates close to a 
diaphragm containing a triangular hole through which 
the light of a lamp passes to record the position of the 
drum. The compass has four needles of strong directive 
force, carrying a card with raised rim, which is provided 
with two triangular holes, 180 deg. apart, through which 
the rays of the two lamps fall (one of the lamps also 
illuminates the clinometer) on to a strip of sensitised 
paper surrounding the card ; thus the compass position 
is recorded. The spherical compass box is made of 
brass with an opal glass dome to diffuse the light. The 
clock, which has a separate casing, causes a vulcanite 
drum to revolve upon a screwed spindle by means of a 
projecting pin engaging a hand on the clock spindle. 
Let into the surface of the drum are four longitudinal 
strips of brass of different widths; contact fingers 

complete the circuits for lighting the lamps at definite 
intervals and for known periods ; the drum can be set 


for four or for two exposures during a four-hour run. 
The four consecutive exposures give spots of different 
densities and can thus be distinguished. The drum 
withdraws from the clock as it revolves until the 
driving pin, which projects from the right of the drum 
and engages the hands, comes clear of the hands. 

The ingenious instrument operates equally in vertical, 
horizontal or inclined holes. To take an observation, 
the instrument is first set up level in some known 
direction, e.g.,in the magnetic meridian ; the exposure 
made gives the datum for the records. The instrument 
is then inserted in the bore hole, the drum baving been 
set to make a first exposure in, say, 15 minutes, thus 
jeaving time for it to be placed in position. After 
the first exposure, the subsequent records are obtained 
at the predetermined intervals. The instrument was 
designed, in the first instance, for use in a hole at San 
Domingos, Portugal, 400 ft. deep, inclined at 40 deg. to 
the horizontal, the lower half full of water. The survey 
was made without difficulty, 2 hours and 20 minutes 
being required from inserting the instrument until its 
withdrawal after three exposures. The hole was found 
to dip 25 ft. below its required direction and to deviate 
7 ft. in the horizontal. 








Metropouitan Rattway: New Rewer Line.—The 
Metropolitan Railway are seeking Parliamentary powers 
to construct a new line to relieve the intense traffic 
which runs over the tunnel section of track extending 
from Finchley-road to Baker-street. It is proposed that 
the relief line shall run parallel to the existing Metro- 
politan line, but on a falling gradient, from a point 
immediately south of Willesden Green station, as far 
as Mapesbury-road, which is situated a short distance 
north of the company’s Kilburn and Brondesbury station, 
thus making a triplicate up and down line over this 
portion of the railway. The new line will then change 
direction and burrow under the Company’s existing 
fast and local lines, entering deep-level tube tunnels, 
which will run under High-road, Kilburn, Maida-vale, 
and Edgware-road. Junction with the Inner Circle lines 
will be made a few yards west of Edgware-road station, 
by means of a 200 yards cut-and-cover section. The 
adoption of the tube method of construction will cause 
the minimum amount of disturbance to the property 
and streets above. In order that the Company’s main- 
line rolling-stock and electric locomotives may run 
through them, the tube tunnels, which are to be con- 
structed of cast-iron segments, will have a diameter of 
15 ft. 6 in. The distances between the tunnel rail level 
and the street level will vary from 25 ft. 6 in.to 75 ft. 9 in. 
The new line will tap a new and important area, and 
will have three stations along the route. The existing 








station at Edgware-road is to be enlarged. 


Fig. 3. 


MARINE OIL-ENGINE TRIALS. 


Tue third report of the Marine Oil-Engine Trials 
Committee was presented and discussed at a general 
meeting of The Institution of Mechanical Engineers, as 
is reported elsewhere in this issue of ENGINEERING, 
on Friday last, January 8. This Committee, it will be 
remembered, was established through the enterprise 
and assistance of the late Mr. D. B. Morison, of 
Messrs. Richardsons, Westgarth, and Co., Limited. 
On the Committee, of which Engineer Vice-Admira] Sir 
George Goodwin is Chairman and Mr. W. H. Patchell, 
deputy chairman, are representatives of the Institutions 
of Mechanical Engineers, Naval Architects and Marine 
Engineers, and of the Admiralty. 

The third report deals with the results of the tests on 
the M.S. Pacific Trader and her engines. 

The arrangement of the present Report, and the 
method of testing the engine ashore and the engine 
auxiliaries in the ship at sea, follow those adopted in 
the earlier reports (see ENGINEERING, vol. ecxviii, 
page 750, and vol. ecxix, page 397). In addition, 
the trials of the vessel at sea comprised a series of runs 
at progressive speeds on the measured mile. 





TaBLe IIT.—Weight of Machinery in the Engine-Room. 








Weight. 
Part. (Tons.) 
Main Engine—Complete with all pipes and fittings 
including Thrust Block, and Auxiliary Fuel Pump, 
but excluding Flywheel : ae axe “ee 360 
Flywheel .. =p aa ea ay ée es 10 
Shafting, Stern Gear and Propeller .. ee aa 63 
Boilers, Condenser, Oil-Fuel Burning Plant, Steam and 
Steam Exhaust Pipes a4 e ae oe 71 
Fuel Oil System .. ~ a aa 15 
Cooling Water System .. ee oe 15 
Auxiliaries, | Lubricating Oil System ae Pe 8 
Pipes and < Gas Exhaust System .. ‘as “ 4 
Fittings. Pumping System (bilge, ballast and 
general service pumps) é« e< 20 


Electric Generator System... ae 10 

Fittings on Board—funnel complete, engine room 
floors, ventilators, gratings, workshop, lifting gear, 
tools and outfit aa ee os es wa 63 
Spares—main engine and auxiliaries, including spare 














propeller and tail end shaft .. 26 

Total vi fa 665 

Water in system and in reserve a “a ae 13 
Water in boilers .. a es << $e Aa 25* 

Water in reserve-feed tank Fe ‘ oa ee 30 

Lubricating oil in system and in reserve ée oe 9 

Total oa xe 77 

Totalrunning weight at 442 





* Includes 17 tons of water in the marine-type boiler, which is 
required for use only when carrying refrigerated cargo. 

The Pacific Trader was built by Messrs. William Dox- 
ford and Sons, Limited (being their Contract No. 578), 
to the order of Messrs. Furness, Withy and Co., Limited 
and was designed to the following general particulars :— 








Length b.p., 420 ft.; length overall, 435 ft.; moulded 
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breadth, 58 ft.; and mean draught to the bottom of 
the keel, 26 ft. 8 in., when the vessel is fully loaded and 
floating on even keel. The displacement when fully 
loaded is 13,933 tons, and the deadweight capacity 9,380 
tons. Under this condition, the estimated service 
speed is 11} knots, the designed power of the propelling 
machinery to give this speed being 2,900 s.h.p. at 
87 r.p.m. developed on one shaft. The propeller is 
driven direct by the engine, and is of high tension 
bronze, with ground surface, the four blades being solid 
with the boss. The diameter of the propeller is 17 ft. 
over the tips, and the pitch of the blades 15 ft., the 
blades being designed of uniform pitch. The rake- 
back of the blades is 15 in., and the blade area is 91 
sq. ft. expanded. The dimensions of the machinery 
space are: Length, 56 ft. 10} in., plus 16 ft. 3 in. 
for thrust recess; mean breadth, 55 ft. 34 in. inside of 
frames; and height from tank-top to second deck, 
27 ft. 1 in. (moulded). Its general location in the ship 
is amidships.» The total oil-fuel bunker capacity pro- 
vided in the double-bottom and in the service tanks is 
divided into 739 tons for the engine and 402 tons for 























the boilers. On the basis of consumption of fuel at 
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ordinary speed (11} knots), the estimated endurance of 
the vessel is 18,500 nautical miles. For the engine, the 
capacity of each of the two service tanks is 800 galls., 
and for the boilers, 980 galls. Of the auxiliary machi- 
nery required with the main propelling engine, all, 
with the exception of the fuel-injection and scavenge-air 
pumps, is driven separately by direct-acting steam- 
engines. The supply of current for lighting and for 
driving the fans which ventilate the insulated cargo 
space is from two 30 kw. (at 110 volts) D.c. generators, 
each driven by acompound steamengine. The capacity 
of each of the two air-storage vessels required in con- 
nection with the starting of the main engine, is 110 
cub, ft., the normal pressure carried at sea being 600 Ib. 
per square inch (minimum 250 lb. per square inch). 
The reservoirs are charged by two steam-driven com- 
pressors (one being stand-by). The supply of steam 


required at sea for auxiliary purposes is taken from a 
marine type return-tube boiler (three furnaces), 13 ft. 
6 in. diameter by 11 ft. long, the heating surface being 
When in port the supply of steam is 
‘Cochran 


1,830 sq. ft. 
drawn from a 





‘ 


” vertical multitubular boiler 





8 ft. 6 in. diameter by 19 ft. 6 in. high, the seetienl 
surface being 1,000 sq. ft. The normal pressure of 
the steam supply is 120 ]b. per sq. in. for both boilers. 
The furnaces are arranged to burn fuel-oil on the 


Fig.l. CONTENTS OF EXHAUST GAS- 
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‘* White-Hebburn”’ pressure-jet system. Steam from 
the auxiliaries is discharged to a surface condenser 
through which the circulating water is passed by a 
steam-driven centrifugal pump. Table III, on the 
previous page, gives the weights of the propelling machi- 
nery in running condition, including the propeller and 


shafting ; together with the weights oi the auviliary 


machinery and other apparatus in the engine-rcom. 

The main propelling engine was built by Messrs. 
William Doxford and Sons, at their Pallion Yard, 
Sunderland. 











The rating of the engine is 2,900 brake horse-power 
at 87 r.p.m., the power being developed in four 
cylinders, working on the two-stroke, single-acting cycle, 
with opposed pistons operating on 12 cranks. The 
method of fuel admission to the cylinders is by airless 
injection from engine-driven pumps, and firing is 
For a 















2 obtained by the temperature of compression. 
: mr, description of the type of engine our readers can refer 
+ Ay si + to an article on the M.S. Eknaren, which appeared 
8 + in ENGINEERING, vol. cxiv, page 611. The salient 
g — dimensions of the engine were measured for the com- 
= t~WN mittee by the Engineer Surveyor at Sunderland of 
> Lloyd’s Register of Shipping, and the following figures 
a are averaged from the certificate given :— 
Average stroke (each om: . 1,160 mm. = 45-67in. 
5 Average bore 579-95 mm. = 22-83in. 
&5 ; ie | The following anentitind were given by the builders : 
yy rv Di tt | Cub. Inches. 
+ ae es Clearance volume ise: : 3,800 
L_— | + Swept volume to exhaust ports plus 
0 0 100 clearance volume for one combus- 
(9438.4) M.I.P, Lb. per Sg.Inch. — *mineeninc tion cylinder ..... . 34,960 
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Revolutions per Minute 


From these particulars the following constants have 
been calculated :— 

I.H.P. factor for one cylinder for 

1 r.p.m. arfd 1 lb. per hau 


inch 0-09444 
Ratio of compression 9-2 
Ratio __ Exhaust port opening 0-203 





Stroke of one piston 


The tests ashore were carried out at Messrs. William 
Doxford and Sons, Pallion Yard, Sunderland, the trials 
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being conducted in their marine engine erecting shop, 
from Monday, January 7, to Friday, January 11, 
1924. The schedule of loads and speeds, calculated 
from the simple approximation to propeller law*, in 
accordance with which the trials ashore of the engine 
were conducted, is shown in Table IV. The constant 
in the relation, torque = constant x (revolutions per 
minute)2, was determined from the condition of rated 
full power of the engine, namely, 2,900 brake horse- 
power at 87 r.p.m. For a given load on the engine, 





schedule, as well as the special tests referred to later 
(with the exception of Nos. 1 and 2) was British- 
Mexican boiler oil. Several tests, additional to the 
schedule just described, were carried out. These were : 
A test with the engine developing power in excess of 
its rating (Test No. 15); a full power test with the 
engine in different adjustment (Test No. 16); a full 
power test, and a test with the engine developing 
power in excess of its rating (Test Nos. 1 and 2 respec- 
tively), using Anglo-Persian Diesel oil as fuel; a test 


- MARINE OIL-ENGINE TRIALS COMMITTEE. 
DOXFORD ENGINE (RATING: 29008.H.P. AT 87 RPM.) 


CHARACTERISTIC DIAGRAM. 
from Observations of the 


|\during Trials on the Test Bed. 


| Fuel - British Mexican Boiler Oil. 
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22.FUEL PER B.H.P. PER HOUR - BRAKE HORSE-POWER. 
FUEL 


LHP. PER 


IHP. 


_ HORSE 


Power in 


Thermal Efficiency, per Cent. 


(9435.G.) 


TABLE 1V.—Schedule of Loadsand Speeds. Tests3 to 14. 




















Speed (R.P.M.). 
Applied External Load 
A. | B. | Cc. 
Nearest | Calculated ; 
Nominal. Torque. | Brake | from Pro- Pree Peace 
| Load. |peller Law.| °P©C@- peed. 
ie | Lb.-ft. Lb. 

Full Torque | 175, 10,000 - 87 99 75 
i » | 181,250 7,500 74 86 62 
3 » | 87,500 5,000 61 73 49 
+ » | 48,750 2,500 43 55 31 

















the speed calculated from the foregoing relation is 
referred to as A, that at 12 r.p.m. above the calcu- 
lated speed as B, and that at 12 r.p.m. below as OC. 

The fuel used on all the tests of the foregoing 





*Torque = constant x speed?, assuming constant slip. 
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to determine the power absorbed by friction in the 
engine ; and tests to determine the slowest speeds at 
which the engine would run. 

All the analyses were carried out at H.M. Fuel 
Research Station, Greenwich. The results of the 
analysis of the samples of fuel oil collected during five 
days of the trials ashore are given in Table VI, where 
also will be found the analysis of the fuel used during 
the trials at sea. The samples represent the quality 
of the fuel actually consumed in the engine, that is, 
after being passed through a centrifuge. 

From the analysis of the fuel used, an average 
being taken for Tests Nos. 3 to 16, the quantities 
shown in tabular form in the next column, have been 
calculated in respect of the perfect combustion of 1 1b. 
of fuel. 

In Section V of the Report, are recorded the aver- 
ages of the periodical observations in the shore tests, 
duly corrected, where required, from the subsequent 
calibration of the instruments used. The deductions 
made follow immediately from the observed particulars, 
and sufficient information is recorded to permit of 








further deductions being made. Curves connecting 
various sets of observations are shown in this section 
(plotted points in respect of Test Nos. 3 to 14 are shown 
thus +). In general these may be regarded as self- 
explanatory. The ‘Characteristic Diagram” (Fig. 
21) of the engine (from which the torque exerted for 
any given fuel consumption and revolutions per minute 
can be read off) has been derived by a simple con- 
struction from Fig. 20. the latter being plotted irom 
corrected values of the rate of fuel consumption. 
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(9438.4) (approximate) uv Hundreds. 
Test Numbers. | 3 to 16 | 1 and 2 
Ib. Ib.¥ 
(a) Weight of COz formed... ag --| 3-04 3-12 
(b) a Steam ,, = Zz ..| 1-01 1-13 
(c) at SO2 = aa a 0-075 0-026 
(d) Weight of Oxygen required for (a) 2-21 2-27 
(e) ” ” ” (b) 0-90 1-003 
(f) 0 iy ‘. (c) ..| 0-037 | 0-013 
(g) Theoretical Total Weight of Air required | 13-55 14°15 





The following curves, &c., are also reproduced in 
this section, namely :-— 


Fig. 15. Exhaust gas composition—mean indicated 
pressure. 

», 18a. Mechanical  efficiency—mean indicated 
pressure. 

» 188. Mechanical efficiency—brake equivalent 
mean effective pressure. 

» 19. Brake equivalent mean effective pressure, 


or torque—mean indicated pressure. 

22. Fuel per indicated horse-power per hour 
and per brake horse-power per hour— 
horse-power. 


», 23. Thermal efficiency (both indicated horse- 
power and brake horse-power bases)— 
horse power. 

» 24. Exhaust gas temperature—fuel per minute, 


or indicated horse-power (approximate). 


The arrangement of the tables of observations and 
deductions and the curves plotted therefrom are sub- 
stantially in the order followed in the previous reports ; 
there are, however, certain remarks to be made in 
respect of the present trials. In the tabulated values of 
fuel per indicated horse-power per hour and thermal 
efficiency, for the calculation of which corrected values 
of fuel consumption and indicated horse-power were 
employed, no correction has been made for the fuel 
equivalent of the electrical input to the motor driving 
the circulating pump. The supply of current was 
taken from the town mains, as the motor was a 
temporary arrangement for use during the shore 
trials, the centrifugal pump being driven by a steam 
engine when installed on board ship. Pending a 
decision from the Committee on Tabulating the Results 
of Heat Engine and Boiler Trials, it is not proposed in 








go 


ENGINEERING. 











[JAN. 15, 1926. 











this report to give a figure for the thermal efficiency of 
the standard of comparison. 

Samples of exhaust gases were taken from the mani- 
fold during each test and the analyses are recorded 
in Table VIITa for the tests at full-load torque and over, 
and in Table VIIIs for the remainder of the tests, 
namely those at three-quarter, one-half and one-quarter 
full-load torque. The oxygen and carbon dioxide con- 
tents of the exhaust gases, plotted to a base of mean 
indicated pressure, are shown in Fig. 15. Owing tothe 
effect of the scavenging-air, it is not possible to use 
these analyses for the purpose of computing the amount 
of heat carried away in the exhaust gases. 

In the thermal balance sheets (Table XVI), the heat 
carried away in the exhaust gases is shown under the 
heading ‘ Radiation, etc.,”? which quantities are ob- 
tained by subtracting the heat accounted for from the 
thermal input to the engine. The thermal equiva- 
lent of the horse-power expended in friction (being 
i.h.p. — b.h.p. — scavenge h.p.) is excluded from the 
amounts of heat brought to account, as the principal 
amount of heat generated in friction, namely that of 
the rings against the walls of the cylinders, is dissipated 
into both jackets and pistons cooliug water circuits, 
and is therefore already included, although indeter- 
minately, under those amounts. Throughout the 
Tables, all heat quantities are recorded in units of 
1,000 B.Th.U. per minute. 

Trials of the engine developing power in excess of 
its rating were carried out in two parts, namely ; 
(i) Test No. 15, using British Mexican Boiler oil as fuel 
(plotted points shown thus + ). (ii) Test No. 2, using 
Anglo-Persian Diesel Oil as fuel, (plotted points show 
thus x). The external conditions under which the 
engine developed the excess power, namely the brake 
load and the speed, were arranged to be as nearly 
identical as possible in both cases. The load on the 
brake and the corresponding speed were calculated 
from the relation, Torque = constant x Speed*, used 
in the compilation of Table IV, the amount of excess 
power developed being 25 per cent. above the rated full 
power of the engine. The duration of each test was 
one hour, 

The full power trial using Anglo-Persian Diesel 
oil as fuel (plotted points shown thus x), was 
carried out in order to establish a relation between 
the fuel consumptions, at the same power, when fuels 
of different qualities were employed. 

It isimportant here to note that, for a test ata given 
external torque and at a given speed, the rate of fuel 
consumption is inversely proportional to the gross 

calorific values of the fuel, a relationship which has been 
employed in determining the torque developed by the 
engine during the trials at sea. 

A full power trial with fuel-timing advanced (plotted 


points shown thus @ ) was carried out on llth January [ 


at the completion of the series of trials with the engine 
in normal adjustment. All the cams were advanced 
3 degrees on the previous tests. The fuel employed was 
boiler oil. The external conditions of the test, namely, 
brake load and speed, were those for rated full power. 
It was noticed that the maximum pressure during firing 
was raised from 570 lb. per square inch (normal con- 
ditions) to 670 lb. per square inch, with a consequent 
reduction in the fuel consumption. A slow running 
test was carried out on 11th January. The brake was 
full of water, but no load was carried. The slowest 
speed maintained over a period of five minutes was 
16-2 r.p.m.; at the conclusion of the test the engine 
was accelerated up to full speed. The direction of 
rotation of the engine was astern. For the friction test 
the water was emptied from the brake and the fuel to 
all cylinders, except that to No. 4, was cut off. The 
average speed over the test was 87 r.p.m. Due to 
friction in the glands cf the brake, it was found neces- 
sary to apply a load of 150 Ib. to balance the drag, 
which at the above speed is equivalent to 43 brake 
horse-power. The mean effective pressure, from severa] 
cards, developed in cylinder No. 4, was 54-8 lb. per 
square inch, and the indicated horse-power developed 

was therefore 450. The mean effective pressures 
developed at the upper and undersides of the plunger 
in the scavenge pump were 2-92 and 3-03 Ib. per- 
square inch respectively, and the total scavenge horse- 
power was therefore 150. The horse-power required 
to overcome engine friction is thus 257, being the 
difference between the indicaved horse-power developed 
in cylinder No. 4 and the sum of the brake and 
scavenge bhorse-powers, and is equivalent to a nega- 
tive mean effective pressure of 7-8 lb. per sq. in. 

The rate of circulation of the lubricant was measured 
for each test; for those at about full power of the 
engine, the number of double-strokes per minute made 
by the pump was 25, which is equivalent to 10 tons 
per hour; the pressure of delivery was 21 lb. per 
square inch approximately. As no water was passed 
through the oil-cooler, the temperature of the oil in 
the system slowly rose throughout each day, so that 
it was impossible to measure the loss of lubricant from 
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TABLE VI.—Anatyses or Fuet-Om. 





Test Numbers : 





3 to 6. | 7 to 16. | 1 and 2. | Trials at Sea. 





|e se description of fuel 





British-Mexican Boiler Oil. 


i] 
|  Anglo-Persian Diesel Oil. 
18,220 | 19,180 19, 
0 
























































| 
Calorific value (gross), B. > U. per Ib. 3 | 18,270 120 
Specific gravity at 60 deg. te 0-963 | 0-949 0-909 +896 
Flash point (Pensky Martin closed test), deg. Z: “f 174 156 174 171 
Burning point, deg. F.. uae 185 183 200 185 
Viscosity by Redwood viscometer (Admiralty pattern) No. 1— } H 
[70 de eg. F. ar * | * | 258-5 192-0 
Seconds at < 150 deg. F. “4 556-9 | 579-5 | 45-2 46°58 
200 deg. F. 178-8 | 184-4 35°8 36-5 
Engler distillation— 
Temperature of first drop, deg. C. —_— | _ — 200 
Ter aro 
Per | Sp. | Per | Sp. Per Sp. Per | Sp. 
| Cent. | Gr. | Cent. | Gr. | Cent Gr. | Cent. | Gr. 
| 
0-200 deg. C. 1-78 | 0-763 1-26 | 0-781 2-52 | 0-760 ee 
Fraction from 200-250 deg. C. 4--0 | 0-800 4-05 | 0-802 9-72 | 0-799} 11-6 | 0-785 
250-300 deg. C. | 7-78 | 0-840 8-70 | 0-835 | 17-92 | 0-829 | 16-4 0-820 
: 300-350 deg. C. | 16°50 | 0-866 | 17°55 | 0-869 | 16°96 | 0-855 | 20-4 | 0-850 
Residue maa i es | 69-74 | — | 68-44] — | 52-88] — | 51-6 | — 
| | 
Water content, per cent. 1-20 | 1-02 | 0-23 | 0-08 
Ultimate analysis— 
Carbon, per cent. . . -| 82-88 82-73 | 
Hydrogen, per cent. -| 11-26 11-20 | 
Sulphur, per cent. | 3-76 3-7 | 
Nitrogen, per cent. | 0-27 0°35 | 
Oxygen and errors, sai cent. --| 1-73 1-95 | 
Ash, per cent. --| 0-10 0-07 | 
| 
tCarbon residue and free carbon, ne cent. o<f 13-20 14-20 | 2°85 
Soft asphaltum, per cent. : 18-00 18-10 | 0-96 } 
Hard asphaltum, per cent. .| 16-50 9-30 0-80 
Cold test | * t \f Solid at § 
| | \ 14 deg. F. : 
f | | Small quantity 
| | | Greyish- | Small amount of fine 
Im purities 4 |  Brownish brown | of greyish sediment. 
| | deposit. deposit. substance. Some larger 
| | pieces. 
i | 
* Very viscous at 60 deg. F. 
+ Determined by the method of the Institution of Petroleum Technologists. 
t On cooling just below room temperature these oils immediately solidified. 
§ Increasingly viscous down to 14 deg. F 
TABLE VIIIa.—Exuavust Gas ANALYSES AND DepDvucrTIons. 
(Tests at Full-Load Torque and Over.) 
l l l sine te 
Test Number. | 15 | 10 | 13 | sf Ge a i. | 16 § 
| | | | 
Analysis of Dry Gas by Volume— | | | | . 
Carbon dioxide .. 6 Ae CO2 5-68 | 5-19 5-20 5-62 5:59 | 5-20 5:87 
Carbon monoxide co | 0-01 | 0-03 0-03 0-06 | — | 0-02 0-07 
Oxygen a O2 | 13:50 ¥ 13-96 13-98 13-42 | 13-45 | 14:04 | 13-01 
Nitrogen No | 80-81 | 80-82 | 80-79 | 80-90 | 80-96 | 80-74 | 81-05 
| | | | 
TABLE VIIJs.—Exuausr Gas ANALYSES AND DEDUCTIONS. 
(Tests at Three-quarter, One-half, and One-quarter Full-load Torque.) 
Ve "eee | | 
Test Number. 7 | tar |! Tree ees 5 a a | 9 | 12 
it Be x | * |x 
( | 
Analysis of dry gas by volume— | | 
Carbon dioxide . ‘Oo H 3-29 3-83 | 2°66 | 2-44 2°35 2-10 1-72 1:08 | 2-32 
Carbon monoxide co | 0-10 0-03 | 0-05 | 0-02 0-08 0-13 0-06 0-03 | 0-05 
Oxygen .. * O2 | 16-39 | 15-74 17-31 17-46 17-89 17-93 18-54 19-42 17-75 
Nitrogen. . No | 80 +22 | 80-40 | 79-98 | 80-08 79-68 79-84 | 79-68 | 79°47 79-88 





the system. The oil supply for the cylinders from the 
force-feed lubricators is proportional to the engine 
speed. On the full-power test the total consumption 
of lubricant (exclusive of that used in hand lubrication), 
at 87 r.p.m. was 0-343 gallon in 3 hours. 


(Zo be continued.) 





ENGINEERING TRAINING AND 
EDUCATION. 


The Institution of Electrical Engineers’ Examinations 
—The next Associate Membership examination of the 
Institution will be held on April 15, 16, and 17, 1926. 
Candidates must, either be Students or Graduates 
of the Institution, or have lodged with the Secretary 
a duly completed form “‘ E”’ for election as Associate 
Member. Entry forms for the examination, which 
must be completed and returned not later than 
February 1, and particulars regarding election to 
membership of the Institution, may be »btained from 
the Secretary, The Institution of Electrical Engineers, 
Savoy-place, Victoria Embankment, London, W.C.2. 

Lloyds Register Scholarships.—The Institute of 
Marine Engineers announces that the examination for 
Lloyd’s Register Scholarships will be held this year, 
on May 5 and 6. These scholarships of which there 








are three, are for three years each. One becomes 





The samples in these cases were collected in rubber-stoppered bottles. 


available each year. The value is 1001. per year, and 
they are open for British subjects between 18 and 23. 
Candidates may be Graduates, Student Graduates, or 
Associates of the Institute of Marine Engineers, or 
apprentices or junior engineers, not necessarily con- 
nected with the Institute. The schclarship is intended 
to assist marine-engineering students desirous of 
obtaining the B.Sc. degree. Application should be 
made by intending candidates, not later than March 10, 
in order that arrangements may be made for the 
examination, which will be held, simultaneously, in 
various centres. Further particulars may be obtained 
from Mr. J. Adamson, Hon. Secretary, The Institute 
of Marine Engineers, 85-88, The Minories, Tower Hill, 
London, E.12. 

The Institution of Structural Engineers —The Council 
of the Institution of Structural Engineers announces that, 
through the generosity of the British Portland Cement 
Association, the Institution will be able to award a 
travelling scholarship, having a value of 3001., towards 
the end of the year 1926. The scholarship will carry 
with it a gold medal of the Institution and, if the 
entries are sufficiently numerous, minor prizes will 
also be awarded. The scholarship will be limited to 
candidates below the age of 35, who have become 
associate members of the Institution before June 30, 
1926. The conditions of the competition and full par- 
ticulars concerning the scholarship will be published 
in due course. 
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TABLE XII.—(a2) BRAKE HORSE-POWER, (6) FRICTION HORSE-POWER, AND (c) MECHANICAL EFFICIENCY. 

















| | | l | l | | ] 
= Pad A Batok Geo) Bol cot “Oe ios | y ey fia | BT. £2. © T 2. f A 
Test Number : | 15 10 13 | 11 q ob e ] -@ OS | er see tee OR ae PP ae eae 
| | | } | | 
—_————————_ Sar oa — — — a es oar ccame —__——| ——__—__ — -_ 
| | | | | 
(a) Absorption dynamometer :— | | | | | | | 
Brake horse-power .. aa re we a ..| 3,640 | 3,330 | 2,910 | 2,520 | 2,160 | 1,860 | 1,530 | 1,250 | 1,020 | 820 | 460 370 | 260 | 3,630 | 2,890 | 2,910 
Brake mean effective pressure, pounds per square inch. .| 101-7 88-4) 88-4 | 88-4 66:3 | 66-3 | 66-3 | 44-2 44-2 | 44-2 22.4 22-1 | 22-1 101-7] 88-4 | 88-4 
‘Thermal equivalent of brake horse-power for one minute*) 154-3 | 141-2 | 123-4 | 106-9 91-6 78-9 | 64-9 | 53-0 43-3 | 34-8 19-5 | 15-7 | 11-0 | 154-0 | 122-7 | 123-5 
b) Friction :-— | | | | | | | | | | | 
. Friction horse-power oa e ee we cat 208 231 | 242 | 261 | 156 | 187 | 196 } 122 | 154 | 168 131 140 | 155 | 344 | 959 | 253 
Friction mean effective pressure, pounds persquareinch | 8-2 6-1 73 | 9-2 4:8 | 6:7 8:5 | 4:3 | 6-7 | 8:8 | 6:3 8-5 | 13-4 | 9-6 7-9 | 7-7 
Thermal equivalent of F.H.P. for one minute* .. .-| 12°4 9-8 10-3 | 11-1 | 6-6 | 7:9 8-3 5-1 6-5 | 6-9 | 5-6 5-9 | 6-6 | 14-6 | 11-0 | 10-7 
(c) Mechanical efficiency :-— _ | | } | | | | | | 
Brake horse-power per indicated horse-power .. ..| O-874 | 0-873 | 0-875 | 0-873 | 0-872 | 0-867 | 0-858 | 0-847 | 0-830 | 0-814 | 0-727 | 0-689 | 0-609 | 0-868 | 0-873 | 0-871 





TABLE XIII.—FUEL QUANTITIES AND DEDUCTIONS, THERMAL EFFICIENCIES. 











* In units of 1,000 B.Th.U. 









































| | | | | | | | | 
P is r | A 3 AYO Pie B | A | © (a oe ( | B }  ¢ A A A 
Test Number : | 15 10 13 11 an ine ae mS hos 6 9 | 2B 2 1 | 16 
| | | | | 
5 - oe Stel Sa rs a ae a pee aera) aaa F tacoma 
Quantity per hour (observed), 1b. 727 | 610 | 417 | 351 | 218 | 184 | 124 1,468 | 1,140 | 1,173 
Quantity per minute (corrected), lb. | 12-5 | 10-2 | 70 | 5-7 | 3-5 | 2-9 | 2:2 24-5 19-0 19-6 
Temperature e oe de a 125 127 } 115 | 105 104 95 | 105 110 94 135 
Weight per brake horse-power per hour, Ib. .. 2 0-403 | 0-400 3 | 0-412 | 0-417 | 0-457 | 0-471 | 0-508 | 0-405 | 0-394 |! 0-404 
Weight per indicated horse-power per hour, Ib. 7 | 0°35 | 0-34 0-34 | 0-34 | 0-33 | 0-33 | 0-31 0-35 0-34 0-35 
Heat carried in fuel per minute* <a id | 228-1 | 186-2 127-8 | 104-0 | 63-9 52-9 | 40-2 | 469-9 | 364-4 | 357-7 
Weight of CO formed per minute, Ib. | 38-0 | 31-0 |} 21-3 | 17-3 | 10-6 | 8:8 | 6-7 76-5 | 59-3 | 59-6 
Weight of steam formed per minute, Ib. eo. ss oe} 12-6 | 10-3 | eh S28 | 3-5 2-9 | 2-2 27-7 | 21-5 19-8 
Theoretical weight of air required per minute for com- | | | | 
bustion, Ib. .. oe Ae ae ae is -.| 847 | 316 } 274 234 198 169 138 1 ee eee a 47 | 39 30 347 269 266 
Thermal efficiency, brake horse-power basis . . re ..| 0-330 | 0-332 | 0-335 | 0-339 | 0-343 | 0-346 | 0-349 | 0-346 | 0-339 | 0-335 | 0-305 | 0-297 | 0-274 | 0-328 | 0-337 | 0-345 
Thermal efficiency, indicated horse-power basis. . ae] 0-377 0-380 | 0-383 | 0-388 | 0-395 | 0-400 | 0-406 | 0-407 | 0-409 | 0-412 | 0-419 | 0-423 | 0-442 | 0-378 | 0-386 | 0-396 





TABLE XVI.—THERMAL BALANCE SHEETS (ALL QUANTITIES IN UNITS OF 1,000 B.TH.U. PER MINUTE). 





* In units of 1,000 B.Th.U. 














| | | | | | | 
. * A | PB A OC. "ie ae | c | B Aen Gee yp oe Mil PAE A A A 
rh See: 15 | 10 i3 a ee ey ee | S14 6 | 9 | 2@ | 2 1 16 
| | | | 
| | | | | ” 
To Heat in Fuel = ae | 467 -2 | 425-2 | 368-7 315-7 | 266-5 | 228-1 | 186-2 | 153-3 | 127-8 104-0 63-9 52-9 | 40-2 | 469-9 364-4 | 357-7 
By Thermal Equivalent of— | | | 
Brake Horse-power a ‘ 154-3 | 141-2 123-4 106-9 | 91-6 | 78-9 | 64-9 | 53-0 43-3 34-8 19-5 15-7 11-0 154-0 122-7 123-5 
Seavenge Horse-power .. a ae | 9-6 | 10-6 7-6 4-6 | 7:0 | 4-4 | 2-3 | 4-2 2-4 | 1-2 1-7 0-8 | 0:2 9-2 6-8 7:5 
By Heat rejected from— | | | } 
Jackets | 62:4 | 57-0 90 +5 48-4 33-6 | 24-9 | 26-2 13-5 15-4 | 14-4 9-0 6-5 7:6 74:5 53 +7 45-6 
Pistons .. = Re a ..| 26-2 | 23-4 | 21-9 21-9 5-5 | 13-3 | 14-2 8:5 | 84 | 8:3 po 4-9 4°4,.|' 27- 22-3 21-3 
By Heat carried away in Exhaust) | | | | | | | 
Gases .. «0 oe oe | 214-8 193-0 | 165-3 133-9 118-8 106-°6 | 78:6 74-1 58-3 45-3 | 28-6 25:0 | 17-0 204-4 158-9 | 159-8 
By Radiation, &c. a | | | | | | | | 
| 467-2 | 425-2 | 368-7 | 315-7 | 266-5 | 228-1 | 186-2 | 153-3 | 127-8 | 104-0 | 63-9 | 52-9 | 40-2 | 469-9 | 364-4 | 357-7 
| | | | | ! 














ELECTRICAL EXPLODERS FOR 
SHOT-FIRING IN COAL MINES. 


Exectric detonation has been strongly recommended 
officially, though not actually enforced, in this country 
ever since the passing of Coal Mines Regulation Act 
of 1896, and practically all electric ignition has been 
effected by means of magneto-exploders. This practice 
has advantages, but is not free from drawbacks. A 
current too weak to heat and to fire a detonator may 
yet decompose it to an extent sufficient to make it 
resistant to a subsequent stronger current and thus 
cause misfiring. The regular use of stronger currents 
would require bulkier magneto-machines and would 
increase the risk of sparking in the machine, or of 
damage to the line. The chief problem of the recent 
work of the Explosives in Mines Research Committee 
(an account of which is published in the Safety in 
Mines Research Board Paper No. 11) was really to 
ascertain how currents could be produced capable of 
heating the detonator in the fusehead sufficiently, but 
not of giving sparks liable to explode firedamp. The 
members of the committee concerned were Colonel Sir 
Frederick Nathan, Dr. J. D. Morgan, of Birmingham, 
Mr. W. Rintoul, of Nobel’s Explosives Company, and 
Dr. R. V. Wheeler. The report also embodies an 
account of pre-war experiments, so far unpublished, on 
battery ignition. 

Electric fuses are distinguished as low-tension 
and high-tension (L.T. and H.T.) detonators. In 
experimenting with the former, two strips of cardboard 
pasted together were covered with metal foil on their 
outer sides which were connected by a bridge wire of 
constantan of about 1 ohm resistance; the whole 
head was coated with a composition of copper acetylide 
and collodion. The H.T. detonator did not contain 
any bridge wire ; the strips were embedded in a medium 
of collodion, graphite and copper acetylide, of a 
resistance ranging from 2,500 up to 25,000 ohms. 
The magneto-machines were modified in various ways, 
and the report describes interesting apparatus designed 
to control the current flow and to pass a pre- 
determined number of current waves through a fuse- 
head while the exploder was rotated. 

_ On L.T. circuits, the line resistance is, of course, 
important; on H.T. circuits it is insignificant. The 





realisation of the principal object referred to above 
would not be simple, even if detonators were much 
more uniform than they usually are. The deto- 
nation requires heat, and depends upon the quantity 
C*Rt, where the time ¢ has to be very short; the 
sparking accompanying the breaking of an inductive 
circuit depends upon $ L C*. The varied experiments 
made proved that, in H.T. circuits, detonation was often 
obtained by as little as half a current wave, while on 
L.T. circuits the number of waves required increased 
with the line resistance. Considered as spark producers, 
some magneto machines proved very inefficient, and 
on the score of safety it was considered desirable to 
emphasise this feature. This end was attained by 
replacing the laminated magnet core by a core of solid 
mild steel, while still better effects were obtained 
by wrapping a band of copper, 0-022 in. thick, around 
the armature before winding it. A few figures will help 
to explain the relations. With the solid steel L.T. 
magneto core, peak currents of 1-45 amperes were 
required to ignite a methane-air mixture of 8-5 per 
cent. (highly explosive); that peak would correspond 
to 0-9 ampere root mean square value. Now 0-7 
ampere exploded the fuse-head, and the machine, under 
all conditions as regards resistance, should be able to 
give that current ; but with low circuit resistance the 
current would rise sufficiently to be unsafe. By the 
use of the copper band, a much greater safety margin 
was obtained and reliability of fusehead ignition was 
combined with absence of sparking. A shunted non- 
inductive resistance or a condenser across the circuit 
can, of course, be used for the same purpose; the 
condenser would appear to be preferable, but it might 
actually acentuate the sparking if subjected to a 
series of rapid makes and brakes. H.T. machines 
are more easily dealt with in this respect than L.T. 
machines, 

Some of the magneto machines examined were 
found to be badly designed and constructed. The com- 
mittee criticise machines fitted with a spring blade bear- 
ing against a rotary contact stud, and magnets built 
up of several small magnets. Their own preference 
is for an inductor with rotating magnet of cobalt 
steel. They further recommend dry cells for battery 
explosion as sufficiently effective and reliable. On 
this subject the experiments, as already stated above, 








were made as early as 1913 and 1914, since which time 
batteries have certainly been improved, thanks largely 
to the efforts of the American Electrochemical Society 
and other bodies. The arrangement recommended in 
the report for high-tension fusehead exploders is simple. 
The circuit comprises one dry cell of 1-4 volts, a closed 
iron core with a single winding of 600 turns, a galvano- 
meter, the two wires to the fusehead and a quick- 
action switch across this line. The current always 
flows through the fusehead, but it is very weak, owing 
to the high resistance ; explosion ensues on closing the 
switch and opening it again immediately afterwards. 
The disadvantage of dry cells is, of course, that they 
have a limited life of uncertain length. 





Nationat Coat ReEsouRCcES, ScoTTisH COMMITTER.— 
In pursuance of the policy of carrying out the work of 
the physical and chemical survey of the national coal 
resources, which is one of the main aspects of the fuel 
research work of the Department of Scientific and 
Industria! Research, a commitice has been appointed to 
deal with the survey of the coalfields of Scotland. The 
coalowners and the Mining Institute of Scotland are 
co-operating in this work. Committees are already 
established in the Lancashire and Cheshire, South York- 
shire, and North Staffordshire areas. 


Watt CHart oF [RON AND STEEL PRicEs.—We have 
received from Messrs. W. Richards and Sons, Limited 
Britannia Foundry, Middlesbrough, a copy of the sixth 
annual issue of their wall chart of iron and steel prices, 
1914 to 1926. The chart shows, in graphical form, the 
price fluctuations, from January, 1914, to November, 
1925, of iron rivets, iron castings for marine purposes, 
iron bars, steel ship plates, steel angles and joists, rails, 
and pig-iron. Spaces for each month, up till November, 
1926, have been left, in order that the chart may be kept 
up to date. The general downward trend of prices, 
from the 1920 period, is well demonstrated. The price 
of rails, to take a typical example, rose steadily from 
41. 10s. a ton in 1914, to 241. a ton in May, 1920. The 
rapid fall in price began in January, 1921, continuing 
until July, 1922, when rails were sold at 8/. per ton. 
Prices have fluctuated somewhat since the latter date, 
but the general downward trend has been sustained ; 
the figure given for November, 1925, is 71. a ton. The 
chart measures 20 in. by 11 in., and the various curves 
are clearly printed in contrasting colours. 
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THE BORSIG STRAIGHT-WAY VALVE. 


WHEN steam or water is being passed through an 
ordinary type of stop valve, there is always a certain 
amount of obstruction to flow caused by the position 
that the mushroom-shaped valve takes up in the stream, 
Because of this the fluid has to change direction, and a 
greater amount of pressure drop is caused than would 
be the case if a type of valve were used which would 
allow the steam or water to continue its flow in 
the line of the pipe system, without any deflection. 
The advantages of designs intended to avoid this 
are, therefore, obvious, and some successful attempts 
have been made by manufacturers to produce a valve 
with such characteristics. With these in use, a higher 
rate of flow through the valve is possible than would be 
the case with the mushroom type, and consequently this 
advantage may be utilised by the fitting of pipes of 
smaller cross-section than would be required were val ves 
of the usual type employed. A German design of 
straight-way valve is illustrated in Figs. 1 to 4 on this 
page, which show views of a product of Messrs. A. 
Borsig, G.M.B.H., of Berlin, for whom Messrs. Leisti- 
kow, Allison and Lyon, of 18 and 19, Southampton 
Buildings, Chancery-lane, London, W.C.2, are the 
agents in Great Britain. Because of its toggle lever 
movement, it is very easy to operate, and, at the 
same time, its construction is such that it is possible 
to grind the valve and seat without dismounting it in 
any way from the pipe range. Figs. 1 and 2 show the 
valve in sectional elevation and plan, while Fig. 3 
indicates the unobstructed passage left for the steam 
or water when the valve is open. Fig. 4 shows how 
the grinding of the valve and seat is accomplished. 

The disc valve is mounted on a swinging lever, the 
shaft for which is located above the valve seat. In the 
process of opening and closing, this swinging lever is 
turned through an angle of approximately 90 deg. 
This motion is obtained from the spindle, which can be 
raised or lowered by turning a hand wheel, through 
an intermediary toggle lever attached to a sliding 
carriage, the latter being connected with the spindle. 
Between the valve and the swinging lever, a spring is 
provided, which prevents any chatter of the valve disc 
on its seat. The use of the toggle Jever gives a con- 
siderable mechanical advantage in opening and closing 
the valve, and the variation of leverage is such as to 
ensure that the maximum pressure of the valve on the 
seat is available as the valve reaches its seat and, at 
the time of this action, the speed of movement is a 
minimum. 

One feature, which should be mentioned, is that 
when the valve is fully opened and the sliding carriage 
is drawn up into the cap, seating rings on the top of 
the carriage and on the dome of the cap shut off the 
safety chamber below the stuffing-box from live steam. 
This provision is of considerable service for, by its 
introduction, repacking of the stuffing-box is made 
possible while the valve is passing steam. To do this, 
the valve is opened fully and thus the seating rings 
are brought together. The test plug is then removed 
from the small safety chamber, when it is quite safe 
to remove the gland and packing. The Borsig valve 
is made to work at pressures of upwards of 450 Ib. 
per square inch and temperatures of 750 deg. F., in 
sizes of from 4 in. to 24 in., and for working pres- 
sures of 600]b. per square inch for supplies through 
pipes of 2 in. to 3} in. diameter. In the larger sizes 
provision is made for a by-pass, the hole below the valve 
seat for which may be seen in Fig. 1. The materials of 
which the valve is made are high-tensile open-hearth 
steel for the body, and compressed pure nickel for the 
seating rings, while the flanges are made in accordance 
with the British standards. 

A special wrench is provided for use in regrinding the 
seating surfaces. This is a long lever bent at right 
angles towards the end, so that it may be inserted in one 
or another of a series of holes on the back of the valve 
disc, while anintermediate point is pivoted at the centre 
of the dise by the engagement of the disc stud in a 
hole in a projection on the wrench (see Fig. 4). By the 
movement of the wrench, backwards and forwards, the 
requisite grinding movement between the faces may 
be obtained. The use of the wrench in the other 
holes on the back of the valve ensures that the whole 
of the faces between th» two components may be 
quickly reduced to the required condition. It should 
be stated that the plain step bearings, shown in Fig. 3, 
may be replaced by a ball thrust bearing, without 
the necessity of changing any other part, and the valve 
can be changed from hand to motor operation at any 
time, since the surfaces on the yoke, which serve for the 
accommodation of the motor and gear, are all machined. 








LauncH oF THE S.S. “ SimonBURN.’’—Recently 


Messrs. Short Brothers, Limited, launched from their 
yard at Pallion, Sunderland, the steamer Simonburn, 
which is being constructed to the order of Messrs. 





Common Brothers for the 


Northumbrian Shipping 








STRAIGHT-WAY VALVE. 


CONSTRUCTED BY MESSRS. A. BORSIG, G.M.B.H., ENGINEERS, BERLIN. 
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Company, Limited, of Newcastle-on-Tyne. The vessel 
is of the single-deck type, with poop, bridge and top- 
gallant forecastle, and has a length of 402 ft., a breadth 
of 53 ft. 6 in. and a moulded depth of 31 ft. 6 in. A 
deadweight capacity of approximately 8,900 tons will 
be carried on a draught of 25 ft. 6 in. Accommodation 
for water ballast is provided in the double bottom, 
and in fore and after peak tanks. The Simonburn 
is intended for the carriage of grain in bulk, and is 
equipped with wooden shifting boards in the hatch- 
ways, poop, and bridge ’tween decks. The propelling 
machinery, which will be fitted by Messrs. John Dick- 
inson and Sons, Limited, of Sunderland, consists of 
triple-expansion engines having cylinders 25, 41 and 
68 in. in diameter with a stroke of 48 in. Superheated 
steam will be supplied by two large multitubular boilers 
working at a pressure of 180 lb. per square inch. 





THE Panama Canat.—Some interesting statistics 
regarding the dimensions of vessels passed through 
the Panama Canal within the last five years are sup- 
plied in a recent issue of the Panama Canal Record. 
The figures which are given show that the average 
dimensions of commercial vessels passing through the 
waterway in the fiscal years 1921 to 1924 have in- 
increased very appreciably. This increase may be attri- 
buted primarily to the larger number of oil tankers using 
the canal, and the tendency towards the establishment of 
regular services over scheduled routes with modern well- 
equipped ships, these replacing the tramp steamers which 
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in earlier years constituted the greater portion of the canal 
traffic. Ships having lengths of between 400 ft. and 499 ft., 
which made the passage in the fiscal years 1921 to 
1925 numbered respectively 1,301, 1,281, 2,175, 3,148, 
2,746, and represented corresponding percentages of 
45, 46-8, 54-8, 60-2 and 58-7 of the total traffic. 
Vessels of over 500 ft. in length which passed through 
in these years numbered respectively 74, 66, 237, 368 
and 366, these returns being 2-5, 2-4, 6, 7 and 7:2 
per cent. of the total transits. An examination of the 
statistics of breadths of ships whose passages were 
recorded during the years under review shows that 
vessels whose measurement ranged between 50 ft. and 
59 ft. numbered 1,557, 1,660, 2,443, 3,360 and 2,937, 
making respectively 53-8, 60-7, 61-6, 64-2 and 62-8 
per cent. of the total transits. Ships with a beam of 
60 ft. and over numbered 218, 200, 602, 987 and 
844, or 7-5, 7:3, 15-2, 18-9 and 18-1 per cent. of the 
total returns of passages. Vessels having draughts 
between 25 ft. and 29 ft. numbered 796, 793, 1,412, 
1,814 and 1,645, making 27-5, 29, 35-6, 34-7 and 
35-2 per cent. of the total passed through, whilst those 
of 30 ft. and over numbered 57, 24, 109, 149, 163, 
making 2, 0:9, 2-7, 2:8 and 3-5 of the totals. The 
dimensions of the ‘‘ average ” ship which sailed through 
the Panama Canal during 1921 were :—length 367-5 ft., 
breadth 49-4 ft., and draught 21-5 ft.; these measure- 
ments have steadily increased year by year, the latest 
figures being 407-7 in length, 54-2 in breadth, and 
draught of 22-8 ft. 
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THE PHYSICAL SOCIETY OF LONDON. 


Ar the meeting of this Society, held on Friday, 
December 11, 1925, at the Imperial College of Science, 
Mr. F. E. Smith, C.B.E., F.R.S., the President, being 
in the Chair, a paper on “ The Effect of Rolling on 
the Crystal Structure of Aluminium,” by Dr. E. A. 
Owen and Mr. Preston was read. The paper stated 
that sheets of aluminium had been examined by the 
ionisation spectrometer and by photographic methods, 
with a view to discriminating between two contra- 
dictory results obtained, by previous observers, with the 
photographic method, as to the final orientation of 
crystals in rolled material. 

‘The results showed that, when a cast specimen of 
aluminium containing a number of large crystals 
oriented at random throughout the body of the material 
is rolled, the crystals break up into a large number of 
minute crystals. As the thickness of the material is 
progressively diminished, the small crystals tend to 
take up a definite orientation, each crystal having a 
cube diagonal in the direction of rolling and a (211) 
plane in the plane of rolling. Two seats of crystals 
exist in the material after rolling, the one set being the 
optical image of the other in the plane of rolling. 
The observations obtained by the ionisation spectro- 
meter indicate that the type of the space lattice remains 
unaltered, and that the parameter of the material in 
the severely worked condition does not differ from that 
of the annealed material by more than 0-5 per cent. 

In the discussion, Miss L. Elam referred to the relative 
merits of the photographic and the ionisation-spectro- 
meter methods. The latter method she considered 
somewhat unreliable for the present purpose, unless 
elaborate precautions were taken to move the speci- 
men about both vertical and horizontal] axes. If the 
reflecting planes were not accurately vertical, reflec- 
tions might occur which failed to enter the chamber 
and so passed unnoticed, and in any case the intensity 
was so much affected by the inclination of the specimen 
that little importance could be attached to the maxi- 
mum and minimum values obtained. Thus the flat- 
tening of the peaks might be due to this cause, the 
orientation of the crystals being altered in the vertical 
plane by rolling: some of them might become placed 
in a more favourable position for affecting the chamber. 
This suggestion was borne out by the photographs in 
the paper, since they showed an almost continuous 
ring of scattered radiation where the ionisation chamber 
gave indications corresponding to only a few degrees 
of this ring. 

Professor F. L. Hopwood said that both speakers 
had avoided referring to the amorphous surface layer. 
Had the assumption that such a layer exists been 
abandoned ? Dr. E. A. Owen, in reply to the dis- 
cussion, said that he disagreed from Miss Elam entirely. 
He considered the spectrometer method much superior, 
for in the photographic method the plates showed 
reflections from a number of planes, but there was 
nothing to show when these reflections took place or 
what the orientation of the specimen was. In the 
spectrometer method, as used in the present work, the 
specimen could be turned up or down as required to 
get the full effect of the reflected beam. There was the 
further advantage that all the observations could be 
taken at one sitting. However, it was better to work 
the two methods in conjunction. The work was 
undertaken on account of discrepancies between the 
results obtained by two workers who used the photo- 
graphic method. No indications of an amorphous layer 
had been found in these experiments, but they were not 
very carefully looked for. 

The second paper on ‘* The Spreading of One Liquid 
on the Surface of Another,’ by Mr. R. S. Burdon, was 
read by Mr. Edwin Edser, in the absence of the author. 
The paper gave an account of preliminary investiga- 
tions into the spreading of liquids on mercury. Water, 
and solutions of a number of inorganic substances, were 
tested. Purest “‘ conductivity ” water in the presence 
of air was found to spread very slowly on a clean 
mercury surface; the spreading was greatly accele- 
tated by traces of acid in solution, and totally inhibited 
by traces of alkali. All the neutral salts tested, even 

chlorides of mercury and silver, were found to produce 
rapid spreading. By varying the concentration of the 
solution the rate of spreading was controlled. 

All acid solutions tested spread rapidly, probably 
reacting chemically with the mercury. One part of 
hydrochloric acid in ten million of water definitely 
accelerated spreading. A drop of very dilute acid 
spread rapidly to cover a definite area and stopped, 
any further spreading being as slow as that of water. 
The area covered during the rapid stage depended 
on the nature of the acid; it was proportional to the 
number of acid molecules present, and was larger than 
would be expected if a mono-molecular layer of the 
appropriate salt were formed on the mercury surface. 
Drops of certain alkaline solutions, notably ammonia, 
were found to spread after a period of delay, the spread- 


Electrostatic fields up to 4,000 volts/cm., applied per- 
pendicularly to the surface, produced no visible results. 
Placing a platinum wire from one terminal of a battery 
in the mercury and from the other terminal in the drop 
and applying small voltages, caused spreading even in 
alkalis if the mercury were positive, and prevented 
spreading even in dilute acids if the mercury were 
negative. Increasing the field beyond that necessary 
to prevent spreading (mercury negative) set up an 
oscillation, the drop spreading till it broke contact 
with the terminal, and then contracting. An E.M.F. 
of 400 volts was required to produce this effect with 
a drop of conductivity water. A method of photo- 
graphing films on the surface of mercury was described. 
By the same means a photograph was obtained show- 
ing a drop of oil spreading on a water surface. The 
spreading drop was preceded by a well-defined ridge, 
probably that observed by Osborne Reynolds, but 
apparently by none of the more recent writers. 

In the discussion, Mr. A. V. Slater said that, although 
Mr. Burdon stated in concluding his paper that any 
theory would be guesswork at the present stage, his 
paper appeared to afford several further proofs of 
already fairly well-known theories. At all events, it 
could not but be helpful to express such phenomena as 
are relevant in terms of existing theories, if only with 
the object of stimulating discussion. The “‘ distillation 
theory ” of spreading was still further discountenanced 
by Mr. Burdon’s observations that spreading of water 
was accelerated by traces of acid and inhibited by 
traces of alkali, which, of course, would not greatly 
affect spreading by distillation. 

According to recent work by Rideat and co-workers 
(Proc. Roy. Soc.), the spreading of a fatty acid on 
water was due to a pull across the interface and the 
fatty acid spread because it, perforce, had to spread. 


between a mercury surface and mercury ions in soln- 


attraction across the interface being between mercury 
atoms in the surface and Hg ions, plus their complement 
of water of hydration, in the solution. Consequently, 
the film would be more than a molecule thick and 
should depend on the extent of hydration of the attracted 


water. 
might be due to the frictional resistance offered by the 
surface. 


was that of the disturbance of the equilibrium thickness 
of the critical layer by curvature of the phase of higher 
surface tension. That such critical thickness was 
modified in the direction of a very substantial increase 
was evident by the following consideration: Under 


divided solid powder to a paste, the transition from a 


reasonable uniformity of dispersion and spherical 
form, considerable divergences were realised from the 
ratios corresponding to either cubical or hexagonal 
piling. That the discrepancy should amount to that 
accounted for by an interfacial layer of liquid one or 


were taken as the reciprocal of the relative thickness of 
the critical layer for a plane surface, and we took the 


@ mono-molecular film on water, we found that this 
substance marked the lower limit of thickness for 


turning to the solid-liquid paste, previously referred to, | ; 
thickness of oil layer corresponding to about 30 mole- 


cules. 
There might be several possible explanations account- 


In the first place, we had the simple hydrostatic equa- 
tion connecting free or excess energy with radius of 





two conditions cited. t 





ing being due to carbon dioxide absorbed from the air. 


CATALOGUES. 


Cast-Iron Pipes—Dimensioned lists of cast-iron pipes 
in stock for immediate delivery are to hand from the 
Stanton Ironworks Company, Limited, Nottingham. 


Cast-Iron Pipes.—The Staveley Coal and Iron Company 
Limited, Chesterfield, have sent us a copy of their 
monthly list of cast-iron pipes in stock ready for dis- 
patch. 

Thermometers.—A catalogue of distance thermometers 
for indicating or recording temperatures up to 1,000 deg. F. 
has been received from Messrs. Negretti and Zambra, 
38, Holborn-viaduct, London, E.C.1,. 


Motoring Supplies—A copy of their monthly journal 
The Accessory, dealing with parts for motor-car repairs 
and renewals, cieaning materials and appliances, &c., 
is to hand from Messrs. Brown Brothers, Limited, Great 
Eastern-street, London, E.C.2. 


Motor-Vehicle Repairs.—Messrs. Fescol, Limited, Pen- 
arth-street, Canterbury-road, London, S.E.15, have 
issued a booklet describing the various parts of a motor 
vehicle which may be restored when worn by their 
process of electrolytically despositing nickel. 


Chain Drives.—A handbook on the selection of chains 
and wheels for normal drives has been issued by The 
Coventry Chain Company, Limited, Coventry, and should 
prove extremely useful for reference by engineers. The 
firm also offers advice in cases of drives of an unusual 
or difficult kind. 


Railway Tyres—-We have received from Messrs. 
Henry Bessemer and Co., Limited, Sheffield, a catalogue 
describing the method and effects of the Sandberg 
sorbitic process of heat treating railway or tramway 
tyres made of Siemens-Martin open-hearth acid steel, 
for increasing resistance to wear and abrasion. 

Electric Cables.—Two catalogues describing steel-taped 
cables and splices, and tapes for rubber-insulated wires, 
as manufactured by them, are to hand from the Okonite- 





Now, this tension SCEOSS the interface was explained by | Calendar Cable Company, Inc. Patterson, N.J., U.S.A. 
molecular attraction between the COOH groups and | Both catalogues contain excellent descriptive matter 
the water; in Mr. Burdon’s case, the attraction was | and good illustrations. 


Electric Lighting—Two catalogues received from the 


tion. The extent of the area covered during the raptd | General Electric Company, Limited, Magnet House, 
stage, being proportional to the number of molecules of | Kingsway, London, W.C.2, deal with wiring for houses 
acid present, was in accord with this theory—the | and public buildings, and with fittings for shop-window 


lighting. Both catalogues are carefully prepared, giving 


full clear information. 


Cooling Towers.—A catalogue of water-cooling towers 


to hand from the Visco Engineering Company, Limited, 


162, Grosvenor-road, London, 8.W.1, shows examples 


. ; . ae par of three types, viz., the chimney, super and open types. 
— Any water in excess of that required to hydrate The super type is of the enclosed form, designed for use 
the ions would spread slowly at the rate for pure | in situations where the space is too limited for the 
The advancing ridge observed on spreading | standard chimney type. 


Electric Power Transmission Lines.—The British 
Insulated’ and Helsby Cables, Limited, Prescot, Lancs., 


Mr. A. de Waele said that a phenomenon which had | have issued a new edition of their catalogue of trans- 
given him much food for thought, but had never | mission-line materials, including conductors and all the 


struck him as of easy demonstration until that evening, | necessary fittings for attaching them to poles and tower 
structures. Some useful data on the strength and other 


characteristics of such lines are included. 


’ Water Power.—An excellent guide to the latest develop- 


ments in hydraulic turbines and their auxiliaries is given 
in the new edition of the water-power catalogue issued 
experimental conditions well known to paint techno- owen, Hinanane spec aa “— ee it ie folly: illwe. 
logists, it was possible to determine the specific absorp- | trated and contains much technical and practical infor- 
tion of a liquid medium necessary to convert a finely- | mation. 


Electric Furnaces.—Electrically-heated furnaces, speci- 


loose non-wetting powder to a coherent paste possessing | ally adapted for carburising or case-hardening, and 
incipient adhesion (external wetting power) being quite | provided with automatic temperature regulation, are 
critical. From the ratio of volumes of solid and liquid | described in a catalogue received from Automatic and 


phases in the system so obtained, with powders of | Electric Furnaces, 
London, E.C.1. These furnaces are made in three 


standard sizes, the largest having a heating chamber 
measuring 36 in. by 24 in. by 12 in. 


Limited, 175, Farringdon-road, 


Air Heaters for Boiler Furnaces.—A number of dia- 


grams with explanatory text dealing with the effects of 
Rie . ot their preheating system as applied to the supply of 
two molecules thick might most certainly be anticipated, combustion air for boiler furnaces, have been issued by 


but the separating layer actually amounts to a thick- | Megers. Howden-Ljungstrém Preheaters (Land) Limited, 
ness of the order of, very often, 100 molecules or more. | 133, Helen-street, Govan, Glasgow. The diagrams show 
Now, if the right-hand term of the Dupré equation, | that, on test with Lancashire boilers, the peak efficiency 


referred to by Harkins as the “ spreading co-efficient,’’ | was increased from 61-5 per cent. to 78-5 per cent. and 
the evaporation by 57 per cent. 


Electric Trucks.—The electric-battery truck is being 


generally-accepted statement that oleic acid spreads to | adapted to a very wide range of requirements, judging 

from the many different types shown in a catalogue 
received from Messrs. Ransomes, Sims and Jeftfries 
ANE i ee F Limited, Ipswich. The sizes range from the smallest 
liquids which were insoluble in the water phase. Re- up to those capable of taking loads of 15 tons, and there 


s a large number of specially adapted forms for various 


we found that such decidedly polar phases as, let us| applications. Lifting platform types, trailers, cranes, 
say, zinc oxide and linseed oil, were in equilibrium at a | and a small electric locomotive are also illustrated. 








THe Twrtxn-Screw Motor Sure “ INDRAPOERA.”’— 


ing for the discrepancy in thickness of the layer sur- | Built at the “De Shelde” Shipyard, Flushing, to the 
rounding curved surfaces, all of which might be related. | order of the Rotterdam Lloyd Steamship Company for 
their fortnightly service between Rotterdam and Java, 
the twin-screw motor mail ship Indrapoera has a 
7 : : cnt been completed. The propelling machinery consists 0 
curvatare, implying ® minimum of free energy ot two six-cylinder Schelde-Sulzer engines, which will 


infinite radius of curvature, and considerations of the develop 7,500 shaft horse-power. The 
wedge theory of absorbed molecules might reasonably | gach cylinder is 760 mm. (29-92 in.), and the stroke of 
lead us to expect tension equilibria to differ under the | the pistons is 1,340 mm. (52°76 in.). The official trial 


diameter of 


rip will he run in the near future. 
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** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 

the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ‘‘ Sealed”’ is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the pt of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


238,974. C. Day, Stockport. Fixing Pulleys to 
Shafts. (2 Figs.) June 5, 1924.—The invention relates 
to means for fixing pulleys, wheels, cranks, couplings 
and so forth to shafts. According to the invention, 
pulleys, wheels, cranks, couplings and so forth are 
fixed to shafts partly by being shrunk or forced thereon 
and partly by means of a plurality of keys or pins secured 
against working out by welding, the shrinkage or forced 
fit and the keys forming together the sole means of 








taking the torque. The crank 1 is shrunk on to the 
shaft 2 and pin 3, and a number of small holes are drilled 
at the joint of the crank 1 and shaft 2 and the crank 1 
and pin 3, so that their axes lie parallel with, or in, the 
joint, and circular pins 4, of parallel or slightly taper 
form, are fitted into the holes. The exposed or visible 
end of each pin 4, or the exposed or visible ends of each 
pin where the pins extend from side to side of the web, 
are then welded to the adjacent metal, as at 5, to secure 
the pins against working out. (Sealed.), 


238,979. J. L. Hall, Bramhall, near Stockport, 
and S. J. Harley, Coventry. Gauges. (5 Sigs.) 
June 10, 1924.—The invention has reference to snap 
and other gauges having adjustable gauging members. 
@ represents the body of the gauge, whilst 6, b are the 
adjustable gauging members of hardened steel. Bodily 
adjustment of the gauging members b, 6 towards and 
away from each other on tha jaws al, al of the gauge is 
effected by means of a centrally arranged screw c, the 
inner end of which engages with the piece c! to which 
the gauge membor is pivoted on an axis at right angles 
to the plane of the gauge. The pivotal adjustment of the 
gauging members for parallelism or for tolerance is 
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determined and set >y means of a pair of adjusting 
screws t, ¢ working ia tapped holes one at each side 
of, and parallel with, the central screw cand bearing with 
their inner ends against the back of the gauging member. 
After the pivotal adjustment has been made, any back- 
lash in the screws ¢,? may be taken up by tightening up 
the central screw c so as to draw the gauge member hard 
up against the ends of the screws #,7. In a limit gauge 
constructed in accordance with the invention, one or both 
of the acting faces of the gauge members b, b may be 
either formed with local transverse raised portions 6}, 
62 constituting the “go” and “ not go” limits, respec- 


tively, as shown in Figs. 1 and 2. (Sealed.) 
238 944. - W. Berry, Wakefield. Drawing 
Sheet Metal. (1 Fig.) May 27, 1924.—The invention 


relates to presses for drawing sheet metal hollow ware, 
such as vessels of considerable depth, in a plurality 
of stages, for example two, which may be termed the 
“draw ” and “redraw ”’ operations. Assuming that dies 
are used consisting of an upper die and a lower die, 
comprising inner and outer drawing members each 
supported by pressure pins and under the action of 
separate cams by which the pressure and timing of 
operation of the respective pressure members are 
controlled, the object of the invention is to provide 
means for taking the first draw pressure, or relieving 
the redraw cam of pressure during the first drawing 
operation, so that no tendency is present for the 


mechanism to be thrown out of proper action due to 
oblique forces acting on intervening parts, such as 
the roller on which the redraw cam operates up to 
the time the redraw member commences its function 
or descent. a is the bed of the press supporting the 
lower die b which comprises the outer drawing member 
bl and the inner or redraw member 62, these members 
being supported, respectively, by pressure pins 63, b4 
with which are associated butters c! and c2. d designates 
the cross head carrying the upper die. There are 
attached to the tie rods e at each side of the press by 
which the cam mechanism (not shown) is operated 
from the cross head d, cross members e! which carry 
vertical bars f, f1 adapted to operate slides working 
in guides in the bed a. The slides are formed of two 
relatively adjustable parts g, gl. They pass under 
the lower die 6 and may be slotted to allow passage 
of the pressure pins b3 of the outer draw member so 
that they extend to engage the pressure pins b4 
supporting the inner or redraw member 62. The vertical 
actuating bars f, f1 pass through slots in the slides, 
these slots having inclined faces h, ht acted on by 
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(238,944) \ 


wedge members 7,71 on the bars, so that the slides are 
inserted under and withdrawn from the pressure pins b4 
at the proper times in the reciprocation of the ram or 
strokes of the press. The draw commences using the 
redraw member 62 as the plug for the draw of first 
diameter, the slides g, g! being in position under the 
pressure pins 64 and thus taking the pressure of the 
draw and transmitting it to the bed a of the press. 
When the first drawing operation is completed, the 
bars f, ft act on the slides by the action of the wedge 
members 71 on the lower faces hk! of the slots in the 
slides to cause the latter to recede from under the 
pressure pins so that the redraw member may now 
operate or descend under control of its individual cam. 
The reverse action takes place on the opposite stroke 
of the press—that is to say, the wedge members ¢ act 
on the upper inclined faces # and the slides are forced 
back again under the pins as the redraw member 
reaches its original position. A slight pause takes place 
between the sequence of the operations to allow the 





slides to be withdrawn before the second or redraw 
operation commences. (Sealed.) 
239,579. C. G. Garrard, London, and G. S. 


Walpole, Westminster, London. Cam Mechanism. 
(3 Figs.) June 5, 1924.—The invention relates to an 
improved mechanism for producing cam-like movement 
from the rotational movement of a shaft. According 
to the invention, the cam member comprises a cylindrical 
cage or like carrier member coaxial with, and it may be 
integral with, the shaft 1, and three or greater odd number 
of balls or rollers 3 loosely housed in a substantially 
diametral slot 2 of the cage, the outermost roller at each 
end protruding from the cage. During the operative part 
of the motion of the shaft, the protruding rollers each 
bear against and roll on the roller track 6, transmitting 
pressure between the tracks so as to force them apart. 





{ (239579) | 


The relative motion at the contact surfaces between 
roller and roller and between roller and track is pure 
rolling. In most cases of applying the invention, one 
track is fastened to the frame of the machine, or to a part 
in fixed relationship therewith, and the other track is 
fastened to the part to be actuated. The excess of the 
diameter of the protruding balls over that of the cage 
should slightly exceed the distance of travel of the member 
to be actuated to allow for the elasticity, but both 
tracks may be fastened to movable members to produce 
relative motion. In this case, the excess of the diameter 
of the protruding balls over that of the cage should 
slightly exceed the distance of relative motion of the 
two movable members. (Sealed.) 


239,258. Cammell Laird and Co., Limited, Shef- 
field, J. McN. Allan, Sheffield, and W. Carnegie, 
Sheffield. Turning and Boring Tools. (5 Figs.) 
May 6, 1924.—The invention relates to turning and 


boring tools of the type comprising a cutter in the form 





of a truncated cone rotatably mounted in an inverted 





position on a holder so that the cutting edge between 
the conical side and exposed face (which is the base 
of the cone and may be hollowed) may be renewed 
when worn by slightly turning the cutter in its holder. 
The cutter A is in the form of a truncated cone having 
a central cylindrical hole, its exposed face Al (which 
is the base of the cone) being hollowed as shown. The 
main body B of the holder is formed with a conical 
recess C in its upper surface in the end B! of the main 
body B. The conical recess C corresponds in taper 
and in smaller diameter to the cutter A, the bottom 
Cl of the recess being its smaller diameter and at right 
angles to its axis. The conical side wall of the recess C 
is not continuous, a portion thereof being open at the 
end, or, preferably, at a rounded corner of the holder, 
for a distance less than half the circumference, so that 
when the cutter A is in the recess C, a portion of it 
projects out from the holder, although the cutter cannot 
pass through the gap in the side wall of the recess. 
A stud D is provided in the recess C and is co-axial 
therewith, fitting the hold in the cutter A. The 
recess C is sunk in the holder with its axis inclined at 
such an angle to the clamping surfaces of the holder 
that, when the cutter A is contained in the recess, one 
portion of its cutting edge projects through the gap 
referred to above, with the adjacent surfaces presented 
at the desired angle to the work. In the construction 
illustrated, the end B!, of the holder containing the 
recess C is itself inclined to the clamping surfaces of 





the holder, as seen clearly in Figs. 1 and 3, so as to 
have a surface at right angles to the axis of the recess C 
so that the cutting edge of the cutter A is contained 
in a plane which is parallel to the adjacent surface 
of the holder. When the holder is used with the 
recess C in its upper surface, the cutter A may be 
simply placed in the recess C, and the tool may be 
used with the cutter loose, since the latter will be 
adequately supported by the base and conical side 
wall of the recess over the greater portion of its exterior 
surface. It is preferred, however, to clamp the cutter 
in the recess to enable the tool to be used in an inverted 
position and to prevent chattering of the cutter. For 
this purpose, a hole E is formed in the end B! of the 
holder adjacent to the recess C and substantially 
opposite the gap in its side wall through which the 
cutter projects. The hole E is parallel to the axis of 
the recess C and a bolt Fis disposed in the hole E, the 
parts being so proportioned that the head F! of the 
bolt F overlaps and engages the exposed edge or face 
of the cutter A, which is thus clamped in position by 
a nut F? at the opposite side of the holder. The hole 
may be recessed as shown at E! around the hole E to 
receive the head F! of the bolt F, and thus to enable 
it to clamp the cutter after the latter has been reduced 
in thickness by a subsequent grinding operation, since 
when the complete edge has been worn out a new one 
may be provided on the cutter by a simple grinding 


operation. (Accepted September 16, 1925.) ~ 
MISCELLANEOUS. 
233,527. C. T. Clifton, Bexhill. Erecting Poles. 


\9 Figs.) May 21, 1924.—The invention relates to devices 
for use in driving posts into the ground. According to 
the invention, a driving slipper stirrup or block A is 
attached to the pole G by a rope B, which passes round the 
pole and is so arranged that, when the block A is struck 
downwardly to drive the pole into the ground, the force of 
the blow will tighten the attachment between the block 





and the pole. The block A may be provided with an 
inclined side a® and attached to the pole by means of 
a rope or chain, passed round the inclined side and the 
pole, so that when the block is struck downwardly the 
rope will be tightened. A wedge having a jagged face. 
which is presented towards the pole, or a cam device, 
may be used in addition to the block to tighten the 





attachment between the block and the pole. (Sealed.) 
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BUILDING IN EARTHQUAKE AND 
TORNADO REGIONS. 


By Rosrns FLEMING. 


Earthquakes.—An earthquake is the result of 
any sudden displacement of the earth’s crust, either 
onor beneath itssurface. Alexander von Humboldt 
in his “Cosmos” says, “‘ There is no other event 
in the troubled destinies of the human race by 
which in a few minutes, and in sparingly peopled 
mountain lands, so many thousands at once may be 
overtaken by death as by the production and 
passage of a few earth-waves, accompanied by 
phenomena of cleavage.” The literature on seis- 
mology, the science that deals with the phenomena 
of earthquakes, is surprisingly extensive. Davison’s 
“A Manual of Seismology”? is commended to 
readers wishing to obtain a knowledge of the 
subject. Among recent investigators the name of 
the late Professor Fusakichi Omori, head of the 
Japanese Imperial Earthquake Investigation Com- 
mittee, stands prominent. 

An earthquake wave is a form of simple harmonic 
motion—-the projection of circular motion on a 
straight line. The range of motion 2r, or twice 
the amplitude r and the period ¢, or time taken to 
make a complete vibration, can be determined from 
aseismograph. As given in textbooks the maximum 

: ails 2 1\2 
acceleration a for harmonic motion is r (=F) . From 
the basic equation, 

F = Ma = (W/9)a, 
the dynamic earthquake effect on structures can 
be expressed by the equation 

4n2¢r 

% ae 
in which W = weight of structure and g = accele- 
ration due to gravity. It is readily seen that the 
dynamic force varies directly as the amplitude 
and inversely as the square of the period. It is 
also seen that F: W::a@:g. 

In great earthquakes the ordinary seismograph is 
put out of action. In such cases conclusions about 
dynamic force are drawn from columns, walls, chim- 
neys, or monuments that have been overthrown or 
fractured. Mallet, in his work “‘ The Great Neapo- 
litan Earthquake of 1857” (London, 1862), from 
the data available thus calculates the velocity and 
acceleration of an earth particle. His calculations 
are based on the principle that the work done in 
upsetting a body of weight W must equal the 
work acquired—that is, the kinetic energy of 
rotation of the body. 

Professor Milne in the article on Earthquakes 
in the Encyclopedia Britannica, states that the 
acceleration which will fracture or shatter a column 





firmly fixed at its foundation to the moving earth| . 


may be expressed by the equation :— 
FAB 
aoe. Le = 


where 


a = the acceleration ; 

F = the force of cohesion, or force per unit surface, 
which, gradually applied, would produce fracture ; 

A = area of base fractured ; 

B = thickness of the column ; 

f = height of centre of gravity of column above the 
fractured base ; 

w = weight of the portion broken off. 


Omori gave considerable weight to the simple 
formula of Professor West: a =~ g, in which a 


is the acceleration required to overturn a free- 
standing body, 2 the horizontal distance between 
the centre of gravity of the column and the edge 
about which it turns, y the vertical distance of the 
centre of gravity above the base, and g the accelera- 
tion due to gravity. , 

Conclusions drawn from such observations are 
open to more or less suspicion. We have given 
what Mallet calls the inferior limit; the superior 
limit would be another regular solid found in the 
same locality that did not overturn. Both limits 
are seldom obtainable. Experiments have been 
made with columns of various dimensions and 
materials set on a platform that was made to 
oscillate vertically and horizontally. But labora- 
tory experiments of this nature have limitations. 


tember 1, 1923, in which all of Yokohama and 
one-half of Tokyo were destroyed, are seldom 
viewed in their true perspective. The point over- 
looked is that 95 per cent. of the loss of property 
was due to fire. This is not strange considering the 
construction of Japanese dweilings—heavy roofs and 
light framework, the worst possible form to with- 
stand an earthquake. ‘‘ Houses are so fragile that 
if a motor-car collides with one it kills the occu- 
pants” (of the house, not of the car). And then 
the water system failed. Professor Omori had 
often advised the citizens of Tokyo to improve 
the condition of the water pipes. 

The San Francisco earthquake of April 18, 1906, 
was in many ways a parallel to that of Tokyo. 
The destruction wrought was almost wholly due 
to fire. The water mains were completely wrecked 
by earthquake shock, and the fire burned unchecked 
for three days, destroying an area of over four 
square miles. A Report by the National Board 
of Fire Underwriters, issued less than a year before 
the earthquake, after enumerating several fire 
hazards of San Francisco says, “‘ In fact, San Fran- 
cisco has violated all underwriting traditions in 
not burning up.” San Francisco was 90 per cent. 
timber construction, frame buildings of four and 
five stories were common. The number of fire- 
proof buildings in the city was about fifty. 

It is obvious that the first essential toward lessen- 
ing future disasters like that of Tokyo and San 
Francisco is to lessen the fire hazards. This is a 
serious problem. As one of the members of the 
San Francisco Committee of Engineers to report on 
the earthquake says, ‘‘The distant observer will 
ask why, with virgin ground before it, the city did 
not cut avenues, widen streets, and build nothing 
but incombustible buildings. Suth comment is 
most superficial. The city had suffered from the 
greatest fire in history. Most of her industries were 
wiped out of existence, all business buildings were 
destroyed, goods burned, streets filled with debris, 
sewers broken, the water system badly crippled 
and the transportation system destroyed. Comment 
on civic responsibility, in the face of such conditions 
is mere troth. What San Francisco needs is the 
cheapest buildings possible in which business may 
be done, to insure the community enough to eat. 
The other subjects can wait.” (For full report of 
committee and discussion see ‘ Transactions,” 
Am. Soc. of Civil Engineers,” vol. lix, December, 
1907, pages 208-335). 

Along the same lines an engineer in Tokyo at 
the time of the earthquake writes, “‘ In his opinion, 
however, the pressing need is not the reconstruction 
of the comparatively few important buildings des- 
troyed, but the replacement of the hundreds of 
thousands of homes belonging to the people. 
It appears that the necessities of the case 
must force the rebuilding of most of the houses of 
timber, however undesirable that course may be.” 

The structural engineer, in considering earthquake 
shock in relation to the design of buildings, has two 
questions before him. The first is, What is the 
probability of an earthquake ? The answer depends 
upon the region in mind. Japan is the land of 
the earthquake, the typhoon and an occasional 
voleano thrown in. The Tokyo earthquake was 
no surprise to seismologists. A severe earthquake 
was about due. “‘ The Japanese know as certainly 
as they know that night follows day that every 
ten or twenty years a great disaster overtakes them 
in one section or another.” (K. K. Kawakami, in 
The Current History Magazine, October, 1923). 

It can be said of no country that it is absolutely 
free from earthquakes. “No one can say,” writes 
Doctor Jaggar, an authority on the subject, “‘ that 
New York, Philadelphia, Baltimore or Washington 
are geologically immune to such happenings as 
the Charleston earthquake of 1886.” (‘‘ Predicting 
Earthquakes,” Scribner’s Magazine, October, 1924.) 
Since 1900 we have had San Francisco, Kingston, 
Guatemala, Messina and the unprecedented dis- 
aster at Tokyo. Minor shocks have been, and are, 
innumerable, mostly unknown except to the scien- 
tist. An article, ‘ Earthquake Risks in California ” 
(Professor Bailey Willis, The Bulletin of the Seismo- 
logical Society of America,” September, 1923), states 
“There is no risk attaching to 999 out of any 


San Francisco contains no requirements for possible 
earthquake shock, and requires but 15 lb. per 
square foot of exposed surtace to be assumed for 
wind force. 

The second question confronting the structural 
engineer is, What degree of shock severity shall be 
assumed in the design of buildings ? Davison, in 
his book previously mentioned, remarks that only 
in strong earthquakes the acceleration exceeds 300 
mm. per second per second. (The acceleration due 
to gravity is 9,806 mm. per second per second.) 
In the San Francisco earthquake the acceleration 
ranged from 250 mm. on “sundry solid rocks ” 
to 1,100 mm. and 2,900 mm. on made land, while 
on marsh it reached 3,000 mm. per second per 
second. (See Report of the California Earthquake 
Commission, vol. ii, page 55.) 

Professor Imamura, the successor to Professor 
Omori, states in his “‘ Preliminary Note on the Great 
Earthquake of §.E. Japan on September 1, 1923” 
(Seismological Notes, No. 6) that the maximum 
intensity of the earthquake motion at the Imperial 
University, Tokyo, on September 1, 1923, was about 
one-tenth the acceleration of gravity. (Displace- 
ment, 8-86 cm., period, 1-35 sec.) Elsewhere, he 
says, the seismic intensity varied according to the 
geological structure of the situation. In Yoko- 
hama it ranged from one-sixth to two-fifths of 
gravity. More severe shocks have occurred in 
Japan, though none have been accompanied by such 
appalling loss. Professor Omori estimated accele- 
rations in the great earthquake of 1891 to be 2,600, 
3,000, 4,000, and, in one locality, more than 4,000 
mm. per second per second. These values greatly 
increase the seismic coefficient over the one-tenth 
often used. The cost of buildings would be materi- 
ally increased if these higher coefficients were fol- 
lowed. Whether this higher cost is warranted 
should be decided by the designing engineer, but 
it is more than likely that the purchaser will decide 
for himself. 

As the water supply failed in both Tokyo and 
San Francisco, the waterworks system, as well as 
buildings, should be considered in designing to resist 
earthquake shock. 

The foundations are, of course, all-important. 
One of the San Francisco Committee of Engineers 
writes (7'ransactions Am. Soc. C.E., vol. lix, Decem- 
ber, 1907, page 318). ‘‘ On the made land of San 
Francisco, structures resting upon pile foundations 
were little damaged, although the surface materials 
in the streets and the vicinity were distorted into 
waves.” 

A summary of the subject of foundations is well 
expressed in a paper, ‘‘ How Structures Withstood 
the Japanese Earthquake and Fire,” by H. M. Had- 
ley, read before the 1924 Convention of the American 
Concrete Institute (Proceedings, vol. xx, 1924): 
**Common to all types of buildings is the necessity 
for good foundations. Without full and adequate 
support no structure could be expected to stand and 
no structure did. There has been considerable dis- 
cussion regarding the merits of mat and pile founda- 
tions. Either is satisfactory as long as unyielding 
support is obtained. Inasmuch as the severe earth- 
quake motion is predominantly horizontal, the 
cushioning effect which it is claimed can be obtained 
with mat foundations is a cushioning not in the 
direction of the severe forces. On the other hand, 
where mat foundations do not have piles beneath 
them carried to a depth sufficient to furnish full 
and unyielding support, very expensive damages 
may result from the bodily settlement of these mat 
foundations with their superimposed building into 
the soft ground under the shaking effect of the earth- 
quake. Where individual footings are used they 
should be connected with beams of sufficient strength 
to maintain them at all times in their normal rela- 
tive positions.” 

Two years ago the writer designed an office build- 
ing for an earthquake region in Central Americe. 
The ground area covered was 109 ft. by 132 ft. ; 
transverse bays, 1 of 19 ft. 6 in., 3 of 19 ft., and 1 of 
32 ft. 6 in.; longitudinal bays, 1 of 18 ft., 5 of 17 
ft., and 1 of 29 ft. The story heights were 20 ft., 
15 ft., 15 ft., and 15 ft., respectively. The “seis- 
mic coefficient”? was assumed to be one-tenth, 
that is, the shear due to possible earthquake vibra- 
tion was assumed to be one-tenth the weight of 
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the structure. This horizontal shear was con- 
sidered as caused by loads concentratea at the points 
where the floors connected to the columns—acting 
in any direction—and equally distributed between 
all the columns. Stiffness was obtained by heavy 
gusset plates connecting girders to columns, no 
vertical diagonals being used and no dependence 
being placed upon walls or partitions. The exterior 
walls were of 8 in. reinforced concrete, partitions 
of lath and plaster on 3 in. angle studding for main 
divisions and on 1 in. channel studding for minor 
divisions. The floors were of 4 in. reinforced con- 
crete slabs. Because bending moments were large 
the columns were made with 18 in. web plates, 4 
angles, and two 20 in. cover plates. Angles were 
added to the cover plates of the first story columns 
to form built-up channels. For the same reason 
the first-floor beams, both transversely and longi- 
tudinally, were made of double plate girders. The 
foundation (with which the writer had nothing 
to do) was a solid mat of 1:2:4 concrete, 3 ft. 
thick, reinforced top and bottom. As the wind 
stresses from a pressure of 30 lb. persq. ft. of exposed 
surface were less than one-half the earthquake 
stresses they were disregarded. (Earthquake and 
wind stresses never occur at the same time.) Work 

ing stresses were based on 16,000 lb. per sq. in. for 
axial stresses from direct loads and 24,000 lb. for 
combined tension or compression with bending. 

An earthquake occurred, on June 29, 1925, at 
Santa Barbara, California, in which 12 or 13 persons 
lost their lives and a property loss was occasioned 
variously estimated from 10,000,000 dols. to 
20,000,000 dols. Professor Willis, who drove 
through the city within an hour after the earth- 
quake, rates the shock as between 8 and 9 on the 
Rossi-Forel scale of seismic intensity, probably 
nearer 8 than 9. In the Rossi-Forel scale ranging 
from 1, which can be felt only by an experienced 
observer, to 10, indicating great disaster, the 
following are of especial interest :—- 

7. Overthrow of movable objects, fall of plaster, 
ringing of church bells, general panic, without 
damage to buildings. 

8. Fall of chimneys, cracks in the walls of build- 
ings. 

9. Partial or total destruction of some buildings. 

10. Great disasters, ruins, disturbance of strata, 
fissures in the earth’s crust, rock falls from moun- 
tains. 

Henry D. Dewell, a consulting engineer of San 
Francisco, in a review of the earthquake damage 
(Engineering News Record, July 9, 1925), summarises 
his conclusions on structural resistance as follows : 
(1) The earthquake was of moderate severity. 
(2) The damage done was largely due to poor con- 
struction. (3) Low class “C” buildings of good 
masonry and well constructed withstood the 
shock well. (4) As far as can be determined, there 
were no buildings in Santa Barbara with a structural 
steel frame. Consequently no comparison between 
reinforced-concrete frames and _ structural-steel 
frames can be made. (5) Reinforced concrete of 
good quality, where it had been used intelligently, 
came through the shock without showing more 
than minor damage. (6) Brick construction with- 
stood the shock in proportion to its quality. In 
most cases, due to the poor construction, brick walls 
were completely demolished. (7) Hollow tile in 
general is shown to be entirely inadequate for 
resistance to earthquakes and is a menace to life. 
(8) lhe skeleton frame of reinforced concrete 
without solid reinforced-concrete walls, and without 
adequate bracing against lateral forces is not suited 
for resistance to earthquakes. 

A supplementary report by Mr. Dewell 
(Engineering News Record, July 23, 1925) states 
that conclusion 4 is in error as the post office 
was of steel-framed construction. This building 
withstood the earthquake with only a few minor 
plaster cracks and a few blocks loosened on the 
parapet. 

Mr. Dewell sums up “Earthquake Force and 
Action * as follows: ‘The action is that of an 
oscillating force applied at the base of the building. 
The mass and the inertia of the building tend to 
resist this torce. The force causing the greatest 


strains in the building is due to the horizontal 
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wave, and in amount is the product of the mass of 
the building and the horizontal gcceleration, being 
thus directly proportional to the weight of the 
building. The strains which it sets up in the frame 
of a building with rectangular bays are similar to 
those set up by wind pressure. There result then 
specifically : (a) horizontal shear in the columns ; 
(6) bending in the columns, which is a maximum 
for any one column at junction of floor girder 
and column; (c) reversal of the bending in floor 
girders due to the vertical loading of floor loads ; 
(d) shear in wall panels, exactly as in the web of 
a steel plate girder, producing tension and com- 
pression respectively, on diagonal planes, and 
tending to cause diagonal cracking.” In one re- 
spect steel columns and girders have an advantage 
over reinforced concrete in that they can practically 
stand as much shear as direct load. 

The Seismological Society of America has 
organised a committee on building for safety 
against earthquakes, composed of representatives 

















Hypravtic Pumerna PLant; Messrs. Brown Bros. anp Co., Lumen. 


from this society, the American Society of ‘Civil 
Engineers, the American Institute of Architects, 
the National Board of Fire Underwriters, and¢the 
cities of San Francisco and Los Angeles. 


(To be continued.) 








THE MACHINERY OF THE P. AND O. 
LINER ‘* RAWALPINDI.’’ 


(Continued from page 35.) 


TURNING now to some of the auxiliary equipment 
of the ship, we may first deal with the hydraulic 
installation, which was supplied by Messrs. Brown 
Brothers and Co., Limited, of Edinburgh, and 
which includes a pumping plant in the; engine- 
room, pressure and return mains throughout the 
ship, 14 hydraulic cranes and two hydraulic 
bollards, in addition to the auxiliary steering gear. 
Figs. 15 and 16, above, show diagrammatically the 
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general arrangements of the whole hydraulic ‘in- 
stallation. 

The hydraulic pumping plant, of which a gereral 
view is given in Fig..17, on page 96, and arrange- 
ment drawings on Figs. 18 to 21, on this page, 
consists of a three-throw vertical steam pumping- 
engine, working in conjunction with a steam-loeded 
accumulator. The position of the plant in the 
engine-room is indicated in Figs. 2 and 2, 
on Plate IV, which accompanied our issue of 
January 8. The plant is entirely automatic in 
action, and maintains a constant pressure of 
1,000 Ib. per sq. in. under all conditions, stopping 
automatically, starting under load, and varying 
the delivery in exact response to the demands made 
upon the hydraulic system. 

The arrangement of the plant has several features 
of interest. Steam is supplied to the engine and 





FEED TANK 





the accumulator through a common pipe, which 





«<< ------ From C.L.of Ship 34 5% -------- 


enters near the top of the accumulator steam- 
cylinder, the port from the accumulator cylinder 
to the engine being on the opposite side and at a 
lower level. The normal working of the engine is 
compound, with one high-pressure and two low- 
pressure cylinders. On the front of thé engine, 
however, a special compounding valve is fitted, 
which is operated by the tail rod of the main 
discharge-valve, and works in unison with it. 
When there is no demand on the hydraulic system, 
the engine continues to pump until it has forced 
the accumulator ram upwards against the steam 
load on the accumulator piston, and has filled the 
hydraulic cylinder. At this stage the piston passes 
over the engine supply port, and the engine comes 
to rest with steam shut off, but with full pressure 
ontheaccumulator. The pumps being thus stopped, 
the main discharge-valve comes down on its seat, 
and allows a spring to force the compounding valve 
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to the bottom of its stroke, in which: position it 
opens connection between the high-power valve- 
chest and the two low-power valve-chests. Whena 
fresh demand is made on the system it is at first 
supplied from the accumulator, the piston of which 
drops so as to uncover the engine-supply port, 
and the engine, which takes high-pressure steam in 
all three cylinders, starts up without hesitation 
from any position. A single revolution of the 
crank, however, causes a sufficient flow of water to 
lift the main discharge-valve, which cuts off the 
high-pressure connections to the low-pressure chest, 
and allows the engine to work compound in the 
ordinary way. The plant is said to require no 
attention when running, except so much as is 
necessary for greasing, for which an efficient lubrica- 
ting system is provided to all working parts. The 
arrangement appears to bé ‘an unusual combination 





of sensitive and entirely automatic action with 
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simplicity of design. The main part of the 
hydraulic deck installation consists of two cranes 
of the post and jib type for each of the 
seven hatches. They are of the type shown in 
Fig. 22, annexed, and have a swinging radius 
varying from 22 ft. 6 in. to 26 ft. 6 in., and a 
lift of from 74 ft. to 91 ft. It will be seen that 
each crane is self-contained on its own bedplate, 
and that the hoisting cylinder forms the crane- 
post and does not revolve. The jib is attached to 
a separate swing-post, operated through slewing 
chains by the two hydraulic cylinders attached to 
the main post. The normal load of each crane is 
either 2 tons or 3 tons, but at hatches Nos. 1, 2, 5, 
and 6 a special arrangement is provided for dealing 
with occasional heavy loads up to either 5 tons or 
6 tons. The cranes at these points are fitted with 
two lifting rams, one telescoped inside the other, 
and so arranged that either one or other ram shall 
be used according to the load, the other being 
clamped down by a simple arrangement of two 
hinged bolts. 

In this arrangement, which is shown in Fig. 23, 
the crosshead A is attached to the small ram, the 
crosshead B to the large ram, and the crosshead C 
to the lifting cylinder. The two-cylinder bolts are 
hinged to the crosshead B, and horseshoe jaws are 
provided in the crossheads A and C. When the 
small ram is to be used, the bolts are swung down- 
wards so as to engage with the jaws of the cross- 
head C, and lock the large ram down. When the 
large ram is to be used, bolts are swung upwards to 
engage with the jaws on the crosshead A, so locking 
the small ram into the large one, and causing both 
to work together. In this way the cranes at 
hatches 1, 5, and 6 can lift 2 tons on the small ram 
and 5 tons on the large, while those at No. 2 hatch 
can take 3 tons or 6 tons, as the case may be. 
The change from one ram to the other can be made 
in a few minutes, and the crane can therefore deal 
instantly with heavy Toads without preparing any 
extra tackle, though taking only a normal power 
when working on small loads. 

The arrangement of controls is also interesting, 
the lifting and slewing valves for each crane being 
mounted on hand levers on a self-contained sole 
plate, and connected by pipes to the crane. The 
arrangement is indicated in Fig. 24, from which 
it will be seen that both these valves as well as the 
stop valve are enclosed in a box-shaped sole plate, 
and each is controlled by a hand-lever projecting 
from the top of the box. The cover is made in the 
form of a chequered plate, and serves as a platform 
for the operator. The pipes from the lifting and 
slewing valves to the lifting and slewing cylinders 
are taken from the side of the bex and led under 
the deck to the crane, so that the sole plate with 
its valves can thus be placed in any convenient 
position away from the crane, and the pipes, 
being led below the deck, offer no obstruction. 

The lifting speeds with all 14 cranes working 
simultaneously on either 3-ton or 2-ton lifts is about 
80 ft. per minute, with eight cranes working 
simultaneously on 3-ton or 2-ton lifts about 160 ft., 
or with four cranes on 3 tons, 320 ft. The lifting 
rate can be varied from a crawl up to the maximum, 
while the cranes jlower quickly by gravity, so that 
no power is used in the operation. Their working 
is quite silent, a matter of importance in passenger 
liners. 

The two hydraulic bollards, which are situated 
on the boat deck, are each capable of exerting a 
pull of 24 tons at 100 ft. per minute, and lighter 
loads at proportionately higher speed. Each 
bollard is mounted on a box-shaped sole plate, 
in which the engine is completely housed, the 
bollard heads being the «nly moving parts exposed. 


(To be continued.) 





THE Propvuction oF Pic IRoN aND STEEL.—Figures, 
issued recently by the National Federation of Iron 
and Steel Manufacturers, of Caxton House Tothill- 
street, Westminster, S.W.1, show that the production 
of pig-iron in December, 1925, amounted to 503,400 tons. 
The total for the previous month was 494,100 tons 
aud that for December, 1924, was 580,300 tons. The 
number of furnaces at present in blast is 141. The pro- 
duction of steel ingots and castings declined owing to 
the Christmas holidays, from 653,800 tons in November 
to 606,800 tons in December ; the figure for December, 
1924, was, however, only 551,000 tons. 
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THE HYDRODYNAMIC THEORY OF 
TURBINES AND CENTRIFUGAL 
PUMPS. 

Dr. Ine. Bruno Eck. 

In view of modern developments in practical 
hydrodynamics the hitherto generally accepted 
theory of turbines and centrifugal pumps must be 
regarded as inadequate, and requires to be re- 
considered in terms of the Lanchester-Prandtl 
theory that the pressure exerted by a moving fluid 
on an obstacle of stream-line form is attributable 
to the “circulation” of the fluid.* The author 
has succeeded in deducing an exact solution for one 
particular case of the turbine or pump problem, 
viz., that in which the turbine has but a single vane. 
From this he has derived approximate expressions 
applicable to practical turbines or centrifugals 
having multiple vanes. The low efficiency of actual 
centrifugals is not intelligible on the ordinary or 





* An account of this theory was published in 
ENGINEERING in the first half of 1924. The articles 
have been reprinted in pamphlet form under the title 
of the ‘* Elements of the Lanchester-Prandtl Theory of 
Aeroplane Lift and Drag.” [Price 2s. 6d. net.J— 
Ep. Ene. 
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Pfarr theory of their action as developed in the 
text books. This theory is incapable of accounting 
for the observed influence of such factors as the 
number of blades or the shape of these. In prac- 
tice this drawback has been surmounted by purely 
empirical methods, determined by extensive ex- 
periments carried out by the makers of turbines 
and centrifugals. The results of these have natur- 
ally been regarded as valuable trade secrets and 
have accordingly remained unpublished. 

As a preliminary to the fuller discussion of the 
hydrodynamic problem which it is proposed to make. 
it will be convenient to run through the main 
points of the ordinary theory. We may consider 
the concrete case of a radial flow centrifugal 
pump. In such a pump the theory assumes that 
the liquid particles describe congruent paths. 
having at all corresponding points the same velocity 
and the same direction of flow. Suppose the 
impeller moves with an angular velocity and 
that the torque exerted on it is denoted by M. 
Then neglecting losses due to friction, leakage, &c., 
this torque M must be numerically equal to the 
change effected in the moment of momentum of 
the fluid. Calling this change A D, we have A D = M. 
Then referring to Fig. 1, let ¢ denote the absolute 
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velocity of the fluid at radius r and «, the tangential 
component of this velocity, whilst Q denotes the 
weight discharged per second. Then at the inlet 
edges of the blading the moment of momentum of 


the fluid is Zz, 1, Cy, where the suffix refers to the 
inlet edge of a blade. At the outlet edges the 
moment of momentum is similarly 2 - T, Cy, 80 


that equating the torque M to the increase in the 
moment of momentum we get 
M= Q (r2 Cy, — 71 %y;) 


The work done per second may be denoted by 
L and is of course equal to M @ so that 

L=e. ° « (12 Cy, — 71 Cy,) -< (ug Cy, — M1 Cy) 

This work is also equal to the weight of the fluid 
raised per second against the head H so that 


= 6 = ; . (re Cu 
This, according to the ordinary text-books, is 
the fundamental equation of the theory of centri- 
fugal pumps and turbines. From it we can calcu- 
late the increase in head when we know the tangen- 
tial velocity of the fluid at the inlet and outlet 
edges of the blades and the speed of the blading 
at the same radii. The calculation is easily effected 
graphically by drawing the velocity diagram. If 
the pump has no guide blades then the tangential 
velocity of the fluid at the inlet edge is zero and the 
head is given by the simple expression 


— T1 ly, - &® 


H= ; U2 Cu 

If the outlet angle of the blading is a (see Fig. 1), 
then assuming that this is the actual direction of 
the flow of the fluid we get for the absolute velocity 
of flow the expression 

c2= u2twt—Quwsina 

where w denotes the relative velocity of the fluid 
and the blade. 

The head generated or expended is, however, 
only one of the matters which interest the pump 
or turbine designer. He requires also to know the 
“ characteristic ” of the machine. This character- 
istic tells us how the weight discharged varies 
with the head, when the speed is kept constant, 
and when this is known the performance of the 
machine is definitely determined. This weight 
must, of course, be directly proportional to the 
radial velocity c, of the fluid which in Fig. 2 is 
represented by AD. With a constant centrifugal 
speed the head generated is directly proportional 
to cy = FD. 

Suppose, then, that the head is reduced, then c, 
will also diminish and may then be represented in 
Fig. 2 by FE so that 4 H is proportional to DE = 
AB. At the same time there is a corresponding 
increase in Q since the radial velocity increases 
from AD to CE. Hence if AQ be the increase in 
the weight passed, due to the diminution A H in 
the head, we see that A Q is proportional to BC. 

Both changes occur through the point A moving 
up along the line AC, which makes an angle a 
with the radius of the pump. This corresponds 
to an increase in the relative velocity of the fluid 
and of the vane. 

From the figure, it follows that 





tang = AB, BC = 4Q 
CB 2rr 
and pE=-—74H 
u 
Hence g9.AH 
tana= — irae 
\ wu. AQ i 
and AH =—tene.—*— . AQ 
2amrg 
On integrating this expression, we get 


u.Q 
larg” 
where H, denotes the head when Q = 0, that is to 
say when the discharge pipe is blocked. 
It will be seen that the relation between H and Q 


is a linear one. 
In Fig. 3, H has been plotted against ; = 2 thus 
TT 


securing dimensional homogeneity. The straight 
lines in the upper part of the figure represent this 


H = Ho — tana. 








plot for different values of the angle a, the inclina- 
tion of the lines to the horizontal being equal to 
this angle, vanes with a backward curvature gene- 
rate a smaller head as the discharge increases, whilst 
with vanes concave to the direction of motion, the 
head increases as the discharge augments. The 
value of Hy, is easily calculated, since for this value 
Q=o0. Hence, in Fig. 2,C, = AD and C,, becomes 


“Cu ‘The value of Hy 


can also be determined graphically. 


Fig.1. 


equal to u, so that H) = 
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The head H, is, in fact, generatéd when the dis- 
charge pipe is closed. In this condition all the 
particles of the fluid rotate with the angular velocity 
w, and the outlet edges of the blading have a velocity 
u. It might, on a superficial consideration, be 
thought that this being so, the value of Hy should 


be oy this being the kinetic energy of the fluid at 


this radius. It has, however, to be borne in mind 
that owing to the centrifugal forces developed by 
the rotation, these particles are also under a pres- 


sure es and adding together the pressure and velocity 


heads, we get . as the true value of Hy. This result 


which represents an elementary ring of the fluid 
situated at the radius r, and rotating with an angular 
velocity w. Let the radial thickness of the ring be 
dr, then the centrifugal force z developed on the 
ring will be given by the relation 
Az=rw x 7 x Seeds, 

where y denotes the density of the fluid. 

This must be balanced by a net pressure A p, 
such that 


2rrAp= rut. tre. ddr, 
Hence 
“To hig ¥ ~ 92 w2 y u2 
= we eS a 
ial F 9 29 29 


The corresponsing head is found on dividing 
p by the density of the fluid. Hence, the pressure 
2 

head is — 
29 A 
as already stated, a total of “ for the value of Hy 


which added to the velocity head, gives 


This point is not clearly brought out in many 
text-books which is, in part, the reason why it has 
been dealt with here. 

So far, questions of friction have been neglected. 
These can be dealt with, qualitatively at least, on 
general principles. Since the flow in a centrifugal 
pump is always turbulent, the friction losses will, 
to a close approximation, be preportional to the 
square of the velocity of the fluid over the blading. 
Hence, the friction head H, will be equal to C! w? 
where w denotes the relative velocity of the fluid 
and the blade and C* some coefficient. Now, w is 
proportional] to the radial velocity of the fluid which, 
in its turn, is proportional to Q. Hence, H, = 
CQ’, where C is a coefficient, and we then get for the 
value of H as corrected for friction, the expression 


H =.Hy — tan a Q-—CQ2 
2rag 


he : Bwe get 
Qarrg © Be 


H = Hp—tana.p. Q—CQ2. 


Hence, the corrected value of H when plotted 
against Q is a parabola, such as is shown dotted on 
the upper portion of Fig. 3. 

Actual curves of H and Q as determined by 
experiment (on a centrifugal pump, having rela- 
tively few vanes), are plotted in the lower part of 
Fig. 3. The upper curve was obtained with an 
impeller having vanes with forward curvature, the 
middle with radial vanes, and the lower curve with 
backward curved vanes. It will be seen that there 
is a great difference between these curves and the 
dotted curve, which was calculated from the results 
of experiments on fluid friction, and similar results 
are obtained with fans. 

The great discrepancy shown finds no explanation 

in the ordinary theory, as above outlined. There are, 
moreover, considerable quantitative differences in 
the calculated and observed discharges when these 
are very large. These discrepancies are due to the 
fact that under such conditions, the fluid leaves the 
vanes forming dead water spaces. such as are met 
with on aeroplane wings when stalling. In this 
latter connection, incidental mention may perhaps 
be made of some recent work of Prof. Th. von 
Karman. 
The above are the essential points of the theory 
of turbines and centrifugal pumps, as hitherto 
developed in the text-books. It is evident that it 
provides merely a very rough approximation. The 
implicit assumption that there are an infinite number 
of blades, diverges too widely from the facts of 
practice to form an adequate basis for a satisfactory 
theory, and experiment is incapable of showing how 
far it may be justifiable as a first approximation, 
since the impeller and guide blades act in such 
experiments as a single unit, and the total losses 
have to be distributed over the two in a very arbitrary 
manner, It will nevertheless be of service to discuss 
somewhat further this ideal case of a turbine with 
an infinite number of blades. 

There is one important distinction between 
turbines and centrifugals, in that in the former 
pressure head is converted into velocity head, whilst 
the reverse takes place in the pump. The latter 
type of conversion is known to be subject to larger 


or, if, for brevity, we put 














can also be easily deduced on reference to Fig. 4, 





dissipations of energy, which may in part account for 
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the lower efficiency of pumps. In what immediately 
follows the case of the turbine will alone be con- 
sidered. There has long been a need for more exact 
methods of analysing turbine designs and turbine 
tests, so as to get some clue about the effect of vary- 
ing different parameters such as the numberof blades 
and their angles. Such an investigation is possible 
only by a close study by aerodynamic methods of 
the streamline systems. A strong impetus towards 
a reconstruction of turbine theory along this line is 
afforded by the success of the method as applied 
to aerodynamic problems, and it is somewhat 
astonishing that the task of refounding the 
theory has not been undertaken ere this. It has, 
however, to be borne in mind that the turbine 
problem is much more complex than that of the 
wing, and that great caution must be observed in 
extending to the turbine the simplifications which 


were permissible in the case of the aeroplane. | 


Within the last few years some notable steps in 
advance have nevertheless been taken towards a 
solution of the problem, but almost the whole of 
these investigations have had reference to turbines 
of the screw-propeller type, no solution having yet 
been found of the problems presented by radial-flow 
machines. As matters stand, the assertion of 
D. Thoma at the Innsbruck Congress in 1922 that 
the standard methods of proportioning turbines 
hardly deserved the name of a theory, was scarcely 
exaggerated. Progress will depend upon a com- 
bination of theory and experiment. A commence- 
ment has been made by Prasil and Oertli at Zurich, 
who studied the streamline motion in propellers 
specially designed to this end.* 

In the following investigation the medium will 
be assumed to be frictionless. Solid bodies im- 
mersed in the moving fluid are in general subject to 
some force, which is due entirely to the “ circula- 
tion’’+ of the fluid round the body. This circu- 
lation consistsof motion round a vortex superimposed 
upon a uniform rectilinear streamline motion. The 
stream lines due to the vortex diminish in speed as 
the distance from the solid responsible for them is 
increased. The two systems of stream lines are 
indicated in Fig. 5, which represents the circular 
stream lines round a cylinder, which is regarded as 
a vortex filament, and a series of uniform stream 
lines attributable to a fluid flowing towards the 
cylinder with the velocity U. On superimposing the 
two systems of flow, it will be seen that the velocity 
of the fluid below the cylinder will be diminished 
and the velocity above it increased. Hence from 
Bernoulli’s principle it follows that where the speed 
of flow increases the pressure will be diminished, 
and vice versa. The result will be a transverse 
force P on the cylinder in the direction shown by 
the arrow P in Fig. 5. 

In Figs. 6, 7 and 8 the author has plotted the 
stream lines round a wing form corresponding to 
different conditions. In Fig. 6 the stream lines 
are those which would be found were there no 
“circulation ’’ round the wing form shown. In 
Fig. 7 the stream lines due to “ circulation ” round 
the wing have been plotted, whilst in Fig. 8 the 
combined system is represented. The “ circula- 
tion ’’ system of stream lines is identical with what 
would be produced if the solid body were a vortex 
filament. At a great distance from the body the 
velocity of flow in this circulation system is inversely 
proportional to this distance. 

The “ circulation * around the body is found by 
integrating along any contour the component of 
the velocity of the fluid parallel to the direction of 
the contour at each point. Calling this T, we have 
r=fvds. The magnitude of the force P can 
depend only on this circulation, on the density p of 
the fluid, and on the velocity U (Fig. 5). From di- 
mensional reasoning, it thus becomes evident that 
P = CpTr U, where C is some dimensionless con- 





* Various expedients have been used such as the 
introduction into the fluid of sawdust, gas bubbles or 
aluminium powder, which for the best results should be 
injected into the fluid with an initial velocity equal to 
that of the stream-line at the point of introduction. 

ft See ENGrveerine, January 4, 1924, page 2. 
Ep. Ena. 

t Fora simple explanation of the method of deriving 
the stream lines round a wing form from the stream 
lines round a cylinder, see ENGINEERING, January 25, 
1924, page 102—Epb. Ena. 








stant, which can be calculated as follows. Let a 
wing of width ¢ be exposed to a current moving 
with a velocity which at a great distance from the 
wing is equal to U (see Fig. 9). Taking the closed 
contour indicated, the component velocity of the 
circulation above and below the wing may be 
represented by u. Then from Bernoulli’s principle 
the pressure above the wing is given by pp = 


5 (U —u)*, and that below the wing by pg = 


2 (U +). The total force P is given by 
7 _ 4Uutp 
2 


P=t(p, —?p,) 


Fig.6. | 
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We also have T = fuds=2tU, so that making 


this substitution we gt P = p I U.* 

In a centrifugal pump the vanes are the bodies 
on which the fluid exerts forces. Each vane may 
be replaced by a vortex filament without altering 
the flow of the fluid. In the case of radial-flow 
pumps—which alone will be discussed here—calcu- 
lations are simplified owing to the fact that the 
vanes commonly end on discs at each end (see 
Fig. 10). Vortices, as is well known, cannot have 
a free end in the body of a liquid, each vortex being 
necessarily either closed on itself or on some surface, 
which in the case under consideration will be the 
liscs. We have not, therefore, in this case to take 
into consideration the effect of the “tip” vortices 
which trail behind the wing of an aeroplane and 
give rise to induced resistances. We may therefore 
replace the actual pump by such a model as 





* Another method of deriving this relationship was 
given in ENGINEERING, January 4, 1924, page 3, where it 
was also shown that half the lift was due to a change of 
momentum produced in the fluid, and the other half to 
the pressure difference.—Ep. ENG 
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is indicated in Fig. 11, where the vanes are replaced 
by vortex filaments each characterised by a circula- 
tion equal to Tr. The whole of these filaments are 
rotating round the axis of the turbine with an 
angular velocity . A source supplying a weight 


of fluid equal to Q per second is also provided at the 


centre of the system. The tangential force developed 
in such a model will be given by the relation 


Q 
Py! = p oT, where v, = 5 = oe If there are : 
vanes the total tangential force will be 
Py = 2 P,? = 2pQr 
27a 
Fig.9. \P 
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The corresponding torque will be 


M=rP,y = 7pPQT 
27a 


The work done per second will be 
LeMw= ?QTe 


27a 
and the rise in pressure will be 
rae ees yk . 
oe ci) 


These equations provide a sound basis for a 
fundamental theory of the pump, and should replace 
the fundamental equation of the ordinary theory 





* The force acting on one vane may be calculated as if 
the others did not exist, because the direction of the flow 
at the other blades is longitudinal. 








6. 


laced 
‘cula- 
[Ss are 
h an 
eight 
1t the 
loped 
ation 


are =z 


(ii) 


or a 
olace 
eory 


| as if 
3 flow 





JAN. 22, 1926.] 


ENGINEERING. 





Iort 











as given on page 99 ante. The new equation contains 
in addition to » and z. the circulation around a 
vane, and the value of this circulation remains to 
be determined. It can be calculated from experi- 
mental data, and, thus determined, will include the 
effect of such factors as vane form and the number 
of the blades. Such experiments afford a means of 
testing the range of the theory developed. An exact 
mathematical treatment of the problem involves 
great difficulties, mainly because the flow of the 
fluid over the blades is turbulent. Koenig’s argu- 
ment, applicable to an infinite succession of blades, 
is not applicable to a radial-flow pump, and Bauers- 
feld also assumes the absence of turbulence in the 
flow past the blading. It is hardly probable that 
the most favourable conditions from the technical 
standpoint will coincide with the disappearance of 
this turbulence. The author proposes, accordingly, 
to attack the problem from another direction, and 
instead of starting with an infinite number of blades, 
will take the case in which there is but one. 
Suppose, then, that we have a flat plate of length 
2a located between two parallel discs and rotating 
about a fixed point O, with an angular velocity o. 
Let r denote the distance of the vane from the 
centre of rotation, and let a be the angle which the 
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plate makes with this radius (see Fig. 12). At O 
let there be a source supplying per second a weight 
of fluid equal to Q. The question to be discussed 
is che rise of pressure between the inner and outer 
edges of the blade, and how this will vary with 
changes in Q. 

Such a model as this may be regarded as a sort 
of turbine pump, though of lower efficiency than 
if it were provided with the usual number of blades. 
Its advantage lies in the fact that the effects pro- 
duced can be discussed without reference to the 
disturbances produced by other vanes. 

The flow can be conveniently resolved into a 
discharge stream and a rotational stream, the 
former of which will for the present be neglected. 

If we transfer our origin of reference to the centre 
of the plate, the rotational flow will be represented 
by a translational velocity r. and an angular 
velocity » about the plate centre. In frictionless 
fluids the motion can be defined by a complex 
function x= +ity=f (e«+iy), the curves 
obtained on making v constant being the stream- 
lines, whilst if we put ¢ =a constant we get a 
velocity potential line* which cuts the stream- 
lines at right angles. There are three possible 
modes of flow round the plate : (1) a parallel stream ; 
(2) a rotational stream ; (3) a circulation stream. 
As regards the former, when the origin of co- 
ordinates is taken in the plate, we must deduct at 
each point the tangential velocity r @. 

Then, taking each type of flow in turn, matters 
must be adjusted so that the velocity is zero at the 
centre of rotation, and we shall thus obtain the 
rotational stream corresponding to any circulation. 
To this flow must be added the flow from the 


source which makes an angle a with the plate. 
This flow is deduced by a conformal transformation 
from the flow round a cylinder.* We then find 
the streamline system round a plate rotating in 
the sense indicated and subjected to the flow ¢ 
from the source. We have next to find the circu- 
lation I about the plate upon which the torque 
to be applied depends. In determining [ we 
proceed exactly as with an aeroplane wing, i.e., 
to say we assume that the fluid flows away smoothly 
from the discharge edge of the plate, which is 
equivalent to the assumption that the velocity 
remains finite at this point. In general, if the 
velocity be calculated here for any stated circulation 
an infinite velocity will be obtained near the trailing 
edge, but there is always one value of T for which 
this velocity remains finite, and this is adopted as 
the basis of the calculation. The fundamental 


equation H = =< shows the relation between I 


and the pressure rise H. Substituting values for T 
thus deduced, we get for a one-vaned turbine the 
expression 


EE = wa ° [ cosa + sin a) tan Aa — jo 
9? 2 
— 5ec ee. Se 
where the terms involved are defined in Fig. 12. 
The coefficient C is given by the expression. 


Ca = 
27° 


T, sin ay + Jn rg. sin (a +5) 





2 fa Be 
= +33 +171 Jn meos 5 +a n 008 a — © 
cos! _ = cos (ay +3) 


2 1 


cos 6 
9 


The full mathematical derivation of these expres- 
sions will be found in an article by the author on 
‘**Turbinentheorie,” published in Werft, Reederei 
Hafen Heft, 18, 1925. 

A complete solution for the single-vaned turbine 
has thus been obtained, and the last formula 
gives information on all points of interest. The 
noteworthy fact that Q is a linear function of H 
is in accord with the old theory. Vanes curved 
backwards, moreover, cause a decrease in H, 
whilst a forward curvature augments H. 

The discrepancy between theory and experiment, 
in so far as it is not attributable to friction, must 
therefore be due to the stream lines leaving the sur- 
face of the blade at some other point than its outer 
edge. 





(To be continued.) 





PUMPING PLANT IN BENGAL. 


THE selection of the most -uitable type of prime 
mover for water pumping and similar installations 
abroad is by no means easy. In many cases it is 
governed by the availability of a particular fuel; 
but when both coal and oil are obtainable, it is difficult 
to obtain comparative figures for the cost of running 
the twotypes plant. For this reason, particular interest 
attaches to the eleventh annual report prepared by 
Mr. G. B. Williams, the chief engineer to the Public 
Health Department of Bengal. This report deals 
with the work carried out by the department in the 
year 1923, and after a summary of the progress made 
during the year with various schemes under con- 
struction, reference is made to the maintenance of 
water works and drainage works. Under this heading, 
it is stated that the total number of municipal water 
works in Bengal in operation during the year was 39, 
in seven of which oil engines were installed, the re- 
mainder being equipped with steam sets. Of the 
oil-engined installations, three—Jessore, Natore, and 
Satkhira—are run on kerosine, while the remaining 
four—Uttapara, Kishnagar, Midnapore, and Bankura 
—are operated with crude-oil engines. As would 
be anticipated, the kerosine-engined plants are not 
economical aS compared with those equipped with 
crude-oil engines, and a comparison with steam plant 
is only of interest as regards the latter. 

The Chief Engineer states that on an average the cost 
of a pound of fuel oil is about six times as great as that 
of a pound of coal, so that the consumption of a pound 
of fuel oil per pump-horse-power-hour is equivalent 
to a coal consumption of 6 lb. per pump-horse-power- 





* See ENGINEERING, January 11, 1924, page 36.—Eb. E. 








* See ENGINEERING, January 11, 1924, page 36.—Ep. E. 





hour. The statistics relating to the 39 different 
waterworks are given in tabular form in an appen- 
dix, and this is followed by an informative chart 
showing the consumption of coal or oil, as the 
case may be, per pump-horse-power-hour for each 
station throughout the year. In the case of steam- 
driven plant, there is a very wide variation in the 
coal consumed; the least economical station being 
Chandpur, with an average consumption of about 
80 lb., while the best results are shown at Howrah, 
the average in this case being about 5 lb. The 
various other stations show consumptions varying 
between these limits, the majority being less than 20 
lb. In explanation of these differences, it should be 
stated that Chandpur is a small’station with an average 
daily supply of only 11,610 gallons, while Howrah 
is much the largest station in Bengal, and affords an 
average daily supply of 3,300,663 gallons. As regards 
the crude-oil engined stations, the variations in per- 
formance are confined to comparatively narrow limits 
and range between averages of about 0-8 and 2-5 Ib. 
of oil per pump-horse-power-hour. At both PRankura, 
which is equipped with Petter two-cycle engines, and 
Midnapore, with Campbell high-compression four-cycle 
engines, the average fuel consumption was under | Ib. 
per pump-horse-power-hour. The average daily supply 
at Bankura is 47,685 gallons; the corresponding figure 
for Midnapore, which was only started up in May, 
is not stated. It is obviously difficult to make a 
strict comparison between the steam and oil plants 
when the stations vary so much in size, and, it may be 
added, in age and type of pumping plant also. From 
an analysis of the data available, however, Mr. Williams 
has been able to reach some instructive conclusions. 
On the basis of the results obtained at the Bankura 
and Midnapore stations, he states that for a good class 
fuel-oil engine in the ordinary small, or medium- 
sized waterworks, a consumption of 1 lb. of fuel oil 
per pump-horse-power-hour can be depended upon 
under working conditions. Taking the figures for 
steam plant, and excluding the stations at Howrah 
and Dacca, in both of which the plant is on a large 
scale, it is shown by the chart that in no case is the 
consumption less than 6 lb. of coal per pump-horse- 
power-hour. Chittagong, a station with an average 
daily supply of 398,336 gallons, has a coal consumption 
of a little over 8 lb. per pump-horse-power-hour; at 
Narainganj, with a daily supply of 251,167 gallons, the 
consumption is a little under 10 1b. per pump-horse- 
power-hour, and the remaining steam stations all show 
higher figures. 

Mr. Williams therefore reaches the conclusion that 
when consideration is given to the cheaper first-cost 
of the installation, the reduced size of buildings, and 
the smaller staff required, the policy of the depart- 


| ment in introducing crude-oil engines for small and 


medium-sized water works is clearly justified. He 
adds that in the case of a large waterworks such as 
Howrah, where high-class steam engines can be 
installed, and pumping carried on continuously for 
24 hours, the position is different ; but such works are 
the exception in India. 





CALCIUM SULPHATE RETARDERS 
FOR PORTLAND CEMENT. 


THE ordinary Portland cement clinker generally, 
though not always, sets so quickly that it is mixed, after 
the manufacture of the clinker, with some calcium 
sulphate in order to retard the setting. The calcium 
sulphate was first used for this purpose in the form of 
plaster of Paris; later gypsum was found applicable, 
and the use of anhydrite was suggested. These three 
forms of calcium sulphate only differ in the amount of 
water they hold, and as water has to be added to the 
cement, any of the three forms apparently ought 
to be applicable. The question is of considerable 
economical interest. Anhydrite is simply calcium 
sulphate CaSO, without water; layers of anhydrite 
are common and unwelcome in rock salt and in gypsum, 
the value of which they lower, the anhydrite itself 
having so far hardly found industrial utilisation. 
Gypsum, the dihydrate CaSO,, 2H,0, is known in 
various modifications, of which alabaster is valued 
by sculptors. Heated to 107 deg. C. gypsum burns 
into plaster of Paris, CaSO,, 4 H,O, which, mixed with 
water, sets hard ; if heated to too high a temperature 
(dead-burnt) it will afterwards take up water, but will 
not harden ; nor will anhydrite. The amount of water 
needed to convert the semi-hydrate into dihydrate 
is small, much smaller than the amount of water needed 
for the solution of gypsum, and it is assumed that the 
semi-hydrate forms a super-saturated solution from 
which the dihydrate is deposited. That process is now 
supposed to go on in the cement, which always 
contains some sulphate. But the chemistry of these 
reactions is intricate and doubtful, particularly because 
cements are not definite mixtures of pure chemicals. 

From the latest contribution to this study, an Inves- 
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RAILWAY TRACK-RELAYING MACHINE. 


CONSTRUCTED BY MESSRS. HERBERT MORRIS, LIMITED, ENGINEERS, LOUGHBOROUGH. 





Fig. 2. 
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tigation Report of the United States Bureau of Mines 
(Serial No. 2705) on ‘‘ Calciwm Sulphate Retarders for 
Portland Cement,” compiled by E. E. Berger, it is 
evident that the important problem of the reaction 
of cement with calcium sulphate is not vet considered 
to be solved. Something has been achieved, however, by 
this investigation. Mere analysis of the clinker cannot 
decide what amount of calcium sulphate should be 
used in order to retard the setting of the cement ; the 
properties of the clinker and its mode of manufacture 
have to be studied. Plaster of Paris seems to be the best 
retarder when used in a proportion giving a maximum 
of SO, of 2 per cent. Gypsum assuch must be added in 
larger proportions and may fail to act; when gypsum 
is ground up with the clinker in the tube mill, however, 
it is partly converted into plaster of Paris. Anhydrite 
alone did not give a satisfactory cement with any of the 
clinkers tried ; it retarded only clinkers which were by 
themselves slow-setting. Mixed retarders, consisting of 
mixtures of either anhydrite or gypsum with plaster 
of Paris, produced satisfactory cements provided they 
contained enough SO, as plaster of Paris to retard the 
clinker. This result requires confirmation by actual mill 
practice, but it was partly based on commercial tests 
made by the Clinchfield Portland Cement Company, of 
Kingsport, Tennessee. 





RAILWAY TRACK-RELAYING 
MACHINE. 


On Plates VI to VIII, and on this page and opposite, 
we illustrate a track-relaying machine, designed and pa- 
tented by Mr. A. W. Bretland, Deputy Chief Engineer of 
the Great Southern Railway of Ireland. The sole rights 
to manufacture this track-layer have been acquired by 
Messrs. Herbert Morris, Limited, of Loughborough, 
who have retained the services of Mr. David L. 
Rutherford, M.Inst.C.E., late Chief Engineer of the 
Furness Railway, in a consulting capacity. In essen- 
tials, the machine is an adaptation to track-laying, of 
the system of block laying, long standardised in pier 
and harbour work. Sections of track, one rail length 
long, are assembled complete in the store yard, where 
every facility can be proviced) for the work. These 
sections of track are, for transport to the site of 
operations, loaded on to a materials train. On this 
train is mounted the equivalent of a ‘‘ Goliath’ which 
runs on rails secured to the trucks, and is used to feed 
a cantilever crane, corresponding to a ‘“ Titan,” 
installed at the head of the train. 

The complete system comprises a depot, a materials 
train and a track-layer. At the depot all materials 
are dealt with by power in bulk, and new track is 
assembled and old track dismantling under shop 
conditions. The materials train consists of bogey 
wagons of a capacity to suit individual requirements. 
Along the train runs the electrically operated trolley 
for moving new material to the track-layer, and, when 
working on a relaying job, for receiving from it and 
carrying back to the materials train the old material 








picked up by the track-layer. When operating on 
track-relaying work, the track-layer, attached to one 
end of the materials train, lifts out the old material 
and places it on a wagon for the train trolley to remove. 
It then takes a length of new material from the train 
trolley and lays it on the formation from which the 
old length was removed. This operation is continued, 
the train moving forward over the old track, until all 
the new material has been dealt with, and a corres- 
ponding quantity of old material loaded on to the 
materials train. The train is then ready to return to 
the depot. It will be seen that during each working 
spell the train has taken all the new material to the 
site, and, by means of the track-layer, it has relaid the 
permanent way and loaded up and returned to the 
depot all the old materials. Powerful electric lighting 
is installed for night work. 

A general view of this train with the two cranes 
mentioned, is reproduced in Fig. 1, above, where a 
complete track section is shown .suspended from the 
cantilever crane. The train trolley, which corresponds 
with the “‘ Goliath ” used in harbour works, can be seen 
near the centre of the view, and behind it comes one 
of the trucks loaded with the completely-assembled 
track sections. The train trolley can pass from end 
to end of the train, and is built high enough to straddle 
the after end of the cantilever crane, but sufficiently 
low to clear the loading gauge of the railway. Both 
the cranes are operated electrically from current 
supplied by a portable generating set of 5-h.p. rated 
capacity. This is mounted on a brake van at the end 
of tke materials train. This, it should be stated, may 
be either pushed, or pulled, from the end of the section 
to the site of the relaying operations. On arrival there 
the method of relaying is as outlined above. With 45-ft, 
rails, the rate of relaying is 120 to 150 yards per hour. 
but with 60-ft. rails, the speed rises to 200 yards or 
more per hour. No difficulty has been found in working 
between platforms, or retaining walls, or through 
bridges. After new material has been cleared from one 
truck, this becomes available for the reception of 
the old. 

From the above brief sketch, it will be seen that 
hand labour is reduced to a minimum, and, moreover, 
that the fixing of the rails to the sleepers becomes a 
shop job instead of a field job, and can thus be con- 
ducted both more conveniently and expeditiously. 
As a result, total labour costs have been halved. It is 
obvious that for the most effective operation of the 
track-layer, when used for relaying work, possession 
of the road must be obtained for some period, either 
by day or by night. The longer the periods of posses- 
sion the more effectively will the machine operate. 
The standard methods of track relaying have, it is 
true, been brought to a very high degree of perfec- 
tion, but in essentials they are the same as 80 years 
ago, when rails weighed less than a third of what some 
do to-day. Nevertheless, it is still the usual practice 
to handle them during relaying operations, entirely by 
muscular power. Human muscle is the most expensive 


of all prime-movers, and it is replacement by power 
justifies a great effort by the traffic department to 
arrange for the occupation of a track for the time 
required. The fact that the machine can be operated 
efficiently at night reduces the difficulties involved. 

Characteristic views of the cantilever crane are repre- 
sented in Figs. 11 and 12, Plate VII, which show 
respectively the leading and trailing ends. The general 
proportions andthe amount of overhang provided, will, 
however, be better gauged on reference to Fig. 2, 
above. Views of the train trolley are reproduced in 
Figs. 13 and 14, Plate VII, whilst Fig. 15 shows the 
crane used at the stores yard, for loading and unload- 
ing the materials train. The sections of track are 
piled one above the other, on the trucks, as is clearly 
shown in Fig. 16. 

An important element in the outfit is the lifting 
frame or “‘ bale,”’ which replaces the hook of an ordinary 
crane. There are some slight differences in the ‘ bale ”’ 
used for the cantilever trolley, and that for the train 
trolley, but both are similar in essentials. That for the 
former is illustrated in Figs. 3 to 6, Plate VI. As 
shown in Fig. 3, it is suspended from the cantilever 
trolley at two points, and as will be seen from Fig. 4, 
it is provided with four sets of dogs for gripping the 
rails. The arrangement by which these dogs are 
closed on to the rail is illustrated in Fig. 6. The 
mechanism is operated by the handle to be seen in 
Fig. 4, which, by means of a worm gear, driving the 
longitudinal shaft shown, opens or closes the whole set 
simultaneously. Provision is made for traversing the 
track section laterally, so that it can be lowered into 
place truly aligned with the rails already laid. To 
this end, the lifting tackle is not secured directly to 
the “bale,” but to slides which can be traversed 
across the ‘‘ bale” by the screws aa (Figs. 4 and 5)! 
The nuts for these screws have worm wheels cut on 
them, which are driven by the shaft 5 and the hand 
wheel c. 

The trolley for the cantilever is represented in Figs. 7 
to 10, Plate VI. It is built sufficiently low to be well 
clear of the upper lateral bracing of the cantilever. It 
is provided with independent traversing and lifting 
motors, and the latter is fitted with a powerful brake. 
Current is picked up from conductors fixed along the 
side frames as indicated in Fig. 10. 

The “bale” for the train trolley has a slightly 
different provision for lateral adjustment than that 
described above, but the difference is in detail only. In 
this case the traverse in question is controlled by the 
motor man, who travels with the train trolley in one 
or other of two cages, and it is necessary, therefore, that 
he should be able to work the mechanism from either 
position, and to do this readily whatever the level of 
the “‘ bale.” The gear is accordingly driven by one of 
two endless chains which hang down near the motor- 
man’s cage and within his easy reach. As shown in 
Figs. 22 and 23, page 103, the ‘‘ bale’’ for the train 








trolley is provided with a four-point instead of a two- 
point suspension. With this arrangement side tipping 1s 




















to 


wo VS 





ee 


ENGINEERING, January 22, 1926. 


PLATE VI. 








RAILWAY 


TRACK-RELAYING MACHINE. 


CONSTRUCTED BY MESSRS. HERBERT MORRIS, LIMITED, ENGINEERS, LOUGHBOROUGH. 


Fig.?. BALE FOR PICKING UPACOMPLETE 
LENCTH OF TRACK 





(9198. C)! : 7 


ee a, a 


Fig. 5. 
SECTION SHOWING 
GEAR FOR VARYING 

CENTRE LATERALLY, 





(9198. 0.) 






(9198.€) 


(For Description, see Page 102.) 





EeceesR. jj | © Nicocmcecniat 


Fig. 6. SECTION SHOWING 
GRIPPING DOGS 





























na 





i 





{ 











tS Eee 





Fsleuieteieienteieetenbement aise seme 








i 
| 
t 
| 
| 
! 
| 
| 
| 
i 
! 


ENGINEFRING 








| 





“ENGINEERING” 









































COO 












“ENGINEERING 





(T'o face page 102.) 











ENGINEERING, January 22, 1926. ee ont 











| 7 jt mete RAILWAY TRACK-RELA 
CONSTRUCTED BY MESSRS. HERBERT MORRIS, LIN 


(For Description, see Page 102.) 
































Fie. 11. CanTILEveER CRANE Lirtina A CompLeTE LENGTH OF TRACK. Fic. 12. View or Arter Enp or C 




















LGM EEING 





Fic. 14. Visew or Train Trouiey Lirrinc Track SECTION FROM PILE ON Car. Fie. 15. View or TRAVELLING CRANE IN STORE Yarp s 
THE TRACK SECTION 











: PLATE VII. 








*K-RELAVING MACHINE. 


‘MORRIS, LIMITED, ENGINEERS, LOUGHBOROUGH. 


OM, see Page 102.) 




















BR GEER GD. i Fi vf Sr - 
PApirce aig 








Arter Enp oF Ca F 
NTILEVER CRANE. Fic. 13. Train Trottgy Carryine Track Section REeapy ror DELIVERY TO CANTILEVER CRANE. 











I nce TIMID 


LMINER A OG 





x SrorE Yarp SHowine “ Bate” vu 
| } ALE ” USED FOR 
gon nto HANDLING Fig. 16. View or Bripce BY WHICH THE TRAIN TROLLEY Passes FROM Cak TO Car. 






































































































a 3 
nN = 
tol 2 
d > 
a] -ONIHTINIONI ‘YINNNY AITIOVL . 5 
oy 
" LS 
he & 
_ (a 8616) & 
4A ip wer ite be 2 
kK aT Ry 
i te=2=3 t Ses ae 
o pa a 
a ————a besecnnsnss| 
a 
me 
rad 
A 
a 
és) 
A, 
= 
1e) Oo 1e) 10) 
SYOLINGNOD DIVLIIII FP MIVYL AITIONL 
7 0 but 

















= 
| 

| 
— 

















—it-—— 





























OE GMS: 
LW 
| 























































































































HIVAIL 10 HLINIT ILIIAWOI ‘81071, ss I ee 
HLIM YIAINLNVI JO ONI GUVOINI INOYS BP OL ONITTIFAVYL AITTIOUL 


(‘zol eng vas ‘uoudisisag 40g) 
“HOQOUOPHDNOT ‘SUAANIONA ‘GOLINIT ‘SIMHYON LUACUAH ‘“SUSSHN AM CAALINULSNOO 


‘ANIHOVN DNIAVTHa-SXOVAL AVMIIVA 


PLATE VIII. 















26. 


JAN. 22, 1926.] ENGINEERING, 


103 














RAILWAY TRACK-RELAYING MACHINE. 


CONSTRUCTED BY MESSRS. HERBERT MORRIS, LIMITED, ENGINEERS, LOUGHBOROUGH. 














LN™ Vi 


Som eS 


, A 




















Fie. 22, Train TROLLEY AND “ BALE.” 
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Fig. 24. Rat Connection BETWEEN Cars. 








impossible and a level lift assured, thus economising 
the space required for a clear lift. 

The general arrangement of the train trolley is 
represented in Figs. 17 to 19, Plate VIII. As best seen 
in Fig. 17, it runs on rails carried on brackets bolted 
to the car bodies. An enlarged view of one of the 
wheels is illustrated under Fig. 19, from which it will be 
seen that the wheels have a double tread. The object 
of this is to facilitate the passage of the trolley from 
one car to another, as shown in Fig. 24, annexed. 
The bridging piece spanning the gap between the bearer 
rails does not align with the latter, but is clamped to 
one side of them, and on traversing this bridge the wheel 
runs on the second of the two treads. All four wheels 
are driven by means of chains arranged as indicated 
in Figs. 18 and 19. 

An enlarged view of the two current collectors is 
reproduced in Fig. 20. These collectors are, of course, 
really at opposite ends of the train trolley, but for 
simplicity’s sake are here shown in juxtaposition, They 
are forced by springs into contact with the conductor 
rail, which is shown dotted in Fig. 20 and in cross- 
section in Fig. 21. These rails are supported from the 
same brackets as the carrier rails and are insulated by 
wood. 

It will be noted that the train trolley is provided 
with two folding cages, which in normal position are 
both folded up within the loading gauge. When actual 
laying or relaying is in progress, the cage on the side 
clear of the 6 ft. way is unfolded for the use of the 
operator. . There are, of course, dual controls, one to 
each cage. The operator has complete control of 
the gripping and traversing of the bale, and is able 
to pick up and deliver the track sections without any 
additional assistance. The motors, reduction gears, 
and starting resistances are all mounted on the top 
framing of the train trolley but are, of course, kept suffi- 
ciently low to clear the loading gauge. 





LAUNCH OF THE Mortorsuip “ ATHELKING.’’—The 
motorship Athelking, a 475-ft. steel twin-screw motor- 
ship, fitted for carrying molasses, oil or spirit in bulk, 
and built for Messrs. the British Molasses Company, 
Limited, was recently launched from the Wallsend yard 
of Messrs. Swan, Hunter and Wigham Richardson, 
Limited. The vessel has 11 cargo tanks, at the bottom 
of which steam pipes are installed for heating the cargo. 
Arrangements have also been made for freeing the tanks 
of gas and for steaming them out. There are two pump 
rooms and the arrangement of the cargo pumps is such, 
that each may draw from any section of the cargo spaces 
when discharging. Steam heating, and electric lighting 
and ventilation are fitted throughout, and in addition 
to the accommodation for the officers and crew, five 
staterooms, together with a dining saloon and a smoke 
room, are provided on the poop. The propelling 
machinery will be of the Neptune reversible single- 
acting marine type, working on the two-cycle principle, 
and arranged for forced lubrication; each engine will 
have 6 cylinders. The whole of the propelling, and 
auxiliary steam, machinery, and boilers is being built 
at the Neptune works of Messrs. Swan, Hunter. and 
Wigham Richardson. 
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THE SENNAR DAM. 


Eeypt has a prescriptive right, based on imme- 
morial usage, not only to the waters of the Nile, but 
to the fertilising silt suspended therein. Hence all 
projects for irrigating lands in the region of the 
Upper Nile must be drawn up so as to avoid any 
endangerment of these historic claims. Neverthe- 
less, the Nile is a Soudanese, as well as an Egyptian, 
river, and the population south of Khartum have a 
fair claim to a share in its bounties. During the 
years immediately succeeding the battle of Omdur- 
man, exhaustive studies were made to determine 
what areas on the upper river were suitable for 
irrigation, and what means should be adopted in 
order to supply these without detriment to the 
Egyptian demands. Attention soon centred on the 
Plain of the Gezireh, which, as indicated in the sketch 
map we reproduce in Fig. 1, lies between the Blue 
Nile and the White Nile, and at a distance of some 
50 to 100 miles up stream from Khartum. The 
whole area in question lies some metres higher than 
even the flood level of the rivers. In the past, 
nothing had been grown on it but a miserable and 
uncertain crop of millet, which was raised with the 
aid of tropical rains, varying much in intensity 
from year to year. Nevertheless, the soil looked 
promising, and it was decided accordingly to test 
its capabilities for the growing of cotton. To this 
end a small area was irrigated by means of water 
pumped from the river, and yielded highly satis- 
factory results. It was resolved, therefore, to pro- 
ceed with a more ambitious scheme. Surveys 
showed that there was a total irrigable area of 
about three million feddans, but in the first in- 
stance it was decided to deal with not more than 
300,000 acres, with a possible extension at some 
future date. Enlargement of the area irrigated 
on any considerable scale would, however, neces- 
sitate heavy additional works. In the meantime 
it was determined* to secure the water required for 
the first section of the Gezireh project by damming 
the Blue Nile. A suitable site was found near 
Sennar, at a point 277 km. up-stream from Khartum. 
Here there is an outcrop of a hard, heavy, igneous 
rock, locally known as “ gabbro,”’ which crosses the 
river bed and provided a thoroughly reliable and 
reasonably accessible foundation. At this point, 
moreover, the river is divided by an island, and 
advantage was taken of this fact to divert the 
stream to a single channel whilst doing the founda- 
tion work on the other. The inauguration of the 
great dam, which has been constructed at this 
site, was celebrated yesterday at a function 
which was attended by Lord Lloyd, and by the 
Governor General of the Soudan. We illustrate 
this important work in the views reproduced in 
Plates LX, X and XI with our issue this week. 

The structure consists in the main of uncoursed 
granite rubble masonry, and has a total length of 
3,025 metres, and a maximum height above founda- 
tion level of 39-5 metres. The maximum width 
between the parapets at the coping level is 5-8 
metres. The total quantity of masonry has ex- 
ceeded 422,000 cubic metres, and it would have 
more, save that the ends of the dam on each 
side of the river have been constructed as embank- 
ments, with merely a core wall of masonry. 

The dam will form a lake about 2 miles wide by 
5 miles long (see Fig. 4, Plate X), but actually 
the water-level will be affected for a distance of 
160 km. up-stream. The total water retained will 
be 636 million cubic meters, but owing to losses 
by evaporation only some ‘485 million cubic metres 
will actually be available for irrigation purposes. 
The abstraction and diversion of this water will in 
no way injure Egypt, since the period in which the 
water will be impounded will be that in which 
Egypt has a superabundance. 

The problem of constructing a reservoir which 
should not act at the same time as a settling tank 
was solved at Assouan, and the same system has 
been adopted at Sennar. Here the central portion 
of the dam, which is 800 metres long, is pierced by 
80 large sluices, each 2 metres wide by 8-4 metres 
deep. Through these the silt-laden water is passed, 
and only clear water will be impounded. At Assouan, 
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* See ENGINEERING, January 7, 1921, p. 
September 29, 1922. 





it was found necessary, after the completion of the 
dam, to lay an apron along its down-stream face, 
since serious erosion was occurring through the 
lack of an adequate water cushion. Profiting by this 
experience, it was decided to fix levels at Sennar, 
so that when the sluices are discharging their sills 
will be below the down-stream level. Moreover, 
when this is at its lowest, the flow is very small, 
whilst the average depth of water cushion will be 
over 11 metres. At maximum discharge the down- 
stream level will be above the top of the culverts. 
It is hoped, therefore, that it will be unnecessary to 
add an apron to the dam, but even if this anticipa- 
tion should be falsified, the necessary works can be 
carried through with little difficulty. 

It was also decided to make the dam serve as a 
bridge for the Sudan Government Railway, and it 
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was therefore necessary to arrange matters so as 
to keep the track above the level of the heaviest 
floods. At the same time it was desirable to be 
able to retain the water at the highest level consistent 
with this and, as a consequence, the spillway was 
constructed as a series of openings through the dam 
at a higher level than the main sluices. There is 
thus a double tier of openings through the wall, 
as is very clearly shown in Fig. 4, 5 and 6, Plate X. 
The stone projections shown below the spillway 
openings are intended to break the force of the 
falling water. 

Plans for the works were completed and a start 
made in 1914, but the outbreak of the war made it 
necessary to cease operations. 

A fresh start was made in 1919, but it was found 
impossible at that time to get firm tenders. <A 
contract on a percentage basis was accordingly 
arranged, but costs continued to rise so rapidly 
that it was evident that the original estimates might 
be so greatly exceeded as to render impossible the 
commercial success of the undertaking. 

Work ceased accordingly, but in 1922 six leading 
British firms were invited to tender for the com- 
pletion of the dam and canals, and the contract 
was awarded to Messrs. S. Pearson and Sons, of 
10, , Victoria-street, Westminster. The firm com- 
menced operations in December, 1922, and agreed 
to complete their contract by July, 1925. Actually 
the dam was finished in May, 1925, and the canal 
connecting it with the Gezireh area in June of the 
same year. 

As already stated, the dam consists mainly of 
uncoursed granite rubble set in cement mortar, but 
the sluices and spillway openings are lined with 
granite ashlar. The 80 sluices in the centeal section 
of the dam are closed by Stoney gates, designed 
and constructed by Messrs. Ransomes and Rapier, 
Limited, of Ipswich, who were, in fact, responsible 
for practically the whole of the metalwork employed 
in the structure. The sluice gates weigh nearly 
10 tons each. They are housed in heavy cast-iron 
frames, each weighing about 20 tons. They 





are raised by petrol-driven cranes which travel 
along rails laid upon the copings of the parapet 
walls protecting the railway. One type of crane is 
illustrated in Fig. 7, Plate XI. A travelling jib 
crane shown in Fig. 8, is also provided, by which 
the sluices can be lifted bodily out of their grooves, 
when this may be necessary for examination or 
repair. A heavy steel shield is also available, 
and can be lowered in front of any of the up- 
stream sluice openings should it be desired to lay 
the culvert dry. 

There are in all 40 large spillway openings, measur- 
ing 5 m. in width by 2 m. in height, and 72 of a 
smaller size measuring 3 m. by 2 m.; they are 
closed by pitch-pine logs laid horizontally. A view 
of the dam at one of the sections in which the 
large spillway openings are located is shown in 
Fig. 3, Plate IX. 

The maximum flood yet recorded on the Blue 
Nile corresponded to a discharge of 10,000 cub. m. 
per second, but the spillways and sluices, acting in 
combination, have been designed to pass a flow of 
15,000 cub. ft. per second. 

It had originally been intended to use imported 
Portland cement for the masonry, which in pre-war 
days cost 5l. per ton, delivered at the works site. 
After the war the price rose to 19/. per ton, and it 
was decided accordingly to manufacture the cement 
locally, good limestone and clay being both readily 
accessible. A good deal of delay arose in getting 
the cement works started owing to strikes in 
England, one of which caused the loss of a year. 
Ultimately, however, the plant was completed, 
and the first kiln started in March, 1921. An 
excellent Portland cement was produced, but it 
was ultimately decided to use for the bulk of the 
work a “‘red cement,’’ made by grinding together 
70 parts of Portland cement clinker with 30 parts of 
burnt clay. Tests showed that mortar made with 
this cement was at twelve months old as strong as 
if made with the real Portland cement. The latter 
was, however, used for the foundation layer of the 
dam and_for a thickness of 1-8 m. on the up-stream 
face. All the rubble work, moreover, was pointed 
with 2 to 1 Portland cement mortar. Taking 
the structure as a whole, about 40 per cent. of the 
masonry consists of mortar. 

Many borings had been made prior to the starting 
of the works in order to determine the level of the 
sound rock. On the whole, these gave very reliable 
indications, but on one section the bores just 
missed a pocket of bad material, and the founda- 
tions here had to be carried down 5-7 m. lower than 
had been anticipated. 

All foundation work was done in the dry. During 
the low-water period the stream was diverted into 
one or other of the two branches into which the river 
is divided by a convenient island. Earth dams or 
sudds, with a core of steel-sheet piling, were con- 
structed round the foundation area, and the space 
enclosed, unwatered by pumps, some of which 
were driven electrically and the rest by oil engines. 

A good many springs were encountered, but these 
gave no serious trouble ; each was dealt with by 
building a “well” round it, and when the wall 
of this came above the free-water level the wells 
were filled with rubble and grouted up with cement. 

The workmen were nearly all Egyptian or 
Soudanese, but Italians cut the blocks for the ashlar, 
the quarrying being done by Egyptians. The latter 
proved much more robust and capable of rough work 
than the Soudanese, though the latter were useful 
on lighter jobs. 

The maximum number of men employed in any 
one year was 20,000, of which about one-half were 
Egyptians. The latter were very liable to malaria, 
but special precautions were taken, work being 
reduced to a minimum during the three “ mosquito 
months, and the breeding-places of the pests drained 
or covered with paraffin? 

Provision is made for supplying the main canal 
through fourteen regulator sluices, 3 m. wide by 5 m. 
high, « f which seven are at present installed. Fig. 2, 
Plate IX, shows the dam at this point. The main 
irrigation canal is 114 km. long, and 10,100,000 cub. 
m. of earthwork had to be excavated. It hasa bottom 
width of 26 m. and a depth of 3-4 m., and the side 
slopes are 1 to 1. The fall allowed for is 7 cm. pet 
mile. The material was a very hard clay, and the 
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Fig. 9. BrancH REGULATOR ON THE GEZIREH CANAL. 


work was done mainly by drag-line excavators. The 
side canals involved an excavation of 5,200,000 
cub. m., and much of the work on this was done 
by hand, the average output being 3 cub. m. per 
man per day. The first branch canal regulator 
below the dam is illustrated in Fig. 9, above. 

The possibility of the work was first mooted by 
the late Sir William Garstin, and was planned by 
Sir Murdoch MacDonald. Latterly (since 1922), 
Messrs. Coode, Fitzmaurice, Wilson, and Mitchell 
have acted as the consulting engineers for the works, 
and Mr. O. L. Prowde, M.Inst.C.E., has been the 
resident engineer on the work since 1917. It is to the 
latter’s courtesy that we are indebted for the above 
information. The total cost has been 8,500,0001., 
of which the dam was responsible for 5,600,000/. 





THE USE OF GAS IN INDUSTRIAL 
HEATING PROCESSES. 


Coa. gas has claims to recognition as, perhaps, the 
most popular heating medium because of its freedom 
from ash, its uniform quality as regards heating capa- 
city, its cheapness, and the small amount of labour 
which its use involves. These were points brought 
out by Mr. A. Docking in a paper on “ Industrial 
Gaseous Firing,” which he read at a meeting of the 
Belfast Association of Engineers in the Municipal 
College of Technology last night. Having cited the 
many advantages possessed by gaseous fuel, he pro- 
ceeded to examine the different systems of heating 
by gas in industrial work. When comparatively low 
temperatures only were required, such as in heating 
core ovens, japanning ovens, and in the boiling of 
liquids, the use of low-pressure gas in good Bunsen 
burners was quite satisfactory. Should it, however, 
be necessary to maintain constant: conditions or to 
raise the temperature to high values, this system was 
neither the most appropriate nor the most economical. 

High-pressure gas was not an ideal heating agent 
and its use was gradually losing favour. The mains 
and fittings had to withstand a pressure of, generally, 
about 12 lb, per square inch and the amount of leakage 
that took place was a continued source of trouble. 
Another disadvantage was that the velocity at the 
nozzle orifice was so great that the opening was soon 
enlarged, owing to the cuttirfg action of the gas and 
nipples had in consequence to be renewed frequently 





to keep the consumption down to a reasonably constant 
value. The difference in the density of the two gases, 
air and coal gas, made proper intermingling difficult 
of attainment in the limited space between the nipple 
and the burner nozzle, and imperfect combustion 
frequently resulted. If the stream of gas and air enter- 
ing a furnace could be seen, it would be found to be 
made up of alternate layers of the two components. 
Such stratification could not be avoided in high-pressure 
systems, and the result was that much of the gas 
passed through unburnt until it reached the flues. 

The use of separate gas and air blast was also pos- 
sible, and though more popular than high-pressure gas 
was still far from the ideal. Fired in this way, the plant 
had an efficiency which was largely dependent on the 
skill of the operator. Gas consumption could not be 
guaranteed, even approximately, as if both the gas 
and air cocks were not properly adjusted, the use of 
gas would be out of all proportion to the work done. 
The cocks required continuous adjustment as, even 
though a governor was installed, the demands for gas 
in other parts of the works affected each furnace. 

To overcome the disadvantages of the previous- 
mentioned methods of firing, the gas and air mixture 
system had been introduced, and the author claimed, 
in his paper, that the success which had accompanied 
its introduction into all kinds of industries had proved 
that the object had been accomplished. The advantages 
possessed by this method of heating were many. The 
gas and air systems, once set to obtain a predetermined 
mixture, were automatically kept constant under all 
conditions of demand. Variations of the inlet pressure 
at the town’s mains caused no change in the combustion. 
The operator had but little to do in manipulating the 
plant, and perfect combustion was obtained at all 
times. As a result of this, large savings in gas con- 
sumption were effected, no heating faults resulted, 
and the products of the process, whatever it might 
be, were always uniform. For heating on this 
system the gas was passed through what was termed 
an ‘‘incorporator,” comprising a sensitive inlet-gas 
governor, a two-ported mixing valve where the gas at 
atmospheric pressure was associated with the in- 
coming air, a multi-bladed compressor, and a sensitive 
relief valve, to maintain a regular outlet pressure. Com- 
plete automatic control was exercised by the equipment 
over the quality of the mixture delivered, as the valves 
worked throughout their whole range, to give a constant 
pressure and uniform mixture in the service pipes. 
Changes of the quality of the mixture could be made 
at any time by the adjustment of the mixing valves, 
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but it was arranged so that it was impossible to get a 
weaker mixture than one volume of gas to two volumes 
of air. Since the gas supply obtained from the mains 
was not explosive when mixed with air in these propor- 
tions, the delivered mixture was always perfectly safe 
to use. Such a fool-proof characteristic was not found 
with the other systems. Machines for this method of 
heating were now available in eight sizes, ranging in 
capacity from 2,000 cub. ft. to 50,000 cub. ft. per hour. 

The fields for research and development in gas heating 
were many and wide. There was need for work on the 
intensification of flame for local heating in such pro- 
cesses as welding and heating rivets, . Refractories 
must still receive attention. Waste-heat recovery was 
a subject of importance, and so also was the develop- 
ment of pre-heating. Temperature control to. secure 
economic working was necessary, and the design of 
furnaces could not yet be regarded as being in a 
completely satisfactory state. 





RUGBY RADIO STATION.* 


By Artuur Stantey Anawin, D.S.O., M.C., B.Sc., 
and THomas WALMSLEY, B.Sc., Assoc. MM. Inst.C.E. 


THE construction of this Government Wireless station 
was decided on to provide a means of radio telegraph 
communication of world-wide range throughout the 
whole of the 24 hours. Thus the necessity of inter- 
posing intermediate stations to communicate with 
Australia and other parts of the Empire is avoided, 
and a sufficient margin of power enables the station to 
operate effectively during conditions which are unfa- 
voura ble for radio reception. The high-frequency valve 
generators are capable of an output of 500 amperes into 
an aerial supported on masts 820 ft. high. 

The paper sets forth considerations governing the 
selection of the Rugby site and describes the lay-out 
of the masts and buildings. 

The 12 masts are identical in form, each consisting 
of three vertical posts and K bracings. The posts 
form the corners of an equilateral triangle. It is 
claimed that the K bracing is better able to resist 
twisting of masts than is single diagonal bracing. One 
of the most desirable requirements for the posts of a 
mast is a low ratio of greatest to least radius of gyration 
of cross-section. In the case of the Rugby masts this 
ratio at the largest section of posts is 1-2: 1. The 
base of each mast terminates ina ball-shared socket, 
thus permitting a more determinate calculation of 
stay and mast stresses. A feature of interest on the 
aerial halyard hoisting drum is a slipping device, which 
allows the aerial halyard to slip when the tension 
exceeds a certain permissible value, thus relieving the 
mast of excessive horizontal aerial loading. 

In order to calculate the mast stresses and stay 
tensions under maximum wind load and aerial pull, 
a horizontal wind load of 60 lb. per square foot over 
the whole of the exposed surface of the mast was 
allowed, and the mast was treated as a continuous 
girder, the points of support to the stays being regarded 
as on the same straight line. The bending-moment 
at the points of support, and thus the horizontal 
reactions and the horizontal components of the stay 
tensions, were obtained by the theorem of three 
moments. The results enabled the correct initial stay 
tensions to be calculated. The actual tensions in the 
stays can be ascertained by means of a small hydraulic 
pump fixed at the lower extremity of each stay. 

Each mast is insulated at the base by porcelain and 
granite blocks, whilst each stay is insulated by porcelain 
at the lower extremity only. The authors are inclined 
to the view that in those cases where mast insulation 
has not been productive of practical advantages the 
essentials have not been thoroughly appreciated, the 
requirements of the case being that, not only must the 
mast be insulated from earth, but also the capacity 
of the mast to earth must be minimised. The masts 
at Rugby have a thickness of base insulation of several 
feet. The paper dwells upon some of the problems 
arising out of a search for suitable insulation. E 

The aerial is of the ‘‘ sausage ” type, 12 ft. diameter 
siipported upon high-tensile steel spreaders, the centres 
of which are clamped to a steel cable. The span of 
each “ sausage” is about a quarter of a mile, and 11 
of these “ sausages’ form the complete aerial. The 
authors compare the “sausage” with the horizontal 
type of aerial supported from arms projecting from 
masts, and conclude that the cost per unit of capacity, 
elevated to the same height above ground, does not 
differ greatly in the two cases. 

Both an earth system, consisting of 100-lb. copper 
wire buried 6 in. in the ground, and a counterpoise, or 
raised capacity, consisting of No. 12 B. & 8S. gauge 
copper-clad wires, have been installed. Normally 
the earth will be used with the telegraph eight-mast 





* Abstract of a paper to be read before the Institution 
of Civil Engineers, on Tuesday, January 26, 1926. 
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aerial, whilst the counterpoise is intended for use in 
connection with transatlantic telephony tests. 

The paper dwells briefly upon the power plant and 
the water-cooled transmission valves. An interesting 
feature of the former is the motor-generator installation 
for providing the mair high-tension, direct-current 
supply to the valves. Each of the three motor- 
generator units consists of a synchronous motor direct- 
coupled to two 3,000-volt, single-commutator gene- 
rators, joined in serics. It is thus possible to get 
18,000 volts direct current. 

A section of the paper is devoted to problems of 
erection of the masts, stay ropes, and earth and aerial 
system. All stays were constructed on the site, and 
consist of straight wire ropes made up of 100-ton 
galvanised-steel wire. It is claimed that by the 
employment of straight wire ropes more exact calcula- 
tion of stay and mast stresses is possible. 

The concluding portion of the paper deals with tests 
upon masts, stay-sockets, and insulators. Curves show 
the results of tests on sockets, carried out to ascertain 
the extent of the “draw” of wires. The ends of the 
wires are held in the conical sockets by means of 
Babbitt’s metal. The best type of socketed end is 
that in which the wires are spread out in the socket 
thus allowing a maximum adherence of Babbit’s metal 
to wire. 

Before suitable porcelain and granite were obtained 
for mast insulation, many tests were made upon 
different samples. In the case of porcelain the diffi- 
culty was to find material that could withstand the 
application both of 
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electrical oscillations and high compressive mechanical 
stresses. The presence of even slight traces of moisture 
appears to lower the insulation properties of granite 
to a very marked extent. Curves show the rise in 
temperature with time of granite under the application 
of high differences of potential. The temperature 
rises more or less rapidly, according to the conditions 
of test, to a maximum. Thereafter it slowly falls. 
When a repetition of the test is made after the granite 
has cooled down, the temperature rise is negligible. 








RADIANT-HEAT FURNACES. 


Tue phenomenon of surface combustion has been 
familiar to physicists for many years, and numerous 
attempts have been made from time to time to apply 
it to industrial heating processes. For such purposes 
it has the obvious advantages of enabling high furnace 
temperatures to be obtained in conjunction with 
perfect combustion and high thermal efficiency, while, 
at the same, time the temperature and atmespheric 
conditions of the furnace can be readily and accurately 
controlled. Another advantage of surface combustion 
for industrial heating is that, owing to the complete 
absence of flame, certain operations for which muffles 
or crucibles have normally to be employed can be 
carried out in open furnaces. 

For some five years past, Messrs. Krupp, of Essen, 
have been engaged in the development of a series 
of industrial furnaces employing the principle of 


radio-frequency high-tension | surface combustion, and have now upwards of 100 
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of these furnaces in operation in their own works. 
The results obtained with them, we understand, have 
been so satisfactory that it is proposed to install 
about 500 more in the near future in the Krupp works 
alone, and many others are now in operation in various 
works on the Continent. The sole manufacturing and 
selling rights for the British Empire for the Krupp 
radiant-brick furnaces, as they are called, have recently 
been acquired by Messrs. Stein and Atkinson, Limited, 
47, Victoria-street, Westminster, S.W.1, who will 
carry out the construction of these furnaces in Great 
Britain. They are made for practically all industrial 
heating processes, such as re-heating, forging, welding, 
annealing, tempering, hardening, metal melting, &c., 
as well as for use in connection with the manufacture 
of glass and pottery. Any kind of clean gas, including 
town gas, Mond gas, blast-furnace gas and coke-oven 
gas, can be used as fuel. 

On this and the opposite pages we illustrate a few 
typical examples of furnaces employing the principle 
referred to, but before dealing with these we propose 
to describe the heating element which is employed in 
all cases. This is illustrated in Fig. 1, and it consists 
essentially of a flat brick or tile of highly refractory 
material pierced with small holes about }-in. in 
diameter which run from the back edge of the brick 
and open into larger holes, about } in. in diameter, 
near the front edge. A number of the bricks are 


mounted side by side in a metal holder, and the heating 
units so formed are built into the side walls or roof 
of the furnace. A combustible mixture of gas and 
air, the latter being usually preheated, is admitted 
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to the back of the holder, and this passing through 
the small holes in the bricks burns flamelessly on 
the inner surface of the larger holes, raising the 
‘emperature of the refractory material to a high 
degree; the contents of the furnace are, of course, 
heated by the radiation from the bricks, The tem- 


perature attained can be regulated as required by 
varying the rate at which the gaseous mixture is 
supplied and is limited mainly by the fusing tem- 
perature of the brick. Actually, we understand, a 
temperature equal to 90 per cent. of the maximum 
theoretically obtainable from the combustion of the 





gas can be maintained in the furnace. By varying 
the proportions of gas and air an oxidising or reducing 
atmosphere can be obtained in the furnace at will. 

The method of obtaining the combustible mixture of 
air and gas is also illustrated in Fig. 1, from which it 
will be understood that the air is supplied under pres- 
sure to an injector nozzle, the gas being drawn in 
through an annular passage surrounding the air nozzle. 
After some preliminary mixing in the injector nozzle, 
the gas and air pass through a pipe containing a strip 
of steel twisted to form a helix which is introduced 
for the purpose of setting up turbulence and ensuring 
a thorough admixture. Passing on to the distributing 
chamber at the back of the radiant bricks, the mixture 
flows through the small holes in the latter at a high 
velocity, which is sufficient to preclude the possibility 
of lighting back, and burns on the inner surfaces of 
the larger holes as already described. Among the 
advantages claimed for the arrangement, it is pointed 
out that the radiant bricks have great mechanical 
strength in comparison with the thin porous tiles 
previously employed in surface-combustion furnaces, 
and that the risk of lighting back encountered with the 
latter, owing to the fact that the back and front surfaces 
of the tile are at almost the same temperature, is avoided. 
The minute passages in porous tiles are also liable to 
become clogged by any dirt present in the gas or air, 
and this difficulty is avoided in the system we are 
describing by the use of the small clear passages 
through the radiant bricks; it is still necessary, how- 
ever, to use reasonably clean gas. 

The air for combustion is generally pre-heated by 
passing it through recuperator tubes of a special heat- 
resisting material on its way to the injector, the pro- 
ducts of combustion from the furnace being led round 
the outsides of the tubes. This, of course, results in a 
considerable gain in efficiency, especially as the fact 
that the risk of pre-ignition is avoided enables the air 
to be heated to a high temperature. To increase the 
efficiency further, heat losses are reduced to the 
minimum by including a layer of insulating material 
between the casing and the refractory lining, while 
the hot-air pipes, the injector and other passages for 
the gas and air mixture are all covered with lagging. 
As a result of this it is claimed that thermal efficiencies 
ranging from 30 per cent. to 50 per cent. can be main- 
tained in practice, thermal efficiency being here defined 
as the ratio of the heat imparted to the metal to that 
contained in the gas supplied to the furnace. A high 
output is also claimed for the radiant-brick furnaces, 
in support of which it is mentioned that, with a forging 
furnace, the output obtainable under practical work- 
ing conditions amounts to, or exceeds, 100 lb. per hour 
for each square foot of furnace bed. 

In connection with the working results obtainable, 
we may quote some figures supplied to us by Messrs. 
Stein and Atkinson from a test carried out on a small 
furnace suitable for forging, welding, tool hardening, 
or other heat-treatment processes. In this furnace 
the heating chamber measured 12 in. by 12 in. by 9 in. 
and it was fitted with a single radiation brick mounted 
in the roof and also with a recuperator for heating the 
air. Using coke-oven gas with a net calorific value of 
450 B.Th.Us. per cubic foot, supplied to the furnace 
at the temperature of the atmosphere and at a pressure 
of about 6 in. water gauge, the following results were 
obtained: Six minutes after starting up from cold a 
temperature of 1,000 deg. C. was reached uniformly 
over the whole of the heating space, the temperature 
rising to 1,400 deg. C. in 10 minutes from the start. 
The gas consumption, when the furnace temperature 
was kept constant at 1,200 deg. C., was 140 cub. ft. 
per hour and this, for the particular output obtained 
from the furnace during the test, represents a thermal 
efficiency of 40 per cent. This is certainly a very 
high figure in view of the small size of the furnace. 

It may here be mentioned that when the gases are first 
ignited at the face of the radiation bricks, a flame 
projects some 2 or 3 in. beyond the surface, but as the 
brick becomes hot the flame gradually recedes into the 
holes, and finally combustion takes place entirely on 
the inner surfaces of the holesin the bricks. When this 
has occurred, if the air supply is reduced or the gas 
supply increased, a bluish flame appears at the openings 
of the holes. In normal working, this blue flame serves 
as an indication that the air is insufficient for’ complete 
combustion and that a reducing atmosphere exists in 
the furnace. If such an atmosphere is not required, the 
air can be increased or the gas diminished until the 
blue flame just disappears and when this occurs, 
complete combustion will be obtained with a neutral 
furnace atmosphere. 

As previously mentioned, the principles outlined 
above can be applied to practically all types of industrial 
furnaces, and in Fig. 2 is shown a side-tilting melting 
furnace of the open-bath type; Figs. 3 and 4 are 
transverse and longitudinal sections, respectively, of a 
similar, but larger, furnace. The furnace body, as 
shown, is fitted with two tracks which rest on four 
rollers and a pouring spout is provided on one side with 
three charging doors on the opposite side. Hand 
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gearing is fitted for tilting the furnace, as will be clear 
from Fig. 2. The radiating bricks are arranged in groups 
along the whole length of the upper portion of the 
furnace, and are supplied with gas and air through 
flexible pipes, the air being pre-heated in a recuperator 
located in rectangular passages below the melting 
bath, as shown in the transverse section, Fig. 3. The 
capacity of the furnace illustrated in Figs. 3 and 4 is 
one ton of brass, and the consumption of town gas 
with a net calorific value of 450 B.Th.Us. per cub. ft. 
would be about 4,500 cub. ft. per ton. 

A smaller end-tilting furnace of the open-bath type, 
also for metal melting, is illustrated in Figs. 5 and 6. 
The design and construction of this furnace can be 
followed from the illustrations without explanation, 
but attention may be directed to the recuperators, 
which, in this case, consist of bent tubes located in 
rectangular passages through which the waste gases 
pass on their way to the outlet. This furnace is capable 
of melting one cwt. of alloy steel per hour with a con- 
sumption of 1,000 cub. ft. of gas of the above-mentioned 
calorific value. Our final illustration, Fig. 7, shows a 
furnace with side-heating elements suitable for forging, 
re-heating or annealing work. The floor measures 
3 ft. 9 in. by 7 ft., and the maximum height of the 
roof arch is 2 ft. 6 in. When heating 47 cwt. of 
steel billets per hour to a temperature of 1,250 deg. C., 
the gas consumption would be 10,500 cub. ft. per hour. 
Furnaces similar to those we have selected for illus- 
tration are made in a wide range of sizes, and others 
are supplied for rivet heating, tempering by means of 
the salt bath and for other special applications. 





Contracts.—Messrs. Riley Stoker Company, Limited, 
Palace Chambers, Bridge-street, London, 8.W.1, have 
just received an order for eight Riley super stokers for use 
with eight Babcock boilers. Each stoker has an undivided 
furnace, and the incandescent surface of the entire fuel 
bed delivers heat directly on to the boiler tubes, which 
form the roof boundary of the archless furnace.—The 
Belgian Post and ‘Telegraph Department has placed 
an order with Ateliers de Constructions Electriques de 
Charleroi, for the manufacture, laying and jointing of 
218 miles of special long-distance telephone cable for 
connecting Brussels with La Panne, Lille and Roosendaal 
at a total cost of over 600,000 J. 


TENDERS.—The Public Works Department, Welling- 
ton, New Zealand, is calling for tenders for the supply 
and delivery of two dam gates, complete with operating 
mechanism, and one automatic dam crest ; the supply 
and delivery, at Auckland, of oil-filtering and testing 
apparatus for use in connection with the Arapuni 
Power Schemes, comprising five oil filters, five oil-testing 
equipments, and five filter-paper drying ovens ; and for 
the supply and delivery, supervision of erection, and 
testing after erection, of 22,000 volt metal switchgear 
and equipment for Penrose sub-station. Tenders for 
all the above will be received in New Zealand until 
4 p.m. on March 23, 1926.—The South African Railways 
and Harbours are inviting tenders for the supply and 
delivery of two 4-ton electrically-driven fixed wharf 
cranes for the new jetty at Luderitz. Tenders must 
reach Johannesburg, Transvaal, not later than noon on 
Thursday, February 25, 1926. Further particulars 
regarding the above tenders may be obtained from 
the Department of Overseas Trade, 35, Olid Queen- 
street, London, 8.W.1. 

THE COMPRESSIVE STRENGTH OF CONCRETE: SIZE 
or SpeEcimeNns.—Compression tests of concrete are 
generally made on cylindrical specimens 6 in. in diameter 
and 12 in, long. This form is not always convenient, for 
instance, in the case of specimens cut from struc- 
tures. It is known, on the other hand, that the results 
vary somewhat with the size and form of the specimen. 
An investigation of the influences of these two factors, 
as well as of the consistency, grading and size of 
aggregate and age at test, has recently been conducted 
at the Sicnabavel Materials Research Laboratory of the 
Lewis Institute, Chicago, and is described by Harrison F. 
Gonnerman in Bulletin 16 of this Laboratory. The 
1,775 concrete specimens tested consisted of cylinders, 
cubes and prisms made of 1: 5 or 1 : 3 concrete, and 
mixed with pebble aggregates graded 0 in. to 1} in. ; the 
ages of the specimens ranged from 28 days to 1 year. 
The 6-in. by 12-in. cylinders recommended by the American 
Society for Testing Materials were found satisfactory ; 
to ensure uniform placing, however, this size should be 
limited to aggregates 2 in. or less in diameter. For 
smaller sizes of aggregates, the 4-in. by 8-in. and the 
5-in, by 10-in. cylinders proved suitable. Cylinders of 
more than 2 diameters length generally gave lower 
strengths. Taking the strength of the 6 by 12 specimen 
as 100, the strength of specimens of ratios of length to 
diameter 0-5, 1-0, 1-25, 1-5, 2-0, 3-0, 4-0, were, respec- 
tively, 178, 118, 107, 103, 100, 75, 70; and these figures 
agreed in general with previous data. The values were 
practically the same for ratio ranges 1-5 to 2-5. The 6-in. 
and 8-in. cubes gave higher strengths than the 6-in. by 
12-in. cylinders, the increases amounting to 18 and 
13 per cent. after 7 days and 1 year; the prismatic 
specimens yielded lower strengths of about 93 or 91 per 
cent. Moistening, in all cases, increased the strength 


with age ; for the 6-in. by 12-in. cylinders the strengths, 
after 7 days, 3 months, 1 year, respectively, were 52, 
142, 178 per cent. of the 28-day strength for a 1:5 
concrete, 
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SPECIFICATION FOR PRESSBOARD AND VULCANISED 
FIBRE FOR ELECTRICAL PuRPOSES.—Two new specifica- 
tions have just been issued by the British Engineering 
Standards Association. They are:—No. 231-1925 
Pressboard for Electrical Purposes, and No. 216-1926 
Vuleanised Fibre for Electrical Purposes. These, 
together with the recently-issued specification for ebonite 
for radio purposes (No. 234) are the first of a series of 
standard specifications for electrical insulating materials. 
The values given in the new specifications, together with 
the methods of testing, have been based on the results 
of researches carried out by the British Electrical and 
Allied Industries Research Association. Specification 
No. 231 applies to non-impregnated pressboard only. 
The preparation of a specification for pressboard impreg- 
nated, during manufacture, with varnish, oil, wax, and 
the like, is under consideration. Copies of these new 
specifications may be obtained from the B.E.S.A. 
Publications Department, 28, Victoria-street, London, 
S.W.1, price ls. 2d. each, post free. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Despite optimistic forecasts, the year 
has opened very quietly in most branches of the steel and 
engineering trades. Inquiries yielding actual business 
are mostly: for lighter products in the form of tools and 
implement parts. Close attention is being paid to the 
market for raw and semi-finished materials. Crude steel 
and wrought-iron are still in a depressed condition. 
Nominal quotations, for the most part, merely cover work- 
ing expenses. Purchases of steel-making hematites are 
confined to small parcels to cover immediate needs. 
Movements in the fuel market, coupled with the effect 
of an increased export demand, have created a firmer 
tone in certain descriptions of pig iron. Compared with 
a month ago, Derbyshire No. 3 foundry iron has risen 
2s. per ton, and Derbyshire forge iron, 2s. 6d. Bars are 
offered at 10s. per ton below the price operating in 
December, as an inducement to users to increase their 
stocks. The revised official list of quotations is as follows : 
Hard basic steel billets, 8/. 12s. 6d. ; soft basic steel billets, 
71. 58s.; West Coast hematites 41. 5s. ; East Coast hema- 
tites,4/.; Lincolnshire, No. 3 foundry iron, 31. 7s. 6d. ; 
Lincolnshire forge iron, 31. 5s. ; Derbyshire No. 3 foundry 
iron, 3l. 7s. ; Derbyshire forge iron, 31. 5s. ; bars, 111. 10s.; 
and sheets 14/7. 10s.; in each case per ton delivered at 
local works. The problem of railway delays is engaging 
the attention of traders in all branches. Short distance 
journeys are reported to have occupied as long as six 
and seven days, seriously interfering with the discharge 
of orders. The Chamber of Commerce is endeavouring 
to secure redress. The orders reported last week to 
have been placed for steel rails by one of the leading rail- 
way combines in this country will be completed in less 
thanamonth. Meanwhile there is urgent need of increasd 
export business to occupy extended plants for the pro- 
duction of railway axles, tyres and wheels. Business in 
edge tools, files and saws is maintained at a substantial 
level. Production of shovels, spades and farm imple- 
ments has slightly fallen away. On the other hand, the 
automobile industry is an increasingly large buyer of 
steel fittings, magnets and tools. 


South-Yorkshire Coal Trade.—Prices show an upward 
movement in response to a healthier demand in several 
sections. Shipments of steam hards are going away 
rather more freely, while on inland account contract 
deliveries are maintained at a higher level. Washed fuel 
is an active market, with a better export inquiry for 
smalls, but inferior slacks are still in abundant supply. 
The house-coal demand from London and the provinces 
has further expanded with the return of wintry conditions, 
and depots and collieries are uniformly busy. Quota- 
tions: Best branch handpicked, 31s. to 34s.; Barnsley 
best silkstone, 28s. to 30s.; Derbyshire best brights, 
26s. to 288.; Derbyshire best house, 24s. to 25s.; 
Derbyshire best large nuts, 17s. to 20s.; Derbyshire best, 
small nuts, 12s. 6d. to 14s.; Yorkshire hards, 17s. to 
19s.6d.; Derbyshire hards, 16s. to 19s.; Rough slacks, 
10s. to 12s. 6d.; Nutty slacks, 7s. 6d. to 9s.; Smalls, 
3s. 6d. to 6s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIpDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Scarcity of Cleveland pig- 
iron is causing some inconvenience. The already very 
considerable home requirements are growing, and over- 
seas inquiries, which include one or two from America, 
are rather better. Prices continue to move steadily 
upward. Another advance of sixpence this week raises 
quotations for home purposes to: No. 1 quality, 72s. : 
No. 3 g.m.b., 698. 6d.; No. 4 foundry, 68s. 6d.; No. 4 
forge, 67s. 6d.; and mottled and white, each 66s. 6d. 
Export prices are 6d. above the foregoing figures. 


Hematite-—Conditions in the East-Coast hematite 
branch are very similar to those existing in the Cleveland 
pig department. Shortage of supply is acute, and pro- 
ducers are able to take a very firm stand. Home and 
overseas demand keep on quite a good scale, and customers 
do not hesitate to follow the rising market. Nos. 1, 2, 
and 3 hematite are now fully 77s. 6d., both for home use 
and for shipment to foreign destinations. 


Foreign Ore.—New business in foreign ore is slow to 
mature, but imports against running contracts continue 
heavy. Sellers are disinclined to make price concessions, 
and as a rule name 21s. 6d. as the c.i.f. Tees price of 
best rubio. 


Blast-Furnace Coke-——Durham blast-furnace coke is in 
considerable request, and is far from plentiful. Good 
average qualities rather readily realise 22s. 6d. delivered 
to local consumers. 


Manufactured Iron and Steel_—Whilst a good deal of 
plant is still idle, the situation generally in the manu- 
factured iron and steel industries is gradually improving. 
Producers of shipbuilding requisites are far from busy 
but they have a little work on hand, and inquiries are 
somewhat better ; manufacturers of constructional steel 
and rails are well employed and the steel departments 
are running at full pressure. Quotations are steadily 
firm with a rather marked upward tendency for some 
descriptions of material. Common iron bars are 1iv. 58. ; 
iron rivets, 127. 15s.; packing (parallel), 81. ; packing 
(tapered), 11/.; steel billets (soft), 7J. ; steel billets 
(medium), 7/. 10s.; steel billets (hard), 8/. 2s. 6d. ; 
steel ship, bridge and tank plates, 7/. 7s. 6d. ; steel angles, 
7l.; steel rivets, 127. 10s.; steel joists, 71.; heavy steel 
rails, 8/,; fish plates, 12/.; black sheets, 11/. 5s.; and 
galvanised corrugated sheets, 171, 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 


Scottish Steel Trade.—A slightly better tone is notice- 
able in steel trade circles at the moment, but there is 
little sign of anything to account for this except perhaps 
the talk of prices again coming under control. The 
present margin is nil or negligible, as prices have gone so 
low through competition, and if there is a possibility 
of fixed minimums again being agreed upon consumers 
may be in a-hurry to buy before it is too late. At 
present the various works are carrying on with difficulty, 
as no distance ahead can be seen, and although the current 
demand is fair the forward outlook is rather obscure. 
The general inquiry is not encouraging. Continental 
competition is still being felt, and not a few of those 
interested in the home product are keen for some form 
of protection so that the industry may be stimulated. 
In the black sheet trade there is a fair amount doing, 
but mainly in light and galvanised sorts. Order books 
are well filled and active conditions are assured for the 
next few months. Prices all round are steady and the 
market quotations are as follows :—Boiler plates, 11/. 
per ton; ship plates, 7/. 10s. to 7l. 12s. 6d. per ton; 
sections, 72. to 71. 2s. 6d. per ton; and sheets, j in. to 
} in., 91. to 91. 2s. 6d. per ton, all delivered Glasgow 
stations. 


Malleable Iron Trade.—In the West of Scotland 
malleable iron trade a dull tone prevails, and business, 
although perhaps a shade better, is not satisfactory. The 
demand is mostly of a day-to-day character and inquiries 
do not amount to any volume. The price of “‘ Crown ” 
bars is unchanged at 11/1. 5s. per ton delivered Glasgow 
stations, 


Scottish Pig Iron Trade.—In the pig-iron trade of 
Scotland there has been almost no change, over the week. 
Local buyers are not ordering more than their immediate 
requirements which, in most cases, are small, but there 
is a fairly good undercurrent and buying may improve 
before long. Export business is poor but inquiries are 
good, and as producers are an very keen prices, there 
is the possibility of some fair lines being picked up. 
The following may be taken as the current prices: 
Hematite, 3/7. 17s. 6d. per ton delivered at the steel 
works ; foundry iron No. 1, 79s. to 8ls. 6d. per ton, 
and No. 3, 76s. 6d. to 79s. per ton, both on trucks at 
makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, January 16, amounted to 1,552 tons. 
Of that total 1,454 tons went overseas and 98 tons 
coastwise. For the corresponding week of last year the 
figures were 379 tons to foreign destinations and 156 tons 
coastwise, making a total shipment of 535 tons. 


Shipbuilding.—Orders for two new vessels have been 
secured by Messrs. John Lewis and Sons, Aberdeen, for 
London owners. One of these will be about 1,300 tons 
deadweight and is to the order of Mr. E. T. Lindley, 
London, while the other is to be 900 tons deadweight and 
is to the order of Messrs. John Harrison, London. The 
machinery will be supplied by the builders, and the 
total contract prices will be about 43,0002. or 44,0007. 





INTERVALVE TRANSFORMER.— It is now generally recog- 
nised that to obtain good quality reception of broadcast 
telephony on loud speakers, the whole range of acoustic 
frequencies transmitted must be amplified as nearly as 
possible to the same extent, this being particularly 
necessary when two or more stages of low-frequency 
amplification are employed. This can be done reason- 
ably well by means of resistance-capacity or choke type 
amplifiers, but in both types the amplification is less 
than that obtainable from a transformer coupled amplifier, 
since neither of the two first-mentioned methods of 
coupling gives any step-up of voltage between the valves. 
It is possible, however, to get high amplification without 
any appreciable sacrifice in quality by careful attention 
to the question of transformer design, provided of course, 
that other parts of the receiving apparatus, including the 
loud speaker, are properly designed and operated. 
Comparatively recently, Messrs. Ferranti Limited, of 
Hollinwood, Lancs, whose name will be familiar to our 
readers in connection with power transformers, have 
taken up the manufacture of intervalve transformers for 
wireless receiving Diy gp and one of their latest 
productions in this line appears to mark a distinct 
advance. The new transformer, known as the A.F.3, is 
described in a pamphlet received from this firm, in which 
pamphlet is given the amplification curve of the trans- 
former with a D.E.R. valve operated with 60 volts on 
the plate, and a grid bias of 4} volts. Under these 
conditions the amplification ratio was exactly constant, 
at about 33 for acoustic frequencies ranging from 
500 to 6000 cycles per second ; falling off to 30 at a fre- 
quency of 8,000 cycles per second. Even at the lower 
acoustic frequencies, where the amplification obtained is 
usually very poor, the performance of the Ferranti 
transformer, judging from the curve given in the pamphlet 
was well maintained, being 24 at 100 cycles and over 
32 at 300 cycles. This result is attributed by the makers 
to the use of a high-inductance primary and an ample 
core section with practically no air gap, and also to the 
sub-division of the windings to reduce self-capacity and 
eddy-current losses. Another feature of the design is 
that the usual fixed condenser shunting the primary 


brn is enclosed in the casing of the transformer, so| YorKsHIRE BraNcu.—Friday, January 29, at 6.30 
pe - pe pes are gs 1s necessary, and the use of|p.m., at the Great Northern Hotel, Leeds. “A New 
riven oR @ correct value is ensured. The pamphlet | System of Reinforced Concrete Construction and _ its 
gives full instructions for making up a two-valve low Application to Foundations on Silt and Running Sand,” 


the Lime-street Station Hotel, Liverpool. Discussion 
on “‘ Topical Transport Problems.” 
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NOTICES OF MEETINGS. 





Tue Royat Soctgety or Arts.—To-night at 4.30 p.m., 
at John-street, Adelphi, W.C.2. Indian Section. *“‘ In- 
dian Maps and Surveys,” by Colonel W. M. Coldstream, 
R.E. Monday, January 25, at 8 p.m. Cantor Lecture. 
‘The Decoration of Furniture” (Lecture II). By 
Mr. H. D. Shapland. Wednesday, January 27 at 8 p.m. 
Ordinary Meeting. ‘‘Some General Problems of the 
Transport by Sea and Conservation in Store of Ripe 
Fruit,”’ by Professor John McLean Thompson, D.Sc. 


To-night at 6 p.m., at Storey’s-gate, S.W.1. General 
Meeting. ‘‘ Piston Temperatures and Heat Flow in 


by Mr. G. W. Rawlings. 


THE JuNIoR InstITUTION oF ENGINEERS.—To-night 
at 7.30 p.m. at 39, Victoria Street, S.W.1. Lecturette. 


29, at 7.30 p.m. ‘‘ Comfort in Railway Travel from the 
Point of View of the Engineer,”’ by Mr. A. N. Moon, B.Sc. 


Tue Roya InstiruTiIon.—To-night at 9 p.m., at 


Faraday Research Laboratory,” by Sir William Bragg. 
Tuesday, January 26, at 5.15 p.m. “X-Rays and 
Living Matter,” by Dr. J. A. Crowther. Friday, January 
29, at 9 p.m. ‘On Films,” by Sir W. B. Hardy. 


Tue InstiruTIoN oF MuNicipAL AND County EN- 
GINEERS.—- NortH EASTERN District. — Saturday, 
January 23, at 3 p.m., at the Town Hall, Newcastle- 
upon-Tyne, General Meeting. 


THE INSTITUTION OF ELECTRICAL ENGINEERS.—Monday 
January 25, at 7p.m. Informal Meeting. Discussion 
on “Impressions of my Visit to America, mainly about 
Switchgear,” opened by Mr. H. W. Clothier. 


THe BraprorpD ENGINEERING Socrety.—Monday, 
January 25, at 7.30 p.m., at the Technical College, Great 
Horton-road, Bradford, Lecture. ‘‘The Steam Accu- 
mulator for use in Power Plants,” by Professor G. F. 
Charnock, M.Inst.C.E. 


THe Rattway Cius.—Monday, January 25, et 7.30 
p-m., at 65, Belgrave-road, S.W.1, Railway Centenary 
Lecture No. 3. ‘‘ Locomotive Design and Performance,” 
by Mr. Cecil J. Allen, M.Inst.T. 


THE InstiruTION or CiIviL ENGINEERS.—Tuesday, 
January 26, at 6 p.m., at Great George-street, S.W. 1. 
Ordinary Meeting. Paper to be submitted for discussion, 
** Rugby Radio Station,”’ by Mr. Arthur Stanley Angwin, 
B.Sc., and Mr. Thomas Walmsley, B.Sc. 


THE INSTITUTION OF AERONAUTICAL ENGINEERS.— 
Tuesday, January 26, at 6.30 p.m., at the Junior 
Institution of Engineers, 39, Victoria-street, S.W.1. 
““The Care and Maintenance of Tools as an Important 
Factor in Workshop Routine,” by Lieutenant N. A. 
Olechnovitch. 


Tue Instirure oF MARINE ENGINEERS.—Tuesday, 
January 26, at 6.30 p.m., at 85-88, The Minories, 
Tower-hill, E.1. ‘‘The Flettner Rudder,” by Mr. F. 
Arnold Best. 


THE INSTITUTION OF ELECTRICAL ENGINEERS: NORTH 
MiptanpD CENTRE.—Tuesday, January 26, at 7 p.m., 
at the Hotel Metropole, King-street, Leeds. ‘“ The 
Use of Induction Regulators in Feeder Circuits,” by 
Mr. L. H. A. Carr. 


Tue INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN ScoTLtanD.—Tuesday, January 26, at 7.30 p.m., at 
39, Elmbank-crescent, Glasgow. “The Werkspoor 
Diesel Engine,” by Mr. G. J. Lugt. 


THE NEwcomEeN Socierty.—Wednesday, January 27, 
at 5.30 p.m., at Prince Henry’s Room, 17, Fleet-street, 
E.C. ‘John George Bodmer: His Life and Work, 
particularly in the Evolution of Mechanical Stoking,” 
by Mr. David Brownlie, B.Sc. 


Tue Instirute oF Merats: BIRMINGHAM LocaL 
SectTion.—Wednesday, January 27, at 7 p.m., at the 
Temperance Hall, Temple-street, Birmingham. Joint 
Meeting with the Birmingham Metallurgical Society. 
“* Metallurgy of Nickel with Special Reference to Work 
in Canada,”’ by Mr. W. R. Barclay. 


Tue INSTITUTION OF AUTOMOBILE ENGINEERS: 
MANCHESTER CENTRE.—Wednesday, January 27, at 
7.15 p.m., at Milton Hall, 244, Deansgate, Manchester. 
“Logic Applied to Failures,” by Mr. J. D. Parkes. 


THe Institution or LocomotTivE ENGINEERS.— 
Thursday, January 28, at 7 p.m., at the Engineers’ 
Club, Coventry-street, W.1. “Steam Heating of 
Trains,” by Mr. H. Holcroft. 


Tue INSTITUTE OF TRANSPORT: NORTH-WESTERN 
Locat Srecrion.—Friday, January 29, at 6.30 p.m., at 


THe InstTiIruTION oF STRUCTURAL ENGINEERS: 


Tue InstiruTion oF MECHANICAL ENGINEERS.— 


“The Engineer and His Relationship to the Tea 
Industry,” by Mr. E. Granville-Smith. Friday, January 


THE INsTITUTION OF WELDING ENGINEERS.—Friday, 
January 29, at 7 p.m., at the Philosophical Hall, 
Park-row, Leeds. ‘The Are Welding of Seams in 
Steel Plates,” by Mr. J. T. Carr. 

THe InstituTION OF MECHANICAL ENGINEERS: 
YORKSHIRE BRancH.—Friday, January 29, at 7.30 p.m., 
at the Grand Hotel, Sheffield. ‘‘ Modern Developments 
in Open-Hearth and other Steelworks Furnaces,” by 
Mr. A. Vincent Kemp. 





NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 
. The Coal Trade.—The brighter tone which has deve- 


High-Speed Petrol Engines,”’ by Professor A. H. Gibson. | loped in the coal trade during the past fortnight has been 


fully maintained, and, if anything, the outlook is 


THE INSTITUTION OF PRODUCTION ENGINEERS.— improved. Failure to settle the strike of anthracite 
To-night at 7.30 p.m., at the Society of Motor Manu-| miners in the United States has resulted in a revival 
facturers Limited, 83, Pall Mall, S.W.1. Features of | in the demand from that direction for Welsh anthracite 


Machine Tools which make for Increased Production,”’ | and also for sized dry coals which provide an excellent 


substitute. Substantial orders have been booked for 
the former, and it is difficult to secure further supplies 
for shipment this month. Dry sized coals, too, are now 
very scarce. Coupled with this is an improved general 
demand for both large and small steams with the result 
that prices are fully maintained and likely to advance. 
Admiralty large rules from 21s. to 23s. 6d. with Mon- 
mouthshires from 18s. 6d. to 21s., while smalls range 
from 10s. to 13s., according to quality. Dry large is the 


21, Albemarle-street, W.1. ‘‘'The Work of the Davy | only section that has not improved, and prices for these 


grades rule from 19s, to 22s, Tentative inquiries, however, 
are now circulating from the United States, and the out- 
look is, therefore, more hopeful. Dry sized coals are 
firm at 26s. to 30s. Exports foreign as cargo from South 
Wales in the past week totalied 466,210 tons, which was 
17,120 tons more than that despatched in the preceding 
six dayg. Shipments from Newport were raised from 
59,840 tons to 82,460 tons, at Port Talbot from 35,600 
tons to 51,120 tons, and at Llanelly from 2,440 tons to 
2;790 tons. Those from Cardiff were, however, reduced 
from 298,380 tons to 278,120 tons, and at Swansea from 
52,830 tons to 51,720 tons. Of the total exports 112,940 
tons were despatched to France, 51,050 tons to Italy, 
36,550 tons to Spain, 30,150 tons to Algeria, 29,200 tons 
to Argentina, 39,450 tons to Brazil, and 34,380 tons to the 
United States. 


Another Dry Dock Deal Pending.—It is reported that 
negotiations are in progress for the disposal of the dry 
docks and works of Messrs. Mordey, Carney and Co., 
Limited, at Newport, to a well-known Cardiff docksman. 
Messrs. Mordey, Carney and Co., Limited, is one of the 
firms in the Mountstuart Dry Docks and Shearman’s com- 
bine, which recently took over Messrs. Elliot and Jeffery, 
Limited, and appointed Mr. J. Elliot of the latter company 
managing director of the combined undertakings. 


Docks Traffic in 1925.—In the past year the import and 
export traffic of the six South Wales docks controlled by 
the Great Western Railway Company, viz., Cardiff, 
Penarth, Barry, Newport, Swansea, and Port Talbot, 
amounted to 35,080,580 tons, compared with 40,392,458 
tons in 1924, and 47,148,651 tons in 1913. Compared 
with a year ago, there was thus a reduction in the volume 
of trade of 5,311,878 tons and with the pre-war year of 
12 ,068,071 tons or 1,000,000 tons per month. 





‘PRIAL Trip of THE “ City oF LEICESTER.’—Built to 
the order of the Ellerman Lines, Limited, Liverpool, by 
Messrs. William Gray and Co., Limited, West Hartlepool, 
the steamship City of Leicester recently ran her official 
sea trials. The vessel is built to Lloyd’s highest class 
and is of the one-deck and shelter-deck type, with tonnage 
opening. She has a cruiser stern and an overall length 
of 359 ft. 3 in., an extreme breadth of 47 ft. 6 in., and a 
depth moulded of 26 ft. Electric lighting and wireless 
are installed, and lifeboats are carried overhead on 
deck amidships. The propelling machinery, which has 
been constructed at the Central Marine Engine Works of 
the builders, consists of triple-expansion engines having 
cylinders 21} in., 36 in. and 66 in. in diameter, and a 
iston stroke of 45 in. The working pressure of the twe 
arge boilers is 220 lb. per square inch. A number of 
auxiliaries of the C.M.E.W. type are also fitted, these 
include centrifugal, general service, harbour feed, and 
ballast pumps, an evaporator, an oil separator, an 
auxiliary condenser, a gravitation filter and a feed-water 
purifying tank. 





Emprre Forestry JouRNAL.—The object of the Empire 
Forestry Association is to promote the interests of forestry 
throughout the British Empire. The official organ of the 
Association is the Empire Forestry Journal, which is 
published twice a year. It contains articles dealing 
with forestry in all its aspects, including the marketing 
and utilisation of timber. Notes are published on the 
progress of forestry in British possessions, and current 
forestry literature is reviewed. The second number of 
the Journal, for 1925, has just been issued and, among 
other important articles, it contains one on “‘ The Forests 
of Papua and New Guinea ” ; this gives an account of the 
first forest survey of these little-known Australasian 
territories. Other contributions are ‘“‘The Value of an 
Arboretum,” ‘Forest Development in Burma,” and 
“The Forests of Cyprus.” Articles dealing with the 
operations of the forest services in Australia, New Zealand 
and East Africa are also included. The editor of the 


Journal is Mr, Fraser Story ; it is published by the Empire 


Forestry Association, Imperial Institute, South Kensing- 


ton, London, S8.W.7, and the price to non-members is 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 
We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 
TELEGRAPHIO “ ENGINEERING,” WESTRAND 
ADDRESS LONDON. 
TELEPHONE NuMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 











in advance :— 
For the United Kingdom ........................ £3 5 0 
For Canada— 
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communicate the fact to the Publisher, together with 
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ADVERTISEMENT RATES. 
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ment measures an inch or more the charge is 12s. per 
inch, Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
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able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
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later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
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THE ELECTRICITY PROPOSALS. 


Tur favourable press that has received the 
preliminary announcements of the Government’s 
proposals for the further control of electric genera- 
tion and distribution has at least one incontestable 
meaning. All parties are agreed that in some way 
the cost of electric supplies must be reduced and 
their use increased. The factors of the cost of 
electric energy and the influences that determine 
the extent of its use are, however, complex and 
interacting. They are not to be defined in any 
statements as general as those in which the 
present proposals have been published up to 
now. It would, accordingly, be waste of time 
to offer detailed criticism on so much as is 
yet known of the proposals. Their effect will 
depend on the actual terms in which they are 
embodied, doubtless qualified by the manner in 
which the powers to be created are administered ; 
and until the terms of the proposed bill have been 
published more fully than they have been, it would 
be premature to conjecture how the intended Act 
will work. For the time being, all that can be said 
with certainty is that the Government’s proposals 
seem to be framed on lines that will promote the 
development not only of the electrical industry, 
but of others which it is in a position to assist. 
Those who remember the early legislation from 
which electrical enterprise in this country suffered 
will recognise that if this expectation is borne out, 
the bill may indeed, as Sir Hugo Hirst has remarked, 
be a milestone in our social and economic develop- 
ment. More justly, perhaps, the epoch in question 
may be said to have begun with the Act of 1919, 
by which the Electricity Commissioners were created. 
The details of the scheme are vague, but apparently 
the board or boards intended to be set up for 
controlling generation and distribution will act 
under the Commissioners, which arrangement arises 
logically in the natural evolution of that body. The 


for electrical purposes will remain unaltered. The 
joint electricity authorities, that have been estab- 
lished already, will continue to exercise their powers 
of co-ordination and of laying secondary mains, 
and the present authorised suppliers will retain their 
powers of supplying in bulk as well as, presumably, 
in retail, subject to provisions for effective working 
and for passing the benefit of economies on to the 
consumer. The output of the generating stations, 
delivered into common mains connecting them, 
is to be purchased by the board, which will bear 
the cost both of providing the mains and of 
effecting the necessary standardisation of frequency 
and voltage, and re-sell the current in bulk to the 
distributing organizations. It is estimated that the 
economies effected in this way will cover the working 
costs of the board, including the expense of stan- 
dardisation, and after providing for interest and 
sinking fund will leave a margin, all of which is to 
be returned to the authority suppliers and to be 
used for reducing the rates paid by consumers. 
Though the board is to be a purely commercial 
body, conducted by representatives of the appro- 
priate interests and raising its own capital, it 
will have special powers and be assisted by a 
Government guarantee. Apparently, in fact, the 
ultimate structure of the industry will be generating 
stations of selected efficiency, presumably supplying 
their own district direct, but selling current to 
boards joining up to their system, who will sell it 
in bulk to other distributing authorities, the whole 
operations being conducted under the final control 
of the Electricity Commissioners. No details of 
the intended finance are published as yet. 

A scheme along these lines obviously involves 
creating a vast administrative mechanism, the 
difficulties of which will not be lessened by the 
fact that the Government insist on the desirability 
of making the entire network supplied from all 
stations throughout the country continuous and of 
a single frequency. Any mechanism, however com- 
plex, is worth having if it will work, and will pay. 
The considerations put forward in favour of the 
scheme have made out satisfactorily that the 
savings in operation to be effected by co-ordinating 
the most efficient stations and ultimately shutting 
down the least efficient, must be large. It may 
also be assumed that demand will increase as prices 
are reduced and points of supply multiplied ; and 
this assumption is supported by the marked increase 
in the output of authorised undertakers during the 
last three years, even in existing circumstances, and 
the not much smaller increase in the consumption 
of current by railway and tramway authorities and 
non-statutory undertakings. What. however, pub- 
lished statements do not seem to have shown, at, 
least by any facts or estimates that can be checked, 
is that the savings of cost and growth of production 
will be as great as the cost of the mechanism and 
its operation, and still less that it will be as great 
as could be made on less comprehensive lines. To 
recognise that neither of the main propositions has 
been established up to now, is not necessarily to 
suggest that they are untrue, or even that the distin- 
guished men who have evolved the scheme may not 
have facts in their possession, as yet unpublished, 
which may establish their truth or reasonable proba- 
bility. What, however, suggests itselfi—and the 
suggestion is prompted rather by a natural anxiety 
than by a fear that its necessity has been overlooked 
—is that in both its immediate and its ultimate conse- 
quences the scheme is far too important to be under- 
taken safely, until it is shown beyond reasonable 
doubt that it will not only yield more than it costs, 
but also cost no more than the amount at which the 
same results could be obtained by other means. 
Such evidence cannot be given simply by quali- 
tative considerations, which are to be viewed with 
the more suspicion when, as in the present instance, 
they are introduced by some attractive catchword, 
such as co-ordination. Those who have drafted the 
bill are indeed unlikely to have fallen into the trap 
that catchwords form for an inexperienced intel- 
ligentsia, or to have been able to produce such a 
farrago of impracticabilities as was submitted 
recently to the Coal Commission. They must 
realise, however, that while it may be necessary to 
their scheme that consumers at Wick and Land’s 
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the necessity does not follow from the mere decision 
to make the best use of available resources. When 
the utmost has been done to enlarge areas of distri- 
bution, it will cost more to transmit energy a long 
distance than a short, and the increase will be found 
both in loss of energy and in interest on plant. 
Contrariwise, bus-mains will reduce the extent of 
reserve plant that has to be carried, and if the 
enlarged ambit of the stations taps Joads of which 
the peaks are diversified economically, they may re- 
duce it substantially, even if they do not, as is said to 
happen in Indiana and Missouri, render any reserve 
of plant needless. How far this may be a material 
consideration may be judged from the fact that in 
this country at the present time no less than 68 per 
cent. of the capacity of generating plant is estimated 
normally to stand idle. 

Compulsory powers will doubtless be thought 
desirable for dealing with authorities who are 
hopelessly unreasonable. Their use, however, is not 
likely to reduce the extent of administrative friction 
which is one of the dangers that beset great schemes, 
and before it is thought desirable to consider the 
exercise of compulsory powers in regard to great 
and efficient stations and the districts they serve, 
some enquiry should surely be made about the 
probable extent to which the efficiency of the whole 
scheme would be reduced if such an authority was 
left in an enclave of its own. Neither it, nor its 
customers, would be able to buy its plant as cheap 
as standardised plant, and it would thus have 
some inducement ultimately to come into the scheme 
of its own accord. In the meantime—and this is 
an example of a type of question that can be 
answered only by figures—is the price of com- 
pulsion worth paying ? A suggestion just made by 
Professor George Forbes, whose interference takes 
the discussion back to the pioneer days when 
Niagara began to be harnessed, is that such a 
station might use its present frequency within its 
own area, and deliver into mains at standard 
frequency through motor generators. Here, again, 
the transformation loss would have to be faced ; 
but against it would be set the saving of interest 
on the new plant that would be needless. 

The need for avoiding the use of compulsory 
powers, their attendant friction, and what some- 
times may be called fairly their brutalising effect, 
is especially clear in this problem, in which at best 
many delicate questions will have to be handled. 
The all-day loads of railways and tramways will 
make them particularly valuable constituents of 
the network, and everything that could discourage 
them from extending their electric systems or 
co-operating cordially with the electricity autho- 
rities would be a national disadvantage. Of late 
years not so much has been heard of the fact that 
electricity is in its infancy, which used to be a 
favourite full-dress observation among writers on 
the subject. Nevertheless, it must be remembered 
that, great as are its present uses and its future 
possibilities, it only consumes, perhaps, 23 per 
cent. of the coal raised in this country. There 
are good reasons why other countries should be 
making more use of it than we do. For one thing, 
the development of gas had gone much further 
here than in newer countries where electricity 
has a more open field, and carries much more 
of the domestic load. But, whatever the reasons 
may be, the field that is ahead ot electricity must, 
in all probability, be far larger than that which 
it has conquered, but it cannot be assumed that 
in the future it will be undisputed, any more than 
it has been in the past. Both for light and for 
power it seems the likeliest source of energy for the 
time being ; but far more fuel is used for heat than 
for these purposes put together, and only for 
relatively exceptional uses can its chances for heat 
be regarded as permanently good. An investiga- 
tion might, doubtless, throw light on the prospects 
of the several applications of fuel in various indus- 
tries, and its results help to define the provisions 
that should be made for the natural growth of the 
demand for electric energy. For the present, 
prudence demands that the assumptions on which 
the electricity Bill is based should be quantified, 
as far as possible, before action is taken on them— 
if, indeed, it can be thought that this has not been 
done already. The scheme is beyond doubt a 
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great scheme, which may be of universai benefit. 
The condition of its being so is that it should he 
examined with the prudence and closeness that its 
importance demands. 





THE MAINTENANCE OF MOTOR 
VEHICLES. 


THE rapid increase in the employment of motor 
vehicles, both for private and commercial purposes, 
has resulted in considerable attention being devoted 
to the subject of repairs. Up to the present, the 
question has generally been discussed from the 
aspect of the accessibility of the various parts to 
which repairs may be regarded as inevitable, but the 
subject is viewed from a somewhat novel aspect in a 
paper on “ Logic Applied to Failures,” which is being 
read by Mr. J. D. Parkes before the various centres 
of the Institution of Automobile Engineers. In this 
paper the author makes the suggestion that the 
designer should select a figure representing the 
minimum life in miles which may reasonably be 
anticipated from the major units of the vehicle, 
and that he should aim at a design which would 
result in the useful life of each unit being approxi- 
mately the same. The further suggestion is made 
that the minimum life in miles which it is expected 
to obtain between complete overhauls of the 
machine should also be estimated, with a view to the 
general overhaul of the various units falling due 
concurrently. It is unlikely that objection will be 
taken to either of these postulates as representing 
general considerations which should be borne in 
mind by the designer. As regards the first, it is 
obvious that no advantage results from one parti- 
cular unit being capable of any considerable further 
service when the remaining parts of the vehicle 
have reached the limit of their useful life. Again, 
if repairs fall due to the different units at various 
times, the aggregate loss due to the vehicle being off 
the road will be much greater than if all repairs can 
be proceeded with simultaneously. 

To put these suggestions into practice, it would 
be necessary for the designer to prepare a schedule 
of the mileage at which it was anticipated that 
various repairs would fall due, and this could only 
be done by making a careful investigation into the 
life history of a number of cars of any particular 
model. In many cases this would be almost 
impossible, as repairs are frequently carried out 
without any reference to the makers. There is no 
doubt, however, that much valuable information 
could be obtained by a reference to the records 
of the spares department; and if, in addition, 
instances of failure which could be traced were re- 
corded, particular weaknesses which appertain to 
a given design would be likely to receive adequate 
attention. Cases have not infrequently occurred in 
the past in which such weaknesses have become 
familiar to the majority of users of a particular 
vehicle, while apparently being ignored by the 
makers. 

It might be possible when dealing with the larger 
transport concerns for the makers to reach a 
definite understanding that certain repairs should 
be carried out after a given mileage, but in the case 
of the small user such a procedure would not be 
practicable. The average owner of a single, or of 
two or three vehicles, of a particular make, only 
undertakes an overhaul either as a result of an 
actual breakdown, or when the vehicle becomes too 
noisy or uneconomical to be tolerated. Assuming 
that he goes to the length of completely stripping 
down the engine and chassis, he has to make a 
decision as to whether a number of worn parts shall 
be renewed, or be allowed to run for a few thousand 
miles farther ; and the temptation to take a risk is 
generally too strong to be resisted. As a result, the 
vehicle is taken off the road at quite irregular 
intervals. A procedure of this sort probably 
represents the actual conditions under which almost 
every private car, and the majority of commercial 
vehicles, are maintained, and in all such cases a 
regular repair schedule will remain somewhat 
hypothetical. 

Mr. Parkes suggests that the main units of a 
commercial car should be capable of putting up 
300,000 miles of useful life, and that the machine 








[JAN. 22, 1926. 








as a whole should be capable of running a minimum 
of 40,000 miles without the necessity for opening up 
the main units, or putting in hand a general over- 
haul. These figures are probably reasonable, given 
a good design, and assuming that the vehicle 
receives reasonable maintenance as suggested by 
the author, although they could not be approached 
by many vehicles at present on the market. In 
dealing with the repair works of the London General 
Omnibus Company in our issue of February 3, 
1922, mention was made of the fact that this 
company, who have probably a wider experience 
than any other corresponding concern in the world, 
completely overhaul each vehicle after a year’s 
service, equivalent to some 30,000 miles. It 
follows from the figures selected by Mr. Parkes 
that the vehicle is assumed to have a general 
overhaul some seven or eight times in the course 
of its useful life, but no indication is given of the 
nature of such overhauls. Apart from re-bushing 
of worn bearings, or the replacement of defective 
ball races, such operations as re-boring the engine 
cylinders and fitting new pistons, replacing the 
valves and guides, or renewing one or more of 
the wheels in the gear-box, can generally be carried 
out to advantage once or twice in the useful life 
of a car, and it is therefore evident that some of 
the overhauls would prove much more extensive 
than others. It is probable that in the present 
state of knowledge few makers would be prepared 
to state at what point such an operation as re-boring 
the cylinders becomes necessary, and indeed such 
questions must always remain largely a matter 
of opinion. It is thus clear that a repair schedule 
could hardly be other than tentative, but if a 
serious effort were made to prepare such schedules 
by the manufacturer, based on the experience of 
users, very valuable information might become 
available on a number of important points, of 
which the relative durability of cast-iron and 
light alloy pistons, and the wearing qualities of 
self-lubricating bearings, may be mentioned. 

Mr. Parkes rightly emphasises the necessity for 
the reasonable maintenance of a car on which a 
repair schedule is based, and it may be remarked 
that in practice such maintenance is the exception 
rather than the rule. Apart from the vehicles 
owned by the larger transport companies, where 
regular lubrication of all parts forms one of the 
routine duties of the staff, there is no doubt that 
this essential item is frequently neglected. This is 
largely due to the inadequate facilities provided 
by the majority of makers for this purpose, and 
the author will have done an invaluable service 
if his paper results in actual figures becoming 
available expressing excessive wear due to lack 
of effective lubrication in terms of lost mileage. 





THE PHYSICAL AND OPTICAL 
SOCIETIES’ EXHIBITION. 
(Concluded from page 73.) 

Messrs. CRoMPTON AND Co., Limrrep, of Chelms- 
ford, exhibited several new portable testing instru- 
ments of handy form. The “‘ Unique ’”’ cell tester is 
a moving-coil instrument in a black case of moulded 
insulating material. The scale is unevenly divided 
and opened out in the neighbourhood of 2 volts, the 
pole pieces being made of special shape for this 
purpose. The “ Alltest ” instrument, which weighs 
12 oz., is of the same shapo and construction, but 
is fitted with terminal screws for the ready attach- 
ment of a shunt (up to 30 amperes), or of bobbins 
for voltmeter work. The scale is evenly divided, 
and the instrument is adjusted to deflect with 15 
milliamperes ; the resistance being 5 ohms, the 
voltage drop is 75 millivolts and the maximum 
range per bobbin is 150 volts. 

The iron-ring ammeter, illustrated in the diagram, 
Fig. 6, is an instrument of novel type. In the 
ordinary type of moving-iron instrument, a copper 
winding produces a field into which either a piece 
of iron is drawn, or in which two pieces of iron 
similarly magnetised repel each other. In the 
Crompton instrument, a field is produced in the 
gap B of a ring of Stalloy stampings A, when the 
conductor carrying the current is threaded through 
the opening O of the ring. The moving system 











JAN. 22, 1926.] 





ENGINEERING. 


II3 














consists of two iron strips bent to an arc shape and 
fixed to the spindle which carries the pointer C. 
A damping vane fixed to the pointer moves in the 
dashpot E. When the conductor is introduced into 
O, the iron strips are magnetised and attracted so 
as to swing into the direction of the gaps. This 
movement is opposed by the spring F and the 
scale is calibrated to read the current directly. 
For small currents the conductor is threaded several 
times through the opening. 

In the new model Hyvac 2-stage rotary oil pumps 
of Messrs. W. Edwards and Co., 8a, Allendale-road, 
Denmark Hill, S.E., two pumps are mounted on 
a common horizontal shaft immersed in a small 
cast-iron box filled with oil of very low vapour 
pressure, which prevents leakage into the high 
vacuum. Each pump consists of a hollow stator 
provided with an inlet and an outlet port and a 
spring-operated vane which bears against a cylin- 
drical rotor. The rotor is eccentrically mounted 
on the shaft and makes contact at one side with 
the inside of the rotor and sweeps the air forward 
as it rotates. Vacua of 0-001 mm. of mercury, we 
understand, can be obtained by these small pumps. 
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The chief exhibits of Messrs. John J. Griffin 
and Sons, Limited, associated with Messrs. Baird 
and Tatlock, Limited, of Kemble-street, W.C., 
were apparatus relating to gas measurements and 
to furnaces and heat control. The box calori- 
meter, designed by Mr. C. V. Boys, and the bell 
meter of the former firm, were described on page 758 
of our issue of June 18, 1925. The push button 
switch and thermo-electric temperature indicator 
illustrated in Figs. 7 to 9, was primarily designed 
by Messrs. Baird and Tatlock for indicating the 
exhaust temperatures of Diesel engines. Each of the 
switches, which are formed of flat phosphor-bronze 
strips with platinum contacts, is operated by a 
separate plunger. The operation of one plunger 
releases, by a trip-bar mechanism, the one previously 
engaged, while it is itself held by the return of the 
trip bar. The “ off-” switch, operated in the same 
way, disconnects all the thermo-couples from the 
indicator so that the latter can be set to the cold- 
junction temperatures. All the switches and .connec- 
tions are mounted on one frame, removable as a 
whole, which further carries the balancing leads resis- 
tance block. The connections are brought in through 
a gland at the top (orsides). The number of effective 
points may be 6, 8, 12, or 16, but the latter two require 
two glands. When single-pole switching is used, the 
number of points may be doubled by the addition 
of two change-over push-button switches ; in this 
case, the couples are divided into two groups, and 
each switch is connected with one pole of a couple 
in both the groups. When the switch is to be used 
without the trip-bar mechanism, the push button is 
held down while the reading is taken. With the aid 
of a change-over switch, the indicating outfit may 
be used for the two sets of engines on a twin-screw 
ship. The thermo-couples of the firm are known 
as microcon (for temperatures up to 300 deg. C.), 
microfer (800 deg.) micromal (1,250 deg.), and 
microplat (1,600 deg.); they are provided with 
one or two sheaths, the outer being of steel, calorised 
steel or fire-clay. 

One of the manifold exhibits of Messrs. Tinsley 
and Co., of Werndee Hall, South Norwood, was 











a large standard condenser of very rigid con- 
struction, built to the design of Mr. D. W. Dye, 
of the National Physical Laboratory. Amber 
insulation is used throughout, and the plates are 
rotated in the horizontal plane by a worm. All 
backlash is taken up by spring devices which 
force the moving parts in one direction against 
ball-thrust washers; the mechanical hysteresis 
has been found not to exceed 1 part in 50,000 
of the condenser scale reading. The end plates 
are removable and of a shape to compensate for 
deviations from the straight-line scale law; the 
full-scale setting can be read to 1 part in 30,000. 
In the hot-wire anemometer due to Professor 
J. MacGregor Morris, the draught cools one 
arm of a Wheatstone bridge made of nickel, and 
the bridge current is standardised by the aid of 
an additional circuit. Temperature difficulties, 
including external temperature variations, have 
been overcome in this way. The instrument, with 
its accumulator, fits into a small portable case, 
which is kept locked for mine service. Dr. C. V. 
Drysdale’s universal standardising bridge was 


luminous in ultra-violet light. The difficulties of the 
biological microscopist, however, were greater than 
those of the physicist. The ultra-violet rays did not 
promise higher resolution, but they brought out 
detail; on the other hand, they killed the living 
organisms, and focussing could not be done in their 
light. With the assistance of Messrs. Beck, to 
whom much improvement in dark-ground illumina- 
tion was due, he had obtained a microscope in 
which ultra-violet light was used in the central 
portion and visible (i.e., green mercury) light in 
the outer portion, Theeye-piece was provided with 
Hilger interferometer screws ; but the necessarily 
rapid exchange of one objective for another might 
appear to make this perfection illusory. Mr. Barnard 
had overcome the difficulty by giving the objective 
a novel, slightly eccentric, mounting, and by using 
two objectives differing in focal lengths by the 
difference in wavelength between the green line 
and the ultra-violet radiations applied. 

The second lecture, by Professor A. F. C. Pollard, 
on “The Mechanical Design of Instruments,” 
followed the lines of his Cantor lectures,* adding 





shown for the first time in the improved form in 
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which Messrs. Tinsley have found it reliable for 
years in their own works. It is a modified Kelvin- 
Carey-Foster bridge, and can be used in various 
ways; fitted with two types of ratio coils, it 
forms a complete standardising outfit for resistance, 
ranging from a microhm up to a megohm, with 
an accuracy of one part in a million. The new 
self-starting phonic motor of the firm is a modifi- 
cation of the earlier form of Ford phonic motor. 
Each half of the motor is excited by currents, 
interrupted by a tuning fork at 180 deg. phase 
displacement in time. The poles of the stator 
are rotated mechanically by 180 deg. space phase 
when started by hand; the motor then continues 
to run. This mode of starting is less tedious and 
uncertain than spinning the synchronous motor 
into step. The motor has a mechanical output of 
2 watts, its size and output being half that of the 
standard form of this motor. 

Before concluding we may refer to the three 
discourses which were given during the course of 
the Exhibition. 

The first of these was by Mr. J. E. Barnard, 
F.R.S., and was entitled ‘‘The Search for Ultra- 
Microscopic Organisms.’’ Mr. Barnard explained 
how progress had been made in obtaining 
higher resolution and visibility, mainly for the 
physiologist, by the use of dark-ground illumina- 
tion and of ultra-violet light. A bright spot 


appeared larger on dark ground than a dark spot 


comments on recent developments. 


Fig.8. 
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In introducing the third lecture on “‘ Electrical 
Listening,” Major W. 8. Tucker, of the Signals 
Experimental Establishment, Woolwich, mentioned 
that during the war sound ranging sections 
for enemy guns were provided with forward 
observation posts, from which the whole recording 
mechanism, one or two miles back, was controlled. 
Ina barrage, the human listener failed, but the micro- 
phone could discriminate. The British broadcasting 
microphone was an exceedingly good listener, It 
consisted of a flat coil lying on a packing of cotton- 
wool in a strong electromagnetic field ; the induced 
currents were magnified by amplifiers. The 
moving-coil microphone, though free from resonance, 
had a certain amount of inertia, and was insensitive 
except to very low frequencies, the response being 
somewhat as in the indicator of the Galitzin 
seismometer.f 

That our ear is incapable of comparing the 
intensities of two given sounds, even of the ratio 
10:1, Major Tucker proved by various experi- 
ments. Even with tuned microphones, intensity 
comparison was possible only for pure sources 
of sound of definite frequency. Measurements were 
made with the aid of Helmholtz resonators, the 
simplest type of which was a bottle with a short neck. 





j * See ENGINEERING, June 9, 1922, and three following 
issues. 





on bright ground, while some objects became self- 





t See Enarneenine, April 13, 1923, page 474. 
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Major Tucker mounted a very fine platinum grid, 
heated by a battery, in the neck, and observed 
the rate of cooling of the grid by the vibrating 
air currents. That was first done in the gun micro- 
phone, a large cylinder with a small short neck, 
which responded well to impulsive reports, but 
had too large a grid to pick up sounds of audible 
frequency. 

Resonators for musical sounds required more 
careful tuning than these gun resonators, and the 
tuning was effected by altering either the resonator 
volume or the orifice, larger volumes and smaller 
orifices tending to give lower frequencies. The 
action was made audible, or visible, by the aid 
of loud speakers or of vibrating galvanometers 
controlled by a tuning fork. The sensitiveness 
could further be increased by the combination 
of two resonators. In the double resonator, the 
neck of the one resonator penetrated through 
the wall of the box of the other. It was suffi- 
cient, however, to approach one resonator to the 
other. In that case the first effect was that of 
“loose coupling’; on further approach the 
intensity curve showed two peaks, not very sharp 
and separated by a rather high minimum. With 
the help of these resonators, the development of 
which was largely due to Dr. E. T. Paris, two 
diaphone foghorns had been compared at the 
Casquet rocks in the English Channel. Finally, 
Major Tucker referred to the production of pure 
sounds. All these microphone devices would pick 
up the fundamental and overtones. The ordinary 
Seebeck siren disc, with holes in one or more 
rings, would not give a pure sine wave except 
when the air was supplied by a pipe of circular 
orifice of the same diameter as the circular holes 
in the disc, spaced at distances of that diameter. 
A still purer sine wave was obtained when the 
pipe orifice was almost rectangular, the two opposite 
sides being radii of the disc. The holes in the 
disc should be lenticular, and have a break in the 
continuity of the outline so that the amount of 
orifice exposed was in sine relation with the angular 
position of the dise. 





NOTES. 
NAVAL ENGINEERS. 


Tue feeling of apprehension for the future of the 
Navy which we expressed in leading articles 
in our issues of November 27 and December 18 
last. where we discussed the recent Admiralty 
Fleet Order depriving engineer officers of H.M. 
Navy of military rank, is undoubtedly fully shared 
by the whole of. the engineering profession. 
The matter has been taken up by the leading 
engineering institutions, representatives from five 
of which have recently been granted an inter- 
view with the First Lord of the Admiralty, the 
Rt. Hon. W. C. Bridgeman, for the purpose of 
lodging a protest against the Order. Theinstitutions 
represented at the interview, which took place on 
the 14th instant, were the Institution of Civil 
Engineers, the Institution of Mechanical Engineers, 
The Institution of Naval Architects, The Institution 
of Electrical Engineers, and The North East Coast 
Institution of Engineers and Shipbuilders. No 
information is at present available regarding the 
nature of the interview, so that it is not yet possible 
to say whether or not it will have the desired result, 
but the fact that the institutions named above have 
an aggregate membership of some 36,000 profes- 
sional engineers is sufficient to justify the hope that 
the authorities concerned will give careful atten- 
tion to the views put forward. {f this be done, 
we feel confident that the injustice of the Order and 
its detrimental effect on the future efficiency of the 
service will be recognised and remedied by restoring 
to this branch of the service the standing which it 
has now lost. That such an order should have 
been issued when the importance of the part played 
by the engineering branch of the Navy in the 
recent war is still fresh in the minds of all, is as 
surprising as it is regrettable. If, as may well be 


the case, however, the incident serves still further to 
enhance the status of the naval engineers any 
regrets remaining will be rapidly dispelled. 








British MANUFACTURE OF CIMENT Fonpv. 

We have referred on several previous occasions 
to the valuable properties of Ciment Fondu, which 
are now well known and fully appreciated in this 
country. It is, of course, especially useful for road 
construction and repair work in which its charac- 
teristic of rapid hardening greatly reduces the time 
occupied by the work and the consequent incon- 
venience to traffic. Its high tensile strength also 
renders Ciment Fondu particularly suitable for rein- 
forced-concrete construction. Since its introduction 
to this country from France, in 1923, its use has 
greatly extended in spite of the fact that difficulty 
has sometimes been experienced in obtaining supplies, 
the French works being fully occupied in supply- 
ing the Continental demand. To remedy this state 
of affairs, the Lafarge Aluminous Cement Co., Ltd., 
whose London office is at Lincoln House, High 
Holborn, W.C.1, have constructed works in this 
country on the banks of the Thames, at West 
Thurrock, in Essex. The works, which are equipped 
entirely with plant of British manufacture, have 
been designed for an eventual output of 150,000 tons 
per annum, but the plant at present installed and 
in operation has a capacity of 40,000 tons per annum. 
The principal raw materials of Ciment Fondu are 
chalk or limestone and bauxite, the latter, at 
present, being imported from France and Italy; 
there are, however, ample supplies of bauxite in 
many parts of the British Empire, and these will be 
used as soon as they become commercially available. 
The raw materials, in suitable proportions, are 
smelted together in a form of blast furnace, from 
which they are run at intervals in liquid form and 
cast into pigs. These are broken up and very 
finely ground, forming Ciment Fondu which is then 
bagged and despatched. 


CoNCRETE ROADS IN AMERICA. 


Many of the characteristics of American road 
construction are different from those of this country. 
This is natural, of course, since there are differences 
in the nature of the traffic, and also in the speed 
of transport, and this may account for much of the 
divergence in practice. Major R. A. B. Smith 
discussed some of these questions in a paper on 
“Concrete Roads in America,’ which he presented 
at a meeting of the Institution of Structural Engi- 
neers at Denison House, Vauxhall Bridge-road, 
London, on Wednesday, the 20th inst. The depth 
of concrete was, generally speaking, he said, about 
8 in. for main roads in America, with lesser depths 
for the side roads. Concrete altered in length, 
due to changes of temperature and moisture, and 
the effect of the former-mentioned action was greatest 
at the top. Consequently, there was a greater 
change in length on the top of the slab, and it tended 
to warp. At night the slab cooled more on the 
surface than at the bottom, and the tendency was for 
the edges and corners to lift up and part from the 
subgrade. Thickening at the edges of concrete 
roads was therefore adopted. Mr. Smith in his 
paper, however, contended that the engineers of the 
United States had forgotten the fact that, due to the 
heavy traffic, they had thickened the centre of the 
roadway to such an extent that any additional 
thickness at the sides was now quite unnecessary. 
An inspection of the roads in New Jersey, which 
were 8 in. thick throughout, showed that they were 
quite as free from cracks as those in Wayne Country, 
which were 8 in. thick in the centre and thickened 
at the edges. The general tendency was to use rein- 
forcement 1} in. to 2 in. from the top, whereas in 
this country the reinforcement was usually at the 
bottom of the concrete. The reason for top rein- 
forcement was that the engineers in the U.S.A. 
considered that there was more risk of failure in the 
concrete slab due to the movement of the sub- 
grade than was likely to occur from the impact of 
motor traffic. It was therefore quite credible that 
in future designs in this country the best results 
might be obtained under normal circumstances by 
using reinforcement at the top, except when the 
roads had to be made over boggy ground, when 
reinforcement at the foot might be used, or even at 
top and bottom. Continuous construction was now 
very uncommon in the United States. 





AUTOMATIC ROTARY-CONVERTER 
SUB-STATION. 


THE transmission of electrical energy from the 
generating station to distant places by means of 
high-tension alternating currents has so many advan- 
tages that it has become almost universal practice. 
When distribution to consumers can be effected by 
low-pressure alternating currents, all that is necessary 
to obtain the transformation from high to low voltage 
is a static transformer, the control for which is so 
simple in nature as not to necessitate the continuous 
presence of skilled operators at the sub-stations, 
Should, however, the supply to the consumers have to 
be by direct-current, it was necessary, until recent 
years, to have men in personal attendance at the sub- 
stations to look after the running machinery required. 
This condition imposed a heavier sub-station cost on 
direct-current distribution and great success has 
attended the introduction of automatic rotary sub- 
station apparatus, which eliminates the necessity for 
continuous attention by a sub-station staff. Several 
successful types of plant of this description have been 
introduced and we are now able to call attention to 
an addition to their number. A complete automatic 
sub-station has been installed at Park Works, Newton 
Heath, Manchester. This sub-station equipment is illus- 
trated in Figs. 1, 2 and 3, on the opposite page. Its 
erection brings into association the products of three 
well-known British manufacturers of electrical plant and 
equipment representative of the best modern practice. 
The sub-station plant consists of a 500-kw. self- 
synchronising rotary-converter made by Messrs. Mather 
and Platt, Limited, at whose works the station is 
erected, automatic control gear and switches made 
by Messrs. A. Reyrolle and Co., Limited, of Hebburn- 
on-Tyne, and a three-phase oil-cooled transformer 
constructed by Messrs. Ferranti, Limited, of Hollin- 
wood, Lancs. 

The rotary converter and the control gear is shown 
in Fig. 1, the main high-tension switch panel, trans- 
former and the starting switchgear is depicted in Fig. 2, 
and the time-delay device is illustrated in Fig. 3. 
The main high-tension switchgear comprises a standard 
6,500-volt, compound-filled, metal-clad panel of the 
horizontal draw-out type, with a normal rupturing- 
capacity of 75,000 kv.-a., and provided with a three- 
phase potential transformer on the incoming side, 
low-voltage, overload and earth leakage protection 
with fuses. A simple drive, by a small three-phase 
motor standing on the top of the bus-bar chamber, 
makes adequate provision for electrical operation, 
without in any way interfering with the draw-out 
principle of the switch or with the possibility ot 
hand operation. Behind this switch is placed the 
Ferranti transformer, and the starting switchgear is 
arranged directly alongside the low-tension terminals 
of the transformer, and in direct line between it and the 
rotary converter, thus reducing to a minimum the 
length of cable required for the low-tension connec- 
tions and avoiding awkward cable runs. This starting 
switchgear is very different from what is usually 
associated with automatic rotary - converter sub- 
stations in that, there are no large air-break contactors, 
but in place of them are used three neat metal-clad oil- 
immersed switch pillars of the 400-volt mining type 
made by Messrs. A Reyrolle and Co., Limited. These 
are arranged in line, and are provided with mechanical 
interlocks and solenoid operation. 

In the construction of the rotary converter, the 
Mather and Platt self-synchronising system has been 
incorporated. This converter has a pony motor with 
a single stator winding, free from all complications, and 
with as many stator poles as the converter. The rotor 
is a plain indestructible cylinder of steel mounted on 
an extension of the armature shaft. This pony motor 
has a high starting torque and can quickly bring the 
converter nearly up to speed. When this stage is 
reached, the means provided for reducing the slip 
comes into action, and at the same time the synchronis- 
ing torque exerted by the converter is greatly increased. 
The machine is thus pulled quickly into phase without 
any hunting or surging, and remains in step until the 
normal voltage is built up, when the pony motor can 
be cut out of the circuit. This feature of the standard 
rotary-converters made by Messrs. Mather and Platt, 
Limited, is one which has exceptional claims to recog- 
nition for automatic control. During the starting period, 
it is not necessary to lift the brushes at the direct- 
current end; thus a source of complication is completely 
avoided. Reversal of polarity may be corrected at 
once without throwing the converter out of step and 
without delaying operations, beyond the few seconds 
required to operate the field switch. An ordinary 
moving-coil voltmeter with a set-up zero gives all the 
necessary indications of synchronism, polarity and 
voltage, and no other synchronising devices of any other 
kind are necessary. Another feature of the Mather 
and Platt rotary-converter is the over-speed protecting 
device, which consists of a centrifugally-actuated switch 
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Fia. 1. Rotary-ConvERTER AND CONTROL GEAR. 
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Fig. 2. TRANSFORMER AND HIGH-TENSION 


adjusted to complete a shunt-trip circuit to the breakers, 
when the speed rises more than 10 per cent. to 15 per 
cent. above the normal. 

On the direct-current side, a standard three-wire 
machine panel (see Fig. 1) is provided. It has auto- 
matic re-closing circuit breakers, and it feeds the shop 
network in the Park Worksin parallel with the manually- 
operated equipment installed in the firm’s main sub- 
station, some hundreds of yards away. One of the 
panels of the board contains the indicating instruments 
and manual controls, without which no Reyrolle auto- 
matic equipment is ever supplied. Another contains 
the whole of the relays for the actual automatic control. 
All the relays are of the plain electro-magnetic type, 
with lift-and-fall armatures carrying visible contacts, 
and are enclosed in dust-tight cases of uniform design 
with glass fronts to show the interiors. These relays 
provide for starting up the plant when the voltage on 
the network is low or at selected times by control 
obtained from an astronomical time switch and through 
the standard master timing device, shown in Fig. 3. 
Momentary actions must not be allowed to cause inter- 
ference in the normal operation of the gear, and it is for 
this reason that the time delay device is introduced. 
Although the system may be arranged to ensure starting 
up automatically, for example, when the voltage on 
the direct-current network is low, it is not desirable 
that this should take-;place until the conditions have 
lasted long enough to show that it.isnot a mere transient 








SWITCHGEAR. 


symptom. Similar pauses are necessary before the 
plant is cut-out due to the reduction of load on the 
system, and a lag in the operation of shutting-down on 
an overload is also necessary. A sufficient pause is also 
essential before synchronising. The mechanism used 
for the purpose (see Fig. 3) consists of a clutch and 
gearing by means of which cams are rotated and used 
to make and break a series of contacts in proper 
sequence and, at predetermined intervals of time, to 
complete the relay circuit which controls the operation 
in progress. Fundamentally, the timing depends on the 
speed of a small three-phase motor, which drives a 
horizontal spindle through double-reduction gearing at 
a constant speed of 3r.p.m. The four clutches control, 
respectively, the time delay in starting-up, synchronis- 
ing, and in meeting underload and overload conditions. 
It is arranged that, should the conditions have altered 
during the first time delay period, no change will be 
made and the train of wheels are set in motion again 
for two other sequences of operations before locking-out 
takes place. When this occurs, pilot leads are energised 
to work a bell or other signal at the control station, 
and the same pilot wires may be used to re-set the 
mechanism to put the sub-station gear again in the state 
suitable for a re-start to be made. 

As the closing motor for the switch is a three-phase 
one, it will not operate to close the switch if one phase 
happens -to be “lost” and a further safeguard in 





Fia. 3. 


TimE-Detay ContTrRoL GEAR. 


alternating-current relays to opposite phases. In 
starting up, when the high-tension switch is closed 
the transformer is energised and the starting motor 
of the rotary converter is immediately connected to 
the low-tension side of the transformer. The machine, 
in consequence, accelerates and the correct polarity 
having been determined by the suitable relay, the 
low-tension transformer connections are transferred 
to the second or synchronising step. The machine 
now runs up to full speed, and the main field winding 
is adjusted to the correct synchronising strength, 
and the machine is brought into phase. The operation 
of the relay, which is provided to prove synchronism, 
then results in the closing of the main or running 
contactor on the low-tension side, cutting out the start- 
ing motor and connecting the transformer secondary 
coils direct to the slip-rings. At the same time, an 
adjustment is made to the field strength to give the 
normal no-load voltage on the direct-current side, 
and the discriminating relays controlling the operation 
of the main machine circuit breaker are brought into 
action. Should the load prove to be within the 
limits of the machine, the circuit breakers close and 
the load is taken up at once. In the event of a 
failure to synchronise for any reason, the set will 
shut down and will automatically start up a second 
and a third time before finally locking-out. The total 





this respect is provided by connecting certain of the 


time taken to get on load is remarkably small and, 
indeed, is Jess than one minute. 
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At a recent demonstration of the working of this sub- 
station, at Park Works, every possible condition in 
working was imitated, and the resulting action of the 
gear proved that the entire equipment operated with 
complete certainty and that the protection afforded 
was thoroughly reliable. Comment has already been 
made on the fact that all parts of the equipment are 
definitely made for hand, as well as automatic, opera- 
tion. The value of this will be appreciated by engineers, 
who recognise that it affords facilities for overhaul 
and efficient inspection. The erection of this sub- 
station is an example of the way in which manu- 
facturers of special plant, by mutual association, can 
demonstrate how their individual products may be 
used to meet the demands of modern conditions, 








LETTERS TO THE EDITOR. 


BARTON POWER STATION. 
To THE Eprror or ENGINEERING. 


Sir,—Many of your readers will be very glad to have 
the account of the Barton Power Station which is ap- 
pearing serially in ENGINEERING. Barton has the envi- 
able distinction of being our highest thermal efficiency 
station, and there is consequently a very keen interest 
in it. We need more publicity about what we are 
doing in our best stations, especially in this period of 
rapid development in power plant. We get to know 
what is going on in the U.S.A. in the way of power 
development long before we get to know anything that 
is going on at home. Further, there is a courage and 
push in the way of experiments across the Atlantic 
that might with advantage be imitated here on our own 
lines, 


A few station engineers and consulting engineers 
have the courage to go out in comparatively new 
directions, but what they do, they are apt—unlike 
our American cousins—to keep to themselves too 


long. This gives the Americans an advantage, especi- 
ally abroad. It seems to the writer that the special 
test results on the boilers at Barton are sufficiently 
remarkable to justify some discussion, and this letter 
is written with the object of raising discussion. 

At the present time strong rivalry is going on between 
advocates of firing boilers with powdered fuel or by 
stokers. It is admitted that using coal in the powdered 
form is the best way of using coal; but the question 
that is by no means determined is as to whether it is 
the more or less economical way. Whatever has been 
demonstrated in the U.S.A., as to the merits of powdered 
fuel firing compared with mechanical stokers, it yet 
remains to be demonstrated that with British coals it is, 
all things considered, equal in economy to firing by 
mechanical stokers. 

The Barton tests are a very good example of what 
can be done with .mechanical stokers burning low- 
grade fuel. In the case of the test of No. 4 boiler, 
we have coal of 10,883 B.Th.U., moisture 10-40, ash 
15-77. We have an evaporation of 110,593 lb. per 
hour (normal 100,000), which equals 6-9 lb. per square 
foot boiler heating surface, and an efficiency of 85 per 
cent. In the case of the test of No.-9 boiler fired 
with a mixture of coal and coke, we have an average 
thermal value of 10,590, ash contents 13-10 (coal), and 
20-81 (coke) and moisture contents just under 10 
per cent., with an efficiency of 84-2 per cent. It may 
be noted, by the way, that pulverisation appears to be 
out of question when it comes to dealing with coke 
dust or breeze, owing to excessive cost of grinding 
and wear and tear of plants. 

The above are extremely good results, and it is 
certainly very doubtful whether, if the same fuels were 
burnt in pulverised form, an increase of efficiency could 
be obtained that would justify the extra cost of plant 
and housing that would be required for a pulverised 
installation. It is notable that most of the good results 
in efficiency in the U.S.A. have been obtained with high 
class coal of between 12,000 and 13,500 B.Th.U., and 
much lower ash and moisture contents than at Barton. 
It is certain already to those who have any knowledge of 
the subject that the capital sosts, especially in regard 
to combustion chambers, wili have to come down very 
considerably before pulverisec. fuel plants are shown to 
be an economically sound proposition. 

In a recent case, for example, where very large boilers 
are being considered, the combustion chambers alone 
were to cost between 12,0001. and 14,0001. each, whereas 
combustion chambers for stokers would cost perhaps a 
fourth of the sum, or even less. Then there is the 
extra height of building to be taken into account to 
provide for the deep types of combustion chambers 
used. Beyond this, if a central station plant is proposed 
away from the boilers, in which to prepare the fuel, 
the capital cost of this has to be reckoned with. Besides 
these serious economic handicaps there is the cost of 
getting the fuel into the combustion chambers, varying 
with the class of fuel. The kw.-hours required to get 


the fuel there is in the order of 24 to 30 per ton. The 
kw.-hours required for stoker, including forced draught, 
stoker drive, and the extra power required for induced 
draught as compared with pulverised fuel, will probably 
not exceed one-fourth of the above. It is desirable that 
some facts and figures should be ascertained and 
published on this point. Besides the economic effici- 
ency problems, there are also problems of maintenance 
of working of pulverised fuel plants with our low-grade 
fuels and with high moisture contents. 

It will therefore be seen that the advocates of 
pulverised fuel have got a good deal before them, and 
it would be profitable to your readers if a discussion 
arose on the subject, on the part of those who are 
thoroughly acquainted with what is going on, and on 
the part of those who are desiring further information. 
I donot write necessarily as an opponent of pulverised 
fuel. It will be soon enough to make up one’s mind when 
there is a sufficient body of comparative facts to 
consider. My object is to elicit information and 


discussion. s 
Yours truly, 
Cc. 


January 18, 1926. 





WROUGHT IRON. 


To tHE Eprror oF ENGINEERING. 


Srr,—Re article on ‘‘ Wrought Iron,” which appeared 
in your issue of January 15, this raises the question of 
the durability of the metal, i.e., its power of resisting cor- 
rosion. Without being able to produce extensive evi- 
dence, [ have some reason for believing that the pro- 
cesses of refinement—if they may be called such—which 
have been introduced into the manufacture of wrought 
iron, have not been conducive to durability, although 
they have resulted in an increase of tensile strength. 
In the old days when iron wire was manufactured from 
balls produced in the puddle furnace, and the squeezing 
out of the slag was but imperfectly done, the resu!t was 
that the tensile strength of the wire manufactured 
from the iron was comparatively (but not excessively) 
low. Every possible effort was made to increase this 
tensile strength, as if the latter was the sole object to 
be aimed at, and I question whether the result has not 
been that durability has been sacrificed. I base my 
reasons on the fact that the old channel telegraph cable 
of 1851 (Dover to Calais)—the first one sheathed 
with an iron wire armouring—has shown a durability 
greatly in excess of that of those of more modern 
construction, although the tensile strength of the wire 
(amply sufficient for its purpose) was much below 
what would now be demanded. Some years ago, I 
specified that a new cable (which was required) should 
be sheathed with an iron armouring made by the old 
puddle process, and this was done, although there was 
difficulty in getting the iron made, manufacturers having 
abandoned the old type of furnace. What the ultimate 
result will be, ¢.e., whether durability will have been 
obtained, time only will show, but I think that the 
experiment will prove to have been worth making. 

Yours faithfully, 
H. R. Kempe. 

January 16. 





THE COMMERCIAL SIDE OF 
ENGINEERING. 


To THE Eprtor or ENGINEERING. 

Srr,—Like many of the readers of ENGINEERING, 
with whom I have talked on the matter, I regard the 
discussion of what constitutes suitable training for the 
commercial side of engineering in your correspondence 
columns as of great importance. Young engineers, 
especially those who have few personal friends with 
extended experience, must find in the information 
and guidance so far afforded, much that is useful 
in mapping out, what they hope to make their 
future careers. Personally, I cannot see any reason 
why the scheme of training, in its initial stages, at 
any rate, for a commercial engineer should be in any 
way different from that of any other type. If one 
considers the men who were in the same year at college 
and those who entered the works at the same time and 
thinks of their careers, the need for care in avoiding 
early specialisation in training will be perfectly obvious. 
Examples come to mind of men who early in their 
careers were recognised as possessing great ability 
in dealing with investigations of the research nature 
and also with design capabilities of an excellent order, 
who, eventually, because of their purely personal 
characteristics, apart from all engineering training, 
were able to render the highest service to their organi- 
sations on the selling side. These attributes were not 
discovered until the men in question had had a 
thorough grounding in works practice and a first- 
class technical training. I am sorry that “ Managing 





Director” comments on the danger of the techni- 





cally trained engineer suffering from “ swelled-head,” 
and am glad to see the healthy note struck in the letter 
of “ G.T.” in this regard. The danger of the develop- 
ment of conceit of this character is to my mind in no 
way affected by the nature of an engineer’s training, the 
fault, if it be possessed by such men, would have 
developed, no matter what experience they had. Such 
flaws in a man’s nature may be increased in many ways. 
but why introduce such a matter into a discussion of 
this sort, for a man with an exalted view of his own 
importance will not get very far, because of the fact 
that he is not what the Americans call a “‘ mixer.” 

To anyone hoping to go in for the commercial side 
of engineering, I would suggest that he study at one of 
the larger technical colleges where there are great 
numbers of engineering students ; the men he associates 
with then will be the engineers of the future and his 
business friends. His works training should be 
obtained in one of those large engineering organisations 
where an endeavour is made to find out the capabilities 
of the apprentice in all directions. If this scheme is 
adopted, the chances are that it will be found that his 
talents can be more usefully employed than in the direc- 
tion he intended, but his training will not have involved 
“lost time.’”? I am convinced from the knowledge 
T have of engineers on the commercial side, that equally 
successful men have been obtained for the work through 
an orthodox engineer’s training as through any other 
channel, such as that of cost office experience. It is 
not so much the training as the character of the man that 
counts for success in commercial work. Some success- 
ful commercial engineers have even been, at one time, 
lecturers in technical colleges, and thought at the time 
that that calling was the one to which their talents 
were most suited. 

Yours faithfully, 
‘“ ARDUUS AD SOLEM.” 

January 19, 1926. 





THE WORLD’S SHIPBUILDING. 


THE depressed condition of our shipbuilding industry 
has been so obvious during the past year that it might 
be thought unnecessary to quote figures indicating its 
extent. Such figures, however, are valuable in that 
they enable an accurate comparison to be drawn 
between the position in this country and that in 
other maritime nations. The “ Annual Summary of 
the Mercantile Shipbuilding of the World,” which 
has just been issued by Lloyd’s Register of Shipping, 
gives particulars of merchant vessels of 100 tons gross 
and upwards, which were launched during the year 
1925. 

In Table I on the opposite page is given, for purposes 
of comparison, a statement of the number, and total 
gross tonnage, of ships constructed by the most impor- 
tant shipbuilding nations, during the years from 1893 
to 1925. Table II shows the number and tonnage of 
merchant vessels launched in Great Britain and 
Ireland during the three years from 1923 to 1925. 
As will be seen, the world output for 1925 is below 
that for the previous year by about 54,000 tons. In 
Great Britain and Ireland there has been a decrease 
of 355,252 tons in the tonnage launched, while abroad 
there has been an increase of 300,905 tons. The 
output in this country during 1925 nevertheless 
represents 49-5 per cent. of the total tonnage launched 
in the world. Some 16} per cent. of the vessels under 
construction in Great Britain and Ireland are intended 
for owners residing abroad ; the corresponding figure 
for 1924 was 15} per cent., and the average for the 
five pre-war years 1909 to 1913, was over 22 per cent. 
Of the shipping built. or building, in this country, 
10 ships are over 15,000 tons, the largest of these 
being the Conte Biancamano, a vessel of 22,883 tons ; 
three others, the Asturias, Carinthia and Otranto, 
over 20,000 tons; and the remaining six, the Cale- 
donia,Transylvania, Ranchi, Rawalpindi, Rajputana 
and Chitral, over 15,000 tons each. 

Further progress was recorded in the use of steam 
turbines ; 17 of the vessels launched will be furnished 
with this system of propulsion. All of these ships, 
with only one exception, will have geared turbines. 
The tonnage of vessels propelled by means of internal- 
combustion engines is steadily increasing, no less than 
51 motorships, aggregating 267,217 gross tons, having 
been launched. This figure amounts to nearly one- 
third of the steam tonnage. Of these 51 vessels 
34 were of 5,000 tons and upwards, and the largest 
was the Asturias, a ship of 22,137 tons. Turning to 
the question of outputs in the principal shipbuilding 
districts of Great Britain and Ireland, it will be seen 
from Table II that the Clyde, with a tonnage total 
of 506,717, is still the most important centre of the in- 
dustry. With the exception of the districts of Barrow, 
Maryport and Workington, and Hull, all the centres 
record decreases in the tonnage launched. The 
hardest hit centres were Belfast. Leith, Sunderland, 
Middlesbrough, Stockton and Whitby, and the largest 
decrease, as compared with 1924, has taken place 
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LABOUR NOTES. 

Accorpinc to the Ministry of Labour Gazette 
unemployment on the whole, showed a further slight 
improvement in the first three weeks of December. As 
usual, however, there was a seasonal decline after Christ- 
mas. Among the 11,892,000 workpeople insured 
against unemployment under the Unemployment 
Insurance Acts in Great Britain and Northern Ireland, 
the percentage unemployed at December 21, 1925, 
was 10-5, as compared with 11-0 at November 23, 
1925, and with 10-7 at December 22, 1924. Among 
the members of those trade unions from which returns 
were received, the percentage unemployed was 11-0 
at the end of December, 1925, compared with 11-0 
at the end of November, 1925, and with 9-2 at the 
end of December, 1924. The reduction, before Christ- 
mas, in the numbers unemployed was due principally 
to the continued improvement in employment in the 
coal mining industry and to seasonal expansion in the 
distributive trades. Employment was good, on the 
whole, with brickmakers, and with electrotypers and 
stereotypers, and fairly good in other branches of the 
printing trades, in the furnishing trades, in certain 
branches of the metal trades, and with skilled operatives 
except painters, in the building trades. In the coal 
mining industry, and in the section of the cotton 
industry using American cotton, it was still slack; in 
the iron mining, iron and steel, shipbuilding and marine 
engineering industries it continued bad. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation in 
December resulted in an aggregate net reduction of 
about 4,000. in the weekly full-time wages of nearly 
63,000 workpeople and in an increase of over 1,500J. in 
the weekly wages of 21,000 workpeople. The principal 
group of workpeople affected by reductions consisted 
of over 40,000 workpeople employed at iron puddling 
furnaces and iron and steel rolling mills and forges in 
the Midlands, whose wages were reduced by an amount 
equivalent to rather over 14 per cent. on current rates. 
Other bodies of workpeople whose wages were reduced 
included shale miners and shale-oil workers in Scotland, 
coal miners in the Radstock district, iron-ore miners in 
Cumberland, and waterproof garment makers at 
Manchester. The principal groups of workpeople whose 
wages were increased included workpeople employed 
in the textile making-up and packing industry at 
Manchester, organ builders, packing-case makers in 
Scotland, and workpeople employed in the non-trading 
services of various local authorities in the East Midlands. 
The changes in wages reported to the Department 
during 1925, in the industries for which statistics 
are compiled, resulted in net reductions amounting 
to about 160,000/. in the weekly full-time wages of 
850,000 workpeople, and in net increases of about 
80,000/. in those of nearly 900,000 workpeople. During 
1924 there were net increases of 616,000/. in the weekly 
full-time wages of 3,000,000 workpeople, and net 
reductions of 62,0001. in those of 480,000 workpeople. 





The number of trade disputes involving stoppages 
of work reported to the Ministry of Labour as beginning 
in December, was 28. In addition, 34 disputes which 
began before December were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in December (including work- 
people thrown out of work at the establishments where 
the disputes occurred, but not themselves parties to 
the disputes) was about 37,000; the estimated aggre- 
gate duration of all disputes during December was 
about 629,000 working days. These figures compare 
with totals of approximately 50,000 workpeople 
involved and 575,000 days lost in the previous month. 
The estimated aggregate duration of all disputes 
reported as in progress during 1925, was about 7,976,000 
working days. The total number of workpeople 
involved in these disputes was 441,000. In the 
previous year 616,000 workpeople were involved in 
disputes having an aggregate duration of 8,424,000 
working days. 





A conference of Lines Committees representing 
shopmen belonging to the National Union of Railway- 
men in England, Scotland and Wales was held in 
London last week. The most important subject under 
consideration was, according to the official report of 
the proceedings, the question of short-time working 
among railway shopmen. After a long discussion the 
following decision was arrived at :—‘‘ That this con- 
ference adheres to the policy of the guaranteed week, 
this being the considered policy of the rank and file of 
the shopmen, as embodied in the national programme 
and in conformity with the guaranteed day and week 
enjoyed by the whole of the traffic grades.” The 
executive of the union has been urged to take ‘ very 
definite steps to secure this improvement, and thus 
prevent the spectacle of large numbers.of railway shop- 





men being periodically placed on short time, and in 
many cases receiving less in wages than will enable 
them to exist without having to appeal to the boards 
of guardians for relief. The conference laid down 
principles for promotion and redundancy for youths, 
unskilled and semi-skilled workers, and also dealt 
with the position of apprentices and craftsmen when 
dismissals take place.” Another important subject 
discussed was the equalisation of work between one 
centre and another on each particular railway, and the 
question of systematic overtime being worked at one 
place, and men engaged on precisely the same class of 
work being placed on short time at another centre. 
The recommendations of the Conference have been 
referred to the executive for consideration. 

Representatives of the executive of the National 
Union of Railwaymen met representatives of the 
railway companies in London last week for the purpose 
of considering the part of the men’s national all-grades 
programme which relates to the wages and conditions 
of shopmen. The union asks for the abolition of all 
grading of mechanics and the payment of a flat rate 
of 4]. per week to all men who have been five years at 
the trade ; the classification of machinists in two grades 
with basic rates of 4/. and 31. 16s. per week respectively; 
a basic rate of 3/. 10s. per week for semi-skilled workers, 
assistant mates and helpers; and a basic rate of 3. 
per week for unskilled men. Other demands relate 
to apprentices, women workers and piece-work rates. 
It is understood that the railway companies’ repre- 
sentatives made it clear to the N.U.R. that, having 
regard to the present position of the railways, it was 
impossible to entertain the claim of the union for a 
further increase in wages and improvements of the 
conditions of the shopmen, particularly in view of the 
fact that the Wages Board had rejected the demands 
in respect of the traffic grades. The union represen- 
tatives intimated that they would have to consider the 
position, and that a decision would be taken at the 
delegate conference on January 21. 





Mr. A. A. H. Findlay has been re-elected general 
secretary of the United Patternmakers’ Association by 
a majority of 1,509 votes over the combined totals of 
three opponents. In the latest official report of the 
Association, it is stated that the number of unemployed 
members still runs into four figures, although the total 
is 71 less than it was a month ago. The hope is 
expressed that the New Year will be “‘ the forerunner 
of a more prosperous period ”’ for the industry. 





The Monthly Report of the United Society of Boiler- 
makers and Iron and Steel Shipbuilders states that at 
the end of December the number of members “ signing 
the books ” was 23,818, as compared with 23,867 at 
the end of November. The expenses in December were 
97,3801. 15s. 6d; in November, they were 101,123/. 
19s. 4d. 





The following notice appears in the January Report of 
the United Society of Boilermakers and Iron and Steel 
Shipbuilders :—“ The London District Committee have 
reported to the Executive Council the existence of a 
small unofficial committee of London members, known 
as the London Vigilance Committee, formed with the 
apparent purpose of discrediting the work of the Lon- 
don District Committee. This body has been issuing 
circulars to the London branches, asking them to oppose 
suggestions made by the London District Committee. 
They have also reported the business of the London 
District Committee to other bodies not members of our 
Society. They have also corresponded with the 
Ministry of Labour on business of the District Com- 
mittee. Some of their communications have reflected 
so seriously on members of the District Committee and 
officials that their actions are considered slanderous. 
To put an end to such actions the District Committee 
have recommended that the Executive Council should 
allow them to expel such members for their uncon- 
stitutional and slanderous actions. The Executive 
Council have given serious consideration to the report 
of the District Committee, and they regret that any 
members should so far forget their initiation vows. 
When they were allowed to participate in the privileges 
of membership they promised to share its responsibilities 
and conform to all our laws and usages, and to cultivate 
a kind and brotherly feeling amongst the members, 
making our cause their cause, our good their good, our 
troubles their troubles, and transforming all prejudices 
into a sacred devotion for the elevation of our Order. 
The actions of these few members are calculated to 
bring our Society into contempt, and the Executive 
Council have decided that any repetition of such con- 
duct will be met by the penalty which it deserves, 7.e.‘ 
expulsion from the Society.” 





The official organ of the National Minority Movement 
is advising adherents to vote in favour of affiliation of 
the Amalgamated Engineering Union to the proposed 





Industria] Alliance and against the new shipyard pro- 
cedure for avoiding disputes. Action by extremists 
along these lines is, of course, to be expected ; but the 
arguments which are being used to support it leave a 
good deal to be desired on the score of accuracy. It 
is asserted for example, that the engineering employers 
will shortly call for a revision of their agreements with 
the A.E.U. They “are determined,” it is declared, 
‘*to stabilise British capitalism, even if determined 
inroads have to be made into the standard of life of 
the workers.”’ The truth is that there is not the slightest 
foundation for such an assertion, so far as the engineer- 
ing industry is concerned. It is further alleged that the 
shipyard procedure agreement is the outcome of fears 
entertained by shipbuilding employers regarding the 
formation of the Industrial Alliance. The shipbuilding 
employers it is asserted, “recognise the tremendous 
potentialities as an instrument of class warfare con- 
tained in the rapidly developing Workers Industrial 
Alliance.” As a simple matter of fact, the negotiation 
of the procedure agreement was far advanced before 
the Industrial Alliance was even dreamed of. More- 
over, they are not employers but duly accredited repre- 
sentatives of the unions who are inviting the men to 
approve the agreement. 





The Ministry of Labour states that on January 11, 
1926, the number of unemployed persons on the regis- 
ters of Employment Exchanges in Great Britain was 
1,221,400, namely, 956,200 men, 36,500 boys, 193,600 
women, and 35,100 girls. On January 4, 1926, the 
number was 1,251,706, or 990,726 men, 35,673 boys, 
193,699 women, and 31,608 girls; on January 12, 
1925, it was 1,279,854—969,737 men, 39,536 boys, 
235,162 women, and 35,419 girls. 





A meeting took place in London on Tuesday between 
the special committee of the Trades Union Congress 
General Council, which was appointed in June last 
to deal with the coa! crisis, and representatives of the 
Miners’ Federation of Great Britain. The object of 
the conference was to review the situation now that 
the Royal Commission has completed its inquiry. 
It was agreed, it is understood, that, pending publica- 
tion of the Commission’s report, which is expected 
towards the end of next month, there was no need to 
contemplate action of any kind. At the close of the 
proceedings, Mr. A. Pugh, Chairman of the General 
Youncil, said that the discussion had been purely 
informal and that no special significance attached to 
the conference. The General Council had some responsi- 
bility in regard to the mining situation, and desired to 
be kept fully informed of the position. Obviously, 
no steps of any kind could be taken until the report 
of the Commission had been issued. 





The application of the Association of Wireless and 
Cable Telegraphists for a Court of Inquiry into the 
strike of marine wireless operators has been refused 
by the Ministry of Labour. A Court of Inquiry is 
appointed, it is stated, at the discretion of the Minister, 
solely with regard to the public interests, and not 
on the application or in the interests of either party 
to the dispute, and it is not empowered to decide the 
matters at issue. ‘‘ The facts of the present dispute 
are widely known,” the communication turning down 
the application goes on to say, ‘‘and in this respect the 
Minister does not consider that a case for the appoint- 
ment of a Court of Inquiry has arisen. Further, he 
feels that the dispute is one which can, and, indeed, 
must, be settled by negotiation, and that at the present 
stage the appointment of a Court of Inquiry would not 
conduce, to this end. The Department is in communi- 
cation with the employers with regard to the possi- 
bility of arranging a settlement, but, as you yourselves 
have pointed out, there is a variety of interests to be 
taken into account on the employers’ side.” We under- 
stand that a series of meetings which have been taking 
place among those concerned is likely to be com- 
pleted at the beginning of next week, and it is hoped 
that it may then be possible to make further progress 
towards a settlement of the dispute. 





PERSONAL.—Messrs. G. M. Clark and Partner, con- 
sulting engineers, have removed from 7, Victoria-street. 
Their new address is: Parliament Mansions, Orchard- 
street, Westminster, London, S.W.1.—Mr. C. Aubrey 
Tatham has been elected deputy-chairman of the manage- 
ment committee of the London Iron and Steel Exchanges. 
Mr. Tatham is the London manager of Messrs. The 
Pearson and Knowles Coal and Iron Company, Limited, 
Messrs. The Partington Steel and Iron Company, Limi- 
ted, and Messrs. Rylands Bros., Limited.—Messrs. the 
Westinghouse Brake and Saxby Signal Company, 
Limited, 82, York-road, King’s Cross, London, N.1, 
have appointed Messrs. Carrimore Six-Wheelers, Limited, 
Great North Road, North Finchley, N.12, to be the 
Westinghouse brake service and fitting agents for power- 
driven road vehicles and trailers for the London and 
Home Counties area. 
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AN ANALYSIS OF A FAILURE OF KEEL 
BLOCKS IW A DRYDOCK.* 
By Lieut.-Commander E, L. Gaynart, U.S. Navy. 


On May 28, 1924, the U.S.S. South Carolina was 
docked in No. 3 Drydock at the Navy Yard, Phila- 
delphia, the dock being pumped down and the keel 
blocks sighted at 2.38 p.m. At about 7.45 a.m. the 
following morning, or about 17 hours later, the entire 
system of keel blocking collapsed under the ship, 
causing the vessel to fall astern and vertically some 
3 ft. in each direction. The ship, which was one of 
the battleships scheduled to be scrapped under the 
Limitation of Naval Armament Treaty had just 
previously been used as a target in certain underwater 
explosion experiments, and was docked at this time 
to permit inspection of the damage resulting from 
these tests. Previous to these experiments the ship 
had been in the same dock along with other ships 
from October 24, 1923, until undocked on May 23, 
1924. On April 17, 1924, she was undocked and 
redocked to permit an interchange of the vessels. 
When redocked on May 28, 1924, she was landed 
upon blocks similar to those upon which she had 
rested from April 18 to May 23. During the entire 
stay in dock, preliminary work was carried out on 
the South Carolina as well as on the other vessels in 


US.S. “SOUTH CAROLINA. WEIGHT CURVES 


that an entire assembly of blocks just as removed 
from the dock has ever been tested before. It was 
desired to determine the maximum load that an 
individual set of blocks would carry, and also the 
effect upon the capacity of varying the number of 
blocks in the tier. Ten sets of blocks were selected 
from No. 3 dock, similar in all respects to the blocks 
that failed under the ship. Of these ten, five sets 
were shipped to the Forest Products Laboratory of 
the Forest Service at Madison, Wisconsin, and the 
other five sets to the Bureau of Standards at 
Washington. The blocks shipped to Madison were 
tested under conditions representing a column with 
one end fixed and the other end free. The material 
of the blocks was examined for species, moisture 
content, general condition as to decay, if any, and 
physical characteristics of small samples. At the 
Bureau of Standards, the blocks were only subjected 
to a compression test, under the loading condition: of 
a column with both ends fixed. 

The blocks failed in each case by instability of the 
column without individual failure of any block (except 
in one case where a block split along a deep season 
check). Above a certain maximum load, further 
compression only increased the deflection without 
increasing the thrust in the block. This type of 
failure is typical for long columns. The individual 
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connection with scrapping them, and, in addition, 
certain experimental structural features were incor- 
porated into the hull of the South Carolina for tests. 

Immediately following the accident an investigation 
was conducted, which ascertained certain facts as to 
the condition of the ship on docking, such as the 
displacement, draught and trim, the probable distri- 
bution of weight in the ship, the number and distri- 
bution of keel blocks, and other pertinent information. 
The Board of Investigation concluded that the 
displacement on docking was 16,628 tons, and that 
at the time of the accident the weight on the blocks 
had been reduced to 15,604 tons by the discharge 
of water ballast. The ship when docked had a 
draught aft of 29 ft. 3 in., draught forward of 
25 ft. 10 in., with mean draught of 27 ft. 64 in., and 
had no list. The Board ascertained that the ship 
was supported in the dock upon some 320 sets of 
keel blocks, of which 192 were under the centre line 
keel, 20 under the forward inner docking keels, 
69 under the main docking keels, 19 under the outer 
docking keels, and 20 under the after inner docking 
keels. The centre-line keel blocks were spaced at 
2-ft. centres; the other blocks at 4-ft. centres. All 
blocks were erected to the same level, 714 in. above 
the bearer blocks, which were 10 in. high. The 
blocks all carried a spruce cap block 4 in. thick. The 
total height from cement floor to top of the cap was 
S5$ in. This height was greater than usual, since, 
in this case, five blocks, exclusive of cap block, were 
used above the bearer block rather than the four 
blocks customary for this dock. The increase in 
height was made in order to facilitate the structural 
work carried out on the ship while in dock. 

Previous tests have been conducted upon large 
blocks, particularly at the New York Navy Yard, 
where kee] blocks of the same section as used in this 
dock were tested three high, but it is not known 
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blocks, however, were not injured and were imme- 
diately used again for a repetition of the test with a 
set one block less in height. The sets of blocks in 
each case were tested under two conditions : first, with 
all the dogs and clips in place as secured in the dry- 
dock, and second, with all dogs and clips removed. 
There was no consistent difference to be observed in the 
maximum load carried by the blocks under these two 
conditions, from which it may be concluded that the 
dogs and attachment of the bed log do not contribute 
to the stability of the blocks. Two sets of blocks were 
built up six blocks high ranging in length from 3 ft. 
for the top block to 8 ft. for the bed log. These sets 
were first tested separately in order to centre a knife 
edge upon the top of each. A plate was then placed on 
the top of the knife edges, the roller bearing previously 
used was centred, and after several trials a maximum 
load of 215,000 1b. was obtained. The two blocks 
fourth from the bottom were then swung through a right 
angle to tie the sets together, and an additional piece 
inserted in order to give full bearing for the fifth piece 
from the bottom. Load was then applied with one 
of the knife edges purposely placed 1 in. off centre. 
This load was stopped at 250,000 lb. because of crush- 
ing under one bearing (no instability, however). The 
knife edge was then centred and the test load was run 
up to 434,500 lb., where it was stopped because crush- 
ing and consequent imbedding of the bearing interfered 
with further use of the machine. There was still no 
sign of failure by instability. Experiments were con- 
ducted on models to test the applicability of the Euler 
formula and to determine the effect upon the column 
strength of the increase in length of block from top to 
bottom of the set. 

As already stated, sets of blocks similar to those 
tested at Madison, were submitted to the Bureau of 
Standards for test. Previous to delivery to that 
bureau, half of the blocks were submerged under 22 
ft. of water at the Washington Navy Yard for a period 
of 11 days. This immersion was with the object of 





Naval Architects and Marine Engineers of America, New | determining a difference in strength, if any, between 
York, November 12 and 13, 1925. Abridged. 


such soaked blocks, and blocks that had been out of 


the water since the accident, a period of about five 
months. The blocks were tested in a 600,000-Ib. 
capacity testing machine in direct compression with 
no knife edges or the equivalent between the cap block 
and the moving head of the machine. The load was 
distributed over the full length of the top block by a 
steel channel and plate totalling 44 in. in thickness. 
The results of these tests are tabulated as follows :— 


Observed Wetor Maximum 
Block Modulus. — Load. 
ry. 

Bes. i. er eee Dry 600,000 

Cc ee we ee 51,000 Wet 600,000 

A << és os 40,000 Wet 400,000 

B “s as 30,600 Dry 400,000 

(Re-test after four days) 

E ee ee ar 35,600 Dry 292,000 

Keel block “E” failed by splitting along season 


checks in the three top blocks. All other blocks carried 
the load tabulated above without failure, although - 
considerably distorted. The fifth block, ‘‘ D,’’ which 
was 4n unsymmetrical side keel block, was not tested. 
In attempting to apply theory to the blocks as 
tested at the Bureau of Standards we find that the 
virtual column length is from one-half to two-thirds 
of the actual length, depending upon the degree of 
fixity given by the spruce cap block. Since the spruce 
cap block was crushed by the high load to approxi- 
mately one-half of its original thickness, it could 
contribute but little fixity to the top of the column. 
The accompanying diagram shows weight curves for 
the ship. These curves show both the distribution of 
weight in the ship as designed, and also the distribution 
of weight in the ship at the time she was last docked. This 
latter weight curve, which totals 15,440 tons, was based 
upon early information furnished by the Navy Yard at 
Philadelphia, as being the weight of the ship and ballast 
upon docking, exclusive of the water which had entered 
through the openings torn by the underwater explosions. 
The latter water had free egress and ran out as the 
dock was pumped down. From estimates as to the 
displacement upon docking which were submitted to 
the Board of Investigation, it was concluded that the 
weight upon the blocks at the time of docking was 
16,628 tons and that this weight had been reduced to 
15,604 tons at the time of the accident. The weight 
curve shown may be taken as a conservative esti- 
mate of the distribution of the weight of the ship at 
the time of the accident. The weight upon docking 
was about 1,000 tons greater, of which some 400 tons 
was in the forward portion of the ship and 600 tons in 
the after portion. In addition to the normal and dock- 
ing weight curves, the weight curve is also shown for the 
light condition of the ship in order to permit some 
explanation of the fact that the ship remained securely 
upon these blocks for several months prior to the final 
docking and accident. 

The ship, as has been previously stated, was sup- 
ported on centreline blocks from frame 6 to frame 102. 
These blocks, of which there were 192, were spaced 
2 ft. apart. In addition, there were docking keels 
extending from about frame 17 to frame 92, which 
keels were supported on blocks spaced 4 ft. apart and 
128 in number. The displacement of the ship upon 
docking—.e., 16,628 divided by the number of the 
blocks—gives an average load per block of about 
52 tons. By the time of the accident, this average load 
had been reduced to about 49 tons. Owing to the con- 
siderable variation in the distribution of the weight of 
the ship, and also by reason of the overhanging ends of 
the ship, it is probable that there was a marked varia- 
tion in the load upon the various blocks. In fact, if the 
average ordinates for the several subdivisions of the 
weight curve are taken as indicated in the figure and 
used to estimate the weights of these subdivisions, 
such weights when divided by the number of blocks 
under the subdivision give Joads per block as follows :— 


Frames. Loads Block. Frames. Loads per Block. 

ons, Tons, 
6 to 15} 38-4 624 to 664 46-0 
Bi, 17 82-0 664 ,, 714 32-6 
17; ,.. 2% 16-0 714 ,, 804 43-6 
203 ,, 28} 50-0 804 ,, 864 57-8 
2383 ., 31 29-4 864 ,, 894 32-4 
St .. 8s 63-0 804 i 61-4 
.. 42 39-6 2 ,, 9% 102-8 
424 ,, 474 29-4 964 ,, 102 57-6 
47% ,, 62 40-6 


It was estimated that some 600 tons of water flowed 
out of the after portion of the ship (aft of frame 81) 
between the time of docking and the time of the 
accident. There were 64 blocks under this area, and the 
average change in load was about 9-4 tons per block. 
The estimate of loads per block must then be increased 
by about 9 tons to give the load on the blocks (in the 
stern) when the ship was first docked. A load of from 
70 tons to 80 tons per block is well into the range of 
instability for free-ended blocks. However, if the 
heavily-loaded blocks are restrained from deflecting by 
the rigidity of the other blocks near the centre of the 
ship, then very much heavier loads could be carried. 
Since the individual loads on the blocks were generally 





less than their capacity as free-end columns, it is 





I20 


24-IN. HOLLOW SPINDLE 


CONSTRUCTED BY THE WARNER AND SWASEY COMPANY, 


Fie. 5. Frrep Drive. 


improbable that the collapse of the keel blocks was 
due to direct overloads. 

The explanation of the accident probably lies in the 
combination of circumstances that the ship was docked 
with Ja drag and that she was so landed as to bring the 
stern knuckle of the keel upon a single block rather 
than upon the solid blocking in the south end of the 
dock. The draught of the ship on docking was 
29 ft. 3 in. aft and 25 ft. 10 in. forward, a difference of 
trim of 41 inches. The moment to change the trim 1 in. 
was about 1,560 tons-ft., indicating a total trimming 
moment of about 64,000 tons-ft. to bring the ship to 
an even keel, The distance of the midship section 
from the knuckle was 184 ft. The resulting upward 
force required at the knuckle to level the ship on 
the blocks was, then, at least 350 tons. It appears 
that, as the vessel settles on the blocks, there is a 
concentrated load on the block at the knuckle ranging 
from 80,000 lb. when the trim has changed 6 in., to 
110,000 1b. for a change of trim of about 2 ft., and then 
declining again as blocks come to bear more rapidly 
than the trimming reaction increases. 

It is desirable at this point to cite again the experience 
of the Forest Products Laboratory in testing the blocks 
six-high. They found that the blocks were very 
unstable, that with the original spruce caps it was 
impossible to obtain aay consistent maximum loads 
because the erratic crushing of the spruce introduced 
eccentricity in the loading, and that even the substi- 
tution of dry spruce for the original spruce caps did 
not give satisfaction. Consistent maximum loads were 
only obtained when birch was substituted for. the 
spruce, and even then the sets were found so unstable 
that variations as slight as ,4, in. in the centring of 
the roller bearing, through which the load was applied, 
would change the direction of the deflection of the 
column. 

In contrast with the laboratory conditions under 
which the blocks were tested at Madison, let us consider 
the conditions under which the blocks at the stern were 
loaded as the ship settled down to an even keel bearing. 
In the first place, the cap blocks were of spruce, the 
same material that had to be discarded at Madison. 
Then, instead of the precise centring of the load that 
prevailed at Madison, the slope of the keel caused the 
load to be applied first at the after edge of the block, 
7 in. from the centre, and it could not reach the forward 
edge until sufficient crushing occurred over the 
remainder of the bearing. Mindful of the very careful 
adjustment found necessary at Madison in order to 
develop the maximum strength of the column, it is 
easily understood that under the extreme conditions 
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of eccentricity imposed by the slope of the keel, the 
knuckle block would deflect and fail to carry its full 
load of 60 tons or 70 tons. Furthermore, during the 
period that the ship is bearing on but a few blocks, 
there is no question but that these blocks are in the 
condition of columns with one end free. The slope 
of the keel, which causes eccentricity in the loading of 
these columns, also predetermines the direction in which 
they will deflect. 

It should be noted that the greatest load on the 
knuckle block due to effect of trim was 110,000 Ibs. 
or 49 tons. This load is only some 25 per cent. less 
than the capacity of these blocks obtained under the 
most favourable conditions. It is also probable that 
the effect of the eccentric loading on the block would 
be to prevent it from taking a very large fraction of its 
capacity under test conditions, say, not more than half. 
Then the effect of the process of cumulative deflec- 
tion just described would be accentuated by throwing 
more load farther forward, where it has less effect on 
trim. 

It should now be recalled that the keel block forward 
of the knuckle was observed to be split when the docking 
officer inspected the ship after docking, which is evidence 
of some unusual action in this region. The deflec- 
tion would not be great, since the deflection at maximum 
load in the case of the blocks tested at Madison was 
only between } and 3 in. After the keel landed all 
along and the water contined to fall, the weight of the 
vessel became distributed over all of the blocks and 
the load was reduced at the knuckle, but the deflections 
set up inthe blocks near the knuckle would necessarily 
remain. Finally, with the dock empty, we would 
come to the distribution of load which was roughly 
estimated earlier in this paper. In this estimate it 
was stated that the loads on the last few centre keel 
blocks were probably 80 tons per block on docking, 
decreasing to 71 tons just before the accident. These 
loads, which are in the range of instability for carefully 
centred blocks, would have certainly caused the deflected 
blocks near the knuckle to collapse, except that further 
deflection was prevented by the effect of the keel in 
tying these blocks to the stable vertical blocks under 
the remainder of the ship. A condition was produced 
here, however, which ultimately caused the collapse of 
the entire block system. This condition was the exis- 
tence of a fore-and-aft component in the thrust of the 
deflected blocks. 

It now remains to explain the circumstance that the 
ship had been docked before on blocks of this same 
height in this same dock, and had rested on such blocks 
from October 24, 1923, to April 17, 1924, and from 





April 18, 1924, till May 23, 1924, without accident. The 
explanation probably lies in the fact that on the 
occasion of these previous dockings the ship was light, 
even lighter than her designed light displacement, by 
reason of preliminary work that had been done toward 
scrapping her. Inspection of the weight curve shows 
that most of the 2,000 odd tons difference in displace- 
ment between the light condition and her condition 
when last docked, was in the ends of the ship. Such 
concentration near the ends (ballast water in the 
magazines) was the cause of the higher loads on the 
end blocks, and it is to be expected that in the light 
conditions the load was not only less, but it also was 
more uniformly distributed. The reduced load per 
block probably left the blocks with sufficient stability 
to resist any overturning tendency if such developed. 
In discussing this paper Professor William Hovgaard. 
of the Massachusetts Institute of Technology, said 
that the subject of docking stresses was one to which he 
had given considerable study, and on which he had 
prepared memoranda for the Bureau of Construction 
and Repair. In a memorandum submitted to the 
Bureau early this year, considerable space was given 
to a discussion of the tests to which Commander 
Gayhart referred, as also to the fall of the SouthCarolina. 
Referring to the tests carried out by the Forest Products 
Laboratory and in particular to the conclusions of that 
Laboratory, he said regarding the instability which 
was so marked in these tests, that it should be noted 
that the bearing plate, to which the pressure was applied, 
was only 20 in. square, giving a bearing surface on the 
cap of only 1-95 sq. ft., which made the pressure in 
the cap and in the upper blocks very loca] and intense. 
The load, in most cases, reached a maximum of over 
300,000 1b., corresponding to a pressure on the bearing 
surface of about 70 tons per square feet. Under this 
pressure the spruce cap, used at first, crushed completely. 
and had to be replaced bya cap of harder material ; but 
even after that, it seemed that crushing took place in the 
cap and locally in the upper oak block, and this may 
well have been the primary cause of instability rather 
than imperfection of the edges. Crushing appeared first 
in the weakest spot, and the location of this spot was 
not likely to be central or symmetrical with respect 
to the pressures. In the Forest Products Laboratory 
Report the results were given of some tests on short 
lengths of full-size blocks. These tests were of very 
great value, since the pressure was applied fairly 
uniformly throughout a full-size block and the element 
of instability was eliminated. The average elastic limit 
was found to be 326 lb. per square inch or 2] tons per 
square foot, which was very low relative to that given 
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in Bureau of Standards Circular (viz., 1,340 lbs. /sq. in.) 
and in other sources. It would be found, however, 
that in cases where the elastic limit was high, the test 
pieces were small, and such pieces were likely to show 
much better results than large blocks, especially such 
as have been used in a dock for a long time. 

The application of Euler’s formula to tiers of used 
keel blocks seemed rather academic. Probably local 
crushing of the cap and upper block caused the load 
to be applied eccentrically and Euler’s formula would 
then be misleading. In the Report great emphasis 
was laid on the condition of the edges as influencing 
the Euler limit, but it was not believed that this 
feature would influence the stability materially, 

Judging from the tests of the Forest Products 
Laboratory on single blocks and from Bureau of 
Standards tests on tiers of blocks, it appeared that the 
elastic limit of oak blocks in ordinary use and as 
applied in tiers of trapezoidal form, might be considered 
as 450 lb. per square inch or 30 tons per square foot. 
The breakdown point was more uncertain, but should 
probably not be reckoned higher than about 60 tons 
per square foot. In single blocks under a uniform 
pressure the elastic limit should not be reckoned higher 
than about 20 tons per square foot. An analysis of a 
number of other tests and of measurements made of 
the compression of the blocks under actual docking 
conditions seemed to show that for oak blocks a mean 
pressure of about 20 tons per square foot would ensure 
that the yield point would not generally be passed. 





UNIVERSAL HOLLOW-SPINDLE 
TURRET LATHE. 


As a result of the success of their heavier lathes, a 
new design of turret lathe for either chuck or bar 
work, embodying several advances in construction 
as well as in equipment has recently been placed on 
the market by Messrs. The Warner and Swasey Com- 
pany, Cleveland, Ohio, U.S.A., the agents for whom in 
this country are Messrs. Charles Churchill and Co., 
Limited, 9-15, Leonard-street, E.C.2. The machine 
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is termed by the makers the No. 1-A universal hollow 
hexagon turret lathe, and, as arranged for ordinary 
chuck work with a direct or countershaft belt drive 
is shown in Fig. 1, page 110. In this condition it 
occupies a floor space of 44 in. by 108 in. Its capacity 
for bar work is stock up to 24 in. diameter, the possible 
length of work being 2 ft. 6 in. For chuck work the 
machine will take pieces up to 12 in. diameter, but 
allows of 16? in. swing on the bed. Fig. 2 shows the 
back of the lathe. When fitted with the bar equip- 
ment the length is increased by about 60in. The total 
net weight with the bar equipment is 4,950 lb. When 
fitted with a motor drive, the horse-power required is 
five. The driving pulley for the countershaft or 
direct drive is 12 in. diameter, running at 575 r.p.m. 
off a 3-in. belt. A belt is also used with the motor 
drive when the motor is placed on the rear side of the 
head-end leg, but when it is placed above the head- 
stock a chain is employed. The slide saddle on the 
front of the machine has a normal longitudinal travel 
of 22? in., though this can be increased (by a slight 
alteration to the turret saddle feed stops) to 30} in. 
The cross traverse across the lathe is 8} in. 

As the illustrations show, the headstock is cast with 
the frame. Fig. 3 depicts the details of the speed 
change gears in the all-geared headstock. The gears 
are of heat-treated steel and run in an oil bath. The 
spindle bearings are of special Babbit metal, with 
adjustments for both endplay and wear. The bear- 
ings of the. back and idle shafts are of bronze, 
with Babbit linings. The possible changes give 
twelve speeds, viz., 20, 27, 36, 48, 65, 87, 109, 
149, 199, 262, 356 and 477 r.p.m. either way. These 
changes can be made instantaneously by means of 
the three levers seen projecting forwards over the 
headstock in Fig. 1. The fourth lever, i.e., the one 
nearest the chuck, is the stopping, starting and re- 
versing lever, which actuates a double-friction clutch 
on the lathe backshaft. The range of speeds is a 
useful one, for, as a cardinal feature of the design is 
provision for doing a number of operations at one 
setting, the requirements for turning, boring and 





screwing both large and small diameters are very 





varied. Before leaving the headstock, it may be 
noted that the hollow spindle is fitted with an auto- 
matic chuck for bar work, with power screw feed, 
&c. The chuck is operated by the large lever at the 
the bottom of the view, Fig. 3. The whole bar 
equipment can be removed when the machine is to 
be used for chucking work. 

Fig. 5 on page 120 shows the drive for the saddle feed, 
the feed shaft running along the front of the machine. 
Eight feeds are provided in the aprons of both the 
saddles, but sixteen are obtainable by the operation 
of a small lever on the feed gear drive casing, visible 
in Figs. 1, 3 and 5. This, by sliding a wheel on 
the third shaft of the gear train, doubles the speed of 
the feed shaft. The uncoupled link to be seen in Fig. 5 
is attached to the levers of the automatic bar chuck 
gear when the machine is completely assembled. 

The hexagon turret saddle is of substantial construc- 
tion, and runs on inverted Vees. A view of the 
turret saddle turned up so as to show the underside, 
is given in Fig. 4. The tool heads are bolted to 
the faces, large holes taking the centring spigots. 
The machine, having been designed for heavy feeds, 
a rigid connection between turret and saddle is called 
for. This requirement is met by each part having 
a short flanged neck. The faces of the two flanges are 
opposed and a split ring of channel section embraces 
them. On the front of this binding ring the bolt 
coupling the two halves is made the fulcrum of the 
turret locking lever, as will be seen in Fig. 1. The 
lock itself is a vertical pin engaging in a bushed hole 
in the turret immediately under the tool in use. 

The gear in the saddle apron, as stated above, pro- 
vides for eight feeds. The changes are effected by 
levers and knobs on the box itself, but the doubling 
gear at the headstock already referred to runs up the 
variations to a total of sixteen—that is, from 0-0045 in. 
to 0-12 in. per spindle revolution. These cover all 
possible demands for the classes of work the machine 
can deal with. A bent lever on the apron (Fig. 1) 
engages the turret saddle feed. A boss at the bend 
in this lever is connected with the automatic disen- 
gaging gear. The disengagement is operated by stops 
on a heavy revolving bar in the centre of the bed, 
part of which is seen in Fig. 4. This bar is driven from 
the turret by means of a sliding worm on a light shaft, 
which rotates the bar by ordinary spur gearing. 
Fig. 4 shows the stops and gearing and underside of 
the saddle. The revolution of the turret, asit is indexed, 
automatically rotates the stop bar, thus bringing the 
correct stops into place. The stops function by 
throwing out the feed engaging lever. There is a feed 
reverse knob on the apron and a locking lever is pro- 
vided on the saddle. 

The hexagon turret saddle is provided with quick- 
power traverse, the drive for which is by chain from 
the headstock to a backshaft, which may be seen 
in Fig. 2. The shaft is cut with both right and left- 
handed threads of very coarse pitch, so that the saddle 
moves at the rate of 41 ft. per minute. The saddle 
can be stopped in any position desired by the upper 
lever showing between the spokes of the large hand- 
wheel in Fig. 1, and is released automatically from the 
shaft on reaching the ends of the bed. 

The slide saddle carries a square turret on the slide 
which can hold four or more forged tools. It is run 
on one of the main vees of the bed and is steadied 
by means of a short inverted slide on the lower edge 
on the front face of the bed. This may be seen in 
Fig. 1. When not in use, this saddle can be moved 
to the head of the lathe clear of the chuck and the 
turret saddle. The best genera] view of this saddle 
is perhaps obtained from Fig. 6, which shows the 
interior of the apron. The square turret saddle apron 
is provided with the levers and knobs, similar to those 
of the turret box, but the automatic feed release gear 
is different. This is visible at the top left-hand corner 
of the apron, and consists of a revolving collar piece 
containing six adjustable stops, which make contact 
with an adjustable rod (situated at the head of the 
lathe) which may be seen behind the feed-doubling 
lever in Fig. 1. There are, of course, 16 feeds either 
way available on the slide as well as on the saddle 
itself, and for further assistance in cross feeding a 
dial on the screw spindle is provided just behind the 
handwheel. With such a wide range of feeds on the 
slide, it is obvious that a variety of work can be done 
at the same time as the hexagon turret tools are engaged 
on operations requiring a longitudinal feed. The square 
turret on the slide can be indexed without removing it, 
and can be clamped into any position by a quarter-turn 
of the locking lever on the top. 

The chuck used is of the three-jaw scroll type with 
removable jaws, reversible for external or internal 
grips, and easily replaceable by soft or irregularly- 
shaped jaws when necessary. The jaw limit is 12 in., 
and the maximum swing over the bed is 16} in., and 
over the saddle of 133 in. The standard equipment 
includes a couple of centre pilot bars, but a more 





interesting feature appears in the provision, as supple- 
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mentary sequipeiti of tool heads with overhead pilote, 
This feature is shown in detail in Fig. 7. Its position 
outside the cutting tools makes for rigidity, and it 
should be a most useful fitting when heavy work is to 
be done. The work in the chuck in this illustration 
is a gear wheel blank of the size given in Fig. 9. 
It is finished in 5 minutes with the tools shown 
in the lay-out in Fig. 8. From this figure it will 
be seen that the hexagon turret carries on one face 
a pair of cutters and a boring bar, together with 
an overhead pilot, for a roughing cut, and a similar 
arrangement on a second face for a finishing cut, 
while a reamer occupies the third face. Operating 
at the same time is a pair of tools in the square turret 
on the cross slide, which are also set up for rough and 
finish cuts. The hexagon turret is shown drawn back 
clear of the job, in Fig. 7, in which position the over- 
head pilot bar is not engaged. The socket into which 
it slides, however, appears at the extreme right of 
the illustration. The bar is adjustable in the tool 
holder head, and, as the bushing on the headstock is 
also adjustable, accurate alignment is ensured. The 
standard equipment includes a slide tool holder for 
use when the hole required is too small to admit a 
standard boring bar. It is a slide head operated by 
a hand-feed screw for the feed and provided with holes 
for two tools. It is bolted to the face of the hexagonal 
turret and appears above the large handwheel in 
Fig. 1. 

The automatic chuck for bar work has already been 
alluded to. It is provided with a spring master collet 
with a complete set of bushes for different sections of 
bar, the limits being 24 in. diameter, 1} in. square, and 
2 in. over the flats hexagonal. The workable length 
is 26 in. The chuck is opened by means of the large 
lever (Fig. 3) already referred to, which, on being 
pushed a little further over, puts in a friction drive 
from the spindle to the screw-feeding bar beyond the 
headstock. The bar to be operated upon them runs 
into the lathe, and on its end coming into contact with 
a stop bolted to the hexagonal turret, the friction drive 
slips, and the clutch closes. Fig. 7 shows a pair of 
standard universal turning tools on the hexagonal 
turret designed for heavy cuts on bars at high speeds. 
The tool is held vertically and is given cross adjust- 
ment on a dovetail slide which is actuated by the 
graduated serrated knob seen at the top of the fitting. 
An adjustable stop is provided to ensure correct return 
to a previous position. The roller steadies are carried 
in adjustable holders independently of each other, 
and are of tool steel. A pointing tool, of somewhat 
similar but simpler design, is used for chamfering, 
rounding, or facing ends of bars. An automatic die 
head, used on this class of machine, is of the self- 
releasing adjustable type, the holder being free to move 
forward independently of the turret for the first few 
threads. It has a micrometer adjustment for wear, &c. 
There are also taper and screw-chasing fittings, which 
do not form part of the standard equipment, though 
they can be easily fitted to the standard machine. 
The taper attachment is inserted underneath the cross 
slide and consists of an adjustable slide with a groove 
in which runs a block pivoted under the nut of the 
cross-slide screw. The taper slide is held stationary 
while the saddle is traversed. The attachment can 
be used for tapers up to a length of 12 in. and to an 
angle of 14 in. per foot (3 deg. 35 min. to the centre line.) 
The screw-chasing attachment requires no description. 
It also can be easily fitted to the standard machine 
when screwing which cannot be done by the auto- 
matic die head is required. Plain tool holders, bushes, 
&c., and a tool stand complete the equipment. 

The machine is also made in two other sizes, viz., 
No. 2-A and 3-A, the largest bar work on the latter 
being 44 in. diameter by 44 in. long, with a jawchuck 
taking up to 16 in. 

Cutting lubricant is supplied by a pump at the back 
of the lathe below the headstock. The pump is coupled 
to the power traverse shaft and driven from it, deliver- 
ing lubricant at the rate of three gallons per minute 
when required. When cast iron is being machined or 
other metal for which lubricant is not wanted the oil 
pump is quite readily disconnected by means of the 
coupling. The substantial nature of ‘the lubricating 
set, especially that of the wivel joints, should be 
noted, also the fact that one pipe is carried on the 
turret saddle and travels with it. The chip trough 
surrounding the bed of the lathe is on an ample scale, 
particularly as regards depth. It is provided with a 
roomy sump for the lubricant visible in several of the 
illustrations. 





Tue British Emprre PRODUCERS’ ASSOCIATION.— 
The tenth anniversay of the foundation of the British 
Empire Producers’ Association is to be celebrated by a 
luncheon, which will be held at the Mansion House, 
London, on February 3 next, at 1 p.m. Tickets and 
further particulars may be obtained from the general 
secretary of the Association, 3, Old Queen-street, 
Westminster, 8.W.1. 








YEAR-BOOKS AND ANNUALS. 


The Colliery Manager's Pocket Book, 1926.—At the 
present time when authoritative information relating 
to the coal trade is wanted by many others than 
colliery owners and managers, it is a pleasure to see 
the way that the statistics essential to a complete 
understanding of the position of the coal industry 
are brought together in handy form in “ The Colliery 
Manager’s. Pocket Book, 1926.” This publication, 
which is edited by Dr. J. Vincent Elsden and Mr. Hubert 
Greenwell, and is published by the Colliery Guardian 
Company, Limited, of 30-31, Furnival-street, Holborn, 
London, E.C.4, at a price of 3s. net, may also be 
recommended to all industrial coal users as well as 
colliery managers, for the valuable series of articles 
on recent mining progress, coal and its by-products, 
mine ventilation, machinery, electricity in mines and 
approved safety lamps. The usual collection of 
mathematical tables, formule, &c., which are expected 
to be found in a pocket book are given as well as a 
diary. 





** Mechanical World”’ Electrical Pocket Book, 1926.— 
The price of a pocket book is not always an index 
to its value to the user, as is evident from the very 
cheap and useful publications of this type prepared 
each year by Messrs. Emmott and Co., Limited, of 
20, Bedford-street, London, W.C.2. The electrical 
pocket book, published at a price of 1s. 6d. net, 
contains a great number of articles on various phases 
of electrical work, generators, transformers and other 
plant and instruments which, though short in length, 
contain a great amount of information. In this year’s 
issue many new features have been incorporated, and 
attention should be called to the sections on the 
jointing of conductors and on magnetic chucks and 
clutches. The latest advances in electro-chemistry are 
referred to, and there are new sections on industrial 
electric heating and on cutting by the electric arc. 
Many other features have been improved in this 
edition, and the pocket book may be confidently 
recommended to all young engineers, electrical students 
and wiremen. 





“Practical Engineer’? Mechanical Pocket-Book and 
Diary.—This runs to over 600 pages of text, and includes 
a new section devoted to the design and operation of 
workshops, whilst the notes on toothed gearing and on 
Diesel engines have been revised and brought up to 
date. As in previous editions, much space is devoted 
to boilers and their accessories. The descriptive matter 
is clearly written throughout, and amply illustrated. 
The volume contains, moreover, numerous useful 
tables. A dictionary of French, Spanish and Russian 
technical terms is added as an appendix. The new 
issue constitutes the 38th edition, and will undoubtedly 
add to the well-earned popularity of its predecessors, 
It is published by Mr. Humphrey Milford, London, at 
2s. 6d. net. 





Almanacs and Calendars.—We have received monthly 
tear-off calendars from Messrs. William Doxford and 
Sons, Limited, Pallion, Sunderland; Messrs. Edgar 
Price and Co., Limited, process engravers, 36, Frith- 
street, Shaftesbury-avenue, London, W.1; Messrs. The 
Atlantic Transport Company, Limited, 38, Leadenhall. 
street, London, E.C.3; Messrs. Evershed and Vignoles, 
Limited, Acton-lane Works, Chiswick, London, W. 4 
Messrs. Chas. Pearson and Son, Limited, manufacturing 
stationers and printers, 53 and 55, Mansell-street, 
Aldgate, London, E.1; Messrs. The Ironite Company, 
Limited, 11, Old Queen-street, Westminster, London, 
S.W.1; Messrs. Peckett and Sons, Limited, Atlas 
Locomotive Works, Bristol ; Messrs. Urquhart Lindsay 
and Robertson Orchar, Limited, Blackness Foundry, 
Dundee; and Messrs. The D.P. Battery Company, 
Limited, Bakewell, Derbyshire. Series of calendar 
refills have come to us from Messrs. Liverpool Marine 
Appliances, Limited, Cunard Building, Liverpool] ; and 
Messrs. The Welin Davit and Engineering Company, 
Limited, Hopetoun House, 5, Lloyd’s-avenue, London, 
E.C.3. Wall calendars have reached us from Messrs. C. 
Isler and Co., Limited, Artesian Works, Bear-lane, 
Southwark-street, London, S.E.1; and Messrs. A. 
West and Partners, Photo-Printing Works, 91, Petty 
France, Westminster, S.W.1. 








Diaries and Pocket Books.—Messrs. Metchim and Son, 
8, Princes-street, Westminster, S.W.1, have sent us 
a copy of their “‘ Surveyors’ Tables and Diary.” The 
tables occupy about half the available space, and con- 
tain information upon a variety of subjects of interest 
to architects and surveyors. This pocket-book is 
bound in paper covers and is priced at 2s. 6d.—We have 
received copies of the “‘ Marconiphone Log Book ”’ from 
Messrs. The Marconiphone Company, Limited, 210-212, 
Tottenham Court-road, London, W.1. This little 
booklet will prove of interest to users of Marconi 
valves. 
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MARINE OIL ENGINE TRIALS. 
(Concluded from page 90.) 

THE trials at sea of the M.S. Pacific Trader were 
carried out off Whitley Bay and on the voyage from the 
mouth of the Tyne to Dover on Monday and Wednesday, 
May 19 and 21, 1924, respectively. The measured 
mile runs (referred to later as Run Numbers 1 to 12), 
the starting-air consumption trials, the manoeuvring 
trial and the first fuel consumption trial (referred to as 
Run No. 13), were carried out on the former day ; 
and the second fuel consumption trial (referred to as 
Run No. 14) was carried out on the latter. On both 
days of the trials the vessel had on board some 3,244 
tons of stores, fuel and ballast, the draught being 
then 10 ft. 5 in. forward and 20 ft. 7 in. aft. In 
Table XVII are shown particulars, provided by the 
builders, of the coefficients, displacements, &c., for 
both the fully loaded and the trial conditions (Run 
Nos. 1 to 18). 

TaBLE XVII. 





Load Trial 
ee Condition. Condition. 





26 ft. 9} in. 10-5 ft. 
26 ft. 94 in. 20-7 ft. 
13,986 tons | 7,680 tons. 


Draught forward 
aft 


Total displacement ny 

Moulded displacement (excludes: 
bossing, and shell). 

Block Co-efficient (on ‘moulded dis- 
placement and dimensions) ng 0-754 0-710 


13,928 tons | 7,635 tons. 


Midship Area (moulded) 1,520 sq.ft. | 873 sq. ft. 
Sey rae (moulded) 0-99 0:97 
Prismatic co-efficient (moulded) 0-763 0-729 


Wetted surface (moulded) . 38,340 sq. ft. | 28,670 sq. ft. 
Wetted Surface total, , including all 


appendages. . .. | 39,000 sq. ft.| 29,250 sq. ft. 
{ 














TABLE XIXa.—Observed Fuel Consumption (Anglo- 
Persian Diesel Oil). 


13 14 





Run Number. 





Lb. per | Tons per | Lb. per| Tons per 


For :— hour. day. hour. day. 
Main Engine --| 1,065 11-41 661 7-08 
Boilers 413 4-42 376 4-02 


All Purposes (total)| 1,478 15-83 1,037 11-10 
| 





TaBLeE XIXB.—Estimated Fuel Consumption (British 
Mexican Boiler Oil). 





| 
Run Number. | 13 | 14 
| 





Lb. per | Tons per! Lb. per | Tons per 


For :— hour. day. hour. day. 
Main Engine a 1,167 12-50 692 7-41 
Boilers... 433 4-64 394 4-22 


‘All Purposes (total)| 1,600 | 17-14 | 1,086 | 11-63 


| 


For the trial on May 21 (Run No. 14) the draughts 
were 11 ft. 8 in. forward and 19 ft. 6 in. aft. In this 
condition the propeller tips were immersed only 0-6 foot, 
but when running at service speed the wave contour 
rose to about 21-7 feet at the rudder post, thereby add- 
ing 2-2 ft. to the immersion of the propeller. The ship 
was four days out of dock and the bottom was freshly 
painted. The wind and sea conditions throughout the 
trials were good, and all parts of the programme were 
carried through satisfactorily. A fog, which fell in the 
early morning of the 20th and during which the ship 
was anchored (for 30 hours) prevented the trials being 
carried through continuously. 

The measured mile trials were carried out off Whitley 
and were arranged thus :—4 runs (Nos. 5 to 8) at nomi- 
nal engine speed of 93 r.p.m.; 4 runs (Nos. 1 to 4) at 
nominal engine speed of 87 r.p.m.; 2 runs (Nos. 9 
and 10) at nominal engine speed of 76 r.p.m.; 2 runs 
(Nos. 11 and 12) at nominal engine speed of 58 r.p.m. 
In the case of each of these speeds, the consecutive 
runs were made alternately north and south. The fuel 
consumption trials were arranged thus :—Between the 
mouth of the Tyne and Silver Spit, 4 hours’ run at a 
nominal engine speed of 87 r.p.m; from off Yarmouth 
proceeding South, 4 hours’ run at nominal engine 
speed of 76 r.p.m. The above pair of runs are referred 
to in the Tables as Nos. 13 and 14 respectively, and the 
observations and deductions are recorded along with 
those of Runs Nos. 1 to 12, in the tabulated results. 
Throughout the trials the sea was smooth. There was 
a very slight ground swell, mainly abeam, when on the 
measured mile, the ship rolling slightly and slowly, and 
occasionally pitching (the amount being about 1 foot 
at each end). On the first day the wind had a velocity 
of approximately 10 knots from abeam. On the 
second day the wind was negligible. 

During the measured mile runs, a “ Walker” log 
was trailed aft, so that the fish was on the outer edge 





corrections necessary to obtain the true speed from the 
log record, to be derived. The speeds obtained by log 
in the two long runs have been corrected to true speed 





of the propeller wake; readings of the log enabled the | 











ie 


iS 
ie 


yt 
v 
e 


g 
e 


e | 


(4 


ES 

Be 
ES 
s 


JAN. 22, 1926.] 


ENGINEERING. 











by means of the calibration data obtained on the mile 
runs. The mean of means or the mean of the speeds 
obtained by direct timing over the measured mile and 
by corrected log for the consumption runs, are recorded 
in Table XXI. In every case the vessel was on her 
course four or five minutes before entering on the 
measured mile, and the helm seldom exceeded 2 or 
3 degrees. 

The running conditions are given in Table XXI. 
The fuel consumptions and the deductions from the 
indicator cards are recorded in Table XIXa and in 
Table XXI respectively. Q@bservations of the lubri- 
cation of the main engine showed that the pressure 
of supply of oil to the crank-case was approximately 
20 lb. per square inch, the rate of circulation being 
about 7 tons per hour; and that the daily consump- 
tion of lubricant in the cylinders of the main engine, 
when running at 87 r.p.m. (nominal) was 3-76 gallons. 

Switchboard readings of the electrical energy gener- 
ated are as follows :—Run No. 13 (night), 70 amperes 
at 106 volts ; Run No. 14 (day), 27 amperes at 108 volts. 

For normal running at sea the main engine receives 
its fuel from one or the other of two service tanks, 
which contain filtered oil ; the boilers are supplied with 








TABLE XXI.—SHIP AND ENGINE SPEEDS, MEAN INDICATED PRESSURES, I 


run determined in this way are recorded in Table X XI. 
Similarly, the use of the Torque-M.I.P. curve (Fig. 19), 
also drawn for the shore trials, gives the torques 
delivered by the engine; but, as these agree with the 
torques obtained by means of the former alternative 
method, they are not recorded therewith. The torques 
read off the characteristic diagram (Fig. 21), using 
the fuel consumption, corrected for difference in 
calorific value of the fuel used during the trials at sea 
and that used during the trials on the test-bed ashore 
(Table XIXB), and the engine speed, are given below 
in respect of Run Nos. 13 and 14 only: Run No. 13, 
164,000 1b.-ft.; Run No. 14, 119,000 1b.-ft. 

No attempt was made to obtain direct measurements 
(by torsionmeter) of the torque transmitted by the 
propeller-shaft. 

The ship is fitted with a “ Michell” measuring-type 
thrust block, which permits of thrust measurements 
being made without further adaptation. A continuous 
record of the pressure in the system was taken over 
short periods during each run on the measured mile 
and at half-hour intervals on the two consumption runs. 
The apparatus used for recording the pressures was 
supplied by the ‘ William Froude” National Tank 








NDICATED HORSE-POWER, TORQUE. 


percentage variation of thrust, recorded in Table XXII, 
but it is quite feasible, apart from the slow variation, 
that each blade as it approached the surface lost some 
of its thrust, due to the effect of the free surface, and 
that in this fact lies the explanation of the depressions 
in the thrust curves as each blade passes the upright 
position. The variations between the spots in Fig. 29 
are assignable to experimental errors, the use of helm, 
small variations in the speed of the engine, and possibly 
the variation of immersion due to the pitching of the 
vessel. The thrust associated with the mean speeds in 
Table XXII have been taken from the mean curve. 

A model of the ship was made and tested in the 
‘William Froude’? National Tank. The tests were 
made in 1923, to the order of the sbipbuilders, when 
the vessel was being designed. The model was tried 
in a loaded and in a light condition, the latter being 
reasonably close to the condition under which the 
trials were made at sea. The model was without 
rudder or other appendages. From the two tests of 
the model, effective horse-power values have been 
interpolated for the trial conditions and are recorded 

























































































Run Number : | 5 6 7 See hat d 2 3 4 | 9 10 | 11 | 12 | 13 | it 
: | en | | a! eee: - : 
| pm. | p.m. p.m p-m. | p.m. p.m. p.m. p.m. p.m pm. | p.m. | p-m. p.m. a.m. | a.m.-p.m. 
Time of Day OF | 2 «| 4s 4.51 5.10 | 2.34 2.52 3.24 3.42 | 5.31 5.51 | 6.10 6.29 | 8.30-12.30 | 11.50-3.50 
Ship’s Speed .. knots | 13-21 | 13-49 | 13-41 | 13-64] 12-71 | 12-88 | 12-77] 12-90} 11-23 | 11-38] 8-92] 9-00 12-70 | 1-50 
Engine Speed .. a3 --r.p.m.| 90-6 | 92-6 92-1 93-6 | 86-6 87-8 87-0 87-9 | 74-9 75-9 | 59-1 | 59-8 86-9 | 76-2 
Mean Indicated Pressure— | | | | 
Cylinder No. 1 om “ .. forward | 114 | 118 110 us | 13 112 107 108 | 8i 83 | 56 | 55 97 73 
: No. 2 a oe & Ue Gee ° ies 101 100 | 74 74 86 87 | 58 61 | 44 44 | 74 
No. 3 oe ah a m , te |} ie 110 10 | 112 104 102 104 | ae 73 | 46 46 101 | 70 
No. 4 oa ” - ~ af | 102 4. (99 105 102 | 96 99 94 86 | 70 68 | 43 | 45 oe 76 
Average .. He ie : Ib. per sq.in.| 108 106 107 106 99 97 97 96 7 72 | 47 47 93 | 73 
Indicated Horse Power, =... Sw. es | 8,680 | 3,700 | 3,710 | 3,750 | 3,220 | 3,220 | 3,180 | 3,180 | 2,020 | 2,070 | 1,050 | 1070 | 3,050 | 2,110 
Mechanical Efficiency (Fig. 184)... = --| 0-875 | 0-875 | 0-875 | 0-875 | 0-875 | 0-875 | 0-875 | 0-875 | 0-870 | 0-870 | 0-834 | 0-836 0-875 | 0-871 
“ Brake ” Horse-power e a 4 ..| 3,220 | 3,240 | 3,250 | 3,280 | 2,820 | 2,820 | 2,780 | 2,780 | 1.760 | 1,800 | 870 890 2,670 | 1,840 
Corresponding Torque : . lb.-ft. | 186,500 | 183,500 | 135,000 | 184,000 | 171,000 | 168,500 | 168,000 | 166,000 | 123,500 | 124,500 | 77,500 | 78,300 161,500 127,000 
' ! | | { | 
| —| | ——— | a —_ 
Torque, Mean of Means for Runs “| 184,500 | 168,300 | 124,000 | 77,900 161,500 | 127,000 
| | | 
TABLE XXII.—Drepvuctions FRoM Turust, &C., OBSERVATIONS AND MopDEL EXPERIMENTS. in Table XXII. As the vessel was freshly painted, 
aes ____ | and was only a few days out of dock, the model results 
Run Number. 5to8 | lto4 | 9 and 10 | 11 and 12 13 | 14 obtained should apply reasonably well to the ship. 
a | | | The usual allowance of 10 per cent. (for fine weather 
| “| conditions) has been added to the interpolated values 
\ 7 , ¢ | | . » - . ms ° 
po spot fy d :: oe i knots i | 12-82 | 11-30 | 8-96 12-7* | 11 -5* of effective horse-power to cover rudder, bilge-keel 
mae ‘os | ¥ ot oy tee fae | ae-4 88-9 iad and air resistance of hull, superstructure, &c., to 
a Seem trial (. . 0-984 = | 0-990 1-004 | 1-018 0-987 1-020 obtain the estimated torques and thrusts. Referring 
N x pitch | | | Tab’ rw h . d f he 4 
Thrust (T) oe ee | er gee, ae vere to Table XXII the estimated torques for the trial 
ae OS ee ee bee | 19°55 | || 08 se 6] CU condition, based on the above data are given in 
Steady variation of thrust from mean value, } + 26-5 |+ 20-5 - 16-0 [+ 29-5 }+ 19-5 + 13-0 line (a); and the corresponding torques based on the 
_ Per cent. s vs - de — 21-0 |— 16-0 — 14:5 |— 30-5 |— 18-0 — 10-0 indicated power developed at sea (using the mechanical 
Indicated horse-power .. _.. 3,708 3,200 2,045 1,060 3,050 2,110. | efficiency curve obtained in the shore trials) are givon 
E.H.P. (naked), from model tests 2'019F 1,672 1,066 509 1,610 1:160 in line (5). The torques of line (6) should exceed 
tHe Ae a oe iS: re Me 0-545 0-523 0-521 0-480 0-528 0-550 those of line (a) by some 4 per cent. to 8 per cent. 
.H.P. = is ee we ae . 1-524 1-519 1-417 1-474 1-492 1-387 to cover the friction loss in the thrust-block, in the 
Torque (Ib. ft.) by— seven journal bearings and in the tail-shaft bearing. 
a: = ba Bl Rip using The estimate of thrust in the last line of the Table 
~ ral I - e ve -_ an dem mab — iain 0.670 152.820 125.640 is based on the thrust deduction co-efficient obtained 
(») Indicated horse-power and mechanical : i ; : : i in the model experiments using the 10 per cent. 
<x corresponding thereto. (Table ren dani vias E 2 a addition to cover appendages, &c. These values should 
x Ef a ae Ss | 500 68,3 24,000 77,900 161,500 127,000 agree with the thrusts obtained by direct measure- 
© — 8 3 
Thrust from E.H.P. +10 per cent. allow- ment. 
ance for model augment of resistance, tons 28-26 | 24-52 17-75 10-69 23-85 18-86 Starting air consumption trials were carried out 
' 














* By log, with the correction obtained by calibration on the mile. 
Tt Speed outside the range of the model experiments. 


fuel from one or other of two similar service tanks 
which contain unfiltered oil. All the service tanks are 
fitted with float gauges, which are calibrated to read in 
gallons, and are supplied trom a large tank containing 
six hours’ supply (for all purposes) of unfiltered oil, 
which passes through a centrifuge on its way to the 
service tanks connected with the engine fuel-pumps. 
The service tanks are simple cylinders with their axes 
vertical. The fuel observations made during the long 
runs only are recorded. Table XIXa gives the daily 
rates of fuel consumption for the main engine and 
for the boilers in respect of each of the two long 
runs, the figures being the volumetric consumption 
(observed over a period of four hours in each case) 
multiplied by the density of the oil at the temperature 
recorded at the supply tank. 

Table VI, page 90, ante, gives the analysis of the fuel 
used. Asit was intended that the ship should normally 
be bunkered with boiler oil when on service, the con- 
sumptions, assuming such fuel to have been used, have 
beenestimated, andthe figures are shownin Table XI Xs. 

Using the mechanical efficiency-M.I.P. curve (Fig. 
18a, page 88, ante) deduced from the trials ashore, 
the shaft horse-power (forward of the thrust-block) 
corresponding to the indicated horse-power developed 
by the engine at: sea can be derived ; whence, knowing 
the revolutions per minute, the torque can be com- 


and was connected to the oil-pressure system of the 
thrust-block. The record was obtained by the elonga- 
tion of a spiral spring actuated by a plunger in a small 
cylinder connected with the pressure system behind the 
rams. The pressure was automatically recorded 
together with time in half-seconds, and a contact- 
mark when a particular point on the shaft was in its 
highest position, on a moving strip of paper. Typical 
curves of the variation of thrust throughout a revolu- 
tion are shown in Fig. 28. The ordinates of these 
curves are accurate, but over the centre portion of the 
diagram there is a liability to error of about 5 to 10 deg., 
due to the inequalities of rotation of the record drum at 
high speeds. An addition has been made to the 
measured thrust to represent the component of the 
weight of the propeller, shafting, and flywheel along 
the line of the shaft. The individual thrust measure- 
ments, corrected in this manner, are shown in Fig. 29 


as values of Thrust /revolutions*, pan plotted to a 


base of revolutions per minute. The ordinates are 
based upon thrust and revolutions per minute as 
actually recorded, but the base to which they are plotted 
is the mean revolutions per minute taken over the mile 
run. The thrust record in some cases shows a steady 
variation of exactly the same period as that of the 
pitching of the sbip, and is, no doubt, due to the slight 





puted. The shaft horse-power and torque for each 


pitch of the vessel in conjunction with the closeness of 


immediately after leaving the buoys at Jarrow-on-Tyne 
on Monday morning, May 19. For the purposes of 
this test the manceuvring air compressors were not in 
use in charging the reservoirs, of which only one 
(of the pair) was employed. The conditions of the 
test also represented a regular “start from cold.” 
The speed attained in all cases was approximately 
58 r.p.m. as indicated by tachometer, and corresponded 
to ‘‘slow”’ on the telegraph. From the results it was 
observed (i) that the number of starts possible with 
an available initial pressure of 690 lb. per square inch, 
and with both reservoirs connected, was 50; (ii) that 
the average volume of free air used per start was 
120 cub. ft.; and (iii) that the lowest pressure at 
which the engine started was 220 lb. per square inch, 
the engine having refused to start with 195 lb. per 
square inch at the 26th order on the telegraph. 
Maneeuvring trials were carried out following the 
completion of the measured mile runs on May 19, 
the object being to determine the rapidity with which 
the engine could be manceuvred and the ability of 
the manceuvring air compressor plant to meet the 
demands made upon it. One of the compressors 
was, therefore, in operation continuously throughout 
the test, and one only (of the pair) of starting-air 
reservoirs was connected. The orders were given 
from the bridge, and the time-intervals between the 
receipt of an order in the engine-room and the attain- 
ment of the given engine speed is recorded for each 
order in Table XXIV. The column headed “ R.P.M.” 
represents the speed of the engine as pre-arranged 





to agree with the titling on the telegraph, and the 
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tachometer on the engine was relied upon to give the| average working conditions, but the interval was 
indication that a particular speed had been achieved. | accidentally omitted in the latter order. In all other 
Immediately an order had been carried out, a signal | cases no such period was allowed. 


was sent from the engine-room to the bridge. In the 


Fig. 78. 
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VARIATION OF THRUST IN A REVOLUTION. 


A slow speed test was carried out on the completion 






Angles round Revolution, a blade vertical at 0: 
The Revolutions are taken from the thrust record, & differ slightly from the 
mile rum. 














(9438.1.) meour taker over the ENGINEERING” 
TABLE XXIV.—MAN@uvRING TRIAL. 
| aE ee er | Pressure (Ibs. per sq. 
Order on Telegraph. | a : | in.) in Starting Air 
i ibe | Reservoirs. 
—_ = _— —|,R.P.M.on | ———— \- 
| Tachometer. | eee j | 
To carry at Se Boe “an he 
No. Direction. Speed. | out man- piigaet mg | — Foe 
| | fi ek | next order. | 
| | | j 
1 | Stop - J - | 6 | 6 | —_ _— 
‘ Dead | . 
2 | Ahead = aot > « | -s | ae 600 
2a") Stop ss a - _— 4 | 3 | noe — 
3 | Astern .. a ‘ - ..| Full 80 19 | 4 | 590 570 
4 | Ahead .. a sh ? ..| Slow ak 58 22 | 8 | 580 565 
5 | Astern .. 4 i Sy ..| Full e 80 25 | 7 | 570 540 
6 | Ahead ..| Half 76 28 | 7 | 550 525 
7 | Astern | Full | 80 | 23 | 5 | 540 515 
8 | Ahead | Full | 87 37 6 | 520 500 
9 | Astern | Full 80 24 | 4 | 520 500 
10 =| Stop | _ = 11 | 5 | _ — 
11 | Ahead | Full 87 40 60 | 510 495 
12 | Astern | Full | 80 | 66 | 14 | 530 510 
13 | Ahead | Full 87 40 5 520 490 
14 Stop -- 15 13 | _ _ 
| 
15 | Ahead .. Pe he 33 ..| Slow 58 9 | 82 | 550 520 
16 | Astern .. - ve i i tes . 46 8 | 535 490 
17 | Ahead .. Fe ee sey dian 58 20 8 500 485 
18 | Astern .. s * ee — 16 15 | 490 450 
19 | Ahead .. “5 re is Zs 58 19 | 10 465 450 
20 | Astern ' oe 29 CO 2 | 455 440 
21 | Ahead 58 16 15 | 450 | 430 
22 | Astern “A iY By peat Oe - 25 | 7 | 440 345+ 
23 | Ahead .. i da es ST ae | 58 13 12 | 350 320 
24 | Astern ip oi ot pe a 18 9 350 310 
— | 8 - | 320 


25 | Stop 
| | 
' | 


| \ oft 








* The order “ Stop ” (Order No. 2a) is not in the Schedule laid down for the conduct of the trial, and was given unintentionally. 
+ In carrying out Order No. 22, the engine twice failed to fire when put on to fuel. 


SO 
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N = Revs. in units of 
100 per min. 


T = Thrust in tons. 
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and observed revolutions. 
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o Independent values from analysed 


T and analysed rev >lutions,. 
© Mean values of above. 
Independent values, analysed Ty 
and analysed revolutions | 
. Continuous 
trials. 


Mean values. 


Mean analysed T and observed 
revolutions. 


case of reversals at full speed (Orders Nos. 11 and 12) 
a period of one minute was intended to be allowed 
after full speed had been attained in order that the 
ship should gather way and to ensure as far as possible 
next 


that the manceuvre should be made under 


of the manceuvring trial. At the time when the 
signal to commence the test was given, the engine 
was not running. Readings of the revolution counter 
were taken every half-minute, and the lowest speed 
recorded over a period of 10 minutes was 20-3 r.p.m., 
and that over five minutes was 20-0 r.p.m. For the 
purposes of the test, however, the timing of the fuel 
valves was adjusted so as to make the injection of fuel 
later in the compression stroke than obtained for 
normal running requirements. The fuel injection 
pressure was 7,200 lb. per square inch, 

The report concludes with an acknowledgment of 
the facilities and assistance given in the conduct of 
the trials by the builders, Messrs. William Doxford 
and Sons, Limited, the owners of the ship, Messrs. 
Furness, Withy and Co., Limited, and members of 
their staff, as well as to various Government depart- 
ments and the registration societies. In particular, 
appreciation is expressed of the services of Mr. John 8. 
Brown, of the staff of the British Marine-Oil Engine 








Manufacturers Association, who acted as _ chief 
observer, and of Mr. P. M. Baker and Dr. D. 8. 
Anderson. 

Tue Institute oF METALS, ANNUAL GENERAL 


MEETING.—The annual general meeting of the Institute 
of Metals will be held at the Institution of Mechanical 
Engineers, Storey’s Gate, Westminster, S.W.1, on 
Wednesday and Thursday, March 10, and 1], 1926, 
commencing each day at 10 a.m. Some fifteen papers 
are to be presented, and an extraordinary general meeting 
will be held on March 11 for the purpose of passing a 
resolution to adopt a new set of Articles of Association. 
The annual dinner will be held at the Trocadero Res- 





taurant on March 10, at 7.15 a.m. 














CATALOGUES. 
Lifts ——From Messrs. John Bennie, Limited, Moncur- 
street, Glasgow, we have received a circular illustrating 
some of the passenger, goods and service lifts which 


they make for electric, hydraulic, belt and hand 
operation. 
Office Equipment.—The Library Bureau, Limited, 


125, High Holborn, London, W.C.1, have sent us a 
folder illustrating their “‘ Speedac ” visible card record 
eabinets with card carriers which display the index 
margin of each card. 

Steel Office Furniture..-Messrs. Harris and Sheldon, 
Limited, 46, Cannon-street, London, E.C.4, have sent 
us two illustrated priced lists of sheet steel bookshelves, 
cupboards, pigeon holes, and various units with fixed 
and movable shelving. 

Lubricants.—Messrs. W. H. Willcox and Co., Limited, 
38, Southwark-street, London, S.E.1, have sent us a 
catalogue of their lubricating oils and greases with 
priced lists and particulars of the purposes for which 
various preparations are especially suitable. 

Grabs.—A catalogue of the Bacon patent grabs with 
single chain and sheave purchase has been received from 
Messrs. Stothert and Pitt, Limited, Bath, who make these 
grabs in light, medium and heavy patterns and each in a 
number of sizes. The lifting capacities range from about 
15 ewt. to 50 cwt. 

Electrical Machinery.—Three further issues of their 
periodical catalogue are to hand from Messrs. Oerlikon, 
Limited, Switzerland, whose London office is at 35, Nor- 
folk-street, London, W.C.2. The publications deal with 
locomotives, ladle cranes, and an electric motor specially 
designed for use in fiery mines. 


Valve Steel.—Messrs. Hadfields, Limited, Sheffield, 
have issued a circular relating to a new valve steel 
which they have now ready for delivery under the 
trade mark “ Hecla-N.S.” It is non-scaling at high 
temperatures, is easily machined, and can be supplied 
in the form of valve forgings. 

Transformers.—A circular containing details and 
diagrams of a short-circuit test on a 1,200-kv.-a. trans- 
former is to hand from Messrs. Ferranti, ‘Limited, 
Hollinwood, Lancashire, who have also sent a catalogue 
and show card of an intervalve transformer for use 
with wireless receiving apparatus. 

Electrical Machinery, &c,—-We have received a copy of 
the quarterly Journal of the A.C.E.C. Company, of 
Belgium, whose London office is at 56, Victoria-street, 
8.W.1, containing articles and illustrations dealing with 
electrical machinery for quarries, centrifugal pumps, 
winding machinery, and other plant and accessories. 


Hoisting Blocks~—-A wall sheet and several leaf 
catalogues of hoisting gear have come to hand from 
Mr. Albert Morgan, 138, Gower-street, London, W.C.1. 
These deal with electric hoisting blocks, wall cranes, 
runways, lift brakes, handrope lift controls, and a 
complete outfit for charging the batteries of electric 
vehicles. 

Pyrometers.—A new issue of their catalogue of pyro- 
meters has been received from Messrs. Siemens Brothers 
and Co., Limited, Woolwich, London, §8.E.18. The 
pyrometers are of the thermocouple type, and are 
suitable for temperatures from 500 deg C. to 1,400 deg. C. 
Temperature indicators and recorders, connecting leads, 
switches, &c., are also described. 

Cooling Towers.—Messrs. Film Cooling Towers, 
Limited, 124, Chancery-lane, London, W.C.2, have 
issued two catalogues describing the construction of 
their water-cooling towers, as used in connection with 
large power plants. A considerable number of the 
towers already supplied and in operation are illustrated, 
and there is also a long list of contracts completed and 
in hand. 

Petrol Engines.—A catalogue describing two petrol 
engines, both of the vertical type and suitable for general 
industrial work, is to hand from Messrs. Johnson, Hurley 
and Martin, Limited, Gosford-street, Coventry. One of 
the engines has four cylinders of 2{§ in. bore and 3 in. 
stroke, developing 10 h.p. at 1,000 r.p.m. and 17} h.p. 
at 2,000r.p.m. Thisis rated at 11 h.p. and weighs 170 lb. 
complete, except for flywheel. The other is a two- 
cylinder engine, with cylinders of 33 in. bore and 3} in. 
stroke, rated at 9 h.p. and developing 8 h.p. at 1,000 r.p.m. 
and 12}h.p. at 1,750r.p.m. The weight of this engine is 
125 Ib. without the flywheel. In both cases flywheels of 
various weights are supplied to suit the work for which 
the engines are required. Very full specifications are 
given in the catalogue. 





Launcu oF THE 8.8. ‘ Azanra,”—Built under the 
supervision and from the specification of Messrs. Flannery, 
Baggallay and Johnson, Limited, consulting engineers, 
the twin-screw 8.S. Azania was launched recently from 
the shipyard of the builders, Messrs. Ferguson Bros. 
(Port Glasgow), Limited, Port Glasgow. The vessel, 
which has been ordered by the Crown Agents for the 
Colonies, is intended for general river and sea service 11 
Tanganyika territory, and for attending lights, buoys. 
moorings and similar works. The length of the Azania, 
between perpendiculars, is 125 ft., the breadth moulded 
is 29 ft., the depth moulded is 11 ft. 6 in., and the 
loaded draught 8 ft. 6 in. The propelling machinery 
will consist of compound surface-condensing engines ot! 
sufficient power to drive the vessel at a speed of 10 knots. 
The boiler is of the return type and is fitted with with- 
drawable furnaces and a liquid-fuel installation on the 
Wallsend-Howden principle. A motor launch, 22 ft. 
in length will be carried. 
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THE HYDRODYNAMIC THEORY OF 
TURBINES AND CENTRIFUGAL 
PUMPS. 


Dr. Ine. Bruno Eck. 
(Concluded from page 101.) 


WE shall now examine systematically the effect 
of variations in the different parameters involved 
in equation III. If we put Q = 0, which is equiva- 
lent to closing the discharge branch, we get the fol- 
lowing expression for the rise of pressure :— 

H= <. = [ cos a + sin a, tan? - Z <|- a 

a “ “= 7 g 
(iia) 

The absolute value of H is then the same whether 
the blades have a backward or a forward curvature, 
that is, whether the sign of @ and the sign of 6 
is positive or negative. The curves representing Q 
plotted against H all commence therefore at the 


same point. The value of e, depends upon “, and 


has been calculated for values of a ranging from 
0 to 60 deg. All the curves begin at the same 
point and rise or descend according to the angle 
chosen (see Fig. 13), where the limit of the plot is 
TF x Bi 
‘1 
practical significance. 
In angles up to a = 5 deg. a favourable value 


Beyond this limit the curves are without 


for the ratio 2 can always be found. For this 


: ae 
range the maximum value of = is fairly constant at 


about 0-17. In the range between 0 and 5 deg. 
the curves are almost coincident, but with larger 
angles the deviations become pronounced. The 
highest of the curves is that for a = 30 deg., which 


cuts the ordinate 2¢ = 1 at a value of ¢,, equal to 


0-25. This indicates that with a turbine pump 
having but a single vane the useful work done 
under the most favourable conditions might be 
0-25 as much as with an infinite number of blades. 


For values of 22 less than 0-6, the best angle is 0 deg. 


but for higher values of this ratio the best angle is 
30 deg. 

It ought perhaps to be emphasised that the co- 
efficient ¢, has nothing to do with energy losses, but 
merely indicates the relative effectiveness of a pump 
with one blade as compared with an ideal pump 
having an infinite number of blades. With the 
data given, the starting point of the Q H curve can 
be read off for any stated case, and the curve from 
this point plotted as a straight line. The inclina- 
tion of this line is given by the co-efficient of Q in 
equation IIT, tan a being equal to C. To elimi- 
nate dimensional terms, it is convenient to plot 


ae rather than Q, that is to say, a pressure rather 
than a weight. For a = 0, the coefficient of Q is 
also zero, and the Q—H line is then horizontal as 
in}the case of the ordinary theory. 

The problem above discussed finds a practical 
illustration in some forms of brake dynamometer, 
in which a single vane is rotated at a high speed. 
Since, however, the fluid in such mechanisms 
spills over the radial edges of such a blade, leading 
to the generation of “tip vortices” which trail 
behind the blade, these cannot be ignored. 

In the preceding section a solution was stated 
for the case in which a single rectilinear vane 
rotated about a fixed axis. The flow from a source 
at this axis combined with a translation and a 
rotation, were essential features of the fluid motion. 
How great is the importance of this rotation ? 
Will it increase or diminish the useful effect 2? In 
other words, what will be the relation between 
this type of flow and that in which the blade moves 
along a straight line, as in Fig. 14? To make 
the problem definite, let us consider the plate 
to be moving in the direction indicated with a velo- 
city U, and let us further assume it to be immersed in 
a stream which is moving with a velocity V directed 
at right angles to the blade path. In this case U 
corresponds to the circumferential speed of the im- 
peller blade and V to the flow from the source at the 
axis of the rotation. In this case what will be the 
rise of pressure H and how will it vary with Q? 


sentation of the stream lines round a cylinder.* 
The flow due to the immersion of a cylinder of 


radius $ on a set of previously parallel stream lines 


flowing with the velocity V is in general given by 
the expression 


X=V (2 + 5) 
where 2! denotes the complex variable 2! + 7 y}. 
In the case now under consideration U makes 
with the axis of reference an angle = — a, where a 
denotes the angle between this axisand V. We must 


Fig. 13. 





(909.x,) 





therefore turn the axis through these angles, which 
can be done by writing 


Z = Ze ‘G-), iZle~ 44, and Zz = Ziel*. 
Hence the velocity potential due to both systems of 
flow can be obtained from the expression 

I - tar; eres 
xia —U(inede+ oie *) 


> eT gpey © 

+ u(mele+ Fc ‘ ) 
The flow thus specified cannot be maintained 
by any single force. We must accordingly add to 
it the circulation T, and then the velocity potential 
and stream line functions are respectively the real 
and imaginary parts of the complex expression 


F * a2 ‘ 
y= —a(smde- Te‘) 


° 2 . iT 
+0 [ des The Sad + 5— log Zt 
The representation of the circle on the plane is 
Z = Z1 + 7. At the end points of the line thus 


obtained we should, however, have infinitely large 
velocities. By suitably selecting T we can make 
the velocity finite at one of these points, which we 
will take as the point A in Fig. 14. To determine 
the appropriate value of T we choose it so that when 


eae Ox 
Z! = 5 we get dzi = 9: 








The answer can be deduced by a conformal repre- 





We thus have 


0 al . ta a2 outnl 
om ~~ #« [+ zeae | 





a 


b a2 a ir 
+0[é*- rome te] s tn =o 
Hence 


aE [+ ia $e] 4 0( Pee ia) it 
or 
} r 
—2ucosa+2vsina+ — =0 
Tra 
Hence 
T=27a[ucosa—vsina] 

The velocity V generates in the direction of the 
motion of the blade a force P, = pT V 

=2mrap([uvcosa — v2 sina] 

The work dere is 
L=P.u=27rap[uevcosa—uv2sina]=QH 
and this shows how it varies with H when Q is 

the mass flow. 

The exact determination of Q is impossible 
owing to the infinite extent of the total flow, but 
as will presently be shown, its value is not required. 
In any case we may put Q = Vpg /, where / is some 
indeterminate length. With this substitution we 
get 

i<—-, (v2 cos a — = sin a 
gt Pg 

The comparison with the revolving plate will 
be completed if we substitute 2 m r for /, thus 
determining /. We then get 


u2 a usina.a 
H = — .— cosa — Q —-_,5—— 
g or gp2rr 
u2a Qliusina a 
= — — cosa — ————— . — 
gr 2717p r 


where Q! signifies the volume. 
In the case of rotation we found 


ua ee 6 
H = — | — cos a; + — sina; tan> 
g Lf Tr) L 


~alr) J 


Comparing the two expressions, we see that 
H = f (Q), is in both cases a linear function of 
Q, and that the sign of Q is the same in both. 
With Q = O we have in the case of the rectilinear 


eee 


uw... A 
translation only the term . emer whilst with the 
, 6 
revolving blade we have also the terms < sin a tan 5 


2 
and - (<) which thus represents the influence of 


the rotation. 

Since the sum of these two terms is always 
negative we see that the rotation always reduces the 
useful effect by a second order term : (<) “ 
A plausible explanation of this is easily framed. 
Let us compare two vanes, the one moving in a 
straight line with velocity uw and the other in a 
circle with the same speed, and in this case let there 
be a supply of fluid from a source at the centre of 
the circle. Then only at the tip will the rotating 
vane have the velocity u,, all other points of it 
will move with a smaller velocity than this. The 
speed from the source will be highest at the inner 
radius of the vane, and will diminish thence in 
proportion to the length of the circular paths 
traversed by the different points of the blade. 
Considered as a whole the mean velocity of the 
rotating blade will be smaller than that of the 
other blade, which moves in a straight line, the 


: « a 
ratio of the two being-. The forces and pressures 


will vary with the square of the velocity, 1.¢., the 
pressure decrease will be smaller by a term having 


a \2 u2 
a magnitude of the order of (=) —. The actual 
a \? u2 


value of this term as above found is 5 ( ee) a 


This term is of considerable importance in the 
case of a single-bladed pump, and when there are 
several blades the difference between a rotary and 
a rectilinear motion will be qualitatively the same. 
It is therefore not justifiable to assume that solu- 
tions found for an infinite number of blades are 
applicable to actual practice. This assumption 
has, however, been made by K6nig and Kutta, in 





* See ENGINEERING, January 11, 1924, page 36.—Eb. E. 





their discussion of the problem. The arguments of 
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Bauersfeld are also inadmissible, though there are 


differences between axial and radial flow machines, 
and the corrections are smaller for the former. 

It is very difficult to find an exact solution for a 
pump with several straight vanes, and an approxi- 
mation is all that can be offered. 

If a vane be considered first as acting alone, and 
secondly, in conjunction with other vanes, the latter 
will seriously modify the conditions. The flow 
round each vane will be disturbed, and will be the 
resultant of the flow considered in the case of the 
single vane, as modified by the circulations due to the 
other vanes. At a considerable distance from the 
vane, the influence of the vane shape will be hardly 
affected by the circulation, and the corresponding 
stream lines will be circles. The velocity will 


: , 1 ; ° 
decrease in proportion to > 80 far as the circulation 


, 2 
is concerned, and as 72 in the case of parallel flow, 


Fig. 15. 





\ 
\ ns a Pd 
Ay, 
Siemans Pia: ® 
eA ee a me 
a La) t “ENGINEERING* 






30 


0 15 
(9095.P) ———> 2 “ENGINEERING” 


1 : . : 
and as 3s with absolute rotation. The disturbance 


round a vane will be due mainly to the circulation 
round the other vanes, and as a first approximation 
this alone need be considered. This implies that we 
pay less attention to the near vanes than to the more 
remote. 

The problem is then as follows: A single vane 
gives rise to the flow deduced above, and on this 
is superimposed the velocities due to the vortices 
by which the other blades are replaced, as indicated 
in Fig. 15. How, then, is the action of the vane 
affected ? 

We may consider in the first instance the velocity 
distribution produced by two vortices along their 
axes of symmetry (see Fig. 16). The circulations 
being equal the resultant velocity will be hori- 
zontal, and will have the value 


ir /l 1 r 
oe (gi +m) “ore 

At the origin v = 0, and proceeding outwards 
from this point, it grows rapidly to a maximum at 
y = e, where e is defined by 
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From this point the velocity falls asymptotically 
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to zero. When the points all lie in a circle, the 
mean value of *, - z and is independent of the 


position of the vane considered (<ee Fig. 15). 








Hence in this case v = — which implies that 


a vortex pair of the same circulation should, if 
situated on a circle, generate at symmetrical points 
of the periphery a velocity which is tangential and 
independent of the position of the two vortices. 
All the pairs of vortices may, therefore, be super- 
imposed, and thus with z vanes the velocity is 
551 ated) 
2rd 
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which is the same as if all the vortices were united 
into one at the point A. 

To get some idea as to the trend of v in the 
neighbourhood of the vane, values have been plotted 
in Fig. 17 for a group of eight vortices. Within 
the limits of the vane the velocity is changed more 
at the nearer than at the points more distant 
from the axis of the pump. With additional vanes, 
the proportions will be altered because the velocity 
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Tn any case we may say that the effect of increas- 
ing the number of vanes from one to several is that 
the flow round the single vane is given a tangential 
velocity distributed in agreement with a definite 
function. To provide for this we may make two 
simple approximate assumptions. We may either 
substitute r.w! for v or we may assume a parallel 
flow with velocity v. Both assumptions lead to 
marked discrepancies in the neighbourhood of the 
axis. This is, however, unimportant because we 
are concerned mainly with the flow in the immediate 
neighbourhood of the blade. Around this there is a 
good accord for the case of large blades immersed 
in a parallel flow. 

To proceed with our calculation we superimpose 
this parallel flow upon the complete set of stream 
lines found for the single vaned pump. The circu- 
lation can be again deduced from the conditions 
at discharge and the value found substituted in 
wT 


the main equation H = ry This gives 
u2 w 
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The term d in the above expression is the outer 
diameter of the impeller. 

Here as before we get a linear relationship 
between the rise of pressure and the delivery head. 
In particular we note that the coefficient ¢ indicates 
what percentage of the effect obtainable with an 
infinite number of blades is realisable with a finite 
number. 

The author has calculated ¢ for values of = 
ranging from 0-05 up to 0-3, as depending on r 
for angles of 0 deg., 10 deg., 20 deg., 30 deg., 45 
deg. and 60 deg. The results have been plotted 


in Figs. 18 to 21. 
In all cases the best value of a is 0. For small 


values of — the curves diverge rapidly with 
different angles whilst they approach each other for 
“—0-3. With larger values of = a larger 


r 

angle would be advantageous even with but one 
blade. It must, however, be borne in mind that 
in this case the approximations made are no longer 
adequate, because of the great difference between 
the parallel flow and the disturbed flow, and also 
because the assumption that the other blades can 
be replaced by vortices is no longer permissible, 
and we should in fact distribute several vortices 
over the vane. 

The increase in ¢ with increasing numbers of 
blades is noteworthy. Thus for 

2=0:05 Z=40 a, =0, 
r 
e has the value of 90 per cent... whi. vorresponds 
to a ratio 
vanepitch 9, 5 1) 1.57 
vane length 40 
so that reasonable values of e may be obtained with 
large pitches. 

By increasing the number of blades the value of ¢ 
might be further raised by a few per cent. Fric- 
tional losses would, however, be increased and might 
counterbalance the gain. 

As regards the range over which the approxima- 
tions made are adequate it should be stated that 
greater discrepancies arise with very low number of 
blades but that the calculation may still be con- 
sidered as a fair rough approximation. 

Vanes of other shapes than straight such, for 
instance, as circular arcs, might be dealt with on 
similar lines, but the algebraic difficulties would 
be considerable, though the treatment would involve 
nothing novel in principle. In such a treatment 
the discharge edge would again be the important 
point, and the angle at this point would also be 
an essential parameter. At the outset it will, 
however, be sufficient to consider the flat vane 
only, since any profile may be replaced by a plate 
giving the same circulation. The advantages of 
special blade forms are moreover restricted to 
fluids possessing friction in which the early breaking 
away of the stream lines would be checked. With 
an ideal fluid devoid of friction a plate is inter- 
changeable with any other profile. In practice 
such straight blades are used only for fans in brake 
dynamometers and for these the theory given is 
sufficient. 

To illustrate such an application, we may take 
the case of a fan (see Fig. 15) fitted with straight 


vanes. The value “ may be taken as 0-3 and a 


as 8}deg., whilst z (the number of vanes) is 8. From 
Fig. 19 we see that for z= 8 we get « = 0-64, 
that is to say that with Q = 0 the fan will give a 


pressure head equal to 0-64 = and hence only 


0-64 times as much as with an ideal fan having an 
infinite number of blades. 

The curves given in Fig. 3 ante were based on 
experimental data. We see from these that in 
practice only one-half of the old theoretical value 
was attained. If the new theory be accepted this 


theoretical value becomes 0-64 “ and the experi- 


mental yesults are in good accord with calculation 
at least so far as the order of magnitude is con- 
cerned. There remain outstanding discrepancies of 
10 to 20 per cent., which may be attributed to the 


as the basis of the calculation. It should be noted 
that Oertli has obtained potographs of the stream 
lines in impellers which indicate that friction 
causes the stream lines te break away from the 
convex back of the blade. This would flatten 
the angle of discharge as compared with a friction 
free fluid. By noting this angle Oertli obtained a 
satisfactory agreement between the theory and the 
experimental results. . 





BUILDING IN EARTHQUAKE AND 
TORNADO REGIONS. 
By Rosins FLEMING. 
(Concluded from page 96.) 

Tornadoes.—The tornado, from a Spanish word 
meaning to turn, is a whirling wind distinguished 
from all other winds as the most destructive known 
to mankind. A graphic description of this pheno- 
mena is given by Professor Robert de Courcy Ward : 
“* Briefly stated, a tornado is a very intense, pro- 
gressive whirl of small diameter, with inflowing 
winds which increase tremendously in velocity as 
they near the centre, developing there a counter- 
clockwise vorticular ascensional movement whose 
violence exceeds that of any other known storm. 
: It is as ephemeral as it is intense. In 
semi-darkness, accompanied or closely followed by 
heavy rain, usually with lightning and thunder, 
and perhaps hail, the tornado does its terrible work. 
Almost in an instant all is over. The hopeless 
wreck of human buildings, the dead, and the injured, 
lie on the ground in a wild tangle of confusion. The 
tornado has passed by. 

“Fortunately for man, tornadoes are short- 
lived, have a very narrow path of destruction, and 
are by no means equally intense throughout their 
course.” (Lempfert, “‘ Meteorology,” quoted from 
Quarterly Journal Royal Meteorological Society, 
June, 1917.) 

The causes of the tornado and the mathematics 
thereof are very complicated. These are discussed 
at length by Ferrel in his “ A Popular Treatise on 
the Winds.” It will suffice to quote here: “The 
principal condition of a tornado is the unstable 
state of the atmosphere, from which, with any very 
slight disturbance, arises a bursting up of the air of 
the lower strata of the atmosphere through those 
above, over one or more small spots, somewhat as 
the vapour of boiling water, which is generally at 
the bottom of the containing vessel, bursts up 
through the vapour of the water above and comes 
to the surface.” P 

The literature on the subject of tornadoes has 

become very extended. The same tale of devasta- 
tion is common to all. The illustrations recorded 
in the daily Press of the titanic power of the tornado 
that swept the Middle West of the United States 
on March 18, 1925, are paralleled by similar records 
of long ago. In a tornado of 187], a locomotive of 
40 or 50 tons weight was overturned and a heavy 
sleeping car was carried 75 ft. and then blown over. 
In the March, 1925, tornado a 160-ft. steel railroad 
bridge was lifted from its piers and moved 6 ft. at 
one end and 21 in. at the other. The freaks 
recorded of storms would be unbelievable if not well 
attested. Wagon wheels have been stripped of 
spokes and felloes, leaving nothing but the hubs. 
Fourteen pigs were once carried together a distance 
of about one mile and dropped to the earth without 
injury. In the March, 1925, tornado a_barber’s 
chair found in a field was a mystery, as no barber’s 
shop was known to have been in the town area. 
In the St. Louis tornado of May 27, 1896, 125 
persons lost their lives and 7,000 buildings were 
destroyed or damaged. An informing description 
and study of this tornado is given by Julius Baier 
in a paper, ‘“‘ Wind Pressure in the St. Louis Tor- 
nado” (Transactions, American Society ot Civil 
Engineers, vol. xxxvii, 221-286, June, 1897). In 
the Lorain tornado of July 10, 1924, 65 persons 
were killed and 1,000 buildings were wrecked. 
The tornado that swept through the Middle West, 
March 26, 1925, was really several distinct and 
separate tornadoes. The toll of life numbered 
nearly 1,000 persons and the loss of property was 
heavy. 


probability of tornadoes when designing buildings, 
is met, as in the consideration of possible earth- 
quakes, by two vital questions. The first is: 
What is the probability of atornado ? This depends 
largely upon where the proposed building is to be 
located. In the British Isles tornadoes are almost 
unknown. The region where they are the most 
prevalent is that portion of the United States east 
of the Rocky Mountains. ‘Professor Humphreys, 
in his “ Physics of the Air,” states that the reason 
why the tornado is a distinctly American pheno- 
menon is that with the Rocky Mountains on the 
west and the Gulf of Mexico on the south no other 
similar combination of mountain and ocean wind 
control exists, and therefore no other place has 
in all respects the same kinds, frequencies, and 
intensities of storms. 

The records of tornadoes in the United States 
are quite complete. Colonel John P. Finley, U.S.A. 
(retired), a leading authority on the subject, as 
long ago as 1882 compiled a ‘‘ Report of the 
Character of Six Hundred Tornadoes.” In this 
report Kansas took the lead with 62, followed by 
Illinois with 54. In a report he made some years 
later, Missouri takes the lead. And in ‘“ Tornadoes 
in the United States in 1924” (The Insurance Press, 
January 28, 1925) he places Kansas, with 17 storms, 
at the head of the list, with Georgia, 12 storms, 
and Alabama, 11 storms, following. 

Fortunately, the probability of a tornado occur- 
ring in a given area is quite remote. The average 
number of tornadoes in Kansas, with an area of 
82,000 square miles, for a period of thirty years 
was 8:8 per year. The area of destruction in a 
tornado is very restricted. The St. Louis area 
was from 4 ft. to 6,000 ft. wide and about three 
miles long. On an assumed area of destruction of 
10 square miles it would take more than 900 years 
to include the whole of Kansas. 

The second question of vital importance to the 
engineer is: What degree of wind force shall be 
assumed in the design of buildings? The force of 
the wind measured in pressure per square foot of 
exposed surface depends upon the velocity. The 
velocity of a tornado in its fury has never been 
measured. Professor Bigelow, from the best data 
available, calculated it to be 400 or more miles 
per hour in the St. Louis tornado. No form of 
building construction can resist such a velocity. 
It might be said that the modern office building has 
not as yet been tested. The St. Louis tornado 
passed nearly a mile from the office section of the 
city. In the Lorain tornado a steel-frame hotel 
had only part of the roof cornice torn away, but 
the city engineer reported that no structural facts 
concerning tornado damage were possible, “ for 
what was proven in one block was disproven in the 
next.” 

The writer some years ago (Engineering News, Feb- 
ruary 4, 1915, page 211) expressed the opinion that 
it is useless to attempt to make provision for 
tornadoes or violent hurricanes. Radio towers, 
however, are now being built in the Gulf and 
Caribbean hurricane regions, designed for the violent 
storms so prevalent therein. No pretence has 
ever been made to design a building to withstand 
a tornado. Baier, in his paper previously men- 
tioned, recommends that office buildings be designed 
for a wind pressure of 30 lb. per square foot of 
exposed surface, with an additional pressure of 
50 lb. per square foot for several stories near the 
top. With the formula P = 0-004 V2, P = pressure 
in pounds per square foot and V = velocity in 
miles per hour, pressures of 30 lb. and 80 Ib. are 
equivalent to velocities of 87 m.p.h. and 142 m.p.h. 
There is no recorded instance in which Mr. Baier’s 
recommendations have been followed. Even if 
followed, it is not at all probable that a building so 
designed would be left standing if it were ever in 
the central path of a tornado. 

Most building codes specify the minimum wind 
pressure that shall be assumed for buildings within 
the city limits. It is not likely that in these days 
of competition the purchaser will pay for more 
steel than will meet the requirements of the code. 
These requirements vary greatly :—Chicago, 20 lb. 
per square foot; New York, 30 1lb.; Boston, 
10 lb. and 20 lb.; Philadelphia, 25 lb. and 35 lb. 








fact that a frictionless fluid had to be assumed 


The structural engineer, in considering the 





and so on. The present St. Louis Code calls for 
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a pressure of 30 lb. (The writer has often ex- 
pressed his preference for the Chicago Code.) 

A monograph to which much time and thought 
have been given is the recent Report of the Building 
Code Committee of the U.S. Department ot Com- 
merce: ‘‘ Minimum Live Loads Allowable for Use 
in Design of Buildings.” Under recommended 
loadings is a paragraph :—‘‘ Where it shall appear 
that a building or structure will be exposed to the 
full force of the wind throughout its entire height 
and width, the pressure upon all vertical surfaces 
thus exposed shall be taken at not less than 20 Ib. 
per square foot.” 

A significant paragraph is found in the Appen- 
dix :—**‘ When buildings are exposed to unusually 
high winds, the structural design should 
provide for the effects of the winds, negative 
pressure component on the leeward side of the 
building, and for the interior pressures which 
occur when the wind finds access on the wind- 
ward side of the building. These may be fully 
as great as the direct pressures on exterior 
surfaces, 

The factor of safety azainst overturning in struc- 
tures or parts of structures, the stability of which 
against wind force depends wholly upon the force 
of gravity, should be increased rather than re- 
duced. For such structures safety may be assured 
by increasing the assumed wind pressure to 40 Ib. 
per square foot, or, in localities subject to 
tornadoes, to 60 1b. per square foot.”’ 

* Localities subject to tornadoes,’ includes 
Kansas, Missouri and Illinois, containing Kansas 
City, St. Louis, Chicago and other cities within 
their borders. The impracticability of all structures 
within these areas being built to withstand 60 Ib. 
per square foot wind pressure is readily seen. 


? 


THE OvTLet END or SYPHON AND SEWER 
LEADING TO Rock TUNNEL. 








(For Description, see opposite. Page.) 


Moreover, if accounts of tornadoes are at all true 
safety will not be assured by having the force ot 
gravity of a structure merely able to resist a wind 
pressure of 60 lb. per square foot. 

A recent contribution to the subject of tornado 
effects is the report of a committee of the 
Western Society of Engineers on the tornado of 
March 18, 1925. (A summary of this report is 
given in the Engineering News-Record, June 11, 
1925.) This committee passed through the devas- 
tated districts of Southern Illinois soon after the 
tornado to observe the structural effects of the 
storm, and determine what might be learned about 
the action of tornadoes on structures and means of 
protection to be taken against them. The committee 
say, “ the velocity of the wind, in order to do the 
damage it did, has been conservatively estimated 
at 200 miles per hour.’ A number of recommen- 
dations are made that may well be applied to build- 
ings in general. This can not be said, however, of 
the last paragraph of the report :— 

“In conclusion, the committee further recom- 
mends that in the areas subject to tornadoes, a 
designing wind pressure of 65 1b. per square foot 
be used, with a factor of safety of 4; that the 
weight of the structure be divided by the factor of 
safety of 4 before entering the weight into the 
calculations for stability ; that special considera- 
tion be given to anchorage and wind bracing details 
of construction ; and that normal deterioration of 
anchors and bracing be considered.” 

The comments made upon the U.S. Department 
of Commerce monograph will also apply to this 
report. This, however, does not mean that no 
structures need be designed for more than the mini- 
mum wind pressures called for in building codes. 
Towers, chimneys, stacks, head-frames and similar 














Fie. 2. THE Two Last Pipss at THE OUTLET 
END BEING LaID. 


structures are often in isolated places and elevated 
localities, and exposed to winds of unusual velocity. 
An assumed wind pressure of 50 Ib. or 60 Ib. per 
square foot, or even more in exceptional cases, may 
not be too much. 

Tornadoes will continue to come, and as the 
stretches of prairie land of two or three generations 
ago are now dotted with towns and cities, the 
losses in both life and property will increase. How 
shall this prospect be met? An insurance policy 
will provide against property loss to the individual. 
Some banks in loaning money on property, require 
tornado insurance equalling the amount of the 
loan. As to protection against loss of life, the 
following may be quoted from Colonel Finley :— 
“Tn the direct line of the tornado cloud’s approach, 
the safe line is towards the right. A frame building 
is safer than one built of brick or stone. The 
former is often carried off the foundation and holds 
together Jonger. The latter generally goes down in 
the first crash, and the debris is whirled into a cone- 
shaped, crushing mass on the foundation. In a 
frame structure the safest place is in the basement, 
at or near the south-west corner. The basement is 
the most dangerous location for safety in a brick or 
stone structure. 

In the open country the tornado cave offers 
absolute security to life, and nothing can replace 
it for that purpose. In the city a cellar cave 
may be substituted for such security, the opening 
being made in the west wall and the room arched 
over with masonry.” 








Tue INstITUTION oF ELECTRICAL ENGINEERS.—The 
smoking concert arranged to be held on March 15 nest. 
at the Engineers’ Club, has been cancelled by the Informal 
Meetings Committee. 
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WorK PROCEEDING ON THE INLET 








ControLt Houses. 


THE OCEAN OUTFALL SEWER 
SYPHON UNDER THE MIDDLE 
HARBOUR, SYDNEY, N.S.W. 


In 1923 we gave an illustrated account* of an 
interesting piece of work which was being done in 
connection with a main outfall sewer under con- 
struction at Sydney, N.S.W., to serve the northern 
suburbs of that city. The length of this sewer is 
approximately 20 miles, and it discharges into the 
ocean at Blue Fish Point on the coast, north of the 
entrance to Sydney Harbour. In the course of its 
length the sewer has to cross an arm of the harbour, 
and it was this crossing which formed the subject of 
the article referred to. The crossing is accomplished 
by a double syphon of reinforced-concrete pipe. 
Each pipe is 6 ft. in diameter and is built up of 
lengths of 100 ft. The two pipes are laid side by 
side under the water, and are supported in the neigh- 
bourhood of each joint by concrete mattresses 
carried on piles. Our former article described the 
design and manufacture of the pipes, and gave 
details of the programme to be followed in the actual 
laying of the syphon. At the date of that article 
there remained so much tunnelling to be done through 
rock in connection with other sections of the 
sewer that the laying of the syphon pipes had not 
been pressed forward. We are now informed by 
Mr. E. M. de Burgh, M.Inst.C.E., Chief Engineer of 
the Public Works Department, Sydney, who has 
been responsible for the work and by whose courtesy 
we gave particulars of it in 1923, that the syphon has 
lately been satisfactorily completed on the lines 
planned. The views given in Figs. 1 to 6 on this and 
the opposite pages and on poge 140, which we have 
received from Mr. de Burgh, illustrate some of the 
actual laying operations. In our former article will be 
found diagrams showing the section of the harbour 
at the point in question, and the scheme for the 
Syphon, as well as drawings of the pipe handling and 
laying plant. The harbour bottom is sand, and it 
was decided to lay the syphon on the bottom, pitch- 
ing rock on either side and allowing it to silt over. 
From difficulty in keeping the site clear of accumula- 
tions while working it is anticipated that the silting 
process will soon result in the whole being covered. 

The reinforced concrete piles used for the 
mattresses were jetted down and gave a very satis- 
factory foundation. The depth of water and move- 





* ENGINEERING, vol. cxv, page 547. 








ment of sand added to the difficulties of this work, 
which consequently occupied rather longer time than 
was expected. On the groups of piles concrete 
mattresses were laid under water by means of a 
tremie. The pipes were laid by two methods. In 
the shallows at the east, or outlet, end of the 
syphon the pipe lengths were handled by a large 
rfaval floating crane. Several of the views now 
given show this crane handling these last two pipes 
at the eastern end. In Fig. 5, page 140, the crane 
is shown picking up one of the pipes and in Fig. 4 it 
will be seen placing it in position. Figs. 1 and 2 
also refer to the same operation and show the crane 
slings, Fig. 2 showing also in the water the divers 
employed to effect the joints and attend to the 
correct seating of the pipes. The pipe ends are of 
spigot and socket form, and the joints were drawn 
up by means of cast-iron rings bolted together and 
exerting pressure on collars formed on the outside 
of the pipe lengths. The pipes, although finished 
sometime before they were actually used, proved to 
be perfectly sound and showed no sign of cracking 
under the conditions of lift. 

For the deeper water, the pipe lengths were 
fitted with buoyancy cylinders, and were laid by 
means of a pair of barges equipped specially for 
the purpose. The operation was illustrated by 
means of a diagram in our previous account, 
while Fig. 6, page 140, shows the barges actually 
used. In this view, however, they are seen lying 
at right angles to the line of the syphon, having 
just finished laying a pipe. The heads of the 
two divers may be seen in the water; the men are 
standing on the pipes, of which joints are to be 
seen somewhat nearer the shore. Other lengths 
of pipe ready for launching may be seen on the 
far shore. 

The joints on being drawn up by the divers were 
concreted over, and the whole proved so tight 
that it was possible to unwater the pipes and walk 
from end to end of the syphon. The leakage 
proved to be very small, only slight percolation 
being noticeable in three joints. Even this was 
insufficient to form a jet, and when the interior 
of the joints was filled and caulked, ceased com- 
pletely. It is anticipated therefore that when the 
sewer is put into operation there will be no difficulty 
in unwatering either pipe for inspection or the 
removal of such silt as may not have been cleared 
by the velocity of the flow. As regards the concrete 
deposited under water, samples cut out and lifted 











Fic. 4. Navat Crane Hanpiina THE LAst 
Two Pires at THE OUTLET END. 


for purposes of examination showed its quality 
to be quite satisfactory. The work of laying 
the pipes and making the joints was greatly 
facilitated by the use of high-class diving equip- 
ment, which included telephones from both men 
to the surface, and for c mmunication from one 
diver to the other. This proved of the greatest 
assistance. 

In further connection with our illustrations, 
attention may be drawn to the fact that in Figs. 1 
and 2 can be seen at the extremity of the twin 
pipes the raft foundation for the outlet control 
house, on the far side of which again is the single 
reinforced concrete main running across the flat 
ground, and leading ultimately to the rock tunnel 
at a point close to the top of Fig. 1. Fig. 3 shows 
work proceeding on the inlet control house at 
the western end of the syphon. In the upper 
centre of this view is shown the opening of the 
rock tunnel leading to the syphon, and in the 
centre the forms for the house structure and 
regulating shafts. 








THE ENGINEERING OUTLOOK. 
IV. TEextire MAcHINERY. 

Tue manufacture of textile machinery has on the 
whole been the least depressed of the older estab- 
lished branches of engineering in post-war years. 
It is also noticeable that its fluctuations of pros- 
perity have differed to a marked degree from those 
of engineering as a whole. 

In normal times, this industry is pre-eminently 
an export industry. Indeed, the exports of textile 
machinery are the largest single item in the whole 
of machinery exports. Yet, in 1919 and 1920, its 
exporting activity varied month by month from a 
quarter to a half of the 1913 level. A considerable 
improvement took place in 1921, and even in 1922 
when British engineering as a whole was at its 
worst, the textile branch exported a record volume, 
either before or since the war, in the months least 
affected by the Managerial Functions Dispute. From 
the beginning of 1923, which was nevertheless by 
no means a bad year, a persistent decline set in with 
the result that by January, 1924, the industry was 
in a depressed condition. It remained so throughout 
1924, and it was not till the beginning of 1925 that 
any recovery was made. Even last year there was 
a tendency to relapse in the summer which was 





130 


ENGINEERING. 





[JAN. 29, 1926. 








overcome in the third and fourth quarters partly as 
a result of extensive Russian orders. 

The total production of textile machinery in the 
United Kingdom can only be measured by employ- 
ment statistics. In a previous article on “‘ Electrical 
Engineering,” for which industry separate statistics 
have been published by the Ministry of Labour since 
1923, the official figures for the whole country were 
seen to correspond closely with those obtained from 
an investigation by sample in the principal manu- 
facturing districts. So far, no separate figures have 
been published by the Ministry for the textile 
machinery industry. It will, therefore, be necessary 
in this case to rely entirely upon the results of similar 
investigation by sample. It may be added that a 
scrutiny of the bank reports, trade and economic 
journals, and official publications month by month 
suggests that the following table accurately repre- 
sents the activity of the industry as a whole. 


Taste I.—Hmployment in Textile Machinery Industry 
tn Ten Principal Districts. 











Numbers Index 

Employed. 1914 = 100. 
1914 = 29,393 100-0 
1918 16,582 56-4 
1920 May r 25,326 86-2 
1923 1st half-year 20,218 68-8 
n nid 22,362 76:1 
1924 Ist ” 18,939 64-4 
nd Pe —- és 17,664 60-1 
1925 1st ae es at 21,234 72-2 
2nd “8 ae. a 21,310 72°5 





These figures bear out what has been said above of 
the recent history of the industry so closely that 
they scarcely need further comment. Attention 
should be directed, however, to the fact that the 
industry was employing only 76 per cent. of its pre- 
war numbers even at the highest level recorded 
during the last three years. 

Turning to production for export, a very similar 
picture is presented. If allowance is made for the 
lag in time which naturally elapses between increased 
employment in the shops and increased volume of 
exports, Table II will be found to corroborate 
Table I in every particular. 


TaBieE II.—U.K. Exports of Textile Machinery (Volume 








in tons. Value per ton in £) 

' ) 

Monthly | Volume | Index | Value Index 
Average for | | 1018-100.) per Ton, | 1913=100. 

l l 

| bis | 
1918, 14,840 100-0 | 46:5 | 100-0 
1922 1st qr. 16,706 | 112-6 | 141-8 | 304-9 
2nd ,, | 6317 | 42-6 166-5 | 358-0 
8rd_,, | 12,987 | 87-5 | 139-1 | 299-1 
4th ,, ..| 15,455 | 104-1 124-3 | 267-3 
1923 Ist 3) ..| 13,901 | 93°7 122-0 262-4 
Sad,,  -.|. tres 79°3 116-4 250-3 
3rd ,, | 10,554 71-1 105-5 226-9 
4th ,, | 10,045 67-7 106-2 228-3 
1924 Ist ,, ..{ 8,257 55-6 | 105-2 226-2 
2nd,, ..|/ 8800 | 59-3 | 105-1 226-0 
8rd ,, | 8,582 | 57-5 | 102-8 221-1 
4th ,, | 8,957 60-4 | 105-0 225-8 
1925 1st ,, ..| 9,358 | 63-1 | 103-7 223-0 
2nd. 2:} 10055 | 67-7 | 101-2 | 217-6 
3rd ,, 10,569 | 71-2 | 97-4 | 209-5 
4th | 10,577 | 71-3 | 96-3 | 207-1 

! ( 





It should be notec that the decline in the value per 
ton which continued steadily from 1922 to 1924 
received a check at the end of that year. During 
1925, it was resumed more rapidly partly as a result 
of the return to the gold standard. At its present 
level, it remains 107 per cent, above the 1913 level. 

The correspondence between the indices of pro- 
duction as a whole and production for export, 
reflects the paramount importance of the export 
business for this industry. Such difference as there 
is between the index of employment and that of the 
volume of exports, may indicate that the failure 
of foreign demand has been more pronounced than 
that of home demand for the last two years, but it 
is clear that both are distinctly less than in 1913. 
On the other hand, it is encouraging to note that 
the pre-war level was surpassed in 1922, and that 
there has been a decided improvement in recent 
months. The general improvement in world pros- 
perity since 1922 suggests that it should be possible 
for the level attained in that year to be approached 
once more. Another favourable feature is the 


ability of British manufacturers consistently to 
retain for themselves the bulk of the business avail- 





able at home. The following table shows that 
foreign textile machinery has been unable to gain 
any considerable foothold in this country since the 
war. 

TABLE III.—Imports of Textile Machinery (Volume in 




















tons. Value per ton in £). 
Monthly Volume Index Value Index 
Average for tons. 1913=100.| per ton. |1913=100. 
£ 

1913 $e 411 100-0 71-6 100-0 
1922 Ist qr. 191 46-5 162-8 227-4 
2nd ,, 189 46-0 197-6 276-0 

3rd , 163 39°7 230-0 321-2 

4th ,, 168 40-9 204-8 286-0 
1923 1st ,, | 208 50-6 199-0 278-0 
2nd ,, | 154 37°5 192-0 268-2 

3rd ,, | 192 46-7 190-8 266-5 

4th ,, | 194 47-2 189-5 264-7 
1924 lst ,, 253 61-6 193-5 270-3 
2nd ,, | 256 62-3 239-9 335-0 

3rd _ ,, 310 75-4 236-4 330-1 

4th ,, 344 83-7 261-3 364-9 
1925 1:t ,, | 301 73-2 243-2 339-7 
2nd ,,; } 257 62-5 233-7 326-4 

3rd_ ,, oa 331 80-5 192-6 269-0 

4th ,, sie 334 81-2 219-7 306-8 

' 





As in the case of electrical machinery, the high 
value per ton of imports indicates that they are 
high-grade products with a considerable labour 
value in their price. But, from the very small 
quantities it may, perhaps, be inferred that they 
are, in the main, speciality goods. Even so, it 
would seem regrettable that three-quarters of a 
million sterling per annum should be lost to the 
British industry. 

The general competitive situation in recent years 
may be seen from the following table, in which the 
aggregate declared values of textile machinery 
exported from the United Kingdom and her prin- 
cipal competitors in each year are expressed in 
sterling, foreign currencies being converted at the 
average rate of exchange for the year in question :— 

TaBLE 1V.—World Exports of Textile Machinery. 


Declared Values in £ sterling. 
(000 omitted.) 











— | 1913. | 1923 | 1924. | 1925.* 
Great Britain ..} 8,282 15,739 10,832 12,070 
Germany 2,755 2,646 2,785 3,517 
Switzerland 564 | 1,309 1,446 1,623 
U.S.A. .. 404 | 1977 1,981 27291 
France .. 108 | 1,258 998 910 

Total 12,113 | 22,929 | 18,042 | 20,401 
| 





* Estimate for the year on the basis of the first nine months. 


The totals for the post-war years being “ declared 
values,” represent, of course, a smaller volume of 
textile machinery than in 1913 owing to the rise in 
prices. In 1920 both Germany and the United 
States wrested a large share of the export trade in 
textile machinery from this country. The volume of 
German exports in that year was 43,000 tons, as 
compared with 63,000 tons from Great Britain. 
The United States exports in the same year had a 
declared value of 5,317,000/., as against 9,159,000. 
for this country. Since that time the share of other 
countries has decreased, while that of Great Britain 
has increased, with the result that by 1923 our 
ascendancy as an exporting country had been 
regained. The statistics in Table IV would seem 
to show that this ascendancy has since been main- 
tained, and that the diminished activity of the 
British industry in 1924 was, at least in part, due 
to a contraction in the world demand for textile 
machinery. On the other hand, international 
export statistics for 1925 also point to the revival 
of competition from our most formidable com- 
petitors, Germany and the U.S.A. 

In the years during and immediately following 
the war the U.S.A. built up a large export business 
in cotton machinery, especially with Japan and 
China, As soon as British manufacturers were 
able to make favourable deliveries much of this 
trade was lost. In woollen and worsted machinery 
the U.S.A. has never attained the high quality of 
British products. Indeed, there has been a con- 
siderable market for British machinery of both 
classes in the United States, though it has been 
diminishing of recent years. It is principally in 
British India and the Japanese and Chinese markets 
that American competition is to be feared. 

French production has been chiefly concerned 


with supplying the home market, the value of which 
to British manufacturers has thereby been much 
reduced in recent years. She has, at the same 
time, made a notable advance in export trade, 
though not on such a scale at present as to cause 
anxiety to the British industry. Germany—before 
the war our principal rival—has regained that 
position since her return to monetary equilibrium. 
It is from this quarter that the keenest competition 
is to be expected for the future. 

It may be regarded as certain that the world 
requirements for clothing, and therefore the machi- 
nery for making it, is no smaller to-day than before 
the war. Diminution due to impoverishment and 
changes of fashion must have been more than offset 
by the increase of population in twelve years. The 
explanation-of the fact that the production of the 
United Kingdom, the world’s chief supplier, should 
have declined to 75 per cent. of the pre-war figure 
is probably to be found in considering the geo- 
graphical distribution of our exports. Firstly, it 
so happens that Germany and Russia, the two 
countries which have been most impoverished by 
the war, were two of Great Britain’s most valuable 
customers in pre-war years. Secondly, the general 
movement towards national self-sufficiency which 
has characterised most nations since the war has 
led to the development of national industries for the 
manufacture of textile machinery. In the more 
prosperous countries there is therefore a diminished 
normal demand for imports. This fact was less 
obvious immediately after the war, while recon- 
struction was in progress, since the arrears were 
greater than the capacity of the national factories 
could cope with, a state of affairs which has now 
passed away and cannot be expected to recur. 

The conclusion is that the centre of gravity of the 
export trade in this branch of engineering will shift 
more and more to the less industrialised countries. 
which are beginning to undertake the manufacture 
of their own textile requirements and even produc- 
tion for export. As stated above, great efforts have 
already been made by the United States to oust us 
from the markets of the Far East, and it is to be 
anticipated that German competition will also be 
increasingly severe. It would be idle to attempt to 
forecast the compensation that may accrue from 
the return of Russia and Germany as customers. 
Any general increase in national prosperity in this 
country should bring with it a gradual improve- 
ment in the textile industry, and therefore in the 
demand for textile machinery at home. But it 
would appear that the prospects are for the imme- 
diate future a slow improvement, which will, in 
all probability, be checked in the course of 1926 
by severe competition. 


V. MacuineE Toozs. 


Few branches of engineering have passed through 
a more depressed period than the machine tool 
industry since the war. The activity of British 
engineering and shipbuilding generally, coupled 
with the requirements of reconstruction abroad in 
the immediate post-war pericd, had kept machine 
tool makers fully occupied up till 1921. But the 
advent of the general decline in 1922 was accom- 
panied by a more than corresponding degree of 
depression. This was in large measure due to the 
surplus stocks of machine tools left over from the 
war. Consumers were unable to utilise a great 
proportion of the plant in their possession and new 
orders were at a minimum. Since 1923, as is to be 
expected in an industry mainly concerned with 
supplying the means of engineering production, 
its fortunes have followed thcse of engineering as a 
whole. It is to be feared that surplus stocks are 
even yet a drug on the market, and the continued 
depression of shipbuilding has had an unfavourable 
effect upon this industry’s recuperative powers. 

As in the case of other branches, statistics of 
employment obtained from an investigation by 
sample in seven principal manufacturing districts 
will be used to measure the level of machine tool 
prcduction as a whole. Analysis of the data on 
which the following table is based would make it 
appear that in individual districts the fluctuations 
are much affected by the prosperity or otherwise of 





local industry. In the aggregate these figures give 










6. 








which 
much 
same 
trade, 
cause 
before 
that 
rium. 
tition 


world 
nachi- 
before 
it and 
offset 
The 
of the 
should 
figure 
> geo- 
tly. it 
2 two 
ed by 
luable 
eneral 
which 
ir has 
or the 
more 
nished 
s less 
recon- 
| were 
stories 
s now 
cur. 
of the 
1 shift 
ntries, 
acture 
roduc- 
3 have 
ust us 
to be 
Iso be 
npt to 
. from 
ymers. 
n this 
prove- 
in the 
3ut it 
imme- 
ill, in 
1926 


rough 
> tool 
sritish 
yupled 
yad in 
chine 
it. the 
ecom- 
ree of 
to the 
m the 
great 
1 new 
to be 
with 
ction, 
gas a 
ks are 
-inued 
urable 
Ts. 
ics of 
m by 
stricts 
e tool 
ta on 
ake it 
ations 
vise of 
S give 





ENGINEERING. 


131 





JAN. 29, 1920.] 





a sound indication of the state of the industry as 
a whole. 


Taste I.—Employment in the Machine Tool Industry 
in seven Principal Districts. 














Numbers Index 
a Employed. | 1914=100. 

1913 4,338 100-0 
1918 rx 4,498 103-7 
1920, May .. 5,639 130-0 
1923—Ist half-year .. 2,373 54-7 
2nd half-year. . 2,849 65-7 
1924—I1st half-year .. 2,482 57-2 
2nd half-year. . 3,246 74-8 
1925—Ist half-year .. 3,230 74-4 
2nd half-year... 3,348 77-1 





Hitherto no separate employment statistics for 
this industry throughout the U.K. have been 
published by the Ministry of Labour, and the repre- 
sentative character of the above figures cannot be 
checked. But from common knowledge the in- 
ference that the total production of machine tools 
is at present not more than 80 per cent. of the 1913 
level would appear approximately correct. As 
far as production for export is concerned the case 
is not much better. Taking a broad view there has 
been an upward tendency since 1922, but so slight 
as to be hardly perceptible, while the chequered 
nature of the progress revealed in Table II is a 
peculiar and unsatisfactory feature. 


Tasue IIl.—United Kingdom Exports of Machine Tools. 


the evolution of special types have been available 
in the U.S.A. on a scale denied to British manu- 
facturers.. 

TaBLe III.—United Kingdom Imports of Machine Tools. 








| 
Monthly | Index. Value Index. 
Average. Volume. | 1913=100. | per ton, | 1913=100. 
Tons. £ 
1913 a 312 100-0 91-4 100-0 
1922— 
1st quarter 275 88-1 110-7 121-1 
2nd sy, 216 69-2 111-1 121-5 
ae 332 106-4 128-9 141-0 
ae ” 251 80-4 127-4 139-2 
1st quarter 284 91-0 109-8 120-1 
2nd_sSCs, 320 102-5 131-3 143-6 
la 290 96-1 118-2 129-3 
4th ,, 316 101-2 138-0 151-0 
1924— 
1st quarter 198 63°4 179-0 195-8 
2nd_ sé, 188 60-2 182-1 199-2 
3rd ” 320 102-5 156-3 171-0 
4th ,, 257 82-3 166-0 181-6 
1925— 
1st quarter .. 301 96 +5 184-3 201-6 
a ‘ 332 106-4 157-2 172-0 
3rd_—Sss, 376 120-5 145-5 159-2 
4th ,, 590 189-1 141-6 154-9 

















Outside the British market foreign competition 
has become increasingly severe in the last three 
years, as will be seen from the export statistics of 
the principal countries. 


TaBLE I1V.—International Exports of Machine Tools. 
Declared Values (000 omitted). 








Monthly Index. Value Index. 
Average. Volume. |1913=100.| per ton. | 1913=100. 
Tons £ 
1913 1,378 100-0 61-2 100-0 
1922— 
1st quarter .. 1,178 85-4 134-9 220-4 
2nd_s,, nae 935 67-8 129-9 212-2 
oe ss 746 54-0 132-3 216-2 
4th ,, 1,145 83-0 110-2 181-7 
1923— 
1st quarter 1,094 79-4 118-2 193-1 
2nd_isésa, 1,243 90-1 104-6 170-9 
ss er re 946 68-6 102-7 167°8 
ee « = 1,434 104-0 101-6 166-0 
1924— 
1st quarter .. 843 61-1 109-8 177-7 
2nd_si,, 959 69-5 111-5 182-1 
3rd, 1,118 81-1 111-3 181-8 
4th ,, 1,078 78 +2 120-5 196-9 
1925— 
Ist quarter 1,426 103-4 107-4 175-4 
2nd_s,, 1,126 81-7 117-0 191-1 
3rd_sy, 1,046 75-9 108-1 176-6 
4th ,, 1,030 74-7 106-3 173-7 

















The export statistics for the last three years 

taken in conjunction with the index of employment 
would seem to indicate that the export position 
is rather better than that in the Home market. 
In view of the surplus of machinery available in 
the United Kingdom to which allusion has already 
been made, it is probable that a very pronounced 
revival of engineering and shipbuilding would be re- 
quired to restore the home demand even to its pre-war 
dimensions. Without such a revival considerable 
difficulty must be expected in reducing production 
costs to a level at which exports will be consistently 
competitive with the numerous national industries 
which have sprung up abroad since the war. 
_ At the same time, the comparatively small 
increase since 1913 in the value per ton of machine 
tool exports as compared with other categories of 
machinery is evidence of the strenuous efforts 
which have been made by this industry to recapture 
overseas markets. And it is clear that these efforts 
have not been without some measure of success in 
several quarters of the last three years. 

Although, as will be seen from the following 
Table III the volume of imports has not been 
great, foreign competition in the British market 
has been keenly felt, owing to the contraction of 
home demand. 

There has been a marked tendency recently for 
the volume and value per ton of imports to increase 
which, if it has not been entirely at the expense of 
British manufacturers, would argue an improvement 
in the home demand. But, it is to be feared that the 
British manufacturer is, in fact, losing much of 
the hold on the home market, which was his before 
the war, to American and German competitors. The 
activity of American competition in highly-special- 
ised machine tools has been made possible by the 
prolonged prosperity in that country. With so 


| 1013. | 1923. | 1024. | 1925. 





tools is vouched for by the fact that Great Britain 
and Germany, her chief competitors, are also her 
best customers. 

Yet, from past experience, Germany should be an 
even more formidable rival once she is restored to 
a sound economic condition. Her capacity for 
machine tool production is much in excess of the 
pre-war level, and much experience has been gained 
in this branch of manufacture through the frenzied 
reconditioning of factories carried out during the 
inflation period. In volume, her exports are at 
present, as stated above, little more than half the 
pre-war quantity. Both with the United States and 
Germany a strenuous struggle may be anticipated 
for the increased export business which is likely 
to materialise in 1926. And it should not be over- 
looked that in the types in which she specialises 
France has a great advantage in cheap labour and 
a depreciated exchange. 

In the light of the foregoing analysis it would be 
idle to pretend that the prospects for the British 
machine-tool industry are bright. Having already 
been one of the more depressed branches of engineer- 
ing since the war, it has literally been kept in being 
on a moderate volume of export business. Now that 
the available export business would seen about to 
increase, there are not as yet signs that the British 
industry is able to command its due share thereof. 
This condition is directly the result of the economic 
factors alluded to in a former article, and their 
removal would, of course, completely alter the 
prospects of the industry. In the meantime, the best 
hope that can be entertained is that a revival of 








£ £ £ £ 

Germany .. 4,004 | 2,521 | 2,893 | 3,461 
Wee. 3309 | 23864 | 3,304 | 43589 
Great Britain 1,013 | 1,506 | 1,362 | 1,596 
France ao ei 372 470 667 827 
Switzerland me 3 -| 97 311 488 502 
Total -| 8,795 | 7,672 | 8,714 | 10,975 











In Table IV ‘“‘ declared values ’’ are given, since 
no statistics of volume are published for the United 
States. The foreign currencies have been expressed 
in sterling at the average rate of exchange for the 
year in question. Although, every one of the 
countries compared has made progress during the 
last three years, it will be noticed that Great Britain 
alone suffered a serious set back in 1924. America 
has maintained the supremacy since the war, while 
Germany is making rapid strides back to her pre- 
war position. Not least remarkable is the develop- 
ment of France and Switzerland as exporters of 
machine tools. In volume, Great Britain exported 
14,392 tons in 1925 as against 16,536 in 1913, the 
corresponding figures for Germany being 40,300 tons 
and 74,300, for France 10,895 and 4,583, and for 
Switzerland 3,057 and 978. The steady increase in 
volume and value of the exportation of machine 
tools for the last three years leaves no doubt that 
war stocks are becoming exhausted and that world 
demand is on the increase. It may confidently 
be predicted that this movement will continue. 

To the British manufacturer the question of 
supreme importance is what share of this increasing 
trade will come to this country. Although the 
British export figures in themselves are by no means 
unsatisfactory, they do not make so good a showing 
when compared with those of other countries. Of 
the total increase of 3,300,0002. from 1923 to 1925 
the British share was no more than 90,0001. Leaving 
aside for a moment our more important competitors, 
both France and Switzerland obtained a greater 
share of that increase than did Great Britain. Mean- 
while, the United States and Germany have tem- 
porarily out-distanced us. 

During the war the capacity of the U.S.A. was 
taxed to the uttermost to supply the world’s require- 
ments in machine tools, but a rapid decline set in 
after the armistice until in 1922 American exports 
were below the 1913 level. For a time American 
manufacturers appear to have concentrated upon 
the home market, but recently there is abundant 
evidence that the general revival of demand has 
turned their attention once more to export trade. 
In Asia generally, and more particularly Japan, 
American machine tools have gained a secure foot- 
hold. Only in British India have British manu- 
facturers recaptured the ground lost during the war. 





great a home demand, the resources necessary for 





The high degree of excellence of American machine 


home demand for machine tools will accompany the 
general improvement in the industrial situation and 
will provide a broader basis for competitive exporta- 
tion of British machine tools. 





THE CENTENARY OF THE MENAI 
SUSPENSION BRIDGE. 


On January 30 of this year occurs the centenary 
of the opening of Telford’s famous suspension bridge 
over the Menai Straits. When the bridge was 
completed Telford was 68 years of age. From the 
position of a labouring mason he had raised himself 
to the head of the engineering profession, and was the 
first President of the Institution of Civil Engineers. 
His birthplace was the secluded hamlet of Wester- 
kirk in Dumfriesshire but he is buried in the nave 
of Westminster Abbey. As a builder of canals, 
roads and bridges he was second to none, and the 
moderate fortune of 30,0001. which he left was a 
mere fraction of the value of his services to his 
country. The 900 miles of roads and six score 
bridges he constructed in Scotland were said to 
have advanced that country by “at least a cen- 
tury.”” When past the allotted span of life he built 
other bridges, but the great suspension bridge 
between Carnarvonshire and Anglesea was the 
crowning achievement in his illustrious career. 
Among other scenes of Telford’s activity were 
the then forbidding districts of North Wales, and 
with the improvements in the roads over which 
passengers and mails travelled on their way to 
Treland, a bridge to replace the tedious and dan- 
gerous ferries across the Menai Straits became a 
necessity. Golbourne in 1776 had proposed such a 
bridge, Nichols in 1785 had suggested a wooden 
viaduct, and in 1810 Telford himself drew up plans 
for a cast-iron arch of 500 ft. span. These schemes, 
however, were replaced in 1819 by Telford’s chain 
bridge. 

Wrought iron chains for bridges go back several 
centuries, but the first iron chain suspension bridge 
in Great Britain was that used by the miners 
as long ago as 1741 for crossing the Tees near 
Middleton. In most such bridges links of square or 
round rods were used but in 1816 a bridge was 
thrown across the Schuylkill River at Fairmount, 
Philadelphia, where the cables consisted of six 
# in. wires. Telford, when proposing a design for a 
bridge at Runcorn, made enquiries regarding wire 
suspension bridges, and came to the conclusion that 
it would be possible to make such bridges of 
1,000 ft. span. But his Menai Bridge had neither 
square rods, nor round rods, nor wires, but was 
constructed of chains with links of flat bar iron, a 
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GENERAL View oF LOCOMOTIVE. 


Fie. 19. View or INTERIOR. 


is at 14,000 volts. This high-voltage is nowhere 
brought into the locomotive bodies, except for the 
high-tension transformer connections, and the 
high-tension connection between the two sections 
is made by cable connectors on the roof. This 
interconnection is, of course, necessary in case 
the locomotive is standing in such a position that 
one pantograph only receives current, or if one of 
them is defective. The driving compartment 
equipment is exactly similar to that in the freight 
locomotives, except that an ammeter is added, 
which indicates to the driver the current con- 
sumption in the rear section of the machine. 





Tue Iron AnD STEEL TRADES IN 1925.—An interesting 
and useful little pamphlet entitled ‘‘ The Iron and Steel 
Trades in 1925” has just been issued by Messrs. William 
Jacks and Co., Winchester House, Old Broad-street, 
London, E.C.2. The industrial, commercial and economic 
position of the iron and steel and allied trades is reviewed, 
and a large number of tables given for purposes of com- 
parison. The compilers view the future with a certain 
amount of optimism, and state that the conditions 
prevailing in the iron and steel industry at the close of 
1925, do at last offer grounds for the belief that the corner 
has been turned. They are of opinion that the coming 
year will see some advance, at least, along the path of 
industrial recovery. The booklet deals more especially 
with the position on the north-east coast, but it will be 
read with interest by all metallurgists. 





LITERATURE. 


The Erection of Engineering Structures and Plant. By 
Harry Arkin, M.I.Struct.E. London: Chapman and 
Hall, Limited. [Price 9s. 6d. net.] 

THE keynote of this book is to be found in its 

penultimate paragraph in which the author recom- 

mends that the curriculum of technical colleges 
should include instruction and practice in erection. 

This is quite a sound idea, for though a student 

may not be subsequently called upon to exercise 

such knowledge, acquaintance with the problems 

involved in erection would tend to make him a 

more thorough engineer. The first chapter of the 

book is headed “Remarks of General Interest,” 
and deserves careful reading and study. It contains 
however, one statement which is certainly open to 
criticism. In connection with the erection of lofty 
structures it is said that “every one can get accus- 
tomed to climbing.” This is, in some cases, as great 
a physical impossibility as overcoming sea-sickness, 
and no man should be encouraged to undertake work 
at a height who finds unpleasant effects recurring 
each time he goes up. The remarks on handling 
men may appear trite, but are clearly the result of 
experience. It is difficult to select any one chapter 
or section as better than another; all are of a 





are of the wet type. 
water, or water with some matter in suspension of 
a density intermediate between the densities of 
ceal and the ashes. 
lime, calcium carbide mud (from acetylene gene- 
rators), and silt. 
Schilde (Hersfeld), which was first in the field, 
the material is carried by two inclined helical 
conveyors through the liquid in such way that the 
coal is progressively graded in the recesses of the 
upper helix, and the mineral matter in the lower. 
In the apparatus of the Weber, Meguin, Humboldt, 
Eukonomos companies, &c., the settling is not 
merely hydrostatic, but hydrodynamic, the liquid 
being agitated by linked belting, pistons, drums, &c. 
The only dry apparatus of the kind in use, the 
magnetic ash separator of the Krupp Grusonwerk, 
was described on page 7 of our issue of January 5, 
1923 ; the design was due to Dr. O. Ullrich, whose 
collaboration Mr. Engel acknowledges. 


practical character. The best, perhaps, are those 
on foundations and on slings, though the dan- 
ger <f using{;very short double chain slings, 
with a consequent very wide angle of, spread, 
might have been emphasised. We would also 
liked to have seen a warning against a common 
but bad practice in connection with lifting heavy 
weights off bogies. At least two reputable firms 
to our knowledge, have damaged vertical boilers 
when lifting them by one end, through the erector 
neglecting to chock the wheels of the bogie or other- 
wise control it. In consequence, the bogie, in each 
case, ran in under the crane and let down the other 
end of the load. The chapter on fixing a circulator, 
which demands no more special attention than other 
boiler mountings such as feed regulators, might have 
been omitted without real loss. The remarks on pipes 
would have been strengthened by some reference 
to the four and eight-hole British Standard flanges, 
the use of which is so rapidly extending. The chap- 
ter on tackle opens with a useful list and follows 
this with well-balanced advice on modifying or 
augmenting it, as the case may be. This chapter 
also contains some remarks on buying, and an 
anecdote of a buyer, which, probably, nearly 
every engineer could cap with an experience of 
his own. While we agree with the author’s stric- 
tures on the ineptitude of some of the non- 
technical staff of purchasing departments, we think 
that such stories, as well as the rather acid com- 
ment on the value of “ well composed letters to 
directors,” might very well have been omitted. 
Scattered about the book are examples of 
erectors’ argot, which are worth a mental note. 
The index provided is clear and well arranged 
though it is not alphabetical.¥ In spite of certain 
faults we can recommend this work as one of real 
utility to very many engineers, which might, with 
advantage, form yart of the kit of young men 
preparing to carry out installation work overseas. 











Die Separation von Feuerungsriickstinden und thre 
Wirtschaftlichkeit, einschliesslich der Briquettierung und 
Schlackensteinherstellung. By W. Enceu. Berlin: 
Julius Springer. [Price 8°10 marks.] 

THE dearth of coal under which Germany has 
labourcd has stimulated efforts to obtain increased 
heat efficiency and fuel economy, and has given 
an impetus to attempts to recover the unburnt 
fuel from cinders and ashes. The task involves the 
solution of several problems. The separation of 
the ashes into combustible and incombustible 
particles is a relatively easy matter. But most of 
the coal recovered is not in the original condition, 
and it may have to be briquetted or be burned ° 
in special furnaces. To reduce the costs of the 
operations the mineral matter is generally utilised 
for making artificial stones. The process requires 
special plant, and the final profits are not large; a 
saving of 5 per cent. in the coal bill and an increase 
of 3+5 per cent. in the heat efficiency have been 
realised in some undertakings. Heat economy is 
one of the great problems of the engineer, and 
Mr. Engel’s volume on the separation of fuel 
residues and its economy, including briquetting 
and artificial stone production from slag, is well 
worth study. 

Most of the separators used for treating ashes 
The washing fluid is either 


Suitable materials are loam, 
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The moisture left by the process is more trouble- 
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some in working the slags than in using the coal. 
The lime or other material adheres, however, to the 
washed coal particles, and even when the recovered 
fuel is further graded, it will not burn on plain grates 
and has to be mixed with coal or to be briquetted. 
Grains of 5 to 15 mm. have been used as dust 
fuel in steel works, and the ring burners of 
lime kilns are also being fitted for recovered fuel. 
The finest coal particles which drop through the 
grate bars are gasified, but result in much flue dust. 
The regenerative shaft furnace of the Stettiner 
Chamottefabrik, which is interesting on account of 
its hydraulic tapping device and for other reasons, 
was said to be able to deal even with refuse and oil- 
shale residue ; but Mr. Engel points out that the 
first favourable reports of 1921 have not been 
supplemented. The artificial stone industry is 
established on a fairly strong basis in Germany. 

On an average, Mr. Engel estimated that the ashes 
treated contain between 10 and 30 per cent. of 
combustibles. Yet a good number of the fuel- 
recovery plants started have since stopped working ; 
some of these were built after insufficient considera- 
tion. In 1920 and 1921, the railways had to burn 
coke ; and the very inferior coal largely used. after- 
wards was hardly suitable as a material for recovery 
plants. Metallurgical and gas works mostly erect 
their own recovery plant ; other establishments leave 
the recovery to special firms which operate stationary 
or portable plants. The State railways generally 
make contracts for this work, conceding the site 
and also granting transport facilities. The transport 
of the material to and in the plant is a very heavy 
item in the working cost. 
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Laymen and the New Architecture. 
John 


Roserrson, A.R.1.B.A., F.R.A.S. 

Murray. [Price 12s. net.] 

Mr. MANNING ROBERTSON, in common with most 
architects, has probably met the layman who 
informs one that he doesn’t know anything about 
architecture, but he knows what he likes. If such 
individuals will read Mr. Robertson’s book, “ Lay- 
men and the New Architecture,” they will find, in 
a very readable form, what a number of subjects go 
to make up one architectural whole, and their 
criticisms will probably be much more helpful to 
architects and tend to improved taste in modern 
architecture, 

Architects cannot be completely independent of 
their clients, and the form that modern architecture 
shall take depends very largely on the layman, 
as the conceptions of an architect, unlike those of 
the musician, the painter and the poet, cannot 
take shape without the help of a client and the 
client’s purse. Of all the great Arts, architecture 
is most closely allied to everyday life. A book of 
this type is of value in arousing an interest and 
understanding of the art among otherwise cultured 
people. The author instances how, in the neigh- 
bourhood of a university town, poets and philo- 
sophers may be found innocently housed in the 
jerry builders’ most reckless efforts, without 
apparently perceiving anything to be wrong with 
their surroundings. 

Mr. Robertson is probably, we fear, carried 
rather too far by enthusiasm for his subject when 
he suggests that children in the elementary schools 
should be taught to distinguish between different 
types of bricks, but his plea that architecture 
should be a subject of education equally with the 
other arts is worthy of consideration. It is 
certainly a subject which should not be unfamiliar 
to the engineer, the house agent, the speculative 
builder and the monumental mason ; objects rang- 
ing from gas-holders to tombstones are instanced 
as capable of much improvement if the designers 
had some training in architecture. 

The author has undoubtedly a very high con- 
ception of the art he follows. He lays down in 
his opening chapter that its beauty does not exist 
simply to give pleasure, and claims that this is 
somewhat “‘ more than earthly.” He points out how 
much more complex an architectural creation is 
than other works of art, consisting as it does of four 
sides, a plan, an interior, construction, surroundings 
and a purpose, and simple explanations are given 
of the parts that symmetry, proportion, grouping, 
materials, texture, colour and shadows take in a 
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| world in this regard. 
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building. Next, the good and bad points are 


explained of various types of modern buildings, 
such as the small house, the factory, the cinema, 
shop fronts and railway stations, and excellent 
illustrations are placed so that they can be studied 
with the text. The book is one that can be recom- 
mended to anyone desiring a general knowledge 
of modern architecture. The author’s hope is that 
it will suggest a train of thought that may form a 
basis for discrimination and so prepare the ground 
for a live architecture that would reflect, not only 
our needs, but our aspirations. 





Graphical Methods of Plotting from Air Photographs. 
By Lt.-Col. L. N. F. I. Kine, O.B.E., R.E., Member 
of the Air Survey Committee. H.M. Stationery Office. 
[Price 3s. net.] 

Ir has, of course, long been common knowledge 
that the geometrical theory of perspective makes it 
possible, in many cases, to determine by measure- 
ments of a photograph the actual dimensions of the 
object photographed. In fact a pair of stereoscopic 
photographs provide what is, in essentials, a virtual 
model of the original and by suitable methods this 
model can be measured just as the real object 
might be. Even where stereoscopic views are want- 
ing, much information may, under favourable con- 
ditions, be obtained from measurements of a single 
photograph. Use was made of this fact in the 
early days of steam turbine construction, during 
which, for readily understandable reasons, great 
reticence was observed in the matter of bla“ing 
dimensions. Photographs were, however, pub- 
lished, and from these it was, in certain cases, 
possible to make very accurate measurements of the 
blade heights. 

This represents one of the rare cases in which a 
knowledge of the laws of perspective may be of use 
to the mechanical engineer. For civil engineering 
purposes, on the other hand, the importance of 
photographic surveys has long been recognised and 
is daily becoming more and more highly appre- 
ciated. Pioneering work was done by Dr. Deville 
of the Surveys Department, Canada, but it was 
the war which was mainly responsible for compel- 
ling comprehensive studies of the subject and for 
the consequent increased popularity of the method. 

Under peace conditions, photographs can be taken 
from stations carefully located on the actual 
ground under survey, but it is impossible to deal 
thus with areas in the occupation of an enemy, 
and the photographs required must therefore be 
taken from an aeroplane. This limitation intro- 
duces numerous complications. Better instruments, 
moreover, are required than are necessary for 
ground work, A focal-plane shutter which takes, 
say, ,'s5 of a second to traverse a plate, cannot be 
used in taking photographs for survey purposes 
from a rapidly moving aeroplane. Hence to get 
sufficiently rapid exposures better lenses are 
needed than those which prove quite adequate 
for surveys made from fixed stations. 

This military necessity proved a great incentive to 
our own lens makers whose products now lead the 
Yet another example is thus 
provided of the element of good in things evil, and 
it is far from the only instance of warlike needs 
being the occasion of notable contributions to the 
arts of peace. It is, in fact, mainly the experiences 
of the war which have led civil engineers and 
official survey departments to realise that photo- 
graphic surveys often afford the best means of 
making surveys in difficult countries. Moreover, 
it is the same experiences which have solved the 
problem of making photographic surveys in other 
than open landscapes. The number of photographs 
needed for mapping an enclosed country would be 
prohibitively great were they taken from stations 
fixed on the ground, but the war showed that 
satisfactory maps could be prepared from photo- 
graphs taken from an aeroplane, a feat which in all 
probability would otherwise never have been 
attempted. 

It is the methods of producing maps from these 
photographs which forms the subject of Colonel 
King’s excellent little treatise. There are instru- 
mental methods of effecting the reduction, but these 
are not discussed in the present volume which is 
devoted solely to the description of those graphic 
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methods of passing from photograph to map which 
were developed on the western front. These 
methods seem to have been independently worked 
out by each of the belligerents. The problem is 
essentially one in projective geometry which is 
unfortunately little studied in most of our colleges 
and universities. Hence Col. King’s volume opens 
with a discussion of the general principles of 
perspective with a few illustrative problems and 
examples. It is only in his fourth chapter that he 
begins to discuss the actual photographs. 

To start the mapping it isin general necessary 
to know the real positions of four fixed points, 
which can be recognised on the photograph. 
Having these points, other corresponding points 
can be found by making use of the principle 
that in all projections of a system of rays the 
anharmonic ratio of the parts in which the rays 
divide any transversal remains unchanged. 

A number of ingenious and interesting geometrica] 
constructions are described by the author, the 
proofs of the various propositions discussed being 
both simple and clear. One of the most interesting 
of these is the determination on the photograph of 
a line which is parallel to the trace in which the 
plane of the photographic plate cuts the plane of 
the ground. It is shown that the solution involves 
the following problem: Given two lines in a plane 
making any angle with each other, and a point 
between them ; to draw a straight line through this 
point to cut the two given lines in such a way that 
the intercepts between the given point and the 
given two lines are equal. A pretty solution of this 
problem can be based on the properties of harmonic 
pencils, but the method is seldom applicable in 
photographic surveying, since the point at which 
the two given lines intercept is generally far outside 
the limits of the print. A simple solution consists in 
drawing a perpendicular from the given point O to 
cut one of the given lines in B. The line O B is 
then prolonged beyond O to a point A such that 
OA=OB. A line through A perpendicular to the 
line AB, then cuts the second given line in a 
point which lies on the required transversal. 
Another simple geometrical method is given by 
Col. King. 

In the early sections of the volume the photographs 
are supposed to be taken with the plate nearly hori- 
zontal and the ground is assumed to be fairly level. 
Col. King next shows, however, that these con- 
ditions are not necessary, and that where the ground 
is not flat, an accurate map can still be produced 
from photographs which are then best taken with 
the plate inclined to the horizontal. Considerable 
space is rightly devoted to the methods of mapping 
from photographs which have been developed by 
the Canadian Board of Surveys. Probably, however, 
as time goes on, the reduction of photographs to 
maps will be effected more and more by instru- 
mental means. Much has been done in this direction 
in certain other countries, and it is to be hoped that 
British instrument makers will take up the matter 
and produce designs of their own. In the nature of 
things, there can be no master patent as the principles 
of projection are common property, and there is 
thus a clear field open to them, as alternatives can 
always be found for mere matters of detail. In the 
meantime Col. King’s clearly written and concise 
treatise meets a very distinct need. 





MESSRS. T. W. GREENWELL AND 
CO.’S DRY DOCK, SUNDERLAND. 


At the time of the opening of Messrs. T. W. Green- 
well and Co.’s new dry dock at Sunderland, last July, 
we gave a short account of this work and of the general 
port improvement scheme with which it is intended 
to fit in. By the courtesy of Messrs. T. W. Greenwell 
and Co., Limited, and through facilities kindly placed 
at our service by Mr. W. Simpson, M.Inst.C.E., who 
acted as consulting engineer for the work, we are now 
able to deal with the design and construction of this 
dock in greater detail. A general plan, Fig. 1, repro- 
duced from our previous article, shows the situation 
of the dock in relation to the port, while Fig. 2 shows 
the lay-out of the actual dock site to a somewhat 
larger scale. Before referring to details, it may be well 
briefly to recapitulate the general features of the 
dock, but at the same time reference may well be 
made to the plan and sections of the main structure, 
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Figs. 3 to 7, Plate XII. It will be remembered that 


ya Py ’ the dock itself is 500 ft. long from the centre of the 
MESSRS. GRE ENWELL S DRY DOCK, SUNDERLAND. gate heelposts to the head, a can accommodate a 
s/ : vessel 510 ft. in length overall. The depth on the 
MR. W. SIMPSON, M.INST.C.E., CONSULTING ENGINEER. sill is 26 ft. at high water of ordinary spring tides, 
and 11} ft. at low water. As the light draught of 
the vessels for which this dock is suitable seldom 
exceeds 12 ft.. a considerable amount of docking can 
be done about the time of low water, thus saving 
pumping. The dock entrance has a clear width between 
the fenders of 75 ft., but the actual width between the 
concrete walls is 76 ft. The floor of the dock is 76 ft. 
wide between the bottom altars, and 44 ft. below 
sill level, thus giving easy access to the bottom of a 
vessel for repairs, the top of the keel blocks being 
set level with: the sill. The gradient of the floor is 
1 in 300 to the cross drain in each direction. The 
body of the dock is 93 ft. 6 in. in width between the 
copes. The altars are 1 ft. 9 in. wide, and recessed 
iron ladders are placed in them, about 120 ft. apart 
on both sides of the dock. For access to and from 
the bottom of the dock, two sets of stairs are provided 
at the entrance, and two sets of reversed inclines at 
the end as shown in Figs. 3 and 4. 

The pump house is placed on the south side of the 
dock, close up to the entrance, and is 50 ft. long by 
26 ft. wide, the floor being 5 ft. below low water. 
The discharge culvert from the main pumps is led 
parallel to the dock, and has its outlet at the fitting-out 
quay, to be seen at right angles to the dock in Fig. 2. 
For both emptying and filling the dock, a cross drain 
is carried across the floor from side to side, protected 
on the top by close steel grids. This channel is in 
direct communication with the pump well on the 
south side, and the filling culvert on the north side 
of the dock. The flooding of the dock is done through 
two independent filling culverts, one on each side, 
having their respective inlets in the concrete walls of 
the gate recesses. They are controlled by hydraulic 
sluices, one of which is placed in the pump house, 
and the other in a chamber on the north side of the 
dock. Both sluices are operated from the pump 
house. 

The fitting-out quay is tidal, and laid out at right 
angles to the dock. It has a total length of 550 ft., 
and the depth of the berth is 37 ft. at high water of 
ordinary spring tides, and 22 ft. at low water, but, 
as the end next the River Wear is open, vessels can 
overlie the quay in deep water there. (Fig. 2.) 

The repairing yard has an area of about 3} acres, 
and on it are laid down new workshops of modern 
type, equipped with electrically-driven machine tools 
for dealing with all kinds of hull and machinery 
repairs. Power appliances and tools, operated either 
by electricity or compressed air, are used throughout 
the dock and repairing yard, and there is a sea-water 
service main laid alongside the dock and fitting-out 
quay for filling the ballast tanks of vessels. The whole 
of the power and water service cables and pipes are 
laid in a concrete trench running continuously along 
the dock and fitting-out quay, with branches at 
ENOINFERING’ | intervals arranged for convenient connections to the 
work in hand, as shown in Figs. 2 and 4. 

The dock and fitting-out quay are served by a large 
electric travelling crane running on a track laid parallel, 
and close to, the north cope of the dock, one end being 
produced to the fitting-out quay. Standard gauge 
railway lines are provided alongside the dock and 
fitting-out quay for steam travelling cranes. The 
repairing yard is served by railway lines, which are in 
direct communication with the dock railway lines of 
the port, and through them to the L. and N.E.R, 
system, so that materials can be brought on the site 
by rail. Materials can also be brought direct by sea, 
and discharged at the fitting-out quay. 

The end of the dock is circular in plan, and con- 
structed with a thin concrete arch, as shown in Figs. 
8 to 12, Plate XII. The altar walls are produced some 
distance behind the arch, so that when the projected 
addition to a total length of the dock of 650 ft. is 
carried out, the work can be done with the least possible 
interference with its use by shipping. As previously 
mentioned, two sets of stairs are provided at the 
entrance. The stairs are 5 ft. 3 in. wide, formed with 
steps of 10-in. treads and 7-in. risers, and the flights are 
broken up with two landings. The stairs here naturally 
curtail the full altar accommodation, but the low- 
water altar is carried right round the stair recess to 
the dock entrance, and the highest altars up to the 
stair itself. At the end of the dock, two sets of 
reversed inclines 4 ft. 43 in. wide are formed, having 
inclinations of 1 in 3. These are well shown in 
Figs. 8 to 14. They constitute the main means of 
access for the workmen to the dock bottom, and are 
considered by both dock-owners and workmen to be 
less fatiguing than stairs when much used. In order 
to avoid cutting away the altars to make room for an 
incline in one straight length, the inclines have been 
made in two unequal sections, reversed in direction, 
and with a landing between at the level of the 
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low-water altar. The altars are continued from the end 
of the lower incline right up to the end of the dock, 
where they are valuable, especially for a small vessel 
docked with her stem against the end wall. The 
arrangement was well shown in a view reproduced as 
Fig. 5 in our previous article (see page 138, vol. cxx). The 
inclines have greenheart footholds (Figs. 13 and 14), 
placed crosswise at 18 in. apart, which are fitted into 
small steel channel bars permanently incorporated 
with the concrete work. The timber footholds stand 
about 1 in. above the surface of the incline, and are 
screwed down to the channel bars, so that they can 
easily be renewed without cutting away the concrete. 

The keel blocks, which are illustrated in Figs. 15 to 
21, Plate XII, are of cast iron in three pieces, and are 
spaced 3 ft. 3 in. apart along the centre of the 
dock floor, The bases rest upon three longitudinal 
keel-block bearers of pitch-pine logs, 13 in. by 13 in., 
built into the concrete, for the purpose of distributing 
the weights along the dock floor (Fig. 15). On the 
top of the cast-ircn keel block a bearer of 12 in 
by 12 in. oak is fitted and secured by bolts, and 
over this is a 12-in. by 6-in. larch cap piece. The 
bearing faces of the three cast-iron pieces of the block 
are all machined. To prevent the top part of the keel 
block being knocked over by a vessel with heavy trim, 
as has happened sometimes, the top and base are held 
together by four vertical mild-steel straps. secured to 
these pieces by through bolts, and the middle or wedge 
piece is locked in position by a through bolt and large 
washer plate. At the entrance end of the dock the 
keel blocks are formed into three groups of six blocks 
each, held together by detachable angle-bar frames 
which tie them together as one against overturning. 
The details of the keel blocks can be followed from 
the drawings reproduced in Figs, 15 to 21. 


(To be continued.) 





TRIALS OF THE S.S. “ Sctttontan.”’—Built and engined 
by Messrs. Ailsa Shipbuilding Company, Limited, Troon, 


for Messrs. The Isles of Scilly Steamship Company, 
Limited, the new screw steamer Scillonian has been 
delivered to her owners after successful trials. The 
vessel has a Board of Trade certificate for 400 passengers 
and will also carry large quantities of flowers and produce 





between St. Mary's and Penzance. 


“ENGINEERING” 


CONTROL PILLAR FOR SLIP-RING 
INDUCTION MOTORS. 


Wuite it has for long been the established practice 
in factory and workshop installations to make use 
of the pillar type of motor controller, when a direct 
current supply was utilized, there has not been avail- 
able, until recently, any equivalent type of gear for the 
control of alternating-current induction motors of the 
slip-ring type, of powers up to 200 horse-power. A 
common practice with motors of this type—above about 
30 horse-power—has been to afford overload and low- 
voltage protection by the use of oil-immersed gear. 
In some installations, for instance in mines and in 
factories where inflammable dust and gas is present in 
large quantities, the use of oil-immersed switches is 
to be recommended, because of the elimination of 
danger due to sparking which their provision affords. 
There are also cases where high-tension supply 
has to be dealt with, and here again oil-break circuit- 
breakers are desirable. In many other cases, where 
such equipment has been used, the reason was, to a 
large extent, because no suitable, compact, self-con- 
tained, air-break control equipment appeared available. 
The British Thomson-Houston Co., Limited, of Rugby, 
as the result of much experimental work and experi- 
ence with different arrangements of control apparatus 
under working conditions, have now introduced a 
pillar for the starting and control of slip-ring induction 
motors, which is illustrated by Figs. 1 to 3 above, and 
Figs. 4 to 6 on the opposite page. 

The equipment consists essentially of a drum type 
rotor starter with a slow ratchet motion, a contactor 
type of circuit breaker with a low-voltage release 
system, a three-phase overload protection in the form 
of relays with dashpots for the provision of time-lag 
and an isolating switch. An ammeter may be associ- 
ated with the control pillar, when necessary, although 
such a provision is not shown in the illustrations. 
One feature is obvious from Figs. 1 and 2, as well as 
from the general view in Fig. 3, which is that all 
parts are readily accessible, and as everything must be 
made dead before the pillar can be opened, inspection 
is not only easy of accomplishment but is entirely 
free from danger. 

The incoming cables are taken to terminals in a 
separate compartment at the base of the pillar, which 





Fice 3. 





GENERAL_VIEwW OF PILLAR. 


also contains the isolating switch. There is a hinged 
cover for the terminals and isolator (see Fig. 2) which 
must be put back into its proper position before the 
doors can be closed. Provision is also made for the 
sealing of this cover against any opening by unauthor- 
ised people. When required, sealing boxes for the 
cables may be attached to the side of the pillar. These 
are of a pattern permitting adjustment, and therefore 
cables may be brought in from any direction. The 
handle of the isolator (see Fig. 4), has two simple 
interlocks, one of which prevents operation when the 
doors are open, and also makes impossible the opening 
of the doors. while the switch is on. The other inter- 
lock ensures that the circuit breaker must be tripped 
before the isolator can be operated, and prevents the 
breaker, from being closed again while the isolator is 
open. The circuit breaker is of the triple pole con- 
tactor type, such as was designed originally for service 
with steel-mill plant, a duty which provides a severe 
test of any type of control gear. Whenever necessary, 
porcelain barriers are provided between the poles to 
prevent flashing over when the circuit is broken on the 
occurrence of heavy short-circuits. The overload 
relays have a single contact, which is operated through 
a trip-rod common to three separate magnets and 
coils. Thus, a multiplicity of contacts is avoided, 
while independent action of the overload trip in each 
phase is retained. Hand re-setting is used for the 
overload contact and a mechanical latch, which is 
acted upon for tripping by the relay, holds the gear 
in the “‘ set” position. By this construction a greater 
contact pressure is ensured than would be the case if the 
contact were directly operated by the overload relay. 

The starter (Fig. 5) consists essentially of a controller 
cylinder, with renewable segments, such as is com- 
monly used for cranes and tramway cars. Beside 
the cylinder are the contact fingers, which are of 
the standard design used by the makers in all their 
controllers. These have renewable contact tips, and 
are provided with compression springs which exert 
a constant pressure, quite irrespective of the adjust- 
ments of the fingers. To ensure that the controller 
cylinder can only be moved through one step at 4 
time, a slow-motion device is provided, the essential 
parts of which consist of a ratchet and pawl. This 
device is mounted at the end of the controller cylinder, 
inside the casing, and is operated by means of the 
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Fic. 6. Drum Gear IN STARTING AND IN RuNNING Positrons. 


grip-handle, shown at the side in Fig. 5. The princi- 
pal parts of this gear are shown in association in 
two positions in Fig. 6, but the ratchet has been 
taken out of place in these views so that the other 
parts may be seen. The pawl is attached to the end 
of a short lever for use in rocking it to and fro. The 
motion for this is obtained by the to-and-fro movement 
of the handle. As long as the pawl lever is free to move, 
motion can be given through it to the drum controller. 
When, however, the running position is reached, 
further movement is completely and automatically 
prevented. The action of the device may be seen 
by reference to Fig. 6. When starting up, the 
lever which gives motion to the pawl is free, 
for the catch above it, termed catch B in the two 
views, is held up by the catch plate under the action 
of the spring. In this setting motion can be given 
to the pawl, and thus to the drum of the controller. 
When, however, the full running position is reached, 
a projection on the ratchet wheel forces up the end 
of the catch plate, in the manner shown by the use of 
a finger in the second view. 1n this way the catch B is 


left free to swing down over the pin on the pawl lever. 
This is the final stage in the starting operation, and 
as soon as the operator lets go the handle, the catch 
plate is moved horizontally so that the lip B disengages 
from the pin on the ratchet wheel, and the catch plate 
returns to the position shown in the first view. When 
the handle is again gripped, the lip B comes up on 
the other side of the pin on the ratchet wheel. The 
apparatus is then free to move into the “ off ” position, 
and so on through the starting position to “run” 
again. Interlock contacts are provided on the drum 
to ensure that it must be in the “ start’ position 
before the circuit breaker can be closed, and a most 
important interlock, with the characteristics of a 
‘dead man’s” handle, is embodied in the operating 
lever. This comprises contacts in the control circuit 
of the contactors, which are held closed only as long 
as the operator grips the lever. In consequence 
of this arrangement, should the operator leave the 
starter in an intermediate position, the circuit breaker 
will open immediately and prevent the burning-out 


~ 


Drum STARTER. 


by a retaining interlock when in the running position, 
which is also arranged to open the circuit breaker 
when the cylinder moves from the “run” to the 


|‘ off” position, and consequently no current is broken 


by the starter. 

Inching is possible when the gear is in the “ starting ” 
position, by alternately gripping and releasing the start- 
inglever. As inching has frequently to be controlled 
from a distance provision is made so that push buttons 
for the purpose can be connected to terminals provided 
within the pillar. A stop button is situated on the 
front of the pillar, and additional push buttons may 
also be connected for stopping from distant control 
points. This control pillar has been standardised in 
various sizes up to 300 amps. at any pressure up to 
600 volts, corresponding to about 230 h.p. at 400 volts 
and 280 h.p. at 500 volts, at average power factors 
and efficiencies. 





GLossaRyY oF TERMS USED IN ILLUMINATION.—The 
British Engineering Standards Association issued 
recently a “Glossary of Terms Used in Illumination 
and Photometry ” (Publication No. 233, 1925). These 
terms have been approved by the National Illumination 
Committee of Great Britain, and are in accordance 
with the decisions of the International Illumination 
Commission, as far as such decisions are applicable. 
Where two terms having the same definition are in 
use, that which is considered the better is printed in 
heavy type, and the synonym in lighter type. Copies 
of the new publication are obtainable from the B.E.S.A., 
Publications Department, 28, Victoria-street, West- 
minster, London, 8.W.1, price ls. 2d., post free. 


THE Crry AND GuItps or Lonpon InstituTE.—The 
report on the work of the Department of Technology 
of the City and Guilds of London Institute, for the 
session 1924-25, has just been issued. It contains tables 
of examination results, together with the comments of 
the board of examiners and a report of a series of con- 
ferences on technical examinations for students attend- 
ing minor courses in England and Wales. A minor 
course of study in a technical school is defined as being 
the training of a student for an occupation within an 
industry rather than for the industry as a whole. The 
number of candidates examined by the Department in 
technological subjects, in Great Britain and Ireland, 
was 8,676 in 1925 as compared with 8,579 in 1924. The 
entries for the Institute’s examinations in mechanical 
engineering totalled 316, and the candidates for the 
electrical engineering examinations numbered 472. 
Taking the examination results as a whole, it is found that 
66-1 per cent. of the candidates passed, as compared with 
65-4 per cent, in 1924, The report is obtainable from the 
Office of the Department of Technology, 28, Roland 








of the resistances. These contacts are short-circuited 


Gardens, London, 8.W.7, price 1s, net. 
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THE LATE MR. W. C. CARTER. 


We note with regret the death of Mr. William Charles 
Carter, which occurred in London, on January 19 last. 
Mr. Carter, who was a director of Messrs. Carter and 
Harrison, Limited, consulting marine and general 
engineers, of 15, Great St. Helens, London, E.C.3, 
was born in 1859, and received his early education 
at the City of London School. His first appointment 
was with Messrs. J. and F. Howard, Limited, Bedford, 
and, later, he spent two years in the shops and offices of 
Messrs. Wigham Richardson and Co., Low Walker-on- 
Tyne. In 1881, Mr. Carter joined the staff of Messrs. 
Harland and Wolff, Belfast, and remained with that 
firm for eight years; during his stay in Belfast, he 
was appointed teacher in engineering subjects at the 
Mechanics’ Institute of that City. In 1889, he became 
leading draughtsman at the Southampton Naval 
Works, a position which he occupied for 1} years. 
In 1891, he returned to London and took up consulting 
work, He superintended the construction of numerous 
ships built by Messrs. W. Doxford and Sons, Sunder- 
land, Messrs. W. Dobson and Co., Limited, Newcastle- 
on-Tyne, Messrs, Craig Taylor and Co., Limited, 
Stockton-on-Tees, Messrs. Pickersgill and Sons, 
Limited, and Messrs. R. Thompson and Sons, Limited, 
of Sunderland. Mr. Carter was also responsible for the 
building of an oil tender for Messrs. Trinidad Central 
Oilfields, Limited, and for the construction of motor 
barges for Messrs. The London Motor Lighterage Com- 
pany. At the age of 34, Mr. Carter was elected a member 
of the Institution of Naval Architects; he was also a 
fellow of the Society of Consulting Marine Engineers 
and Ships’ Surveyors, and a member of the Institution 
of Petroleum Technologists. 





THE LATE MR. LEONARD GEORGE 
TATE. 


THE electrical contractors of Britain have lost an 
enthusiastic worker for their interests by the death 
of Mr, Leonard George Tate, at the age of 60 years, 
which occurred on Sunday, January 24, through heart 
failure, after an operation. Mr. Tate was the general 
secretary of the Electrical Contractors’ Association and 
of the National Federated Electrical Association, as 
well as Director of the National Electrical Contractors’ 
Trading Association. 

He received his early electrical training in the em- 
ployment of the General Electric Company, working 
under Mr. Charles Robertson, whose associations with 
the manufacture of electric lamps are well known. In 
IS84, Mr. ‘Tate accepted the management of the lamp 
department of the Schuylar Electric Company, of 
Hartford, Conn., U.S.A., and remained in America for 
five years, Returning to this country, he joined the 
staff of the Brush Electrical Engineering Company, and 
in 1892 he, with Mr. Leslie Fuller, founded the busi- 
ness of Messrs. Fuller and Tate, electrical contractors, 
which later became Messrs. Leonard G, Tate and Co., 
of Bucklersbury, London, E.C. 

Mr. Tate's association with the Electrical Contractors’ 
Association dates back to 1902, when he became a 
member, In 1904 he was elected honorary secretary of 
the London branch, and the next year became honorary 
general secretary. As the work of the Association 
increased, it became necessary to have a permanent 
general secretary to deal with its many activities 
and those of its allied organisations. When this post 
was offered to Mr. Tate, he gave up his connection with 
his own business and devoted himself entirely to the 
interests of electrical contractors. For this work he 
showed marked ability, and that it was appreciated 
throughout the industry was manifested in June last, 
when, at the annual general meeting of the Electrical 
Contractors’ Association, he was presented with a 
silver salver and a cheque. The presentation was 
made by Mr. Walter Riggs, and expressions of apprecia- 
tion of Mr. Tate’s twenty-one years’ work for the 
Association and its members were made by repre- 
sentatives of many of the local sections, 








CaLeENDAR.—We have reccived a monthly tear-oft 
calendar from Messrs. William Brown and Co., Limited, 
printers and lithographers, 2, Bury court, St. Mary Axe, 
London, E.C.3. 


BaRTON POWER STAvTION : ERRATA.—-We regret that 
# printer's error occurred in the table published on page 69 
ante giving the results of the official tests of boilers Nos. 
4 and 9 at Barton power-station. In the fourth column 





of the table relating to the trial of boiler No. 9 with | 


coal and coke fired on the Sandwich system, the percentage 
of the ash and clinker in the fuel as fired is given as 5-6 
whereas the correct figure should be 15-6. In the line 
below this, an error is obvious since the combustible 
in the ash is given as 113-2 per cent. The correct figure 


| 
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BOOKS RECEIVED. 


United States Geological Survey. Bulletin No. 771. Ore 
Deposits of the Saddle Mountain and Banner Mining 
Districts, Arizona. By C. P. Ross. [Price 25 cents.] 
No. 773. Mineral Resources of Alaska: Report on 
Progress of Investigations, 1923. By A. H. Brooks 
and others. [Price 40 cents.] No. 774. I'he Copper 
Deposits, near Salmon, Idaho. By C. P. Ross. [Price 
15 cents.] Washington: Government Printing Office. 

United States Geological Survey. Water Supply Paper 
No. 547. Surface Water Supply of the United States, 
1922. Part VII.—Lower Mississippi River Basin. 
[Price 15 cents.] No. 560-D. Preliminary Report on 
the Geology and Water Resources of the Mud Lake 
Basin, Idaho. By H. T. Stearns and L. L. Bryan. 
Washington: Government Printing Office. 

The Journal of the Iron and Steel Institute. 
1925. Edited by Grorce C. Luoyn. 
Offices of the Institute. 

Jx-Tafeln feuchter Luft. By Dr. Ing. M. GRUBENMANN. 
Berlin; Julius Springer. [Price 10-50 marks. ] 

National Economics for Britain’s Day of Need: The 
Solution of the Unemployment Problem. By Epwarp 
Batten, M.I.Mech.E. London: Sir Isaac Pitman 
and Sons, Limited. [Price 5s. net.] 

Who’s Who, 1926. London: A. and C. Black, Limited. 
[Price 42s. net.] 

Der Einblase-und Einspritzvorgang bei Dieselmaschinen. 
By Dr. Inc. Hermyricu TriesBNicc. Vienna; Julius 
Springer. [Price 11-40 marks.] 

What's Wanted and Advice to Inventors. 
Institute of Patentees. [Price 6d. net.] 
Mines Department. Safety in Mines Research Board. 
Paper No. 17. The Composition of Coal: Plant 
Cuticles in Coal. By V. H. Leaa and R. V. WHEELER. 


Vol. CXII. 
London : 


London: 


London: His Majesty’s Stationery Office. [Price 
ls. net.] 
Department of Scientific and Industrial Research. Report 


of the Food Investigation Board, 1924. London: His 
Majesty’s Stationery Office. [Price 2s. 6d. net.] 

Memoirs of the Geological Survey England. The Geology 
of the Country around Stoke-upon-Trent. By Watcor 
Gipson, D.Se., F.R.S. With contributions by C. B. 
Wepp, B.A., and A. Scorr, M.A., D.Se. London: 
His Majesty’s Stationery Office. [Price 2s. 6d. net.] 

Department of Overseas Trade. Report on the Economic 
and Financial Conditions in Paraguay, September, 1925. 
By Frederick W. Parts. London: His Majesty’s 
Stationery Office. [Price ls. net.] 

The Association of Engineering and Shipbuilding Draughts- 

Vibrations in and 


men. Mngines Machinery. By 
A. T. J. Kersey. [Price 2s.] The Elements of 
Reinforced Conerete Design. By H. V. CRraBrreE 


[Price 2s.] London: Offices of the Association. 

The Practical Engineer Electrical Pocket Book and Diary, 
1926. Edited by Conrap ArNox~p. Oxford: Uni- 
versity Press. London: Humphrey Milford. [Price 
2s. 6d. net.] 

Economic Geology. 


By H. Rigs, Ph.D. Fifth edition, 


revised. New York: John Wiley and Sons, Ine. 
London: Chapman and Hall, Limited. [Price 25s. 
net. } 


Materials Testing : Theory and Practice. By Irvine H. 
CowpReEY and Ratpex J. Apams. New York: John 
Wiley and Sons, Inc. London: Chapman and Hall, 
Limited. [Price 7s. 6d. net.] 





PERSONAL,.~—-Messrs. Francis Morton and Co., Limited, 
Hamilton Iron Works, Garston, Liverpool, announce that 
they have appointed Mr. Raymond Gill, 92, Victoria- 
street, Westminster, London, 8.W. 1, to be their London 
agent. They have, in consequence, vacated their former 
oflice at 17, Victoria-street.—Messrs. Sheftield Steel 
Products, Limited, have appointed Mr. G. Butler to be 
their representative in the eastern and south-eastern 
counties. ‘This company has also appointed Mr. H. A. 
Wilkinson to be special head-oftice representative, with 
particular duties in Lancashire and Cheshire. 


TELEVISION.—-In our issue of May 29 last, on page 661, 
we illustrated and described the apparatus by which 
Mr. John L. Baird had been able to transmit electrically, 
over a short distance, crude images of living and moving 
bodies. We then pointed out that the inventor’s 
roughly-made apparatus was capable of improvement 
in Many important details, and that such improvements 
would result in better definition of the image formed 
at the receiving end. The images then produced, 
being formed by a comparatively small number of 
elements. had stepped outlines with crude and irregular 
details. so that only simple objects or patterns could 
be transmitted. Since that time, Mr. Baird has 
materially improved his apparatus, principally by 
increasing the peripheral velocity of the lens-carrying 
dise and using a larger number of lenses to produce 
images with smaller elements. A demonstration of the 
improved apparatus was given on Tuesday last at the 
laboratory of Messsrs. Television, Limited, 22, Frith- 
Soho, W.C.1, and the results obtained were 
certainly a distinct advance on those which we saw 
previously. A certain amount of movement in the 
reveived image was perceptible, owing to phase swinging 
in the synchronous motor, but a recognisable human face 
was transmitted and movements of the eyes and mouth 
were clearly visible. 'The transmission, it should be 
stated, took place over a short length of wire from one 
part of a room to another, wireless transmission having 
not so far been attempted ; this method of transmission, 
however, does not appear to present insuperable difti- 


is 13-2 per cent. The two errors were caused by the] culties. We understand that Messrs. Television, Limited, 
accidental transposition of the figure 1 from one line to] are shortly removing their laboratory to Motograph 
House, Upper St. Martin’s-lane, W.C.2. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Home demand for Cleve- 
land pig iron continues practically to absorb the limited 
supply, and as producers are well sold to the end oj 
February, they are little concerned about inquiries from 
abroad which, though somewhat improved, are still 
meagre. Consumers are now pressing for supplies. 
Orders for early delivery are difficult to place, makers 
having committed themselves as heavily as they care to 
for the present, and merchants having little iron availabie 
for disposal. For home purposes, No. 1 is 72s. 6d. : 
No. 3 g.m.b., 70s.; No. 4 foundry, 69s.; and No. 4, 
forge, 68s. 6d. Export quotations are sixpence abov 
the foregoing figures. 


Hematite.—Sellers readily realise full market values 
for any parcels of East-Coast hematite available fi 
disposal. Makers are fully sold over next month, and 
second-hands have very little to offer. Nos. 1, 2 and 3 
are fully 77s. 6d., both for home use and for shipment 
abroad, and demand continues good. No. 1 is put at 
78s. 


Foreign Ore.—Imports of ore against old contracts are 
heavy, and though new business is little heard of, sellers 
are markedly disinclined to make price concessions. 
Best rubio is 21s. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—Quotations for Durham blast- 
furnace coke vary somewhat, but local requirements con- 
tinue on a considerable scale, and even with the expected 
increased make, output promises to be none too plentiful. 
Good average qualities are in the neighbourhood of 
22s. 6d., delivered to local consumers. 


Manufactured Iron and Steel_—Rather better accounts 
are given of the manufactured iron and steel industries. 
and some asa | good sales of semi-finished steel are 
reported. Steel rail makers and producers of construc- 
tional steel have a fair number of contracts running, and 
steel manufacturers have a lot of work on hand, but 
producers of shipbuilding material are still only ver) 
moderately employed. Common iron bars are 11J. 5s. ; 
iron rivets, 12/. 15s.; packing (parallel), 8/.; packing 
(tapered), 11l.; steel billets (soft), 7/.; steel billets 
(medium), 7/. 10s.; steel billets (hard), 8/. 2s. 6d.; steel 
ship, bridge and tank plates, 71. 7s. 6d.; steel angles. 
7l.; steel rivets, 127. 10s.; steel joists, 7/.; heavy steel 
rails, 8/.; fish plates, 12/.; black sheets (24 in. gauge), 
lll. 5s.; and galvanised corrugated sheets (24 in. 
gauge), 167. 10s. 





NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade—Conditions in the Scottish steel 
trade have varied very little over the week, and only in 
odd cases is there any more business. The tonnave 
of work on hand overall is not heavy, and does not 
necessitate any great effort to overtake. While the 
demand for ship plates has been a trifle better of late. 
that for sections has not improved. Prices are steady to 
firm this week, and there is a rather better feeling all 
round. Inquiries now in circulation would seem to 
point to the possibility of more business being given out 
in the near future. In the black-sheet trade there has 
been no falling off in demand, and active conditions 
continue. ‘This is mainly for light and galvanised sorts 
on export account, but buyers of the heavier gauges have 
been showing more disposition to enter the market 
recently. Inquiries for all kinds are better, and quite a 
number of fresh orders have lately been secured. Prices 
are steady. The following may be taken as to-day’s 
market quotations: Boiler plates, 11/. per ton; ship 
plates, 7/. 10s. to 7/1. 12s. 6d. per ton; sections, 7/. to 
71. 2s. 6d. per ton; and sheets, y in. to } in., 91. to 
9/, 2s. 6d. per ton, all delivered Glasgow stations. 


Malleable - Iron Trade-In the West of Scotland 
malleable-iron trade a dull tone still prevails. New orders 
are difficult to pick up and mills are being run inter- 
mittently. In the steel re-rolling departments, an 1m- 
provement has taken place and a certain amount of 
activity now exists. Prices are steady, with Crown 
bars called 110. 5s. per ton, delivered Glasgow stations. 


Scottish Pig-lron Trade—-There has been no change 
in the state of the Scottish pig-iron trade over the week. 
Business is quiet both on home and export account, and 
even inquiries are not up to the average. — Prices are 
being maintained and the current quotations are as 
follow : Hematite, 77s. 6d. per ton delivered at the steel 
works ; foundry iron No. 1, from 79s. to 81s. 6d. per ton, 
and No. 3, from 76s. 6d. to 79s. per ton, both on trucks 
at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ended last 
Saturday, January 23, amounted to 1,274 tons. Of the 
total 1,204 tons went overseas and 70 tons coastwise. For 
the corresponding week of last year, the figures were 
521 tons to foreign destinations and 172 tons coastwise, 
making a total shipment of 693 tons. 


Wages in the Iron Trade Reduced.—Intimation has been 
made to Messrs. Jas. C. Bishop and Owen Coyle, goles 
secretaries of the Scottish Manufactured Iron Trade 
Conciliation and Arbitration Board, by Sir John M. 
MacLeod, C.A., Glasgow, certifying that the average net 
selling price for the months of November and December 
last was 111. 16s. 7-87d. This means that there will be 
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NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday. 

Iron and Steel.—In the steel trade generally a more 
optimistie tone is prevalent, and on the whole the 
position is one that gives hope for the future. The 
output of steel from this district in November (according 
to latest figures available) totalled over 72,000 tons. 
In comparison with the previous month, the figure 
shows a slight contraction, as do the other corresponding 
figures relating to output of Lincolnshire steel. The 
production of steel in the Sheffield district during the 
past twelve months represents one-seventh of the 
output of the United Kingdom, or, in other words, 
total just over a million tons. Railway departments 
continue to be fairly well occupied, but complaints 
are heard that orders are not flowing so freely as had 
heen anticipated. Axles, springs, tyres, wheels and 
buffers are in good demand, while wagon builders are 
doing better on foreign account. The home demand, 
however, is not so robust, unrest in the coal trade 
venerally no doubt proving a detrimental factor. 
Depression still hangs over the shipbuilding industry, 
and the call for steel, forgings and castings, &c., is 
very limited. Motor-car steel and fittings, on the 
other hand, are in a much healthier position, the demand 
showing a much better tone. Implement and machinery 
sections are operating on a more satisfactory basis, 
and further improvement is anticipated. Mixed con- 
ditions prevail in the tool trades. Shovels, spades, 
circular saws, files, tool steel, hollow drill steel, and 
axes are progressive lines, but engineers’ small tools 
are slacking off. Business with Russia shows signs of 
reviving. 

South Yorkshire Coal Trade—Demand for most 
classes of fuel has improved, and is reflected in the 
advance of rates during the past week. All grades of 
industrial fuel are going away in bigger tonnages, 
both on home and export account. House coal is 
in better request both by town and country consumers 
and, consequently, stocks at colliery sidings are gradually 
diminishing. Foundry and furnace coke are finding 
ready customers, both for inland and overseas con- 
sumption. Nominal quotations are as follows: Best 
branch handpicked, 31s. to 34s.; Barnsley best Silk- 
stone, 28s. to 30s.; Derbyshire best house, 24s. to 25s. ; 
Derbyshire best brights, 26s. to 28s.; Derbyshire best 
large nuts, 17s. to 20s.; Derbyshire best small nuts, 
12s. 6d. to 14s.; Yorkshire hards, 17s. to 19s. 6d.; 
Derbyshire hards, 16s. to 19s.; rough slacks, 10s. to 
12s. 6d.; nutty slacks, 7s. 6d. to 98.; smalls, 3s. 6d. 
to 6s. 








THE NEw TELEPHONE EXCHANGE AT MANCHESTER.— 
In view of the projected change of Manchester’s telephone 
service, from the manual to the automatic system, a new 
main telephone exchange is to be erected in that city. 
It will take three years to complete and will cost, alto- 
gether, some 250,000. The building will comprise ten 
floors and will house a staff of 1,500. The contract for 
the erection of the exchange has been placed with a 
local firm, Messrs, Gerrard, of Swinton. Among the 
structural materials needed, will be four thousand tons 
of steel, Three units of automatic apparatus are to be 
uccommodated in the exchange; each of these units 
will deal with 10,000 lines, The building has been 
designed by Mr, C, P. Wilkinson, of H.M, Office of Works. 





THE FarapDAy Mepau.—The Council of the Institution 
of Electrical Engineers have made the fifth award of the 
Faraday Medal to Colonel R. E. B. Crompton, C.B., 
honorary member of the Institution. The Faraday Medal 
is awarded by the Council of the Institution not more 
frequently than once a year, either for notable scientific 
or industrial achievement in electrical engineering or for 
conspicuous service rendered to the advancement of 
electrical science. No restriction is made as regards 
nationality, country of residence, or membership of the 
Institution. Colonel Crompton, who is one of the early 
pioneers of electrical engineering, has played an out- 
standing part in the development of electricity supply 
in this country. He has twice been president of the 
Institution. 


TeNDERS.—The Commercial Secretary at Santiago, 
Chile, has forwarded to the Department of Overseas 
Trade a set of booklets issued by the authorities of the 
Chilean State Railways. These contain details of the 
railway requirements of materials and stores for the 
current year. The group numbers of the booklets, the 
articles to which they refer, and the closing dates for the 
presentation of tenders in Santiago are as follows: No. 10, 
nails, clamps, screws, tacks, January 25, 1926; No. 11, 
galvanised-iron sheets, flat and corrugated, February 1, 
1926; No. 12, bronze, copper, lead, zinc, in bars, &c., 
February 15, 1926; No. 13, timber, February 25, 1926; 
No. 14, leather belting, &c., March 4, 1926; No. 15, 
asbestos packing, rubber packing and hose, &c., March 4, 
1926; No. 16, general ironmongery, March 17, 1926; 
No. 17, acetylene lighting and material for electric and 
autogenous soldering, March 31, 1926; No. 18, chemical 
products and disinfecting materials, March 31, 1926. 
Local representation in Chile is desirable. Copies of the 
hooklets (which are printed in Spanish) will be forwarded 
on loan to British firms, in order of application. Further 
particulars may be obtained from+the Department of 
Overseas ‘Trade.—The Departmento de Materiales y 
Almacenes, Alameda Station, Chilean State Railways, is 
calling for tenders for the supply of some 10,000 tons of 
rails and accessories. The closing date for the receipt 
of tenders, at Alameda, is 3 p.m., March 17, 1926. 
Further particulars regarding any of the above tenders 
intay be obtained from the Department of Overseas 





Trade, 35, Old Queen-street, London, S.W. 1. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

Welsh Coal Trade in 1925.—Shipments of coal, coke 
and patent fuel from the principal South Wales ports 
in 1925 were 5,113,000 tons below that despatched in 
1924, and 9,286,000 tons less than the quantity exported 
in 1923. The coal trade was almost entirely respon- 
sible for the declines, shipments foreign as cargoes and 
bunkers, and coastwise as cargo, being reduced by 
4,965,000 tons, when compared with 1924, and by 
9,135,000 tons when contrasted with 1923. Exports 
of patent fuel, however, were increased by 84,000 tons, 
but those of coke were reduced by 31,000 tons. Ship- 
ments of coal, fuel and coke in the past three years 
from the South Wales ports of Cardiff (including Penarth 
and Barry), Newport, Swansea and Port Talbot were 
as follow :— 











| 1923. 1924 | 1925. 
Seis ee 2 

Coal— Tons. Tons. Tons. 
Foreign 29,487,574 25,230,460 21,183,117 
Coastwise .. 1,585,277 1,649,679 3,382,812 
sunkers 4,030 140 4,052,731 1,402,077 
35,102,991 30,932,870 25,967,506 
Coke .. ae e 327,190 115,185 84,019 
Fuel .. is --| 1,055,585 1,064,840 1,148,958 
Grand Total 36,485,766 32,112,895 | 27,200,483 














The coal shipments in 1925 were as follow :— 








Foreign Bunkers Coastwise 

Cargo. Foreign. Cargo. 

From— Tons. Tons. Tons. 
Cardiff 12,762,285 2,246,555 905,568 
Newport 3,871,077 602,768 346,796 
Swansea... 2,702,130 342,032 77,920 
Port Talbot 1,847,625 190,957 71,793 














n 1925 are 


Shipments of patent fuel and coke 
appended :— 








| Fuel. | Coke. 
| 
From— Tons. Tons. 
Cardiff 480,872 68,929 
Newport 118,918 8,328 
Swansea... 447,445 2,759 
Port Talbot 101,723 4,003 





Pitwood Imports in 1925.—In view of the depressed 
state of the coal export trade, and in consequence of 
the smaller timber requirements of the collieries, it is 
not surprising to find that imports of pitwood and 
pitprops were considerably reduced in the past year. 
The quantitios and values of pitwood and pitprops 
landed at the different ports in 1924 and 1925 were as 
follow : 











1924 | 1925. 
Loads. | z | Loads. | £ 
Cardiff .. 999,927 | 1,469,227 775,813 | 1,157,978 
Newport 345,295 428,003 297,678 363,771 
Swansea ae 128,603 173,344 108,109 126,945 
Port Talbot .. 177,370 216,216 177,230 226,331 
Llanelly. . - 7,761 10,038 9,547 6,857 
1,658,956 | 2,296,828 | 1,368,377 | 1,881,882 














Supplies from France were reduced from 1,355,814 
loads to 1,231,509 loads, and the only countries to send 
increased quantities were the Irish Free State, Norway, 
the Falklands and Belgium. 





Contracts.—Messrs. Holophane, Limited, Elverton- 
street, London, S8.W. 1, recently secured a contract, to the 
value of 17,000/., for the lighting of the City of Milwaukee. 
—Messrs. The Mirrlees Watson Company, Limited, 
Scotland-street, Glasgow, C.5, have received an order 
from the Ilkeston and Heanor Water Board for an electri- 
cally driven borehole pump for the water-works of the 
board, near Matlock. The pump will be capable of 
delivering from 30,000 to 35,000 gallons of water per 
minute. The same company have also received an order 
from Messrs. Michael Nairn and Co., Limited, Kirkaldy, 
for two sets of surface-condensing plant ; each condenser 
will have a cooling surface of 2,140 sq. ft.—The Compagnie 
Internationale des Wagons-Lits has placed with Messrs. 
The Leeds Forge Company, Limited, 3, Central-buildings, 
London, S.W. 1, an order for 30 all-steel Pullman cars for 
use on the Continent.—Messrs. Howden-Ljungstrém 
Preheaters (Land), Limited, Govan, Glasgow, have 
received an order from Messrs. 8S. A. Brain and Co., 
Limited, Cardiff, for one air preheater to work in con- 
junction with Lancashire boilers. The total heating 
surface of the preheater is to be 8,000 sq. ft.—The Roads 
Board of Queensland, Australia, has placed an order 
with Messrs. Marshall, Sons and Co., Limited, Gains- 
borough, for six steam road rollers. The Country Roads 
Board of Victoria, Australia, has ordered another steam 
road roller from Messrs. Marshall. 





NOTICES OF MEETINGS. 


Tue InstiruTION OF MECHANICAL ENGINEERS.—To- 
night at 7 p.m,, at Storey’s Gate, S.W.1. Informal 
Meeting. Discussion on ‘“ Mechanical Excavators and 
Concrete Mixing Machinery,’’ introduced by Mr. F. H. 
Livens. 

THE JuNior INSTITUTION OF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. ‘‘ Comfort in 
Railway Travel from the Point of View of the Engineer.” 
by Mr. A. N. Moon, B.Sc. Friday, February 5, at 
7.30 p.m., Question and Discussion Evening. 


THE Royat Instirution.—To-night at 9 p.m., at 
Albemarle-street, W.1. ‘On Films,” by Sir W. B. 
Hardy. Monday at 5 p.m., General Meeting. Tuesday. 
at 5.15 p.m., ‘‘ Surface Action,”’ by Dr. Erie K. Rideal. 

THE InstiTuTION OF MuNIcIPAL AND County ENGI- 
NEERS, YORKSHIRE District.—Saturday, January 30, 
at 2 p.m., at the Town Hall, Leeds. District Meeting. 

THe Institute or Merats: NortH-Kasr Coast 
Loca Section.—Saturday, January 30, at 6.15 p.m., 
at the Neville Hall, Newceastle-on-Tyne. Joint Meeting 
with the Institute of British Foundrymen. 

THE Soctety or ENGINEERS.—Monday, February |, 
at 5.30 p.m., at the Geological Society, Burlington 
House, Piccadilly, W.1. Presidential Address, by 
Mr. G. O. Case. 

THE INSTITUTE OF TRANSPORT.—Monday, February 1, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. “‘ Roadless 
Traction,” by Sir John E. Eaglesome. 


THe INSTITUTION OF THE RUBBER INDUSTRY.—Mon- 
day, February 1, at 8 p.m., at the Engineers’ Club, 
Coventry-street, W.1. ‘‘ A Comparison between British 
and American Manufacturing Methods,’”’ by Mr. Colin 
Macbeth. 

THE Roya Socrety or Arts.—Monday, February 1. 
at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture. ‘‘The Decoration of Furniture (Lecture ILI),” 
by Mr. H. P. Shapland. Wednesday, February 3, at 
8 p.m., Ordinary Meeting. ‘‘ Investigations in Agri- 
cultural Science at Rothamsted,” by Sir Edward John 
Russell. 

THe Institute or Marine ENGINEERS.—Tuesday, 
February 2, at 6.30 p.m., at 85-88, The Minories, Tower- 
hill, E.1. ‘“‘ High-Efficiency Steam Installations for 
Ship Propulsion,” by Mr. Stanley 8. Cook. 

Tue INstiruTION OF ELECTRICAL ENGINEERS: SourH 
Miptanp Stupents’ Section.—Tuesday, February 2, 
at 7 p.m., at the Birmingham University, Edmund- 
street, Birmingham. Address by Mr. R. A. Chattock. 


THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN ScotLaAND.—Tuesday, February 2, at 7.30 p.m., at 
39, Elmbank-crescent, Glasgow. Discussion on ‘* The 
Economic Value of Bunker Coal,’’ by Mr. Otto Kahrs. 
‘“* Failure of Metals by Creep,’’ by Professor William Kerr, 
“The Werkspoor Diesel Engine,” by Mr. G. J. Lugt. 


Tue InstituTIon oF ELectrical ENGINEERS.—-Wed 
nesday, February 3, at 6 p.m., at Savoy-place, Victoria 
embankment, W.C.2. Wireless Section Meeting. ‘* The 
Propagation of Electric Waves,” by Mr. J. Hollingworth. 


THE MANCHESTER METALLURGICAL Society.—-Wed- 
nesday, February 3 at 7 p.m., at the College of Technology, 
Manchester. ‘‘ Welding,” by Mr. A. H. Goodger, B.Sc. 


THE LIveRPOOL ENGINEERING SOCIETY.—Wednesday, 
February 3, at 7.30 p.m., at The Temple, Dale-street, 
Liverpool. ‘‘Control Gear for Electric Motors,” by 
Mr. J. H. Collie. 

Tue InstrruTion or ELecTRIcAL ENGINEERS.—Thurs- 
day, February 4, at 6 p.m., at Savoy-place, Victoria- 
embankment, W.C.2. ‘‘ Power Factor and Tariff,’ by 
Mr. E. V. Clark, B.Sc. ‘‘ Power Factor Improvement,” 
by E. W. Dorey. 

THe Royat AERONAUTICAL Soctety.—Thursday, Feb- 
ruary 4, at 7 p.m., at the Royal Society of Arts, John- 
street, Adelphi, W.C.2. Joint Meeting with the Institu- 
tion of Automobile Engineers, ‘‘ American Aircraft 
Engine Development,” by Mr. C. L. Lawrence. 


THe Institution of StructruraAL ENGINEERS. 
Thursday, February 4, at 7.30 p.m., at Denison House, 
296, Vauxhall Bridge-road, S8.W.1l. ‘“‘The Aesthetic 
Treatment of Concrete,” by Mr. W. J. H. Leverton. 


THE INstTITUTION OF LOCOMOTIVE ENGINEERS (LON- 
DON): MANCHESTER CENTRE.—Friday, February 5, at 
7 p.m., at the College of Technology, Sackville-street, Man- 
chester. ‘‘ Principles and Practice in the Erecting 
Shop,” by Mr. P. H. Saunders. 

Tue Instirure oF British FoUNDRYMEN: LAN- 
CASHIRE Brancu.—Saturday, February 6, at 4 p.m., 
at the Grand Hotel, Manchester. Lecture: ‘‘A Day in 
the Foundry,” by Mr. J. G. Robinson; at 6.30 p.m. 
Annuai Dinner. 

THe Hutt AssocraTION OF ENGINEERS.—NSaturday, 
February 6, at 7.15 p.m., at the Technical College, 
Hull, Lecture: ‘‘ Fuel Oil and its Applications,” by 
Shell-Mex, Limited. : 








Company REGISTRATIONS.—An annual statistical 
report relating to the new companies registered in Eng- 
land during the year ended December 31, 1925, has 
reached us from the compilers, Messrs. Jordan and Sons, 
Limited, 116-118, Chancery-lane, London, W.C. 2. 
Companies to the number of 489, representing a capital 
of 3,766,475/., are quoted under the heading ‘‘ engineers.” 
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THE OCEAN OUTFALL SEWER SYPHON, MIDDLE HARBOUR, SYDNEY, NS.W. 
MR. E. M. DE BURGH, MINST.C.E., CHIEF ENGINEER, P.W.D., N.S.W. 
(For Description, see Page 129.) 
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SADI CARNOT. 


In the year 1824, a minor Parisian publisher 
issued a short tract, entitled Reflections sur la 
puissance motrice de feu et sur les machines propres 
a developper cette puissance. The centenary of this, 
as it turned out, epoch-making event, was cele- 
brated on January 20, by a special meeting of the 
Société des Ingénieurs Civ Is de France, which was 
attended by the President of the Republic, by the 
Ministre des Travaux Publics, and a representative 
gathering of officials, savants and engineers. The 
pamphlet in question was the only published work 
of Nicolas Léonard Sadi Carnot, then a young man 
of 28, but it has sufficed to establish its author 
firmly in the first rank of scientific thinkers. 
Eloquent appreciations of the work of this young 
genius, and of the developments to which it has 
led, were contributed by M. Ba 'é, the president 
of the Société des Ingenieurs Civils, by M. D. Berthe- 
let, and by M. Henry Le Chatelier, the latter of 
whom gave some highly interesting instances of the 
applications of thermodynamics to industrial 
chemistry. 

At the time that Carnot formulated his views, 
the development of the steam engine had made 
evident to all the possibility of deriving work from 
heat. Heat was then commonly considered to be 
some sort of subtle fluid, known as cal ric, as un- 
creatable and indestructible as matter itself. This 
hypothesis co-ordinated many well-established facts 
of observation. Thus, the expansion of a body with 
rise of temperature, was assumed to be due to a1 
absorption of caloric. Specific heats were readily 





visualised, as representing merely the porosity of 


different materials, which were, in short, regarded 
as “heat sponges,” of varying absorbent powers. 
Black explained latent heat on the hypothesis that 
water differed from ice in that it was a more porous 
“sponge,” and could thus absorb a much larger 
quantity of caloric. The same materialistic concept 
about the real nature of heat formed the basis of 
Fouriers’ ‘ Theorie de Chaleur,” in which heat was 
dealt with as if it were a material fluid flowing 
through porous media under specified heads. 
Carnot’s determination of the limiting efficiency 
of a heat engine ' s now written in the familiar form, 


aa is the least of his titles to fame, and had 


he done no more than this, little justification could be 
found for Lord Kelvin’s eulogium, in which he 
declared that, in the whole field of science, he knew 
nothing greater than the work of Carnot. 

In fact, the formula in question is almost an 
obvious corollary to the hypothesis of the material 
nature of heat. The maximum useful work which it 
is possible to derive from a mass of water weighing 
w |b., and situated at a level H, above the sea, is 
wH,. If, owing to local conditions, it has to be 
run to waste at H, ft. above sea level, the efficiency 
H, — He 

He 7 


of the use made of it will be Since 


2 


Fourier had already treated temperature as more or 
less analogous to head in an hydraulic system, there 
would be nothing particularly far-fetched or recon- 
dite in the suggestion that when caloric was the 
working agent, the maximum work obtainable from 
it should be proportionate to the temperature 
difference. It is quite possible that it was along 
some such simple line of thought that Carnot first 
approached his problem. The concept of an abso- 
lute temperature which originated with Joule, was 
not then known, and Carnot gave his expression for 
the efficiency in the form C (t, — ¢,), where C was 
a function of the temperature only. Had he merely 
dore this, his work, however, would not have had 
the fundamental importance which it has been found 
to possess. His two great achievements were, in 
fact, the introduction of the idea of a cycle of opera- 
tions, and of the reversible heat engine, which he 
showed must necessarily have the maximum effi- 
ciency consistent with the temperature limits. 
Whilst in France, the idea that heat was a 
material fluid held almost undisputed sway at the 
start of the last century, this was by no means the 
case in England. Henry Cavendish, for example, 
resolutely refused to employ the term “ latent heat,” 
in spite of its convenience, because of the connota- 
tion given to it by Black. Count Rumford had, 


moreover, given what, to an engineer, would appear | 


an irrefragable proof of the non-materiability of 
heat. He had shown that apparently unlimited 
quantities of heat could be derived from a finite 
quantity of matter, by experimentS’ in which he 
measured the heat liberated or generated, in boring 
a brass cannon with a blunt steel tool. The 
“ calorists,” however, refused to be convinced, and 
claimed that since the borings produced were in a 
different state of aggregation from the original 
casting, the capacity of the material as a “heat 
sponge”? had been diminished by the process of 
cutting. Heat, according to this view, was “ libe- 
rated ’’ not “ generated.” Rumford’s point that the 
amount of heat producible appeared to be unlimited 
was ignored. 

Carnot, by his concept of the cycle, obviated this 
type of criticism. If we select any point of a cycle 
as a starting place, the working agent must neces- 
sarily be in its original state, when it reaches this 
point, on the completion of the cycle. This is, in 
fact, the definition of a cycle. Any other assump 
tion, would render all physics impossible, since it 
would involve as one consequence that the quantity 
of heat, or the old view of caloric, in a pound of 
water at 0 deg. C., and at atmospheric pressure, was 
not a constant quantity. 

It is of some interest to note, that in discussing 
his cycle, Carnot made one slight slip, which shows 
very definitely that he was at that time a “ calorist.” 
After stating that on the completion of the cycle, 
the substance must contain the same quantity of 
heat as at the outset, he makes the unnecessary and 
inexact addition, that the quantities of heat lost 
by the body under one set of conditions, must be 





precisely compensated by those quantities which 





he 
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are absorbed in the remaining operations of the 
cycle. This addition is obviously a logical deduc- 
tion from the hypothesis that heat is a material 
fluid. As we now know, however, the quantity of 
energy which enters a body in the form of heat 
cannot be deduced from the initial and final states 
of the body. Thus, we may expand air isotherm- 
ally to a certain final volume V and final pressure P. 
In this operation, heat must be added. We could, 
however, arrive at the same ultimate state by first 
expanding the gas adiabatically down to the final 
volume, and then adding heat at constant volume 
till the pressure rose to P. The quantities of heat 
added in the two cases would be quite different, 
although the final states would be identically the 
same. 

Carnot later on realised this himself. Indeed, he 
adds to the statement we have quoted above, the 
highly significant remark that several experimental 
facts appeared nearly inexplicable in the actual 
state of the theory of heat. By further reflection 


on this subject, he came at length to the modern view‘ 


that heat was non-material, and before his death, 
had attained also to the concept of an absolute 
temperature, and had, moreover, calculated ‘‘ Joule’s 
equivalent,” which he made out to be 365 kgm. 
M. Berthelot stated in his paper that Carnot had 
also explained tué advantages of progressive feed 
heating, a procedure which is only now coming 
into commercial use. 

None of these momentous deductions from his 
main principles were published till long after 
Carnot’s death. Perhaps like Newton and Darwin, 
who both waited some 20 years before submitting 
their views to general criticism, Carnot wished to 
reflect. still further on these revolutionary ideas 
before making them public. (Cholera, however, 
carried him off at the early age of 32. At that 
date nothing was known as to how infections were 
spread, and most cf Carnot’s effects were burned in 
the supposed interests of public safety. The MSS. 
in which he had recorded his maturer thoughts 
fortunately escaped, and these were published 
in 1878 by his brother. 

The one tract printed during 
lifetime attracted little attention 
It was quite justifiably neglected by the en- 
gineers of that era. Even to-day, thermo- 
dynamic theory affords little guidance to the 
designer of reciprocating engines. Moreover, when 
engineers ultimately became acquainted with 
the Carnot cycle, they not infrequently mis- 
understood it, and assumed Carnot to have main- 
tained that the efficiency of any heat engine was 
A | erat 
proportivnal to Ty . 
this was by no means the case with actual engines. 
Compounding, for example, was known to be highly 
advantageous, but the above formula affords no 
explanation of this. Carnot, however, did not say 
that the efficiency of any heat engine was _repre- 
sented, by what in modern notation would be 
expressed by the above formula, but that the 
efficiency could not exceed the limit stated. Again 
Carnot did not say that the efficiency of a heat 
engine was independent of the nature of the 
working agent, but that this would be the case were 
the engine ‘ reversible.” It is, of course, now well 
recognised that the nature of the working agent 
is a very potent element in fixing the efficiency 
attainable with an actual heat engine. 

Thus a turbine operated with mercury vapour, 
benefits by a much higher heat factor than one 


its author’s 
at the time. 





Experience showed that 


operated under corresponding conditions with 
steam.* In the very nature of things, the engineer 


has to pay more attention to what it is neces- 
sary to do, than to what it is necessary to 
think. He cannot wait to build his engines, 
and other .machines, until a complete theory of 
them is to hand, and his long neglect of Carnot’s 
concepts and their implications, finds here more 
than sufficient explanation and excuse. 

Similar apathy was, however, displayed by the 
physicists, amongst whom Clapeyron long stood alone 
in appreciating the importance of Carnot’s views. 
By applying these to the indicator diagram of 
James Watt, Clapeyron derived the fundamental 
eyuation known by his name, which connects 





*See ENGINEERING, July 19, 1918, page 54. 


together, the latent ot steam, its specific volume, 
its absolute temperature, and the rate of change of 
pressure with temperature. Clapeyron was a 
more thorough going “ calorist” than Carnot, and 
his influence was probably largely responsible for 
retarding the conversion of Lord Kelvin into a 
Joulite. It was in Clapeyron’s treatise that Kelvin 
first became acquainted with the name of Sadi 
Carnot. He had just taken his tripos at Cambridge 
and was (in 1845) spending some months in Reg- 
nault’s laboratory at Paris. He searched Paris 
through for a copy of Carnot’s pamphlet, but in 
vain, though he was offered instead countless copies 
of pamphlets on sociology by another Carnot. 
There was not even a copy of what he wanted in 
the library of the College de France. Adopting 
the hypothesis of caloric, Clapeyron had arrived, 
as stated, at his famous theorem. It was not 
unnatural that this remarkable piece of work should 
have tended to confirm Kelvin in the prevalent 
belief of the materiality of heat. 1t is greatly to 
his credit that at the same time he recognised the 
importance of the work of Joule. The difficulty 
perhaps lay in the fact that Kelvin was extremely 
well versed in dynamics, where reversibility is 
the rule. It was evident from Carnot’s theorem 
that if heat were a form of energy it was not wholly 
convertible into mechanical work, and it was not 
unnatural to assume that logic required that the 
conversion should be all or none. It seemed just 
as reasonable to assume that no heat was lost in the 
driving of a steam engine, as that no water was 
lost in the turning of a mill wheel. The idea of 
a distinction between high grade and low grade 
energy was of very slow growth. High grade energy, 
such as the kinetic energy of a bullet, is wholly 
convertible into the low grade energy of heat, but 
this low grade form is only partially reconvertible 
into the high grade type. 

James Thomson was the first to show, in 1849, 
how Clapeyron’s definition of the Carnot cycle 
must be modified in order to be compatible with 
the idea that heat is a form of energy. 

As already noted, in reciprocating engine design, 
the secondary considerations involved are of such 
great importance that theoretical thermodynamics 
finds here but very limited application. Much 
more use of the theory has been made in steam 
turbine design, and, in fact, all methods of pro- 
portioning this type of prime mover are based 
directly or indirectly on Carnot’s principles. 

Their most notable triumphs have, however, 
been won in physics. Kelvin was the first to 
establish the principle which is now expressed by 
the maxim that the entropy of the universe tends 
ever to increase. His deductions concerning the 
heat liberated and absorbed in the elastic deforma- 
tion of metals have of late years afforded a delicate 
method of determining elastic limits. Helmholtz 
applied Carnot’s principles to calculate the voltage 
of a cell, given the heat due from the reactions 
occurring, and the rate of change of voltage with 
temperature. Willard Gibbs, in his classical 
paper, used Carnot’s concepts to establish once 
and for all the conditions governing the equilibrium 
of heterogeneous systems. In this he established 
the famous phase rule, which has found important 
applications in the investigation of alloys. 

M. Le Chatelier mentioned numerous other 
important applications of Carnot’s principles. A 
noteworthy instance has been the use made of 
these in “‘ practicalising ’’ the production of nitric 
compounds from atmospheric air. Disappointment 
was, at the outset, occasioned by the small yield 
attained. Furnaces and adjuncts were modified 
in vain, and the enterprise was abandoned. Latcr 
on, laboratory researches were made, and when 
these were analysed by the application of Carnot’s 
principles, it appeared that at the temperature of 
the arc not more than 3 to 4 per cent. of the nitrogen 
could possibly be converted into nitric acid. This 
made it evident that the path to success must lie in 
removing the compound as rapidly as it was formed. 
This was done, and the production of nitrates from 
the air became a commercial success. 

As another case of the value of Carnot’s prin- 
ciples, M. Le Chatelier mentioned the Claude process 
of producing ammonia by the direct combina- 


failed, but on studying the problem by the light 
of Carnot’s principles it became evident that the 
yield should increase with the pressure, and diminish 
with the temperature. :To-day, a 40 per cent. 
yield is being obtained, the speaker stated, at a 
temperature of 600 deg C. and under a pressure of 
1,000 atmospheres, iron being used as-a catalyst. 

It was noted at the meeting that Carnot’s con- 
clusions had in no way been affected by the 
doctrine of relativity, and no doubt this is true. 
On the other hand, it must be admitted that there is 
to-day less faith in the all-sufficiency of ‘“Ener- 
getics” as an all-sufficing guide to physical research 
than was the case 25 years ago. To-day the second 
law of thermodynamics is recognised as contingent 
only, markedly less absolute than the laws of the 
conservation of energy and the conservation of 
momentum. It is applicable only to large aggre- 
gates, to the macrocosm, not to the microcosm, 
and, as Tait pointed out years ago, is necessarily 
violated locally in any large mass of gas. Perrin 
again has pointed out that an intelligent microbe, 
small enough to deal with the individual particles 
of the gamboge emulsions, with which he experi- 
mented, would have no difficulty in evading this 
second law. The latter, in spite of its extra- 
ordinary importance, lacks the universality which 
has so far been found to attach to the other great 
generalisations mentioned above. 





INDUSTRIAL CONDITIONS IN 
GERMANY. 


Berore the Armistice, the statement was 
publicly made that, as engineers had got the world 
into the war, it was their duty to get it out again. 
Though this was mere rhetoric, it contained a 
truth applicable to post-war conditions. Thi 
future of commerce with an industrial nation lik 
Germany depends, if we get down to fundamentals 
upon the relative energy of the engineers of tha 
country and of ours. Some means of estimating 
this will be found in one of the recent reports of 
the Department of Overseas Trade, entitled “ Re- 
port on the Economic and Financial Conditions in 
Germany,” by Mr. J. W. F. Thelwall, M.C., together 
with a ‘‘ Report on the Industries of the Occupied 
Territories,” by Mr. C. J. Kavanagh.* ‘The authors 
admit that previously accepted theories of the 
political economist have been falsified, and that 
time alone will show what may result from the 
present position, yet, from the mass of figures 
and other facts provided some reliable conclusions 
may be drawn. Curiously enough, the average 
number of bankruptcies per month is quoted as a 
cause for optimism, the figure being 811 before the 
war, 21 in 1923, and 476 in 1924. It is further 
significant to note that, for the first time in 10 
years, dividends are appearing in the German share 
market reports, the average return on the capital 
of 11 metal and engineering companies to the end 
of March of this year being 6-01 per cent. 

One of the more striking features of German 
industry is the way in which combinations are 
being formed, not merely groups of associated 
trades, but organisations in the vertical direction 
as, for instance, an ore-mining company, a coal- 
mining one, a steel works, a shipbuilding yard, 
main and auxiliary engine works, electrical works, 
&c., combining to form a more or less self-contained 
unit. In the horizontal direction, i.e., groups of 
similar occupations, this tendency is even more 
marked, and international combinations are being 
formed. Thus, the electric lamp producers of 
different countries are now working together. A 
similar organisation for coal and steel is being 
advocated in some quarters, over-production and 
protection compelling attention to such possi- 
bilities. Other interesting developments may be 
found in the agreement of the Westinghouse Electric 
and Manufacturing Company of New York, and 
the Siemens-Schuckert Company to exchange the 
results of all investigations, inventions, experiments, 
and records of working methods for a period of 10 
years. The Motorenwerke Mannheim have arranged 
to work with the Bethlehem Steel Corporation, 
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U.S.A., on a 15 years’ agreement, a money advance 
by the latter, and the supply of Diesel engines by 
the former, being two of the conditions. _Friedr. 
Krupp A.G., Essen, have amalgamated with two 
companies in Jugoslavia and have established a 
number of interests in Spain. A large combination 
of engineering firms exists to develop trade with 
Russia, while a 30 years’ concession for railway, 
structural and agricultural supplies for the Turkish 
Government has been obtained by the Tuerkische 
Werke. Similar arrangements are being made for 
such industries as the textile and porcelain trades 
__in the latter case, for example, a German and a 
French firm have opened a joint shop in Paris, 

The situation as regards coal is a little compli- 
cated, for pre-war figures available refer to a 
country with different frontiers, and those of recent 
years are involved with reparation deliveries and 
the occupation of the Ruhr. One fact, however, 
stands out, quite clearly, and that is that Germany 
will practically cease to be a purchaser of British 
coal in the future. As is well known, there are 
in’ Germany not only large coal fields, but great 
quantities of lignite. Attention has been directed 
to the more effective utilisation of the latter by 
the fuel shortage which immediately followed the 
war. The use of oil both in the furnace and in 
the internal-combustion engine is, further, being 
rapidly extended, a significant fact in this connection 
being that the Norddeutscher Lloyd, which formerly 
owned coal mines for its own supplies, has recently 
sold them, the demand from their own ships being 
now too small to keep the plant going efficiently. 
It seems possible that the continual experiments 
being carried out in Germany in the distillation of 
oil from coal and lignite may result in the develop- 
ment of a commercially-practicable process, which, 
together with hydro-electric developments, will 
render Germany independent as regards sources 
of power. Till this occurs British competition in 
the coal industry is being fought by various methods. 
The cost of transport has been steadily reduced, 
and, in addition, special railway rates were intro- 
duced in May, 1924, to bring down the cost of coal 
at the bunkering ports. These concessions amount 
to as much as a decrease of 30 per cent. for delivery 
at Hamburg independently of the general reduction. 

Again, output is being maintained at a high 
level, and the coal trade in Germany is. regarded 
as having returned ‘to normal conditions by 1924, 
in which year the average monthly production of 
coal was 9-902 million tons, as compared with 
11-729 million tons in 1913. The total yearly 
fuel production, including lignite, was 160-281 
million tons in 1924. as against 169-829 million tons 
in 1913, taking present frontiers. These figures 
do not differ widely, but more men are employed 
now than in 1913. The working hours underground 
are eight per day in Germany, as compared with the 
British seven, but in the former country ascent 
and descent are included, so that the real average 
increase in the time worked per day is about 
18 minutes. Up till December, 1924, miners’ 
wages were actually less than in 1914, though the 
cost of living was higher by 70 to 80 per cent. 
A slight increase has been made since, but even 
now the German miner is much poorer than he 
was before the war, 

Imports of British coal have, of course, fallen 
off considerably since the re-opening of the Ruhr. 
The figures for 1923 are abnormal and the other 
post-war figures are affected by various factors, 
but the average imports of 501 million tons per 
month during 1924 do not compare well with the 
767 million tons pre-war, though the latter figure 
is for the old frontiers, 

In addition to reduced railway rates and main- 
tained output, the mining industry, as well as most 
of the metallurgical trades, has the advantage of 
now being equipped with the most modern plant 
which was put in during the inflation period. It is 
estimated that generally, the capacity of most 
works Js doubled due to this re-equipment, without 
any diminution in quality. The labour position 
‘appears to be comparatively stabilised. There are 
no trade union restrictions on output, and the 
Operatives, particularly in the smaller works, attend 
the maximum number of machines with good 
results. while the subject of overtime has never 
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become acute. Piece-work is slowly coming into 
favour again but, even when wages are increased 
by 25 per cent. over the daily rates by its adoption, 
the German workman receives only about one-half 
the wages of his British rival. 

Hydro-electric schemes are consistently receiving 
attention. In Bavaria, for instance, there are 
under construction plants representing 50,000 h.p. 
and schemes are in progress for another 400,000 h.p.. 
which, together with the existing 540,000 h.p. 
accounts for about half the available water power 
in that state. Baden has 800,000 h.p. available, 
and is embarking on distribution plants from stations 
on the Central Alps to the lignite mines of the lower 
Rhine. Other States are equally active, and the 
many schemes include extensive railway electri- 
fication. 

The shipbuilding industry has shared the depres- 
sion existing in most other countries. An examina- 
tion of the balance-sheets of the leading firms shows 
an almost complete disappearance of debentures 
and mortgages, and serious reductions in materials 
and ships under construction as compared with 
1913. Yet a working week of 54 hours is maintained 
on the average, and the skilled workman gets from 
35s. 7d. to 37s. Sd. per week. Special reduced 
railway rates have been in force from April, 1925, 
for the transport of iron and steel and manufactured 
iron and steel parts for shipbuilding from the steel! 
works to the shipyards. The motor vehicle in- 
dustry is decidedly backward both as regards design 
and finish, and has been protected by heavy duties 
on imported cars which, moreover, are limited tc 
four per month of any make. A heavy duty has 
also been imposed on motor cycles, but as the 
German product is stated to be very expensive and 
of poor quality, the handicap is really less severe, 
and this market would appear to be one worth 
attention. The manufacture of aluminium is 
extending. In 1913 the annual production was 
about 800 tons, in 1924 it was 20,000 tons, for 
1925 a bigger total still is expected. 

The iron and steel industry may be said to be in 
a fairly satisfactory state, and its activity may be 
gauged by the fact that Germany is using more of 
these metals than the United Kingdom, even after 
the extensive re-fitting of the inflation pericds. 
The home market is being most assiduously culti- 
vated and 80 per cent. of the total production is 
estimated to go in this direction. It is stated that 
the acceptance of foreign contracts at cut prices is 
really based upon the desire to reduce overhead 
charges, thus hélping to keep the large units, which 
are a feature of German iron and steel plants, running 
at an economical rate. This policy is helped by the 
formation of various syndicates which operate in this 
direction by the transfer of orders to works which 
can then produce up to their full and most 
economical capacity. 








NOTES. 
GAS-ENGINE OILS. 

In a paper published in the November issue of 
the Journal of the American Society of Naval 
Engineers, Commander Z. N. Wicks and Lieut. R. F. 
McCall advocate the fractional distillation under a 
high vacuum, of gas-engine oils, both as an excellent 
acceptance test and as a means of ‘‘recovering ” used 
oils. ‘The ordinary acceptance tests are, they state, 
readily passed by mixtures of undesirable light oils, 
with undesirable heavy ones. These mixtures are 
readily detected by fractional distillation under a 
high vacuum, which in their experiments, corres- 
ponded to an absolute pressure of only +45 mm. of 
mercury. Distillates thus obtained remain unchanged 
even after several months’ exposure to light and air. 
On the other hand, identical oils distilled at atmos- 
pheric pressure, although clear when delivered. 
darkened in a single night, showing that, owing to the 
higher temperature, decomposition had occurred. 
Distillation under vacuum shows the presence of 
gasoline, kerosene, &c., and other light ingredients, 
not merely qualitatively but quantitatively, and the 
same is true of heavy admixtures. The process has, 
moreover, been applied by the authors for “ re- 
covering ” oil from the crank chambers of auto- 


mobiles and of gas engines. In the process, the first 
distillates to come over are rejected, as are also the 
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last. The “intermediates ” which contribute fully 
75 per cent. of the total, have proved to be superior 
in quality to the oil in its original condition, as it 
was first fed into the crank chamber. 


Tue Work or THE Davy—FaraDay Laporatory. 

The season of the Friday evening discourses of 
the Royal Institution opened on January 22 with 
a lecture by Sir William Bragg, on “ The Work of 
the Davy-Faraday Research Laboratory.” This 
Laboratory was founded in 1896 by the late Dr. 
Ludwig Mond for the purpose of developing chemical 
and physical research by methods suggested in 
the Deed of Trust or by other means that appealed 
to those in charge of the Laboratory. Dr. Mond 
provided the building, and equipment, and an endow- 
ment for upkeep. The Deed places no restriction on 
the nationality of the workers; the sole qualification 
is ability to carry on research, and there are no 
fees or charges for electricity, gas or water. Since 
1923 Sir William has been director both of the 
Royal Institution and the Davy-Faraday Labora- 
tory. The work of Davy and Faraday, and of 
the other great men of the Royal Institution, he 
stated, had been more or less individual, but it 
was a great advantage now to have the Research 
Laboratory alongside of the Institution for the joint 
investigation of problems which opened out as they 
were attacked. The Laboratory provided accomo- 
dation for fifteen or twenty workers; all the 
rooms were occupied, and the workers were 
now engaged in fifteen lines of research. The main 
problem under investigation, the application of 
X-ray methods to the study of organic substances, 
had been selected because it dealt with the con- 
stituents of the living organism and with fats, 
alcohols, dyes, explosives, and other materials of 
organic origin, by methods which carried us far 
beyond the range of the microscope and of chemical 
analysis. Their research was a matter of pure 
science, but industrial applications were con- 
tinually presenting themselves. Organic substances 
consisted essentially of carbon, hydrogen, oxygen 
and nitrogen, with a sprinkling of other atoms ; 
the carbon was the pivot of their structure. It 
had been known that carbon tended to form both 
ring compounds and long-chain compounds, and 
it was soon discovered that the unit cell of the 
one-ring (or hexagon) molecule of benzene differed 
in length from the double-ring molecule of naphtha- 
lene by the width of the unit, as found in diamond. 
That showed the investigators that they were on 
the right road. Sir William explained how the 
number and spacing of the lines of the X-ray 
spectra and the intensity, absence or predominance 
of lines of certain orders, indicated not only the 
number of carbon atoms, but also the number 
and positions of relatively heavy atoms, such as 
oxygen or carboxyl. ‘lhe same arguments had, in 
the first instance, successfully been applied to the 
study of inorganic crystals, e.g., quartz, and Sir 
William showed how he had finally succeeded in 
elucidating the difference in the structure of 
ordinary quartz and of quartz heated above 570 
deg. C. The silicon atoms of the latter were 
at the corners of an equilateral triangle, with the 
oxygen atoms in between. The triangle of 
ordinary quartz was less symmetrical, and heating 
or mechanical stress would distort the triangle 
and impart by the distortion to the electrically- 
neutral quartz an electric polarity. The arrange- 
ment of the atoms, which was far more frequently 
regular than had formerly been believed, would 
ultimately enable us to understand the interatomic 
forces. 





THE OUSE DRAINAGE DISTRICT. 


THE drainage of the Ouse valley has been a matter 
of public as well as private anxiety for the last four 
centuries or more. It has been attacked from time 
to time by schemes on a large as well as a small scale, 
which have converted a wide tract of country from 
brackish marsh and fen to agricultural land, much 
of it being particularly valuable. The five counties 
concerned principally in the Ouse drainage system 
are now producing a high proportion—from a tenth 
to a fourth—of the total food grown in this country 
from arable land, and though at present the growth 
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of sugar beet is on a relatively small scale, it has 
increased considerably in recent years, and beet- 
sugar factories have been, and are being, completed 
in the district. Of this important area some 
hundreds of thousands of acres are fen land, situated 
below the level of the high tides, and compelled to 
get rid of its drainage water by pumping into much 
higher channels, through which also the upland 
waters pass to thesea. The whole district is covered 
with a vast drainage system, built up at various 
times, much of it primarily for the service of 
individualareas. Thesystem of drainage authorities 
seems to be almost as complex, with the distinction 
between the two systems that the drainage systems 
are inevitably interdependent, while the authorities 
are not. It is perhaps not surprising that in these 
circumstances, which have existed for centuries, the 
intricate chain of drainage works has developed weak 
links, and the time appears to have come when 
arrangements for making them good and _ for 
providing against future neglect are indispensable. 
In recent years the situation has engaged some 
legislative and considerable administrative attention. 
As the result of difficulties that appeared to need 
something more than an administrative remedy, the 
Minister of Agriculture and Fisheries in April of last 
year appointed a smail Commission to investigate the 
whole problem of the drainage connected with the 
River Ouse, and to advise the Ministry, among other 
things, on the works required to enable the Ouse 
Drainage District to be drained effectually, their 
estimated costs, the benefits they would be likely to 
confer on the several areas and sub-areas of the 
Ouse Drainage District, the ability of these areas 
and sub-areas to contribute to the cost, and the 
amount of State subvention that would be essential 
to secure the execution of the works. The Com- 
mission consisted of Sir Horace Monro, K.C.B., as 
chairman, Sir John Oakley, P.-Pres, 8.I., Mr. W. J. E. 
Binnie, M.Inst.C.E., and Mr. Leopold Harvey, clerk 
to various drainage authorities. It held sittings at 
the chief towns in the district, and heard evidence 
from a large number of witnesses, representing all 


parts and interests, including a number of 
technical witnesses, and considered alternative 


proposals for the improvement works. The Com- 
mission reported before the end of the year, and the 
Ministry have now published its report.* When 
the large amount of material to be examined is 
remembered, much of it of a controversial character 
and requiring more than usual consideration, the 
public is to be congratulated on the rapidity with 
which the Commission has completed its important 
work, 

In round figures, the cost of the works advised by 
the Commission will be 2,500,000/. They would be 
expected to take about ten years, and it is recom- 
mended that half the cost should be borne by the 
State, a course that apparently would not greatly 
extend the attitude already taken by the Treasury 
towards such works, and would, of course, provide a 
considerable amount of continuous employment. 
The works are, in the opinion of the Commissioners, 
based both on their own consideration of the 
problem and on the engineering evidence placed 
before them, absolutely necessary to place the river 
and its tributaries in a satisfactory condition, and 
to avoid what they regard as the otherwise inevitable 
danger of inundation, and the serious prospect that 
the district would return to its original condition ot 
swamp. On the other hand, the works, once 
completed, will be of a permanent character, and 
the cost of maintenance will be nominal when 
compared with the present cost of upkeep. 

The urgency that this revort discloses is attributed 
to “ consistent neglect of .ecessary works for many 
decades.””’ The nature of the remedial works is 
interesting both in itself and in its relation to the 
stages by which the present drainage system has 
been evolved. To these works further reference will 
be made below ; but in the meantime a matter of 
still more general interest is the way in which the 
present unfortunate situation has been reached, in 
spite of the very numerous authorities that have 
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been engaged in the work of attempting to avoid it. 
Broadly, the facts contained in the report seem to 
point to two principal causes. On the one hand the 
authorities have been working independently of 
each other, each on its separate section, and until 
the present Ouse Drainage Board was constituted at 
the end of 1920, and an Order framed for treating 
the whole river as one entity under a single authority, 
no adequate mechanism was available for co- 
ordinating tle work of the several parts of the 
drainage system. 

When, however, that mechanism had been set 
up the difficulty arose of distributing the cost 
of necessary works over the inhabitants by whom 
they should be borne. The law regulating drainage 
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charges starts with a statute of Henry VIII, still 
unrepealed, which lays down in effect the principle 
that lands can be charged for drainage only on the 
basis of benefits shown or assumed to be derived 
from the works, including the avoidance of danger 
to the assessed lands. This principle has been 
continued in subsequent Drainage Acts ; but, as the 
present Commissioners observe, a reasonable assess- 
ment of benefit to individual lands through special 
works in an extremely wide drainage area is well- 
nigh impracticable. The attempt was, however, 
made in the Order of 1929, with unfortunate results. 
The catchment area of the Ouse basin covers some 
2,000,000 acres, of which the drainage area, on which 
a very large part of the drainage expenditure is 
incurred, is about a fifth. Thus four-fifths of the 
lands from which the rainfall of the catchment 
area has to be discharged into the sea, had, from 
time immemorial, discharged it through the drains 
or over the.lands of the remaining fifth, and their 
owners had a strong objection to paying for what 
they regarded as a vested interest. Nevertheless, 
it was difficult to see the justice of their entire 
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immunity from such charges, particularly when 
account was taken of the considerable increase in the 
rapidity with which wate: from the uplands is now 
discharged into the channels of the river, partly by 
reason of the under-draining and other practices of 
modern agriculture, and partly through the effluent 
of sewerage systems of towns and villages above 
the fens. Under the existing law the uplands could 
not be attacked on either of these grounds, but as a 
partial remedy they were held to be benefiting by 
the drainage up to a height of 8 ft. above the highest 
flood level. This height was made up of 3 ft. above 
the flood level, to which the water-table was assumed 
to rise through capillary action, and 5 ft., the 
depth through which the roots of vegetation were 
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taken to penetrate below the upland surface. This 
somewhat circumstantial method of assessment did 
not, of course, affect anything like the whole of the 
uplands ; but it was used to define as assessable to 
drainage charges all lands of which surface was 
within 8 ft. above the highest flood level. The 
uplanders so affected did not welcome the distinc- 
tion, The rates were levied by the Drainage Board 
direct on the land-holders, after an extremely 
onerous, expensive, and lengthy business of preparing 
rate-books, aggravated by some inaccuracies in the 
boundaries as laid down by the Order. When at 
last the demands were assessed and served, they 
were met by passive resistance, first in the upland 
districts and then elsewhere, and the result, as the 
report mentions, was “‘ an acute financial situation. : 

The present report recommends that in prin- 
ciple, account should be taken not only of direct 
benefit from drainage, but also of the extent to 
which land contributes effluent to the drainage 
channels, the amount of which may be largely 
responsible for the expensive drainage works that 
have to be undertaken by the inhabitants of the 
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lower lands. The principle, if adopted, would be 
new in British practice, and, though here recom- 
mended only for application to the Ouse area, would 
be likely to be extended to the country at large. 
The manner in which it is proposed to apply this 
principle is therefore of interest. The benefit 
derived from works is still to remain the main 
factor in assessing contributions towards their cost, 
but the discharge from the whole territory within 
the catchment area but outside the drainage area, 
reckoned for convenience by acreage, is to bear a 
small flat rate, here suggested at, perhaps, 2d. per 
acre, for which the Drainage Board would issue a 
precept on the county councils concerned. Tho latter 
would include the charge with their other demands 
on their ratepayers. This charge would be in the 
nature of a wayleave, and in the proposed scheme 
would affect something over three times the area oi 
the suggested Ouse Drainage District, a plan of 
which is shown in our map. In respect of land 
withir the drainage district a further and larger 
general charge is proposed as an insurance against 
damage through inundation and consequent injury 
throughout the county. This rate, though assessed 
on the area within the drainage district, would be 
charged by the County authority over its whole area. 

For the main charges the Commissioners recom- 
mend that the upper reaches of the Ouse and its 
tributaries should be excluded from the Drainage 
District, leaving the control of the rivers in these 
parts in the hands of the county councils, subject to 
a veto of the Drainage Board on operations likely 
to prejudice the interests of the Drainage District 
and other provisions. With the exclusion of these 
areas, the boundary suggested for the drainage 
district is to be based on contour lines 20 ft. above 
ordnance datum, the highest level of spring tides 
being 15 ft.; and a flat rate is proposed through- 
out the whole of the district. It is also recom- 
mended strongly that the rate should be assessed 
on annual value and not on area, so as to give the 
poorer lands a relief of which, as is shown by 
instances, they are in considerable need. Provision 
is made for maintaining certain existing drainage 
authorities and creating another subsidiary authority 
for dealing with certain tributary rivers subject to 
some general control by the Ouse Drainage Board, 
the chief duty of which, however, would be concen- 
trated on the improvement of the tidal channel. 
The use of other authorities for collecting rates is 
recommended also for main charges, and. the sugges- 
tion is that the Board should issue precepts on the 
local rating authorities, which would recoup them- 
selves in their collections from their own ratepayers. 


(Z'o be continued.) 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


An ordinary general meeting of the Institution 
of Mechanical Engineers was held on Friday last, 
the 22nd inst., at Storey’s Gate, London, when 
Pe: Henry Fowler, Acting President, occupied the 
chair. 

ELECTION OF OFFICERS. 


After the minutes of the previous meetings, 
ordinary and extra, had been passed, the list of 
retiring office-bearers was read and the nomi- 
nations made by the Council were submitted. These 
proposals were : as President, Mr. William Reavell ; 
as Vice-Presidents, Professor W. E. Dalby, F.R.S., 
and Sir Henry Fowler; as Members of Council, 
Mr. H. I. Brackenbury, Professor G. F. Charnock, 
Lieut.-Colonel E. Kitson Clark, Major P. J. Cowan, 
Eng. Vice-Admiral R. B. Dixon, C.B., Mr. A. L. 
Evans (Associate Member), Mr. L. A. Legros, 
Mr. F. H. Livens, Sir Ernest Petter, Mr. David E. 
Roberts and Mr. P. V. Vernon. No other proposals 
being made by the members, the ballot will be held 
on the list presented by the Council. The Chairman 
then submitted proposed alterations in the by- 
laws reducing the minimum age for associate 
membership to 25 years, in place of 27 years, and 
also changing the wording relating to the qualifica- 
tions of Students which has the effect of ensuring 
that the Council must be satisfied that the applicant 
is recelving regular training as a mechanical engineer, 
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in addition to having passed the prescribed examina- 
tion. These alterations were supported by Mr. 
W. H. Patchell. There were no alternative 
suggestions made, and, in consequence, these pro- 
posed alterations will be presented for the decision 
of the members at the annual general meeting. 


Piston TEMPERATURES IN HiGH-SPEED PETROL 
ENGINES. 


Prior to submitting his paper on “ Piston Tem- 
peratures and Heat Flow in High-Speed Petrol 
Engines,” which is reprinted on page 150 of this 
issue of ENGINEERING, Professor A. H. Gibson, 
D.Se., of the Victoria University of Manchester, 
described the manner in which the temperature 
measurements were made in the course of his tests. 
The first attempts were made with the methods 
used by Professors Bertram Hopkinson and E. G. 
Coker of having thermo-couples fixed in the piston 
h ads and taking flexible leads away to a milli- 
voltmeter. It was found that at the high speeds 
used, ten times those of the earlier experiments 
of lrofessors Hopkinson and Coker, the inertia 
forces were the cause of considerable trouble and 
the method was abandoned. ‘The method used 
was to stop the engine quickly at the end of a 
full-load test, unscrew one of the sparking plugs 
and insert loose thermocouples, through the open- 
ing left, into small holes drilled at different dis- 
tances from the centre of the piston on its head. 
Readings were taken at definite time-intervals and 
the cooling curves, obtained by plotting them, were 
continued back to the zero-time axis to obtain 
the temperature at the instant of stopping. After 
some practice, successful determinations became 
possible. 

Mr. A. E. L. Chorlton, in opening the discussion, 
said he would have preferred that Dr. Gibson 
had utilised the very important information he 
had gathered in a much wider field of applica- 
tion, and deduced what might reasonably be 
expected in ordinary practice connected with that 
branch of engineering. The pistons with which 
Dr. Gibson had dealt were small pistons ; he would 
have liked to have heard an expression of opinion 
on the maximum dimensions to which it was 
possible to go with an aluminium piston. In the 
early days he had himself been concerned with a 
piston of 14} in. diameter, while the largest air- 
cooled piston he had so far run had a diameter of 
18 in. He wondered if it was practicable to go 
beyond 20 in. The stresses set up in a piston, due 
to its temperature from the heat flow, had been in- 
vestigated by Professor Hopkinson, a fact which no 
doubt Dr. Gibson would take into account when 
giving his views as to the possible sizes of pistons. 
The author had referred to various alloys for 
pistons ; he had tried many magnesium pistons up 
to 84 in. diameter, but had found them very 
difficult to deal with. The metal, if a casting, 
had a very short life, and he thought there was 
not much to be said for it except that its low weight 
allowed higher speeds. He suggested going to the 
other extreme and trying a good quality of copper 
alloy piston. This was a material stronger than 
aluminium and affording good strength at any 
reasonable temperature. ‘Would Dr. Gibson, from 
his experience with aluminium pistons, he asked, 
suggest that an aluminium alloy might be used for 
cylinder heads? The rings were the parts that 
were really in contact both with the piston and 
with the wall of the cylinder, and the oil film was 
very thin indeed. Therefore it was suggested that 
the greater part of the heat flowed through the rings, 
and not through the part not in actual contact. 
Of the ribless pistons used, the better one appeared 
to be that with three rings; the other, with only 
two, was less satisfactory. Furthermore, the ribless 
piston had very good side contact with the rings. 
He thought it would be interesting and valuable 
to separate the flow through the two parts. His 
experience had shown the ribless piston to be the 
better one, even in the bigger sizes, and he always 
adopted that form. Dealing with water-cooled 
engines, the author had pointed out that there was 
a great difference between the liner temperature 
and the circulation temperature. Did the author 
know, in the case of that engine, whether the circu- 
lation was really effective? In the case of his 





practice, the circulation was terrific, as compared 
with ordinary stationary engine practice. Dr. 
Gibson had pointed out that the piston usually 
burnt through near the sides and not in the centre. 
He, however, had found that this was not the case 
with large pistons, which always went at the centre. 
For large pistons every care should be taken to 
secure solid metal, and frequently this led to the 
use of a forging. 

Capt. R. O. King, of the Air Ministry Laboratory, 
asked whether, with a smaller piston running at 
less than full power, the difference in efficiency 
as between cast-iron and aluminium might not be 
reversed, the cast-iron showing higher efficiency 
than the aluminium piston, and the engine would 
be cooler. If the spark advance were very early 
—in one case it was 45 deg.— burning would start 
sooner, with earlier evaporation of any liquid fuel 
present and consequently less cooling. A point— 
say 35 deg.— would be reached when the fuel would 
be just evaporated ; then, with a still smaller ad- 
vance, the fuel would not all be evaporated, and the 
piston would not become as cool as it might have 
been had evaporation been complete. Capt. King 
‘then referred to the burning of pistons, calling 
attention to the fact that with splash lubrication 
one side of the piston received most of the oil, 
and the point diametrically opposite was where 
the load between piston and cylinder acted. He 
wondered whether Dr. Gibson had found anything 
in his experiments to indicate a difference in 
temperature due to unequal lubrication. 

Capt. J. C. Briggs referred, firstly, to the 
paragraph of the paper relating to the effect of 
perforations in the piston wall, and asked what 
would be the effect of perforation at the bearing 
surfaces, and also the effect of perforation at 
90 deg. to the bearing surfaces, which, in exaggerated 
form, would be represented by the slipper piston. 
Dr. Gibson had indicated that between certain 
alloys there was a distinct variation of temperature. 
The speaker regarded a reduction of the average 
temperature of the piston by 25 deg. as important, 
and asked whether the author had extended his 
investigation of alloys in the forged state to Duralu- 
min or white alloy. In the case of one of these 
alloys it was claimed that the conductivity com- 
pared advantageously with other aluminium alloys. 
Dr. Gibson had studied the effect of compression 
ratio, but he asked him to state what fuel was 
used, and to mention its characteristics. 

Capt. Alcock dealt with the transfer of heat 
by the ring from the piston to the cylinder. There 
were types of piston, the crosshead type, in which 
there was no skirt, and the trunk type, in which 
the skirt was separate from the piston crown, 
where it was found that the clearance necessary 
was not increased over that of the ordinary piston 
having a skirt. This showed that the rings trans- 
ferred a fairly large proportion of the heat. With 
regard to’ temperature measurements, he asked 
whether, when making the cooling curve measure- 
ments using contact pyrometers, any effect had 
been observed as the result of carbon on the cylinder 
head. Even with clean metals, contact couples 
seemed to need great care to get reliable results, 
and a poorly conducting carbon film might lead to 
considerable errors. He then asked whether 
Dr. Gibson had any data for water-cooled engines 
without separate liners, in which the wall tempera- 
ture was about 100 deg. C. It would be interesting 
to know whether the greater viscosity of the oil 
under those conditions affected the temperature 
drop between the piston and the cylinder. 

Major E. B. Wood remarked that the two papers 
by Dr. Gibson, the previous one on valve tempera- 
tures and the present paper, indicated how much 
was still to be discovered about the conditions 
existing in a cylinder of a high-speed petrol engine ; 
for instance, the effect of sparki ;-plug posi- 
tion. He asked Dr. Gibson what he considered a 
suitable temperature drop between piston and 
cylinder wall, in the case, for example, of a piston 
without any rings. He wished to form some idea of 
the differences in temperatures, in the case of a 
sleeve-valve engine, between the sleeves and the 
cylinder wall. Dr. Gibson had mentioned that 





some of the pistons, probably, were considerably 
cooled by the splash of the oil. In 1913 he had to do 
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with an engine in which provision was deliberately 
made to spray oil on the centre of the piston, with, 
apparently, satisfactory results. The oil consump- 
tion was high, but he could not say whether that 
was to be attributed to the method or to the fact 
that the pistons were of light steel, and showed con- 
siderable evidence of warping. It was interesting 
to note the difference between the temperature of 
the inside surface of the cylinder and the tempera- 
ture of the circulating water. He had not realised 
that it could be anything like so great with a 
thin steel wall. Regarding heat loss due to the 
piston, the figure given in the paper was in the 
neighbourhood of 16 per cent. of the total heat loss. 
From the relative areas of the cylinder head and 
wall, he would have expected about 30 per cent. 
The total heat loss, however, included a considerable 
amount of heat picked up on the outside of the 
exhaust valve, where the exhaust valve passage 
passed through the jacket, which should not be 
attributed to cylinder loss. 

Engineer-Captain Phillips thought that Mr. 
Chorlton’s remarks related rather to Diesel engines 
than to petrol engines, and referred particularly to 
the penetration question and some of the service 
experience with alloy pistons. With regard to 
limit of diameter of piston, Mr. Chorlton mentioned 
14} in., on which size much experimental work 
had been done in connection with Diesel cylinders. 
One of the limitations was due to the fact that, 
beyond a certain diameter, difficulties arose with the 
piston rings. Distortion of the piston by the higher 
temperature at the roof caused a certain “ arching ” 
which resulted in the piston rings breaking if they 
had small vertical clearances. If increase of vertical 
clearance was utilised to overcome the trouble, the 
piston would be found to last a very short time, 
owing to the inertia forces causing movements of 
the rings. The Admiralty had good experience of 
running at sea, extending over three or four years 
under fairly arduous conditions, with pistons of 
14} in. diameter, and as a result of that experience, 
he thought narrow limits of increase possible, but 
would not go so far as to suggest the practicability 
of a 20-in. piston. In general, with a carefully 
designed 14$-in. aluminium piston running at 
approximately 400 r.p.m. continuously, the pistons 
vave satisfaction, subject to the observance of 
certain definite principles. Firstly, there was the 
question of skirt clearance ; if this were too large 
to avoid risk of tearing, it resulted in what motor 
engineers termed “slap.” If, on the other hand, a 
small clearance was used, there would be great risk 
of tearing the piston. The possibilities of abrasion 
must be kept in mind in relation to the suggestion 
of copper-alloy pistons by Mr. Chorlton. The 
hammering of the ring grooves was one of the 
biggest difficulties which had been found in 
Admiralty experience. Although there was a 
considerable heat transfer through the skirt, a great 
percentage of the heat went through the piston rings. 
He then referred to another source of trouble, 
namely, the lubricating oil travelling past the piston. 
A piston with a clearance which would ensure 
reliable operation on service—many of their vessels 
had to undergo a trial of some days at something 
like 90 per cent. of full power—was apt to pass a 
fair percentage of lubricating oil. Lubricating oil 
had the objection that it was very liable to cause 
sticky exhaust valves. In operating engines 
troubles would begin when the valves tended to 
hang up. If an attempt were made to give the 
valve spindles extra clearance, difficulties would 
occur due to a growth of carbon. 

Wing-Commander Cave-Brown-Cave character- 
ised Dr. Gibson’s method of taking temperatures 
as courageous, but they illustrated the capabilities 
of admirable technique. ‘The contents of the paper 
surprised him by their indication of the importance 
of contact between piston and liner to get the heat 
away from the pistons. He had believed that the 
heat was conducted almost entirely through the 
piston-rings. He thought that Dr. Gibson’s refer- 
ence to piston burning as due to the extra heat 
caused by friction between the piston and the 
liner when in contact, furnished a satisfactory 
explanation of the large difference between the 
normal maximum temperature of the piston and 
the temperature at which the alloy melted. It 
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would be interesting to have confirmation whether 
the friction took place only at the ends of the 
diameter perpendicular to the gudgeon-pin, because 
he could not imagine that the piston would touch 
the cylinder liner at all heavily on the diameter 
parallel to the gudgeon-pin. Dr. Gibson had made 
certain experimental observations and had deduced 
from them certain very clear general principles ; 
that was what the designer needed. 

Mr. L. St.L. Pendred, Vice-President, also referred 
to the admirable experimental ability shown by 
Dr. Gibson in his method of measuring the tempera- 
ture in the short time of three seconds, and asked 
whether the phase of the engine at the moment of 
stopping had any appreciable effect upon the curves 
obtained. He assumed that the engine was of the 
four-cycle type, and might be stopped at the end 
of the compression stroke and not at the end of the 
explosion stroke. In either case it was difficult to 
see how the temperature at the actual moment of 
explosion could be deduced by any of the measure- 
ments made by that method. He observed that 
Professor Gibson had measured the surface tempera- 
ture of the top of the piston; had he taken the 
temperature on the bottom of the. piston, towards 
the crank chamber, the heat gradient through 
the piston wall might have been found. 

Mr. E. W. Moss inquired whether the temperature 
readings were taken with the piston always in the 
same relative position in the cylinder. If not, it 
was conceivable that the rate of cooling of the 
piston in different positions was different, so that 
the deduced point and temperature obtained would 
not be the same. 

Sir Henry Fowler referred to the considerable work 
done by Dr. Gibson before the latter arrived at 
the ingenious and simple way of getting his results— 
a method which he assured the members was not 
far wrong, if not exactly right. The trouble with 
burnt pistons was an exceedingly difficult one when 
it first became a question of using aluminium for 
aero engines. Sir Henry was unable, he said, to 
account for the honeycombed appearance in the 
case of burnt pistons. He could corroborate Dr. 
Gibson’s remarks as to burning taking place on the 
edge of the piston, although in many cases he had 
found the burning to have spread so much that it 
could not be said to be confined to the edge. The 
question of conductivity was a serious one in the 
case of the aluminium cylinder, considered apart 
from the aluminium piston. Dr. Gibson had solved 
the problem by pointing out that even with the 
worst alloy—from the temperature standpoint-— 
there was a sufficient cross-sectional area to deal 
with any flow that might occur. Undoubtedly, the 
ribless piston, with its scientific arrangement for 
heat flow, got over the difficulties of early days. 

Dr. Gibson then replied to the discussion. Com- 
menting on the point of practicability, raised by 
Mr. Chorlton, he rather felt that, as a university 
professor, he had been almost indelicately practical. 
There were three reasons against the use of a copper 
alloy for pistons. Firstly, as Engr.-Capt. Phillips 
had pointed out, the abrasive properties of copper 
alloys were bad. Secondly, copper alloys were 
even heavier than cast-iron, a point not generally 
known, and, thirdly, the thermal conductivity 
was very low. When trying out air-cooled en- 
gines, it had been suggested that phosphor- 
bronze cylinders should be used; the metal had 
an excellent wearing surface, the ribs would be 
very efficient, and, except that it would be very 
heavy, the cylinder would be a good one. Three 
cylinders had been made from one pattern, one of 
cast-iron, one of aluminium alloy, and one of 
phosphor-bronze copper alloy, and the last-named 
proved the hottest and worst of the three. They 
sent some of the phosphor-bronze copper alloy 








to the N.P.L., and that institution informed them 
that the conductivity of that alloy was worse than 
that of cast-iron—a surprising fact. Mr. Chorlton 
had asked whether aluminium alloy would be a 
good material for cylinder heads. It would be 
for air-cooled cylinder heads up to a certain size, 
where the heat had to be transferred rapidly from 
the inside of the cylinder to the outside. It was 
being used for almost every air-cooled engine in 
the world, and the Americans were using it exclu- 
sively. The material was ideal for that purpose. 


[JAN. 29, 1926. 
| with regard to the relative amount of heat-flow 
through the rings and through the piston, he 
(Dr. Gibson) had made no measurements himself, 
but was in possession of certain indirect results. 
The mere fact that piston clearance had quite an 
appreciable effect on piston temperature showed that 
a good proportion of the heat-flow must take 
place across the oil film, the thickness of which, of 
course, was dependent on the cylinder clearance. 
A certain amount unquestionably went through the 
rings. Undoubtedly a great deal of heat did go 
through the skirt, but whether it went through the 
skirt or rings it made no difference to the maximum 
temperature. ‘lhere was a certain definite tempe- 
rature at the centre of the head and a certain definite 
temperature at the edge of the piston, whether there 
were rings or not. 

Comment had been made on the large difference 
of temperature between the liner and the cooling 
water in the water-cooled engine referred to in the 
paper. This engine had an aluminium casing 
and an aluminium water-jacket, a long steel liner 
being screwed into the casing. Experiment showed 
that after a little running there was a serious 
loss of contact between the upper end of the liner 
and its aluminium backing, which was aggravated 
by the fact that the sparking plugs were fitted into 
ferrules screwed through the aluminium casing 
and then into the steel liner. This had been 
noticed particularly in some cylinders that had given 
trouble through burning and were subsequently 
cut open. The screwing in of the ferrules forced 
the liner out of contact with its aluminium casing. 
No wonder the liner was abnormally hot. There 
was a distinct layer of carbon between the liner and 
the casing at the upper end. At the meeting of the 
Institution in Manchester, when his paper was 
discussed, Mr. Windeler, of Messrs. Mirrlees, 
Bickerton and Day, stated that he had run a Diesel 
aluminium piston of 17-in. diameter without any 
trouble. He (Dr. Gibson) could see no reason why 
greater dimensions should not be employed. Mr. 
Windeler said that the clearance was from ,}3, 

rwaoun. on the skirt—less than ,,!,,-in. per 
inch of cylinder diameter. The limits of alu- 
minium alloy as a piston metal had certainly not 
been reached. Capt. King had asked whether, 
in a motor-car engine, a cast-iron piston might 
not be more efficient than an aluminium one. 
That would be so with an engine running under 
the conditions suggested by Capt. King. The 
ordinary small internal-combustion water-cooled 
engine would give the best results when the jacket 
water temperature was in the neighbourhood of 
130 deg. C. He had made no tests of Duralumin 
or white alloy, but, if the thermal conductivity 
were as high as that of the ordinary alloy, the 
piston should give the same thermal results. The 
same fuel was used throughout the whole of the 
tests ; aviation spirit. With regard to the effect 
on temperature measurements of carbon deposit 
on the piston head, this would have been marked, 
but whether very serious or not, he could not say. 
In carrying out the tests it had been his practice to 
run the piston (if new) for five hours before making 
the test. If the piston were old, it was cleaned, 
and run for five hours. The cylinder was then 
taken off, without touching the top of the piston, 
which then had a very thin carbon layer. The 
little dimple holes in which the thermocouple 
points were to be placed were then carefully cleaned 
out. Measurements had been made when the engine 
had run for five minutes, for ten minutes, and so 
on. In a small engine of the kind used, a steady 
temperature was attained in a little over five 
minutes. There might have been a little carbon 
deposit in the dimple holes, but not much. The 
cylinder was then taken off to see the state of the 
piston head. If there was anything in the hole, 
it was just a thin film of fine soot. He did not 
think much question could be raised as to the 
accuracy of the results. The same tests were 
repeated time after time under the same conditions, 
and each of the points on the curves was the mean 
of ten or a dozen experiments at the same radius, 
same load conditions, speed conditions, &e. It 
was found possible to repeat them under similar 
conditions, within plus or minus 5 deg. C. 
| He had taken piston temperatures on a 3} in. 
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dia. piston, the engine having a plain cast-iron 
cylinder and water-jacket. In that case, the 
difference of temperature between the cylinder wall 
and the water was much smaller than in the case 
mentioned in the paper; speaking from memory 
the difference was 20 to 30 deg. C. He tendered 
his personal thanks to Engineer-Captain Phillips 
for the experiences he had given to them. Wing- 
(‘commander Cave-Brown-Cave had asked whether it 
was a fact that burning always took place at the 
diameter perpendicular to the gudgeon pin. He 
had obtained results of different types of engines 
made by three manufacturers, and in 95 per cent. 
of all cases burning took place on one side or other 
of the piston on a diameter at right-angles to the 
gugdeon pin—just where one would expect the con- 
tact pressure to be greatest. He did not think that 
the position of the piston at the instant of stopping 
could have any effect on the temperature measure- 
ments. The piston temperature as.measured was 
comparatively steady. Personally, he was con- 
vinced that the fluctuation was not more than plus 
or minus 5 per cent. throughout the whole cycle. 
He would assume that if, at the instant of measuring, 
there was a steady temperature of 220 deg., the 
temperature would never exceed 225: deg. C. nor 
be less than 215 deg. C. throughout the cycle. If 
that were so, it did not matter at what part of the 
cycle the stopping of the piston took place. The 
body temperature of the piston was not measured 
nor the temperature of the under-side of the piston ; 
that was impracticable. It was possible, however, 
to compute the temperature fairly well because it 
was known how much heat was going through the 
piston, the thickness and thermal conductivity of 
the latter being known. The drop in temperature 
from top to bottom of the crown across the cylinder 
head was not above 20 deg. C. The mean tempera- 
ture was not more than 10 deg. C. lower than that 
at the top surface. The piston was always in the 
same position in the cylinder when the measurements 
were made ; the fly-wheel was always pulled round 
until the piston was on the upper dead centre. 

The Chairman then made the announcement that 
an informal meeting would be held this evening at 
7 p.m., when the subject for discussion, ‘‘ Mechanical 
Excavating and Concrete Mixing Machinery,” will 
be introduced by Mr. F. H. Livens, Member of 
Council. On Wednesday next, February 3, the 
London Graduates’ Section will hold their Annual 
Dinner, at 7.30 p.m., at the Engineers’ Club. On 
Friday, February 12, there will be an informal 
meeting, the subject of discussion being “ Refrigera- 
ting Machinery,” and being introduced by Mr. 
G. C. Hodsdon. The Annual General Meeting will 
be held on Friday, February 19, at 6 p.m., when 
the Report for 1925 will be presented, election of 
officers will be announced, and a paper on “ The 
Measurement of Cutting Temperatures,” will be 
read by Mr. EK. G. Herbert. 








LETTERS TO THE EDITOR. 


THE VALUATION OF BUNKER COAL. 


To THE Eprror or ENGINEERING. 


Srr,—I feel much honoured that you thought the 
subject of my paper before the Institution of Engineers 
and Shipbuilders in Scotland worth a leader, and, of 
course, quite agree with you that satisfactory sampling 
is an absolute condition for a more rational way of 
buying coal. The reason for not discussing this side of 
the subject more fully in my paper, was firstly because 
such sampling was regularly practised, even before the 
war, at many stationary power plants, &c., with reason- 
ably consistent results. Probably the U.S.A. Bureau 
of Mines, Washington and Pittsburgh, have had more 
extensive experience on this subject than anybody 
else, and they have treated it fairly fully in their 
Bulletins Nos. 11, 41 and 116 and Technical Papers 
Nos. 76 and 133. The subject is, of course, also 
referred to in a great number of their other publica- 
tions, and, as far as I am able to understand these, their 
conclusion is that, with the sampling properly done, and 
where the gross sample has a reasonable relation to the 
quantity to be represented by it, the accuracy of the 
sample is practically satisfactory ; or, perhaps [ may 
be permitted to express it so, that, the results of the 
laboratory analyses for moisture excepted, the calorific 
heat value determinations will usually be within 
5 per cent. of the correct mean values of the quantities 


sampled. More or less similar results have been arrived 
at by most of the European authérs cited in the biblio- 
graphy at the end of my paper, 

Further, Mr. G. M. Gill, in his paper “‘ Engineers and 
Chemists,” ENGINEERING, January 13 (Fig. 1, page 11 ; 
Fig. 2, page 12), 1922, page 57, gives ample evidence that 
the South Metropolitan Gas Company, London, are 
sampling their huge coal consumption, aggregating 
nearly 12 million tons yearly, and that they are quite 
satisfied that the results of their sampling arrange- 
ments are completely satisfactory in practice. You 
will certainly know of many other similar instances, 
although this subject possibly may not have been given 
the amount of attention which it rightly deserves. 
Perhaps one of the reasons for this is that valuable me- 
thods, systems or appliances cannot easily be effectively 
covered by patents and thus be the possible source of 
satisfactory financial return, the main incentive of most 
actions in mercantile life. 

May [also call your attention to the most interesting 
article on the ‘‘ Accuracy of Sampling of Coal,” by E. G. 
Bailey, in the Journal of Industrial and Engineering 
Chemistry, 1909, pages 162~176, and to the methods of 
sampling described by Mr. Edward H. Tenney in “ Test 
Methods for Steam-Power Plants” (D. van Nostrand 
Company, New York, 1915), and which in short 
consists of taking out coal cores at certain intervals of 
the quantity to be sampled, the cores being obtained 
by ramming a hollow tube with a sharp lower edge 
through the coal pile to be sampled. This is thus simi- 
lar to the principle usually adopted when sampling oil, 
with the necessary change of the instruments used, 
and will probably give more accurate results with very 
much smaller quantities of gross sample than any other 
method known to me. By designing special mechanic- 
ally operated instruments on a kind of travelling gantry, 
for instance, it should be possible to sample a large 
number of railway cars per day with minimum crew 
and costs. The further crushing, and mixing, and divi- 
sion of the gross sample into laboratory samples should 
probably be done almost automatically by mechanical 
means on the gantry, and the unused part of the gross 
sample should be worth full price for coal-dust firing 
purposes, thus further reducing the cost of sampling. 
Of course, rational coal buying will mean certain 
expenses, just as well as, for instance, a rational system 
of supervising labour—for instance, the Taylor system 
—and the inevitable cost must be reduced as far as 
possible, but, personally, I am satisfied that it will pay 
very well, if carried through on a large scale. On a 
small scale it will be next to impossible, at least, as 
far as the ordinary tramp owner is concerned. 

Yours faithfully, 


January 19, 1926. Ortro KAuHRs. 





BOILER EVAPORATION. 
To THE EpiTor oF ENGINEERING. 

Str,—In the review of “ The Operating Engineer’s 
Catechism of Steam Engineering,” on page 767 of 
your issue of December 18, 1925, comment is made on 
the method of finding the evaporation of a boiler 
by using the pounds of coal fired, considering this 
figure equal to the gallons of water evaporated. 

This undoubtedly refers to the United States gallon, 
which weighs 8-34 Ib., instead of the 10 lb. of the 
British Imperial gallon. This gives a more reasonable 
value for the average plant. I quite agree that 10 Ib. 
is exceptional. In fact, in testing many boiler plants 
I have more often found evaporation below 8 lb. than 
above it. 

I wish to take the opportunity in this, my first com- 
munication to you, to express the interest and pleasure 
with which I read your journal each week. 

Very truly yours, 
J. W. Gavett, Jr., 
Professor of Mechanical Engineering, 
University of Rochester, 


January 14, 1926. Rochester, New York. 





LOW-TEMPERATURE CARBONISA- 
TI 


To THE EpITorR oF ENGINEERING. 


Str,—On December 4, there appeared in your columns 
a letter with regard to fuel made by the above process, 
and it may therefore interest your readers to learn the 
experience of one who tried it two years ago in a small 
suburban house of 8 rooms. Anything that could be 
done to minimise or abolish the perpetual cloud of 
low-lying smoke produced by the countless thousands 
of such houses that constitute the major portion of 
London’s buildings would confer a great boon on 
mankind, and after a short trial of this fuel I am con- 
vinced that its use would go far to bring about such 
a desideratum. 

Burnt in an open grate it soon became a glowing 








kitchen range, and doubtless the absence of the flames 
required to heat the oven would militate against its 
success in this direction. 

Though numerous articles in both the lay and tech- 
nical press had aroused my interest, it was with some 
difficulty that I at last got in touch with a firm able 
to supply the fuel. Unfortunately it was sold by 
the sack, and I could not obtain definite information 
as to the weight I should get. This necessitated a lot 
of trouble in weighing, so as to ascertain the cost as 
compared with coal, and I reluctantly came to the 
conclusion, both from the data thus obtained and the 
known cost of coal ordinarily consumed in the same 
time, that the fuel was about 40 per cent. dearer than 
coal. 

It is obvious that we can never hope to attain smoke- 
less cities while there exists this great disparity in 
cost, and unless the process can be conducted more 
economically, or a smaller profit be made, the idealist’s 
dream will remain unrealized. 

Yours faithfully, 


January 24, 1926. CALORIE. 





YEAR-BOOKS AND ANNUALS. 


The British Journal Photographic Almanac.—With 
the Diamond Jubilee issue of this Almanac a change 
has been made in the contents, inasmuch as the book 
contains neither almanac nor calendar. The many 
pages are devoted to formule and notes on processes 
which have become the standardised methods of work 
in studio and field; to a special article on Amateur 
Cinematography; an epitome of progress in details 
where the procedure is not so well known, and to the 
many aspects of photographic work, historical, legal 
and optical. The numerous illustrations produced by 
the Vandyke process form a new and very agreeable 
feature of the book, which is published at 2s. in paper 
cover, or 3s. in cloth, by Messrs. Henry Greenwood and 
Co., Limited, 24. Wellington-street, London, W.C.2. 


Who’s Who, 1926.—This annual _ biographical 
dictionary needs no introduction to our readers. The 
present edition constitutes the 78th year of issue, 
and the high standard of previous volumes has been 
fully maintained. The book contains over 3,000 
pages of neatly-printed subject matter and the binding 
is strong and durable. As was the case with previous 
editions, each biography gives the titles and distinc- 
tions, and particulars of the training, experience, 
and achievements of the person concerned: men and 
women of note of ail nationalities are included. The 
book is of recognised value, not only in this 
country but also in foreign countries. The price of 
the volume is 42s. net, and the publishers are Messrs. 
A. and C. Black, Limited, 4-6, Soho Square, London, 
W. 1. 


The South and East African Year Book.—Edited by 
Messrs. A. S. Brown and G. G. Brown, for the Union- 
Castle Mail Steamship Company, Limited, 3, Fenchurch- 

street, London, E.C.3, the 1926 edition of the South 
and East African Year Book and Guide is the thirty- 

second issue of that work. It contains about 1,000 
pages of well-printed reading matter and an excellent, 
atlas comprising 64 pages of maps in colour, specially 
prepared by Messrs. George Philip and Sons, Limited. 

The work is divided into three sections; the first of 

these deals with South Africa, and the second with 

East Africa. Part III gives a great deal of detailed 

information relative to the fauna of South and East 

Africa. The book will be found useful as a gazetteer ; 

the index contains over 2,000 place names. Imports 

and exports, means of transport and communication, 

and other matters of interest to manufacturers and 

business men are dealt with in considerable detail. 

Some 60 pages are devoted to a description of the 

mining, metallurgical, and allied industries of South 

Africa. The publication will be found specially 

useful to intending settlers. A great deal of practical 

information is given on such subjects as immigration, 

the acquisition of land, land laws, agriculture, and 

cattle rearing. Laws and regulations governing the 

mining industry, and other data of interest to prospec- 

tors and miners are also given. The book is published 

by Messrs. Sampson Low, Marston and Co., Limited, 

London, and the price is 5s, net, or post free, 5s. 6d. 





Diaries and Pocket Books.—We have received from 
Messrs. The Clay Cross Company, Limited, Clay Cross, 
near Chesterfield, a leather-bound pocket diary for 
1926. In addition to tables of useful information, 
illustrations of the various works, &c., owned by the 
firm, and particulars of the industries and manufactures 
carried on are given.—Messrs. The Allgemeine Elek- 
tricitits Gesellschaft, Berlin, have sent us a small 





mass that radiated a large amount of heat, while the 
smoke was almost negligible. It was not tried in the 


diary and electrical pocket book combined. The latter 
part contains useful data and tables, 
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LABOUR NOTES. 


EXPERIENCED negotiators of labour affairs seem to 
be agreed that the delegate conference of the National 
Union of Railwaymen was lucky to get as easily as it 
did out of the difficulty created by its rejection of the 
award of the National Wages Board. There was, of 
course, no obligation on it, to accept the award ; but, 
in rejecting it, the delegates raised far-reaching issues 
whose final determination might have been seriously 
to the disadvantage of railway workers generally. The 
companies, following their example, might for instance, 
have pressed for the full wage reductions of which they 
had given notice. Moreover, the alternative to the 
National Board’s award, from the point of view of 
the union, was the full programme of wages advances 
drawn up by the N.U.R. and Railway Clerks Association. 
In these circumstances, rejection of the award was a 
dangerous proceeding which might have led to a serious 
stoppage, and the stated grounds of objection to the 
award were much too slight to serve as a justification 
for that. The concessions desired were not worth a 
strike, and a strike was the next logical step after 
rejection. That appeared to be the view of the dele- 
gates notwithstanding their vote, for at a conference 
on Monday between representatives of the companies 
and representatives of the railwaymen an effort was 
made amicably to straighten out matters, The 
N.U.R. requested the companies (1) to agree not to 
operate the clause in the award which provides that 
new entrants after February 1 shall be paid only the 
base rates without any cost of living bonus; and (2) 
to declare the existing standard base rates the irre- 
ducible minimum. The companies refused both 
requests, declaring that to reopen the matter would be 
to strike at the root of collective bargaining. 

Later in the day the representatives of the union 
reported the result of their meeting with the companies 
to the delegate conference. A very full and detailed 
reply by the companies was, according to the official 
report of the proceedings, submitted to the delegates, 
after which a resolution was moved to refuse to accept 
the award and declare a strike on Friday, Another 
resolution was proposed in favour of accepting the 
award, and after discussion it was carried by 41 votes 
to 36. In the course of the statement which was read 
to the delegate conference, the railway companies 
declared that they saw no ground whatever for reopen- 
ing the matter. ‘‘ To do so would,” they said, “ strike 
at the root of collective bargaining, and would so 
weaken the National Wages Board as to render it 
useless for the purpose for which it was set up under 
the Railways Act, 1921, viz., for preserving peace in 
the railway industry. The companies intend to give 
effect to the decision. In giving this intimation they 
would remind the union that the wages of no employee 
will be reduced, that lads now in the service, on appoint- 
ment as adults at the age of 20, will still receive a 
substantial advance of wages, while new entrants to 
the railway will come in with definite knowledge and 
voluntary acceptance of their conditions of service. 
The case of regular employees whose services have 
been dispensed with owing to shortage of work is dealt 
with in Clause (36) of the Board’s decision, which 
provides that ‘ regular employees whose services have 
been dispensed with owing to shortage of work, if 
re-employed, shall be paid at the current rates for the 
grades in which they are employed.’ The suggestion 
has been put forward by the union that the railway 
companies would take advantage of the new position 
created by the admission of new entrants to the service 
at lower rates of pay in order to dismiss the higher paid 
men more freely on grounds of discipline or on grounds 
of trade depression. ‘n reply, the companies have no 
hesitation in saying that they contemplate no change 
in dealing with disciplinary cases, and that in the case 
of dismissals due to trade depression they intend to 
continue their policy, well known to the members of 
the union and stated before the Wages Board, of 
giving first choice for re-employment to men who have 
previously been dispensed with owing to shortage of 
work. As to the request that the companies should 
give a pledge that the ‘ B’ or base rates are irreducible, 
no matter what change 0) circumstances may arise, 
the companies point to Clause 18 of the National 
Wages Board decision, which summarises the sub- 
missions of the National Union representative before 
the Wages Board. Clause 36 merely records the fact 
that the Board gave no ruling on the point, and the 
companies cannot supplement this.” 





The Ministry of Labour states that on January 18, 
1926, the number of unemployed persons on the register 
of Employment Exchanges in Great Britain was 
1,215,900—955,500 men, 35,700 boys, 189,100 women, 
and 35,600 girls. On January 11, 1926, the number 


was 1,221,403—956,194 men, 36,506 boys, 193,587 
women, and 35,116 girls; and on January 19, 1925, it 
was 1,269,733—959,684 men, 39,517 boys, 234,561 
women, and 35,971 girls. 





A report on the negotiations which have taken 
place between the National Union of Railwaymen 
and the craft unions on the subject of the repre- 
sentation of shopmen, was presented to the N.U.R. 
delegate conference on Wednesday. It was intimated 
that agreement had been reached to appoint a joint 
committee, representing all the unions interested, 
to consider fully: (1) The proposal of the Companies 
to set up suitable conciliation machinery; and (2) 
The suggestion of the N.U.R., that its representatives 
should act in industrial negotiations for all the shop- 
men, including those belonging to the craft organisa- 
tions. The delegate conference decided to leave the 
matter in the hands of the executive. 





Tue National Minority Movement has called “a 
special conference of action,” for March 21 in London, 
“for the purpose of dealing with (a) the defence of 
trade union rights and principles ; (6) the threatened 
attack of the employers.” ‘‘ The present period,” the 
circular states, “is a most threatening one for the 
workers of Great Britain. British Capitalism, suffer- 
ing from the economic wounds inflicted by the Great 
War, is endeavouring to recover its stability by forcing 
more and heavier burdens upon the working class. 
By forcing down wages, increasing hours of labour, 
and abolishing every vestige of workers’ control in 
industry, decaying capitalism seeks to reduce the 
workers to a condition of complete economic and social 
slavery. Besides the employed workers, the standard 
of living of the unemployed is also being attacked in 
an endeavour to compel them to forget their class 
loyalty, and, in desperation, take the places of their 
fellow-workers in times of industrial conflicts. . . All 
along the line the workers are facing an organised 
attack by the master-class, upon their conditions. The 
actual organisations of the workers are also threatened. 
The capitalists are evidently out to destroy Trade 
Unionism by any and all means. If they cannot do it 
by use of the industrial weapon, they will employ force 
either governmental or illegal. . . Decisive measures 
must be taken immediately to repel this attack in the 
coming months. ... Not merely must we. support 
the miners, but it should be determined that all the 
great industries should simultaneously present their 
programmes of demands to the masses. Not merely 
must we be on the defensive, but Labour should use 
this opportunity of pressing forward to an attack and 
endeavour not just to retain present standards, but to 
better them.” The rank and file of ordinary workers 
do not, of course, believe that an organised attack 
is in progress on their wages and conditions, but as 
“the general strike ” is a political object of the Com- 
munist Party, the subsidiary body, that is, the National 
Minority Movement, has to be up and doing something 
towards its realisation. 





The Paris correspondent of The Times states that 
the National Council of the Miners’ Federation, which 
includes the workers in coal, iron, and slate mines, has 
issued a manifesto in which it declares that the fall in 
the value of the franc renders it the duty of the Govern- 
ment to compel the employers immediately to readjust 
wages to the rise in the cost of living, which is at least 
15 per cent. since February, 1925, when wages were 
last raised. If this claim is not met by Sunday, steps 
will then be taken to bring about a referendum on 
the question of a general strike. 





Writing in the latest official report of the United 
Patternmakers’ Association, Mr. A. E. Wardale, the 
president, repeats the question which he originally 
put a month earlier, viz., ‘‘ What shall we do, and how 
shall we do it’? ? It may be, he says, that pattern- 
makers are more contented than some workers, or it 
may be that they regard themselves as a ‘ necessary 
evil,” as some employers do, and because of that are 
thankful for any morsel they may receive as wages ; 
because many moons ago a request was made for an 
increase of 20s., and patiently, without apparently 
a murmur of discontent, the members seem to be wait- 
ing until some fine day they shall perhaps find the 20s. 
extra in their pays. The chairman of the employers 
said very plainly that the industry could not afford to 
pay any more wages, and it is to be regretted Mr. 
Wardale thinks that the workmen’s leaders have not 
spoken as plainly and as clearly to their members. 
He repeats the question :—‘‘ What shall we do, and 
how shall we do it” ? Drifting aimlessly is not likely, 
he says, to develop the 100 per cent. membership 
that some hope for. To achieve that, the organisation 
must have some definite object and uphold the dignity 
of the craft, which, after all, has an important part in 
production; and members must not be content to 
allow their standard of living to be any lower than it 
was in 1914. 





According to a statement issued by the Labour 
Movement’s Joint Press and Publicity Department, the 
Parliamentary Labour Party is to be asked to include 





the Washington Hours of Labour Convention Ratifica- 
tion Bill amongst the measures to be balloted for in the 
coming session. This is the result of a conference 
which took place in London last week between repre- 
sentatives of the General Council of the Trades Union 
Congress, the National Executive of the Labour Party, 
and the officials of the various railwaymen’s trade 
unions. 





Commenting upon the Cabinet’s refusal to appoint 
a Committee under the Safeguarding of Industries 
procedure for the iron and steel trades, Man and Metal, 
the journal of the Iron and Steel Trades Confederation, 
states that it did not follow from the submissions made 
that it was intended that the normal competition with 
the foreign producer would not be interfered with, 
because when the Government gave a subsidy to the 
coal-owners it had the effect of enabling them to reduce 
the price of coal to the steelmaker, who, in turn, 
reduced the price of his product to the consumer, with 
the consequential result that wages were reduced 
throughout the iron and steel industry. A protective 
tariff would, it is claimed, have increased prices and 
kept up wages. On the other hand, it may be argued, 
it is admitted that fewer people would be employed in 
the trade. The coal subsidy, undoubtedly, reduced 
steelworkers’ wages; but it is held to be extremely 
doubtful that the reduction in price enabled any 
considerable number of men to find work in the trade. 
On October 27, 1924, there were 5,210 men unemployed 
in the pig-iron industry; on October 26, 1925, there 
were 5,510, or 800 more, unemployed. On smelting 
plants, in puddling, forges and rolling mills, there were 
48.557 persons unemployed on October 27, 1924, and 
48,548 unemployed on October 26, 1925; so that there 
was an appreciable increase in the number of persons 
unemployed during that period. In October, 1924, 
the smelters’ scale was 42} per cent. above base rate, 
whilst in October last year it was 374 per cent. above 
base rate. Since then, the writer points out, there has 
been a further reduction of 5 per cent., making wages 
governed by this scale lower now than they were in 
October, 1924. . 





According to The Ministry of Labour Gazette, the 
total of all the wage increases reported to the Depart- 
ment in 1925 was equivalent to about 145,0001. a week, 
and the total of all the reductions to about 224,0001. 
a week, the net effect being a decrease of about 79,000/. 
a week. Of the total increase of 145,000/. weekly, 
8,4007. was accounted for by the operating of sliding 
scales dependent on selling prices, or (in the coal-mining 
industry) on the proceeds of the industry; 62,000/. 
resulted from the operation of cost-of-living sliding 
scales, including 4,500/. under scales embodied in 
Trade Board Orders; and 34,0001. was the result of 
agreements arrived at by joint industrial councils and 
other standing joint bodies of employers and work- 
people, 21,5007. of this amount taking effect under 
cost-of-living sliding scales agreed upon by such bodies. 
Increases amounting to 10,3001. were the result of 
arbitration or mediation, nearly 5 per cent. of this 
amount being conceded after disputes causing stoppage 
of work ; 24,200/. took effect as a result of orders under 
the Trade Board Acts (excluding the effect of cost-of- 
living sliding scales); while the remaining increases 
were mainly arranged by direct negotiation between 
employers and workpeople, preceded in the case of 
increases amounting to 1,800/. by stoppages of work. 
Of the total reduction of 224,000/., nearly 128,000/. was 
due to the operation of sliding scales based on selling 
prices or on the proceeds of the industry, and nearly 
45,0001. to cost-of-living sliding scales, including 
3,250/. under scales embodied in Trade Board Orders ; 
53,5001. was the result of agreements arrived at by 
joint industrial councils and other standing joint bodies 
of employers and workpeople, nearly 12,000/. of this 
amount taking effect under cost-of-living sliding scales ; 
and the bulk of the remainder was accounted for by 
direct negotiation between employers and workpeople 
or their representatives. Decreases preceded by a 
stoppage of work accounted for 2,5001. 








EXAMINATION OF ENGINEERS.—The Mercantile Marine 
Department of the Board of Trade announces that it 
has been decided to suspend the examination of engineers 
during the month of August. The examination will, in 
future, be discontinued as from the first Monday in 
August of each year, and will be resumed on the first 
Monday in September. During the present year the 
examinations will be suspended from Monday, August 2, 
to Saturday, September 4, both dates inclusive. 





Tue NationaL ASSOCIATION OF SUPERVISING ELEC- 
TRICIANS.—Owing to an important engagement abroad, 
Mr. F. Gill, M.Inst.C.E., M.1.E.E., has found it necessary 
to resign his position as President of the National Associa- 
tion of Supervising Electricians. He is succeeded by 
Mr. A. M. Sillar, M.Inst.C.E., M.I.E.E., who was for- 
mally introduced to the members at a recent meeting. 
Mr. Sillar will give his Presidential address on the 
opening of the new session in October next. 
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COMBINED ROPE 





COMBINED ROPE AND ELECTRIC 
DRIVE FOR COTTON MILL. 


An interesting combined rope and electric drive 
from a single prime-mover was installed at the end of 
last year at the Rishton Victoria Cotton Mill, Rishton, 
near Blackburn. The original plant at the mill con- 
sisted of a double-beam engine of 900 i.h.p., built in 
1860, which drove the spinning mill through spur 
gearing and an upright shaft, a horizontal engine 
driving the weaving shed through bevel gears. When 
it was decided to modernise the drive, various schemes 
of conversion were considered, including reciprocating 
engines and all-electric driving. It was finally decided, 
however, to install a single steam-turbine unit with a 
combined drive, as mentioned above, and the order 
for the plant was placed with Messrs. W. H. Allen, 
Sons and Co., Limited, of Bedford. A view of the 
completed turbine set with its combined drive is given 
in the illustration above. 

As an important feature in connection with the 
installation was that the mills should be kept running 
during the change-over, the turbine and its rope 
pulley were installed in a small space between the mill 
chimney and the mill, and alongside the old beam- 
engine house. When this part of the work was com- 
pleted, the spinning portion of the mill was changed 
over to rope driving from the turbine. The beam engine 
and upright shaft were then dismantled. The turbine 
runs at 4,800 r.p.m. and is fitted with gearing giving a 
pulley speed of 500 r.p.m. The next stage was the 
installation of the alternator and the coupling of it 
to the turbine, after which motors were installed in 
the weaving shed, commencing at the far end. The 
arrangement employed consists of one motor driving 
three cross-shafts, speed reduction being obtained by 
double-helical gears. An unusual feature in connec- 
tion with this part of the installation is that individual 
starting is not used for the motors; they start up 
with the alternator. The arrangement simplifies equip- 
ment and saves loss of time in starting. When the 
last cross-shaft had been coupled up, the old weaving- 
shed engine was dismantled. i 

The turbine is of 1,750 brake horse-power and works 
with steam at 160 Ib. per square inch pressure super- 
heated to 650 deg. F. The power is somewhat greater 
than is required by the present installation, a margin 
for extensions having been allowed for. The turbine, 
which was built by Messrs. W. H. Allen, Sons and 
Co., is furnished with condensing plant by the same 
makers, but arrangements have been made for a 
portion of the steam to be utilised for heating purposes 
after it has passed through the turbine. The waste 
steam from the air pump is utilised for heating the feed 
before it enters the economiser, and special arrange- 
ments have been made to enable the turbine to start 
up under vacuum, it taking only two minutes to 


AND ELECTRIC DRIVE. 





attain full speed. The alternator and motors were 
supplied by the Electric Construction Company, 
Limited, of Wolverhampton, and the superheaters and 
piping by Superheater Units, Limited, of Swansea. 
Mr. J. Speight, the managing director of the mill, was 
in charge of the conversion. 





PROTECTIVE GAS MASKS. 


Tue schedules of the United States Bureau of Mines 
for the testing of gas masks classify such appliances 
according to the type of gas to be dealt with. Thus A 
masks afford protection against acid gases, B masks 
against organic vapours, C against ammonia, D against 
carbon monoxide, E against smoke, dust and mists, 
F against special gases, and N generally against all 
gases, vapours, and smokes. But it is rightly empha- 
sised in the Bureau’s Reports of Investigations, Serial 
No. 2719, that all these masks, including the general 
service mask N, can only protect against poison gases, 
&c.,inair. Since the masks do not supply the oxygen 
necessary for breathing they are useless, and give a 
dangerous impression of safety, in covered tanks, vaults 
and unventilated wells, and also in fires or mines where 
the oxygen content has been reduced below the safe 
minimum of 16 per cent. So long as the ordinary 
safety lamp continues to burn in a mine, the mask 
may be relied on; if a lamp will not burn, the mask 
is useless, unless oxygen is otherwise available. They 
are also of no assistance in air containing more than 
2 per cent., by volume, of acid or organic vapours 
(acetone, aniline, formaldehyde, gasoline), 2 per cent. 
of carbon monoxide, and 3 per cent. of ammonia. 
All masks, moreover, have a limited life, which, in the 
types in question, does not exceed two hours’ actual 
service. Hence a “timer” is combined with every 
mask, but to this point we revert below. 

The N mask consists of a face piece attached by means 
of a flexible non-kinking rubber tube to the canister, 
on which the timer is mounted, and the harness which 
supports the canister on the wearer’s head. The 
face piece is of the Kopps-Tissot type, and allows the 
wearer to talk to a person close at hand. Theeye piece 
lenses are of non-shattering triplex glass. The exhaled 
air passes through a “ flutter’ collapsible rubber 
valve of the Bunsen t The canister is a tinplate 
box, 2 in. by 6 in. by 74 in. The air enters at the 
bottom of the canister through a metal-disc check valve 
backed by a spiral spring, and leaves by a similar 
valve. The canister contains, starting from the 
bottom, 400 cub. cm. of activated charcoal impregnated 
with copper sulphate, 200 cub. cm. of activated 
charcoal, and similar amounts of caustite (a caustic- 
soda preparation) fused calcium chloride and hopcalite 
(a special mixture. of copper oxide and manganese 
dioxide). The chemicals, which are separated by 


wire screens, serve‘to absorb or destroy acids (by the 
caustite), organic vapours (by the impregnated char- 
coal), ammonia (by the same and the copper sulphate), 
moisture (by ca!cium chloride), and carbon monoxide 
(by the hopcalite). The timer is a small box of 
nickelled brass inserted between the canister ana 
the face piece by means of screwed unions. 
The breathing actuates a ratchet mechanism which 
moves @ luminous hand over a dial marked with 
luminous points. The hand makes one revolution 
in about two hours of normal breathing, and the mask 
should be discarded when the revolution is completed. 
The canister complete weighs 3} lb. and the mask, 
together with the harness, 54 lb.; the whole fits into 
a case, 62 in. by 11 in. by 14 in., which also contains 
&@ spare canister, the weight being 144 lb. 

Tests have been made in the laboratory at different 
rates of breathing and with men wearing the masks 
while walking, running and doing various kinds of 
work in poison atmospheres including chlorine, hydro- 
cyanic acid, sulphur dioxide, phosgene, and carbon 
tetrachloride, in addition to the gases already men- 
tioned. The tests showed that when the mask was 
used successively in various atmospheres, the total 
life was, in general, equal to the sum of the partial 
lives. The total life may be longer than this sum ; 
saturation, for example, with sulphur dioxide, would 
still leave the chemicals partly available for ammonia 
and organic vapours. The passage of pure air does 
no harm to the mask, but the presence of carbon 
monoxide, a very common impurity, affects it, and 
this is the chief cause of the general limiting life of 
two hours. The man is usually warned by the sense 
of smell or of feeling in the throat or eyes when the 
mask is no longer absorbing what it should retain. 
Carbon monoxide, however, does not betray itself in 
any way, and it is for this reason that a mask should be 
replaced when the timer indicates two hours’ service. 
It is possible that at the end of that period the mask 
would fail to absorb carbon monoxide, though canisters 
have been tried in 1 per cent. CO atmosphere for 
35 hours before sufficient CO passed to kill a canary. 
When a wearer feels discomfort he should at once 
move into fresh air. According to Lamb and Vail, 
hopcalite fails in the presence of traces of water 
vapour, so that the life of the mask would seem to 
depend, in the first instance, upon the efficiency of the 
absorption of the moisture present in the air; reference 
might well have been made to this objection in the 
report. We mentioned that the masks fail in atmo- 
spheres containing amounts of poison gas exceeding a 
few per cent. In this matter the wearer must be 
guided by odour, taste, skin irritation, &c. This 
restricted utility is a serious drawback to all gas masks. 





EVAPORATION LOSSES OF PETROL 
IN THE REFINERY. 


THE unfortunate point about the evaporation losses 
of vapours of petroleum and its products is that the 
most volatile constituents, which evaporate first, are 
usually aiso the most valuable, so that even losses of. 
relatively small percentage mean a sensible depreciation 
of the oil or petrol and may necessitate reblending, 
which is apt to lead to further loss. Statistics relating 
to storage tank evaporation losses have frequently been 
published. As regards the various evaporation losses 
of petrol in the refinery, collected data are probably 
given for the first time in an Investigation Report of the 
United States Bureau of Mines (Serial No. 2721). The 
figures are based upon investigations conducted during 
the spring and summer of 1924 in a large number of 
refineries in the Mid-Continent field. 

The sources of loss in the refinery are manifold and 
variable. The run-down tanks are frequently not gas 
tight. The temperature in these tanks may rise to 

100 deg. F., that is, to the neighbourhood of the 

initial boiling point of petrol, and temperatures of 128 

deg. F. have actually been observed in the petrol 

during hot afternoons, The run-down line, best 
painted a light colour, should, of course, be taken 

down to the bottom of the tank, and not end near the 

top so as to deliver the oil in the form of a spray. The 

roofs of gas-tight but riveted-steel tanks are sometimes 

built so lightly that proper caulking is impossible ; 

riveted and welded run-down tanks are, however, now 

on the market. The tests conducted show that 1-8 per 

cent. of the petrol made would be a conservative esti- 

mate of the losses in run-down tanks. That figure 

would represent a loss of 0-6 per cent. of the crude, 

assuming that the average crude is run to make 

one-third of its bulk of petrol, and it would account for 

30 per cent. of a total distillation loss of 2 barrels per 

100 barrels run. Evaporation next comes in when 

the petrol is treated with air and acid to remove 

objectionable constituents. The process consists in 

agitation by air, batch circulation, or continuous 

treating, In the now old-fashioned air agitation, about 

350 cub. ft. of air are required per 1,000 barrels of 











filters of cotton wool and Turkish towelling between 





petrol. About 0-5 per cent., by volume, of petrol is 
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lost during the 30 minutes of the treatment. In the 
two pump circulation processes, the losses are limited 
to evaporation from the liquid surfaces exposed to air 
currents and were found not to amount to more than 
0-18 per cent. When the treatment with chemicals 
takes place in closed tanks, contact with air and losses 
are avoided. 

Further losses, arising in the filling of tank cars, are 
high because most of the filling takes place during the 
hot season, but they vary, of course, much with local con- 
ditions. The losses are sometimes reduced by loading 
at night instead of in the daytime and by spraying the 
cars with water. The filling sleeve ought to extend 
tothe bottom of the tank. In the hot weather the losses 
may amount to 1-5 percent. Losses during storage 
are estimated, from observations, to amount to as much 
as 2-5 per cent., and, taking 0-5 per cent. as an average 
for the losses involved in filling tank cars, with miscel- 
laneous handling losses, including blending, together 
estimated at 1 per cent., the total evaporation loss in 
refineries is brought up to 6-3 per cent. This would 
mean that the evaporation loss of petrol, as accounted 
for by these tests, amounts to 2-1 per cent. of the crude. 
The average overall refinery loss in Mid-Continental 
skimming plants being probably 34 per cent. of the crude 
run, the tests discussed indicate that a considerable 
portion of this loss is due to petrol evaporation. 








PISTON TEMPERATURES AND HEAT 
FLOW IN HIGH-SPEED PETROL 
ENGINES.* 

By Proressor A. H. Gipson, D.Sc. 


Tus paper deals in the main with the results of the 
measurement of piston temperatures made by the 
author during the past seven years. Except where 
otherwise stated, temperatures were obtained at 
different radii in the crown of the engine piston under 
full load operating conditions, by the method of cool- 
ing curves.t Such a comparison as is possible between 
the results obtained by this method and by the use of 
thermocouples fixed in the piston, indicates that these 
are in fair agreement. 

The first series of tests was carried out on an air- 
cooled aluminium cylinder, 100 mm. bore by 140 mm. 
stroke, with the object of determining the effect ot 
a variation in: (a) the piston clearance; (6) the 
material of the piston; (c) the design of the piston ; 
(d) the bearing area ; (e) the working mixture ; (f) the 
compression ratio; (g) the spark advance. All these 
tests were carried out under full throttle, full load 
conditions, and except in those tests designed to deter- 
mine the effect of a variation in the working mixture, 
the petrol flow was adjusted as nearly as possible 
so as to give the weakest mixture capable of giving 
full load. Piston temperatures were measured at the 
centre and at radii of 0-5, 1-0 and 1-5 in., along a line 
joining the centre and the spare sparking-plug position. 
This is at the back of the cylinder, at the side remote 
from the cooling blast, and consequently at the hottest 
side of the cylinder. For this reason the hottest point 
of the piston is not at the centre, as might be expected 
with walls of uniform temperature, but at a point 
nearer the hottest wall, and apparently about 0-4 in. 
from the centre. The temperature of the cylinder- 
wall was measured at a series of points down the 
back of the cylinder, and from these measurements 
the mean temperature of the back wall has been 
obtained. The main results of the tests’ are given 
in Table I. 

Effect of Clearance.—One of the pistons was first 
tested with a clearance (cold) of 0-024 in., was then 
turned down to a smaller diameter giving a clearance 
of 0-045 in., and was retested. The results are shown 
in lines (1) and (2) of Table 1, from which it appears 
that the effect of the increased clearance is to increase 
the drop in temperature between the edge of the piston 
crown and the wall by 29 deg. C., from 27 deg. C. 
to 56 deg. C. The temperature of the hottest point 
in the piston is increased by 34 deg., but as the 
cylinder wall is 8 deg. hotter the temperature yradient 
from centre to edge of the piston is sensibly the same 
in both cases. The results indicate that the clearance 
should be reduced to a minimum compatible with 
successful operation, but that any such slight changes 
in clearance as are usual ‘n good practice do not 
seriously affect the temperature. 

Effect of a Variation in Design.—In this series a 
comparison was made between pistons of the same 
aluminium alloy (Cu 7 per cent.; Sn 1 per cent. ; 
Zn 1 per cent.) but of different design. For this series 
three designs were available. The essential details are 
tabulated in the next column. 

The results of these tests are shown in lines 1, 5 and 
8 of Table I, from which it appears that the difference 





* Paper read before the Institution of Mechanical 
Engineers, on Friday, January 22, 1926. Abridged. 
tT Report No. 13, L.A.8.C.. May, 1918. 


between wall and piston skirt is sensibly the same for 
ali the pistons, being respectively 27 deg., 28 deg. and 
25 deg. for A, G and D. Taking the temperature of 
the hottest point as a criterion, however, the ribless 


results (lines 1, 3, 4, and 5, 6, 7 of Table I) show that 
there is sensibly no difference in the temperatures of 
various pistons with the exception of E, which is 
approximately 20 deg. C. hotter than the remainder, 




















Thick- | Mean Diameter. 
Piston. Type. SS en ie. 
Crown.| Lands. | Skirt. 
Mm. In. In. Lb. 
A ss ipa 4-0 38-9085 | 3-9175 | 1-408 
ess 
G One shallow dia- | 6-5 | 3-9075 | 3-9150 | 1-262 
metrical rib in 
each direction 
D Four deep ribs at 6-5 38-9125 | 3-9185 | 1-425 
right angles to 
gudgeon pin, one 
shallow rib paral- 
lel to gudgeon 
pin 








piston, shows to advantage. These temperatures are 
respectively 206 deg., 238 deg., and 223 deg. for A, 
Gand D. Comparing the ribless piston with design D, 
it appears that the former is slightly lighter, and in 




















Conduc- 
Designa- tivity. 
Piston | tion of Composition of Alloy (approx.). C.G.S. 
Alloy. Units. 
A, D B4 Al 91, Cu 7, Sn 1, Zn 1 per cent 0-40 
B B24 | Al93-5,Cu4,Mg0-5, Fe 2 per cent. 0-38 
Cc B22 Al 92-5, Ni 1, Mg 6-5 per cent. oo 
E B18 | Al89-5, Cu 8, Sn 1-5, Mn 1 per cent, 0-27 
F B25 Al 89, Cu 9, Ni 2 per cent. 0-37 
K Cast-iron _ 0-11 
at the centre, under full-load conditions. It may be 


shown that in similar pistons the temperature gradient 
along a radius should be inversely proportional to 
the conductivity of the alloy. Comparing pistons 
D and E, the ratio of the conductivities is: 1-34, while 
the ratio of the temperature gradients is: 1-30. Evi- 
dently the higher teraperature in piston E is due to its 
lower conductivity. For the comparison of cast-iron 





and aluminium alloy as a piston material, it is unfor- 




































































TABLE I. 
Petrol. Temperature of Piston, deg. C., at Mean | Difference 
Pints Back | of Temp. 
Line. | Piston. Type. Alloy. | per | B.H.P. | Wall | between — 
B.H.P. Centre.| 0-5 in.| 1-0in.| 1-5in.| Edge | Temp Piston 
Hour. Rad. | Rad. | Rad. deg. C.| and Wall. 
Deg. Deg. Deg. Deg. Deg. Deg. Deg. 
1 A Ribless B4 0-594 | 17-85 194 206 184 175 173 146 27 — 
2 Al As A with B4 0-605 | 17-90 234 248 226 213 210 154 56 — 
increased 
clearance. 
3 B AsA B24 | 0-598 | 18-00 197 207 184 176 174 148 26 — 
4 Cc Ditto. B22 | 0-585 | 18-20 205 219 200 187 183 158 25 — 
5 ay B4 0-595 | 17-85 210 223 198 182 177 152 25 ca 
ri ; 
6 E Ditto. B18 | 0-598 | 17-70 236 246 215 194 186 160 26 — 
7 F Ditto. B25 | 0-605 | 17-65 224 236 211 194 188 159 29 _— 
8 G Lightly Ba 0-597 | 18-10 215 238 218 197 184 156 28 — 
ribbed 
9 kK Cast-iron cl 0-644 | 17-05 410 430 387 310 220 156 64 — 
10 Bl As B with B24 | 0-620 | 17-65 206 218 198 188 185 146 39 —_ 
| holes in skirt. 
| Magneto 
11 ( if 0-605 | 17-25 244 250 230 208 187 155 32 Advance 
H Heavily B4 35 deg. 
12 \ ribbed \ 0-604 | 17-50 254 259 238 210 189 156 33 48 deg. 
13 0-827 | 13-00 259 266 249 213 189 156 33 18 deg 
TABLE II (Att Tests Carriep Out on Same ALumiIniIuM AIR-COOLED CYLINDER). 
Temp. Mean 
Petrol Com- of Temp. 
Test No. Speed. B.H.P. Brake Pints pression Centre of back Material 
M.E.P. per Ratio. of wall of 
B.H.P. Piston. Cylinder. 
Deg. C. Deg. C 
1 1,800 17-4 113 0-615 4°6 214 156 
2 - 17-6 114 0-648 nt 216 154 
3 sé 17-4 113 0-760 * 210 152 
4 1,800 18-4 120 0-575 5-1 216 153 Aluminium 
5 Pm 18-2 119 0-620 ES 213 150 piston. 
6 » 17-8 116 0-860 am 196 141 
7 1,800 17-9 117 0-605 5-3 195 151 
8 2,000 18-9 111 0-595 “st 202 159 
9 1,800 16-5 109 0-643 4-6 356 155 ‘ ; 
10 i 16-6 110 0-675 “ 380 155 — 
11 ss 16-5 109 0-795 ‘ 336 141 Pee. 
































spite of its slightly greater clearance in this particular 
case, was about 20 deg. cooler. It is about 30 deg. 
cooler than the lighter piston G. 

Effect of Perforations in Piston-Wall.—In order to 
investigate the effect of reducing the bearing area of 
the piston, a series of holes was drilled through the 
walls. Piston B was used for this test. Thirty holes 
in all were bored—twenty-two of 2 in. diameter and 
eight of 4-in. diameter. The total area of these holes 
is 4 sq. in., and as the peripheral contact area of the 
normal piston is 33-4 sq. in., this gave a reduction in 
area of 12 per cent. The reduction in weight was 
0:10 lb. The results of the tests are shown in lines 3 
and 10 of Table 1. The result of reducing the bearing 
surface is to increase the drop in temperature between 
piston crown and wall from 26 deg. to 39 deg. The 
temperature of the hottest point of the piston is in- 
creased by 11 deg. from 207 deg. to 218 deg. 

Effect of a Variation in the Material of the Piston.— 
For these tests, pistons of five different aluminium alloys 
and one cast-iron piston were used. The compositions 
of the aluminium alloys and their measured conduc- 
tivities in the chill-cast state at 200 deg. C. are tabu- 
lated in the next column, , 

Of these, A, B, and C were cast from the same patterns, 





and D, E, and F were also identical in design. The 


tunate that pistons of identical design were not avail- 
able. Two pistons were chosen of the same general 
type. Each has a shallow strengthening rib running 
along the line of the gudgeon-pin and a second rib at 
right angles to this. The thickness of the crown and 
walls of. the aluminium piston is,. however, much 
greater than that of the cast-iron piston, which is of 
normal design for a piston of this material. The details 
are given in the following table :— 











Thick- | Mean Diameter (cold). 
Piston. | Material. eo Weight. 
Crown. | Lands. Skirt. 
Mm. In. In. Lb. 
G Al (B 4) 6°5 38-9075 3-9150 1-262 
K Cast-iron 3-0 38-9130 3-9205 1-776 














The results of the comparative tests are shown in 
lines 8 and 9 of Table I. From these it appears that 
the maximum temperature is about 200 deg. higher 
in the cast-iron piston. The difference in temperature 
between the hottest point and the edge is 210 deg. in 
the cast-iron and 54 deg. in the aluminium, and the 





difference of temperature between piston edge and wall 
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is 64 deg. in the cast-iron and 28 deg. in the aluminium 
piston. It will be noted that the mean clearance (cold) 
of the cast-iron piston is 0-0055 in. less than that of the 
aluminium piston. At the mean working tempera- 
tures, however, calculation shows that the difference 
in clearance is only 0-0003 in., that of the cast-iron 
piston being the greater. This small difference is not 
such as to account for any appreciable difference in the 
temperature drop from the edge of the piston to the 
wall, While, owing to the steepness of the temperature 
radius curve in the cast-iron piston, the error in 
deducing the edge temperature is likely to be greater 
than in the case of an aluminium piston, some such 
difference as is here indicated is to be expected, since, 
with a given temperature at this point, the mean 
temperature of the piston-skirt will necessarily be 
lower in a cast-iron than in an aluminium piston, 
owing to the higher conductivity of the latter material, 
and, in the case in question, owing to the smaller 
cross-sectional area of the metal in the skirt of the 
cast-iron piston. The difference between the power 
developed with the two pistons is appreciable. The 
aluminium piston gives 18-10 h.p. as compared with 


Measurements of cylinder-wall temperatures on a 
similar cylinder, in each case with the weakest maximum 
load mixture, gave the following results :— 








Mean Temp. of 
Com- Petrol Barrel Deg. C. 
pression | B.M.E.P.| pints per Remarks. 
Ratio. B.H.P.- 
hour. Top. Bottom. 
Deg. Deg. 
4:6 116-2 0-586 180 105 
5-0 119-3 0-560 170 95 
5-4 122-0 0-542 157 89 
5-8 125-0 0-525 154 85 
Occa- 
6-2 129-0 0-531 183 110 sional 
pinking 
6-4 133-0 | 0-575 212 135 { inking 




















These confirm the piston-temperature measurements 
in showing that the heat given to the walls and hence 
to the piston is reduced as the compression ratio is 
increased, so long as the ratio is not so great as to give 





Fug.7. CYLINDER, INDICATING POINTS 
AT WHICH WALL TEMPERATURES 
WERE MEASURED. 


Ftg.6. 54 INCH SLIPPER-TYPE 
ALUMINIUM PISTON. 
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‘9.8. PROBABLE TEMPERATURE 
CURVE ACROSS THE PISTON. 
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TABLE IIa. 


























Piston Temperature. Temperature of Wall at Points shown in 
Deg. C. Sketch. Deg. C. 

Revs. | B.M.E.P. Petrol pts. per 
| B.h.p.-hour. 3 in. from | | 
| “d 9 — 
Centre. edge. Fr... | T2 T3 | T4. 

r | Degrees. Degrees. Degrees. Degrees. | Degrees. Degrees. , 

1,450 | 106-2 0-895 246 241 199 157 129 117 L.H. 
| (weakest maximum - 
| load mixture) 263 219 185 167 Back. 

145 | 129 101 91 Front. 

t 








17-05 h.p. for the cast-iron piston, a difference of 
6 per cent., and this with about 8 per cent. less petrol 
per brake-horse-power-hour. If the two pistons were 
developing the same power, the maximum temperature 
of!the cast-iron piston would be approximately 440 
deg. C., as against 230 deg. C. for the aluminium piston. 

Effect of Compression Ratio.—The results of a series 
of tests, carried out to determine the effect of varying 
the compression ratio, are given in Table II. In these 
tests only the temperature at the centre of the crown 
was measured. From these it appears that, with a 
maximum load mixture, the temperature diminishes 
slightly as the compression ratio is increased between 
the limits 4-6 and 5-3. Also, if the difference of 
temperature between the centre of the piston and 
the wall be taken, this diminishes from 59 deg. with a 
4-6 compression ratio to 44 deg. with a 5-3 ratio, 
although the brake horse-power is 3 per cent. greater 
with this higher ratio. This indicates that the piston 
is receiving less heat from the working fluid with the 
higher compression ratio. 





rise to detonation of the working fluid. This is due to 
the increased efficiency of working with the higher 
compression ratios. A smaller amount of petrol is 
consumed per minute and a larger proportion of the heat 
of combustion of this is converted into work, leaving a 
smaller amount of heat to be lost to the walls and piston, 
and in the exhaust gases. 

Effect of Speed and of Mixture Strength.—Tests 7 and 
8 of Table II show that the maximum temperature of 
the piston is only increased 7 deg. C. by increasing the 
speed from 1,800 r.p.m. to 2,000 r.p.m. Moreover, this 
7 deg. is to be accounted for by an increase in the wall 
temperature, so that change in speed over this range 
has no direct marked effect on the piston temperature. 
Table II also shows the effect of a variation in the 
strength of the petrol mixture, on the temperature of 
the piston, both with cast-iron and aluminium pistons. 
These indicate that the weakest mixture capable of 
giving the maximum power output also gives the 
maximum piston temperature. Experience shows that 
this also gives the maximum wall temperature. The 





cooling effect of a very strong mixture is well shown by 
the figures in lines 5 and 6, and 10 and 11 of Table II. 

Effect of Spark Advance.—Experience shows that as 
the spark advance in a petrol engine is increased, so long 
as the advance is not so great as to give rise to detona- 
tion, the output of the engine is increased ; the tem- 
perature of the exhaust valve is appreciably reduced ; 
while that of the cylinder head and walls is usually 
slightly increased. On the whole it would be anticipated 
that the effect on the piston temperature will not be 
very great. The hotter walls will normally be accom- 
panied by a hotter piston, but this effect will be to some 
extent counterbalanced by the reduction in the heat 
reaching the piston by radiation from the cooler exhaust 
valve. The results of tests to investigate this point are 
given in lines 11 to 13 of Table I. These tests were 
carried out at 1,800 r.p.m. on an aluminium piston 
having a somewhat thinner crown than those previously 
described. The spark advance in these tests was 
respectively 18 deg., 35 deg., and 48 deg. The results 
show that, while the effect on piston temperature is not 
great, the highest temperature was obtained with the 
smallest advance, whilst the lowest temperature was 
attained with an advance of 35 deg. 

Tests on a 5-in. Aluminium Piston.—These measure- 
ments were made on the aluminium piston of a 5-in. 
by 5-in. air-cooled cylinder. The tests were carried 
out to determine the distribution of temperature down 
the skirt of the piston, and no crown temperatures were 
taken. The temperatures were taken on the back side 
of the cylinder under the exhaust port, at about 45 deg. 
to the axis of the gudgeon pin. Down this line the 
mean temperature of the cylinder wall is 197 deg. C. 
The following table shows the mean results of the tests, 
which were carried out with a compression ratio of 5-0, 
at a speed of 1,700 r.p.m. and with an air temperature 
of 21 deg. C. 





Temperature, Deg. C. of Piston Skirt at 





Petrol pts. 
B.M.E.P.| per B.H.P.- ra 
toa 0-90|1-8 | 2-6 | 3-5 | from the 
top of the 
piston. 








Deg. | Deg. | Deg. | Deg.| Deg. 
124-5 0-637 248 | 245 | 237 | 218 | 168 -- 











From these figures it appears that the temperature 
at the edge of the head is approximately 250 deg. C., 
so that the drop at this point across the oil-gap is 
53 deg. C. The mean temperature of the skirt at 
this point was, however, only 222 deg. C., so that the 
difference between the mean wall temperature and the 
mean skirt temperature at this part of the wall was 
25 deg. C. The clearance of this piston (cold) varied 
from 0-045-in. over the top lands to 0-035-in. over the 
bottom lands and 0-025 over the skirt of the piston. 

Tests on 5}-in. Slipper-type Piston.—The following 
tests were carried out on an aluminium piston of the 
slipper type running in a 5}-in. by 64-in. steel air-cooled 
cylinder with a compression ration of 4-6. The main 
features of the design of the piston are shown in Fig. 6, 
while Fig. 7 shows the cylinder in outline and indicates 
the points at which measurements of wall tempera- 
tures were made. The temperature of the piston was 
measured at the centre and at a point ? in. from the 
edge, inline with the sparking-plug hole, which is mid- 
way between the back and left-hand sides of the 
cylinder. The mean results of a number of measure- 
ments are as shown in Table IIa. 

In these tests the air temperature was 19 deg. 
C. and the spark advance 25 deg., the maximum 
possible without detonation. The mean wall tempera- 
ture midway between points L.H. and Back, Fig. 7, is 
179 deg., and as the temperature of the edge of the 
piston at this point is approximately 239 deg., the drop 
across the oil-gap is 60deg.C. If this is uniform around 
the periphery, the hottest part of the piston would be 
at the back of the cylinder, where the edge temperature 
would be 269 deg., and the coolest point would be at 
the opposite end of the diameter where the tempera- 
ture would be 174 deg. The probable temperature 
curve across the piston along this diameter is then 
indicated by the curve of Fig. 8. This indicates that 
the centre of the piston is approximately 24 deg. 
hotter than the mean of the opposite edges, and about 
85 deg. hotter than the mean of the opposite cylinder 
walls, The thickness of the top of this piston is 8-5 mm. 
(0-335-in.). Comparing this piston with the 100-mm. 
pistons previously examined, it appears that the tem- 
perature drop across the oil-gap is about twice as 
great, as might be expected from the fact that its bear- 
ing surface is relatively considerably less. The mean 
temperature drop from the hottest point to the edge is, 
however, much less. This is probably due partly to 
the fact that this cylinder could only run on a very 
rich mixture which in itself tends to coolness in opera- 
tion, but mainly to the design of the piston, in which 
the gudgeon-pin is carried by two heavy lugs which 





join the crown at points between the centre and the 
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edge. Much of the heat is transferred from the head 
down these lugs to the connecting-rod, Furthermore, 
the piston-crown has a raised lip 11 mm. deep around 
its periphery. This will receive a considerable amount of 
heat from the working fluid which must tend to increase 
the temperature around the periphery. The maximum 
wall temperatures attained in any tests on this cylinder 
were at 1,650 r.p.m. on a weak mixture (0-80 pint per 
brake-horse-power-hour) at 98-0 b.m.e.p. These were 
54 deg. higher than those recorded above. No piston 
temperatures were taken in these tests, but such wall 
temperatures would correspond to a maximum piston 
temperature of the order of 300 deg. C. This piston 
is probably cooled very appreciably by oil-splash from 
the crank-case. 
(To be continued.) 





LAUNCH OF THE §.S. ‘“ TeTeLa.’’—Messrs. Cammell 
Laird and Co., Limited, launched recently, from their 
Birkenhead Yard, the ‘'Tetela, a single-screw steamer 
built for Messrs. Elders and Fyffes, Limited, to trade 
between Bristol and the West Indies. Designed to 
steam at a speed of 13} knots, the vessel has a length, 
between perpendiculars, of 400 ft., a breadth of 51 ft., 
and a depth from the upper deck of 32 ft. 11 in. On 
the main, lower, and orlop decks, forward and aft of 
the machinery compartments, and in the lower holds 
forward, are situated insulated chambers for carrying 
fruit cargoes. A powerful set of refrigerating machinery, 
necessary for the preservation of the fruit, is located in 
a house on the upper deck. Single-berth cabins for 
nassengers have been arranged at the forward end. 
Zlectric light is provided throughout the vessel by an 
installation of three 55-kw. 100-volt, compound-wound, 
direct-current generators, situated in the engine-room. 
An emergency lighting generator, having an output of 
6 kw. at 100 volts, is also supplied. The cargo is handled 
by means of four 5-ton derricks, fitted to each mast, 
and four 7-in. by 12-in. Babcock winches. An 8-in, 
by 14-in. warping winch is installed aft. The propelling 
machinery will consist of a set of triple-expansion 
reciprocating engines, having cylinders 27} in., 46} in. 
and 78 in. in diameter, and a piston stroke of 54 in. 
Michell thrust blocks are fitted. Steam is supplied by 
four cylindrical boilers at a pressure of 210 lb. per square 
inch, working under Howden’s system of forced draught. 
The vessel has been built to comply in all respects with 
the latest requirements of the British Board of Trade. 
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10,000-H.P. KAPLAN TURBINE AT LILLA EDET. 
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Fig. 5. 


ANALYSIS oF CoaL IN ALBERTA-—The 45 coal 
districts of Alberta produce all kinds of coal from 
anthracite down to lignites, and all of these are used. 
In productivity the areas differ widely. We see from 
Report No. 14 of the Scientific and Industrial Research 

ouncil of Alberta some areas are still non-producing, 
and the total production had decreased from 6,566,923 
tons in 1923 to 5,203,718 tons in 1924. The curves 
of equal coal moisture run almost parallel to the main 
ridge of the Rocky Mountains, and the moisture increases 
trom = per cent. in the far west (on the borders of British 
Columbia) to 28 per cent. and more in the east. The 
averages of equal calorific value decrease in the same 
way trom 13,700 in the west to 8,900 and less in the 
east. In these latter figures the ash contents, which 
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locally fluctuated very strongly, have been calculated 
to an adjusted basis of 10 per cent. Some 1,200 coal 
samples have been analysed, and the results of typical 
analyses are roproduced in the Report. The coking 
properties were only estimated in connection with the 
determination of the volatile matter by a crucible test, 
and they may vary much locally; but most of the coals 
are described as non-coking or of poor coking quality. 
Clinkering tests are also noticed, and it is suggested by 
Arthur G. Scroggie, M.Sc., that the “ clinkering index ”’ 
is a truer guide to the clinkering properties than the 
softening temperature. This index represents the 
temperature difference between the combustion tem- 
perature of the coal, and the softening temperature 
of the ash. 





THE KAPLAN TURBINE. 


In a paper read last April before the Swedish 
Engineering Society, Mr. Elov Englesson gave some 
interesting data of the Kaplan turbine, of which 
a unit developing 10,000 h.p. at 624 r.p.m. under 
the low head of 6-5 m. has been erected at Lilla 
Edet, to the order of the Swedish Government. A 
section through the station showing the turbine in 
place is reproduced in Fig. 1. The runner has a 
diameter of 19 ft. 8 in., and weighs 62-5 tons. The 
flow amounts to 5,700 cub. ft. per sec., and the 
head to 21-3 ft. Fig. 4 shows the gate or guide 
mechanism for this turbine, while Fig. 5 shows the 
runner. The distinguishing characteristic of the 
Kaplan type of propeller turbine is that the vane 
angle is variable, the runner being constructed 
on the lines of a screw propeller with feathering 
blades. The advantage of this is that a high 
efficiency can be maintained over a very large range 
of load and under varying heads. The arrangement 
adopted for feathering the blades is illustrated in 
Figs. 2and 3. From this it will be seen that a relay 
operated by oil pressure is provided inside the hub 
of the runner. Oi] under pressure is conveyed to 
this relay by the central pipe shown in the figure. 
At its lower end this pipe carries a cylindrical valve, 
according to the position of which oil is admitted to 
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or exhausted from either the top or the bottom of the 
piston. As in all other relay systems of governing, 
an “‘overtaking’’ arrangement is necessary so that 
when the piston has moved as much as required by the ° 
change of load, it shall be brought to rest. In the 
present case this is provided for very simply by making 
the piston of the relay its own “‘ overtaking gear.” 
When, for example, it moves up in response to an 
admission of pressure oil below it, the piston ultimately 
arrives again in the position shown in the diagram in 
which the ports both to the upper and lower sides of 
the piston are closed by the valve. The annulus shown 
round the lower end of this valve is connected by 
the drilled port shown on the right to the annulus 
between the central supply pipe and the turbine shaft. 
Though this annulus passes the oil exhausted from 
the relay. This is caught in the collector shown around 
the upper end of the shaft, and led thence to the oil 
sump. 

As the relay piston in the runner hub moves up or 
down it carries with it pins which rotate the vanes. 
The whole interior of the hub is filled with oil, leakage 
of which is prevented by the packing rings with which 
the vane pivots are provided. Since the relay is 
actually within the runner hub, all the stresses due 
to its operation are self-balanced, and no positive 
or negative load is imposed on the main thrust 
bearing. 

By a second relay represented diagrammatically on 
the left of Fig. 2 the waterway through the guide blades 
is varied as the load changes. These guide blades 
it will be seen are pivoted, an arrangement which 
originated some sixty or more years ago with James 
Thomson, the brother of Lord Kelvin, and which, 
after long neglect, is now coming into general use. 
Exact correspondence between the guide blade 
opening and the angle of the runner vanes is secured 
by operating the hub relay valve by the cam-plate 
shown in Fig. 2 above the roller by which the oil 
supply pipe is capped. By adopting a suitable curve 
for this cam the vane angle can be accurately adjusted 





to the water supply, so that the efficiency of the 
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turbine remains constant over a very wide range of 
load. 
In the paper cited, Mr. Englesson gave the curves 
given in Figs. 6 and 7 on page 153 as representing the 
difference in this respect between the Kaplan turbine 
with its movable blades, and the ordinary propeller 
turbine with adjustable blades. The maximum 
efficiency attainable with the two types will be about 
the same, but at half-load the runner with fixed 
blades has only about five-eighths of its maximum 
efficiency, whilst that of the Kaplan type is nearly 
unaffected. Where there is a scarcity of water the 
advantage of the movable blades is obvious. With 
low heads, no doubt, storage is seldom practicable, 
so that so far as day and night load variations are 
concerned, there is probably little advantage in the 
movable blading since the water in excess of require- 
ments must be wasted anyhow, and it matters relatively 
little whether it is wasted through a turbine or over 
a spillway. It is, however, not uncommon to have a 
shortage of water during about one-third of the year, 
and, as Mr. Englesson maintains, in such conditions, 
the efficiency of the Kaplan type at low loads is of very 
great value. The type has, moreover, some obvious 
advantages when a turbine has to be run under 
varying heads, as would be necessary in schemes for 
developing power from the tides. 








MODERN SHIP DESIGN.* 
By Proressor Percy A. HittHovse, D.Sc. 


No single feature has had so profound an influence 
on the science and art of ship designing as the means 
of generating the power required for propulsion. 
Twenty-five years ago, practically only one type o 
engine was in use—the reciprocating steam engine, 
and only one means of producing the necessary steam 
—coal-fired boilers. The turbine was an infant in 
190i, when the famous pioneer King Edward was 
built by Messrs. William Denny and Brothers, Limited. 
The Diesel internal-combustion engine, first tried out 
in marine work in the Selandia, in 1911, is now forcing 
its way into the ranks of big powers in many forms of 
two-cycle, four-cycle, single-acting, and double-acting 
engines, with single or opposed pistons, and also turn- 
ing, one, two, three or four propellers. The Michell 
thrust block has enormously reduced frictional losses. 
Transmission of power has been accompanied by a 
reduction in revolutions, so that the most efficient pro- 
peller may be run by the most efficient engine by 
mechanical, hydraulic, and electric intermediaries. 
The paddle wheel has almost disappeared ; the screw 
propeller holds the field, but there is now a new 
aspirant in the form of the Denny vane wheel. The 
Still engine combines steam pressure with oil explosion, 
while the ‘ combination ’’ system makes use of both 
reciprocating steam engines and steam turbines in one 
vessel. 

The aim of the engineer, it is hardly necessary to 
say, has not been merely to produce variety; his goal 
throughout has been efficiency—to produce power 
on the smallest total weight of machinery and fuel. 
In this endeavour his success has been great, and it 
is solely due to the work of the engineer that the 
high speeds obtained by such vessels as the Mauretania, 
the Hood, the modern destroyer and cross-Channel 
steamer, have been made possible. The Aorangi 
to-day carries 4,000 tons of cargo and oil fuel sufficient 
for the round trip of 15,000 miles from Vancouver to 
Sydney and back again. Had she been built 25 years 
ago and equipped with quadruple expansion recipro- 
cating engines and coal-fired forced-draught boilers, she 
could have carried fue! for a single trip only, and half 
the amount of cargo. The total weight of machinery 
and fuel for the round trip to-day is about 5,000 tons 
less than what would have been necessary in 1900. 
Cruiser machinery then gave about 11}-h.p. per ton; 
destroyer engines about 41. To-day these figures have 
risen to about 29 and 75 respectively. 

Having obtained a supply of power under whatever 
conditions, the naval architect has then to discover 
how to make the best possible use of what the engineer 
can offer. In this aspect also the ship designer is 
much more favourably situ: ted than he was 25 years 
ago. Then his chief tool was the Admiralty Coefficient 
of Performance, and in the hands of an experienced 
user, having a large amount of data at his disposal, 
this was capable of producing very satisfactory results. 
Its use, which is an interpretation of Froude’s Law of 
Comparison is, strictly speaking, available only for 
“similar ” ships at “ corresponding ” speeds, and even 
then requires some correction for skin friction. If the 
two vessels being compared are not exactly similar, 
but differ in proportions, shape, and block coefficient, 
as well as in size, the Admiralty coefficient must be 
modified in some way which can only be guessed at 





* “ James Watt ” Lecture delivered before the Greenock 
Philosophical Society, on Friday, January 22. 
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as the result of long experience. It is a matter of ripe 
judgment and not one of mathematics or definite reason- 
ing. Sir Eustace d’Eyncourt, in 1901, gave in a paper 
“‘On the Limits of Economical Speed of Ships,” read 
before the Institution of Naval Architects in Glasgow 
(see ENGINEERING, vol. lxxi, page 854), two very useful 
curves connecting firstly, speed-length ratio with suit- 
able block coefficient, and, secondly, length with 
Admiralty coefficient. These were valuable and prac- 
tical aids in determining the probable value of the 
Admiralty coefficient for a proposed new vessel, but 
took no account of proportions, prismatic coefficient, 
or what may be called the slenderness ratio (length 
divided by cube root of displacement): Admiralties 
and those few private firms who possessed experimental 
tanks, were in much more favourable positions than the 
great body of ship designers, where questions of power 
were involved, and very little information of a general 
nature had, as yet, been published by the tanks. In 
1904, however, the late Mr. R. E. Froude led the way 
by publishing the results of ‘‘ methodical ” experiments 
upon a series of fine forms suitable for vessels of the 
channel steamer or cruiser classes. The practical value 
of this paper was at once evident, as it gave lines plans 
for a variety of forms, together with the results of tank 
experiments therewith. These data enabled the user to 
calculate with accuracy the effective horse-power over 
a considerable range of speed, for varying proportions, 
slendernesses, and forms of midship sections. Many 
well-known Channel steamers have been based upon 
Froude’s paper and the results in all cases have been 
entirely satisfactory. 

Many similar papers have since been broadcast, 
and there is now practically no ordinary type of form 
or proportion for which accurate and usable tank 


¢ | results have not been published. Notable among these 


are the numerous papers issued by The William 
Froude Experimental Tank of the National Physical 
Laboratory, for which the profession is indebted to 
Sir Alfred Yarrow, and Dr. D. W. Taylor’s well-known 
book, which covers practically the whole range of 
Naval and Mercantile requirements. The existence of 
Taylor’s book has put the naval architect in a position 
to predict with confidence the resistance of any normal 
vessel, and Taylor’s data compare very well with those 
of Froude, 1904, over the range of forms considered by 
the latter. Valuable papers covering various methodi- 
cal series of form changes have from time to time been 
given to the profession by Messrs. John Brown & Co., 
the Washington Tank, the Michigan Tank, and others, 
so that the naval architect of to-day has a wealth of 
experimental guidance as to ship resistance, which 
was non-existent 25 years ago. For unusual forms, 
and especially for those having a large ratio of beam 
to draft, special experiments would have to be made, 
and here the modern designer has at his call the 
services of the National Tank, and no longer needs to 
work uncertainly in the dark. 

No less important than the exploration of resistance 
is the problem of propulsion, and here again the 
various tanks have come to the rescue, Taylor, William 
Froude, and R.. E. Froude in particular having published 
the results of thousands of methodical experiments 
covering wide ranges of propeller types and _ pro- 
portions. Froude’s 1908 paper and Taylor’s 1910 
hook are largely used by designers in this country, 
each, however, usually evolving his own particular 
working methods, but all based upon the work of 
these two experimenters. The only matter—and a 
very important one—which cannot be covered by any 
feasible amount of general experiment, is the effect 
of any particular screw upon any particular ship. 
We may know the resistance of the ship and the thrust 
obtainable from any screw acting alone “ in the open,” 
but their combined performance is a matter for judg- 
ment guided by experience. In doubtful cases (there 
are those who hold that all cases are doubtful) the 
Tank can be referred to, and model propellers tried 
in their correct relation to model ship, and full 
particulars of their mutual interaction and reaction 
obtained by experiment. 

When one takes into consideration the immense 
debt which the shipbuilding and shipowning interests 
owe to tank research, it is somewhat disappointing 
to learn that our experimenters are greatly handicapped 
by inadequacy of funds, and that in this respect our 
German competitors are much better off. The aver- 
age funds available for research at the National Tank 
during the last decade has averaged only 1,200]. per 
annum—it is now in the neighbourhood of 5,000/. per 
annum, of which half comes from the industry and 
half from the Government. Much more could be 
usefully employed, and I would like to see the roster 
of firms contributing to the support of the National 
Tank largely increased. There are about 240 ship- 
building and 2,000 shipowning firms in the Kingdom, 
to all of whom the results of tank researches are 
available, and even a small annual contribution from 
each would supply an assured income, which would 
put this country on a par or ahead of its neighbours, 





and the results would amply repay the subscribers, 
Another factor .greatly helping the modern ship 
designer is the development of technical literature. 

During the period under review the classification 
societies have pushed steadily forward towards sim- 
plicity and efficiency in structural design. Many of 
the sine gua nons of 1900 have now been entirely dis- 
carded, and the whole problem of strength has been 
put upon a scientific basis, so that any form of con- 
struction will be considered upon its intrinsic merits, 
and not only as measured by the standard rules and 
tables. The most important feature of this progress 
has been the incorporation of the superstructures as 
the top member of the main strength girder in such a 
way as to avoid an excessive ratio of length to depth. 
The Campania was 600 ft. in length with a depth of 
only 41 ft. 6 in. to her upper deck, above which was a 
long central deckhouse, promenade and boat decks. 
To-day the Cunarder Scythia, also 600 ft. in length, 
has her side plating carried up two decks higher, 
making the depth 62 ft., so that her length to depth 
ratio is only 9-68, as compared with 14-46 for the 
Campania. The excessive local scantlings of the earlier 
type—heavy sheerstrake, stringer, and gunwale bar— 
are thus avoided. In the earlier vessels with small 
relative depth of girder and light superstructure, it was 
found that cracks frequently occurred at the doorways 
and windows of the deckhouses. Such points were 
repaired and reinforced, but continued to crack. In 
despair the cracks were allowed to remain but were 
concealed by sliding wood coverings, and no further 
trouble was experienced. This led to the introduction 
of artificial cracks or expansion joints, the super- 
structure decks and deckhouse sides being out at one or 
more points of their length with the idea that these 
joints would ‘“‘ work ”’ and so relieve the superstructures 
from strain. The expansion joint is now dead, both 
Mr. Foster King of the British Corporation, and Dr. 
Montgomerie of Lloyd’s Register, having shown that 
the only satisfactory treatment of superstructures is 
to include them in the strength girder, and that this 
does not involve any excessive increase in their scant- 
lings. By the work of the Load Line Committee of 
1916, strength, both longitudinal and transverse, has 
been definitely linked up. with draft, while the Bulk- 
head Committee has established sub-division in relation 
to freeboard-ratio, so that the modern vessel is a much 
more logical entity than her predecessors. 

The more or less panic legislation brought on by the 
tragic loss of the Titanic has dragged its weary way 
across the path of the shipbuilder for fully twelve years, 
and we still await finality. A tremendous amount of 
energy has been expended in the study of the problem 
of sub-division and in the preparation of floodable 
and of permissible lengths of compartments : the whole 
matter has been very thoroughly explored and the 
profession is eagerly awaiting final and definite regu- 
lations. At present, sub-division is the principal 
bugbear of the designer. In bygone years the number 
of watertight bulkheads was given by the rules of the 
classification societies, and they could be placed prac- 
tically anywhere along the vessel’s length. A design 
could, therefore be quickly set going and the bulkheads 
adjusted as found most convenient as the plans 
developed. Under present circumstances one or two 
days must first be spent in the preparation of curves 
of permissible length, and as these depend upon the 
contents of the various compartments, the process is 
to some extent one of trial and error. What the de- 
signer sighs for is some rapid method of determining 
the number and position of the bulkheads. The 
problem however, is so complex that no such simple 
solution appears to be possible, so that unless we go 
back to pre-Titanic conditions and rely for safety 
upon extra care and the various modern aids to navi- 
gation, preliminary work upon bulkhead spacing 1s 
unavoidable. A greater degree of safety is undoubtedly 
secured, but whether the game is actually worth the 
candle in view of the infrequency of serious damage at 
sea, is perhaps open to question. 

One of the most difficult matters met with in arrang- 
ing the disposition of the various features of a passenger 
liner is that of placing the cargo hatches in suitable 
positions in relation to the holds which they serve. 
The ideal arrangement from the stevedore’s point of 
view is to have a cargo hatch at the centre of each hold 
so that the distance over which the cargo must be 
dragged to bring it under the hatchway is reduced to a 
minimum. The necessity of finding room for large 
numbers of passengers amidships, however, calls for a 
long bridge and promenade decks and deckhouses. 
These will considerably overlap the machinery and 
bunker spaces, and force the cargo hatches towards the 
ends of the holds adjacent to the machinery spaces. 
The adoption of oil fuel and its stowage in the double 
bottom, as well as the elimination of boiler rooms in 
Diesel-engined vessels, has the effect of reducing the 
length of the machinery spaces and so increasing the 
overlap referred to. If the cargo hatches are to be 
central they must be carried up through the accom- 
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modation, making it more difficult to arrange satis- 
factory dining saloons and public rooms; or the erec- 
tions must be reduced in length and increased in 
number. With the former solution cargo has to be 
lifted to a great height and possibly swung over the 
boats; in the latter we have a tower of deckhouses 
amidships and a call for increase of beam to maintain 
stability. Another important matter is the provision 
of a working passage or means of communication from 
end to end of the vessel for the use of the crew, for 
aecess to galleys, store rooms, machinery spaces, and 
crew’s quarters, and for the leads of main steam and 
water piping and electric cables. In earlier types, such 
means of communication and access was afforded by the 
passages between the central deckhouse on the upper 
deck amidships and the vessel’s sides—passages 
exposed to the weather. One of the earliest designs 
for the Lusitania was so arranged, but in this case the 
ship’s sides were plated above these passages and the 
cabins arranged over the full breadth of the vessel. 
The side plating in way of the working passages was 
pierced by a number of long openings with solid plating 
between. with the object of including the top of the 
shell plating in the strength girder. The favourite 
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rooms are also much larger nowadays, while the number 
of occupants is reduced. In first-class accommodation 
one and two-berth cabins are now largely provided. 
The Campania carried 535 first-class passengers in 
seven three-berth, 57 two-berth and 100 four-berth 
cabins; the Scythia accommodates 337 persons in 
17 one-berth, 27 two-berth, 42 three-berth, and 35 
four-berth state rooms. The average number of 
persons per room in the Campania was thus 3-26, in 
the Scythia 2-78. 

A notable feature in modern cabin lay-out is the 
Bibby cabin, the invention of Mr. A. W. Bibby, an 
inner cabin with a passage leading to a sidelight. 
Introduced in 1901, this clever idea (see Fig. 1) at once 
sprang into popularity, as by its use it is possible to 
ensure that no passenger will be without direct access 
to daylight, fresh air, and an outlook to the sea. In 
some ships as many as six Bibby passages are found 
adjacent to each other. The passage may either be of 
parallel width or widening towards the cabin to which it 
belongs. The inner cabin, being away from the ship’s 
side, will be cooler in summer and warmer in winter. 
In some cases the idea has been extended by making 





the passage of sufficient width to accommodate a sofa 
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arrangement, however, is to place a wide fore and aft 
working passage on one side of the bulkhead deck, 
above the tops of the bulkheads and between the 
machinery casings and a row of crew spaces at the 
ship’s side. In many cases no through fore and aft 
passage is provided, the various necessary means of 
communication and access being worked in locally and 
independently. 

It is good practice to keep the dining saloons in 
ships as low as possible. They are not occupied for 
very long, no outlook is necessary, and since this 
position is near to the ship’s centre of gravity, rolling 
and pitching motions are minimum. The dining 
seats in the pioneer liners were arranged at long fore 
and aft or transverse tables with narrow passages 
between, and many seats were difficult of access. 
To-day a large number of smaller tables to seat two, four 
or Six persons are scattered over the space available, 
each chair is directly accessible, and the floor area 
per person is much greater. In the Umbria, for each 
diner there was 11 sq. ft. of saloon area, whereas the 
Aquitania averaged 2-5 persons per table, with 20 sq. ft. 
of saloon area per diner. In the Campania the dining 
tables accommodated from 4 to 54 persons, the average 
being 13 persons per table, and the floor space per 
diner being 12-5 sq. ft. In the Scythia, a modern 
vessel of the same length and engaged in the same trade, 
the average number of persons per table is 3-6, and 
20 sq. ft. of floor space is provided per passenger 
seated. Galley and pantry spaces have largely 
increased, 9} sq. ft. being provided per first and second- 
class passenger in the Scythia, as compared with only 
3 sq. ft. inthe Campania. Stairways and main corridors 
are generally much wider : the main first-class corridors 
in the Campania were only 2 ft. 10 in. in width; in 
the Scythia 3 ft. 6 in. is allowed. Individual state 
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orbed. The Inchcape cabin (Fig. 2) has also been found 
a very attractive arrangement. Light to an inner room 
can also be obtained by means of an obscured glass 
panel in the partition dividing it from the outer cabin, 
by means of a “skid ” light through the deck and the 
coaming of the deckhouse above, or by recessing the 
transverse access passage (see Fig. 3), but none of these 
schemes is so satisfactory as the Bibby cabin, as regards 
light, air; and outlook. No first-class liner to-day is 
complete without its cabines-de-luxe, or special suites 
of apartments, consisting of sitting room, sleeping 
room, and bathroom. The ideas of thirty years ago, 
as exemplified by the Campania, could be compared 
with those of to-day as found on the Scythia by means 
of Figs.4and 5. In the Campania an area of 164 sq. ft. 
sufficed for the de-luxe stowage of four persons; now 
320 sq. ft. are provided for two passengers in the 
Scythia. We now have twice the area for half the 
number of occupants. 

The modern liner passenger enjoys a much greater 
degree of luxury and convenience than he is in most 
cases accustomed to at home. The pursuit of the 
beautiful and artistic in the decoration of public rooms 
has taken the designing of the framing and furniture 
of a ship’s public rooms out of the hands of the foreman 
cabinetmaker and brought about the employment of 
outside architects specially trained for this class of 
work. The result is that our public rooms now exhibit 
many beautiful examples of period designing, and a 
modern liner is an education in the various styles. The 
old saloon skylight, a long chimney-like shaft rising 
from the dining saloon to the air of heaven, has dis- 
appeared, and is replaced by a dome rising one 
deck height only, and consequently of much more 
harmonious proportions and susceptible of more 


adequately replaces the faint daylight which was able 
to come down the “ chimney,” and artificial ventilation 
is found to be more satisfactory than the natural 
supply or exhaust afforded by the long trunk formerly 
provided, and not only is the modern dome better than 
its predecessor, but much deck room is saved and the 
rooms higher up much improved. 

Distinctly modern features in general design are the 
cruiser stern and the dummy funnel. The so-called 
cruiser stern was first applied in large liner practice in 
the C.P.R. liners Empress of Russia and Empress of 
Asia, built in 1913. Its use has largely extended, and 
though perhaps not so handsome as the counter stern, 
it has the advantage of increasing the effective waterline 
length and so helping propulsion. It adds area to the 
decks aft and so facilitates the adoption of under-water 
steering gear, while on the other hand it probably places 
the propellers under some disadvantage as compared 
with the older type of finish. The dummy funnel is a 
concession to appearance, and the sense of power given 
by the erection of one or more additional smoke stacks 
has been found to be a distinct advertising asset. 

While first-class comfort has thus been largely 
improved, the second- and third-class passenger has by 
no means been neglected. Many vessels now carry 
second and third class only. In such ships the second 
class are renamed “ cabin ”’ passengers and have all the 
comforts and conveniences of the usual first, though not 
on so lavish a scale, at a lower fare. Third class are 
now generally carried in two-, four- and six-berth rooms, 
and no longer in open berths, 200 or 3C0 in one *tween 
deck space. They are provided with separate dining 
saloons, public rooms, and promenade spaces. 

As regards stability, there is nothing new except, 
perhaps, a tendency to accept larger metacentric heights 
than formerly—this partly a necessary provision in 
view of the loose surfaces accompanying the use of oil 
fuel—and the fact that there is now before the profession 
a proposed standard of stability: the formula put 
forward by Mr. John Anderson at the 1923 spring 
meeting of the Institution of Naval Architects (see 
ENGINEERING, vol. cxv, page 444). 





Sotpo Tinnine Compounp.—It is generally considered 
to be necessary to clean the surfaces of metals very 
thoroughly before tinning them either as a preliminary 
to the operation of soft soldering or for lining bearings 
with white metal. A new compound, known as Soldo, 
however, has recently been placed upon the market for 
rendering this cleaning unnecessary and at the same time 
materially facilitating the tinning process. The makers, 
The Soldo Company, Sicilian House, Southampton-row, 
W.C.1, claim, and their claim is supported by tests made 
by the National Physical Laboratory, that any metal 
except aluminium and highly-graphitic cast iron, can 
be tinned merely by heating and applying Soldo, which 
is supplied in the form of a light grey powder containing 
metallic particles. The surface of the metal may be 
rusty, greasy or even coated with paint or enamel 
without in any way affecting the results, any such impuri- 
ties present being dissolved and removed by the fluxes 
present in the compound. Moreover, many metals and 
alloys, such as manganese, nickel-chrome and other 
special steels, planished steel, etc., which are very diffi- © 
cult to tin by the methods commonly employed, can 
be easily and effectively tinned by Soldo, and when tinned, 
of course, they can readily be joined by the normal process 
of soft soldering. Rough tests we have made on brass, 
nickel, iron and spring steel indicate that the substance 
does all that is claimed for it by the makers, so that there 
would appear to be numerous applications for it in most 
workshops. 





PROPERTIES OF CoKE.—The experiments by Dr. C. 
Holthaus, an engineer of Dortmund, on the influence 
of the chemical and physical properties of coke on its 
combustibility, once more illustrate the difficulty of inter- 
preting laboratory tests with respect to the “reactivity ” 
of different sorts of coke. The four classes of coke 
he experimented with (Stahl und Eisen, January 14) did 
not differ much in general composition, but they came 
from different works, and it would appear that the 
density, porosity, ash contents, combustibility, &c., of 
samples of a coke vary too much among themselves for 
absolute values to be attached to the tests. Comparison 
should, therefore, be restricted to cokes of the same 
origin. Holthaus took his specimens from the centre of 
the retort, from the walls and from intermediate positions. 
The ash percentage in these portions fluctuated con- 
siderably ; in general, perhaps, the ash percentage was 
greatest near the wall, but there was no regularity. The 
same remark also applied to the silica percentage and the 
porosity. Microscopic determinations of the latter in 
transmitted light proved deceptive (as had been found by 
Beilby), whilst examination in reflected light proved 
instructive and revealed the presence of innumerable fine 
pores. The compression test seemed less valuable than 
the attrition test ; a coke which gives much fine powder 
burns easily, but ignition point tests made with powdered 
and with abraded particles gave different results. 
According to Koppers, the volume of gas evolved when 
a coke is heated to such temperatures as from 600 to 1,000 
deg. C., would be a measure of the coking temperature, but 
this is not confirmed; all the cokes lost more and 
more gas as the temperature was raised. The organic 
structure seemed to ke of greater influence on the com- 





artistic and pleasing treatment. Artificial illumination 





bustibility of the coke than the percentage of volatiles. 
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** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampt Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word *‘ Sealed” is appended. 

Any person may, at any time within two months from the date of 
the dverti t of the pt of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


239,669. Sunbeam Motor Car Company, Limited, 
Wolverhampton, and L. Coatalen, Wolverhampton. 
Internal-Combustion Engines. (3 / igs.) August 5, 
1924.—The invention relates to internal-combustion 
engines having in their fuel-supply systems a blower 
whereby the charge can be supplied at pressures near, 
at, or above atmospheric, when required. The object 
of the invention is to provide a very simple control 
mechanism whereby the blower can be brought into 
and out of use when necessary. According to the 
invention, there is employed in combination a blower 9 
arranged in a by-pass system 7, 8, between the carburettor 
3 and the engine 2, a change-over valve 4 controlling 
both the inlet and the outlet of the blower 9, selectively 
adapted to place the carburettor 3 in direct communi- 














cation with the engine, or indirectly through the 
blower, and a clutch 10 between the engine and the 
blower which is interconnected with the change-over 
valve 4. The change-over valve 4 consists of an 
angularly movable two-way valve controlling both the 
inlet and the outlet of the blower adapted in one 
position to put the carburettor in communication with 
the induction pipe 2 through ports such as 5 in the 
valve which register with the inlet pipe on the one 
hand and with the carburettor outlet on the other hand. 
In the other position of the change-over valve, the 
carburettor and the inlet pipe are caused to commu- 
nicate by means of the passages 6 in the valve with the 
blower suction pipe 7 on the one hand and with the 
blower delivery pipe 8 on the other. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


239,943. F. W. Payne, London, and F. G. Payne, 
London. Chain Dredges. (5 Figs.) June 20, 1924.— 
The invention consists in a driving tumbler for chain 
dredges of square or polygonal section adapted to 
drive primarily by reason of its flat faces and so 


(239.943) 





constructed that the whole, or a portion, of each face 
can be adjusted to or from the axis of the tumbler. 
The tumbler comprises a sleeve-like casting 1 on a 
spindle 2. The casting 1 is basically of hexagonal 
section with an interrupted flange 4 at each end and 


a longitudinal recess 5 at each corner. Adjacent 


each section of the interrupted flanges 4 is a raised 
seating 6 and at the base of each recess 5 is a further 
recess 7. One wall of each recess 5 is of substantially 
constant height, but the other includes an elevated 
central portion 8. Located in the recesses 5 are corner 
pieces 9. Each corner piece is a hollow tapering structure 
of varying cross sectional formation. Between the base 
of each recess 5 and the associated corner piece 9 is 
a series of wedges 13 which conjointly constitute an 
inclined packing piece or chock, the taper of which is 
complementary to that of the corner piece 9. These 
wedges are provided with bifurcated extensions 14 
which fit within the recess 7 and embrace a bolt 15. 
The corner pieces 9 are secured in position by straps. 
The tumbler is first assembled with the inclined faces 
of the corner pieces 9 in alignment with the sides of 
the hexagonal casting 1 as indicated in the drawing. 
The side portions of the corner pieces engage the side 
links of the chain which carries the buckets, the central 
portions 11 and the elevated portions 8 of the walls of 
the recesses 5 projecting therebetween. When the 
pitch of the chain increases, due to wear in the pins 
and bushes, it is only necessary, in order to compensate 
for this, to slacken off the bolts 20 and set screws 21, 
and to draw in the wedges 13 by tensioning the bolts 15, 
thereafter re-tightening the set screws 21 and the 
bolts 20, so that the sections of the straps are properly 
positioned by the set screws 21 before the bolts 20 
are drawn up. (Sealed.) 


MINING, METALLURGY AND METAL 
WORKING. 


239,366. A. E. Thompson, Wolverhampton, 
J. W. Anslow, Wolverhampton, and John Thompson 
(Wolverhampton), Limited, Wolverhampton. An- 
nealing Covers. (12 Figs.) September 18, 1924.— 
The invention has relation to annealing covers and their 
manufacture. A rectangular sheet of metal 1 has two 
adjacently-disposed V-shaped notches 2, 3 formed in 
each of two opposite edges. The shaped sheet is then 
submitted to pressing operations by which it is bent 
along two parallel lines 4, 5 each a short distance below 








(239,366) 


the bottom of the V-shaped notches, and also along two 
parallel lines 6, 7 passing through the bottoms of opposite 
V-shaped notches. Fig. 2 illustrates the sheet of metal 
after it has been bent along the lines 4, 5 and partly 
along the line 7. Further operations result in the 
formation of a body, as illustrated in Fig. 3, having four 
walls and a top which are integral, two of the walls being 
each constituted of three portions, namely, a V-shaped 
portion 8 and two portions 9, 10 and of such shape that 
the edges of the three portions abut to form a Y-shaped 
joint 11. (Sealed.) 


239,649. W. S. Smith, Bedford, and D. Brock- 
field, Thrapston. Cupolas. (3 Figs.) April 9, 
1925.—The invention relates to cupolas commonly used 
for melting iron. A cupola, according to the invention, 
is constructed with upper and lower wind belts f, g 


























(239,699) 


directly connected to each other by a number of air 
passages or conduits m, a plurality of radiating tubes o 
being disposed within the upper wind belt f to convey 
the waste products of combustion into the exhaust 
chamber p and thence to the atmosphere, whereby 





the air blast admitted to the upper wind belt f is pre- 





heated by flowing over the tubes o before its passage 
to the lower wind belt that merges into a continuous 
tuyere ¢ in the cupola body extending through the fire- 
brick lining of the furnace and to the inside of the 
furnace. (Sealed.) 


239,389. John Fowler and Co. (Leeds), Limited, 
Hunslet, Leeds, and W. J. Lewin, Hunslet, Leeds. 
Stone-Crushing Machines. (2 figs.) October 2], 
1924.—The invention relates to stone-crushing machines 
of the jaw type wherein the movable jaw has a compound 
motion imparted thereto by toggle levers which give it 
two independent crushing blows, one at the top and one 
at the bottom, for each revolution of the eccentric on the 
driving shaft. According to the invention, the eccentric 
on the driving shaft is provided with a single-armed 
pitman a having its extremity connected to the frame of 
the machine through the medium of a rear-pivoted 
radius link 6 and to the movable jaw c through the 


Figt 
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ee ree ne, 

te eee a 
medium of upper and lower toggle levers d. The 
movable jaw ¢ is suspended or supported on the frame of 
the machine by a pivoted radius link e, and the machine 
is provided with two tension members g, one at each side 
thereof, the tension members having their forward ends 
connected by means of upper and lower cross shafts / 
passed therethrough and through bearings 7 on the 
machine frame to which they are thus pivoted. Their 
rear ends are connected by a cross beam & carrying the 
bearing for the rear-pivoted radius link 6. The cross 
beam & is slidably mounted in the machine frame and 
made longitudinally adjustable on the ends of the side 
tension members. (Sealed.) 


MISCELLANEOUS. 


236,599. Shell-Mex, Limited, London, and 
J. Lawson, London. Spigot Cocks. (4 Figs.) 
January 15, 1924.—The invention relates to spigot cocks 
having a taper plug held on to its seating by the pressure 
of the liquid acting on the wide end of the plug and in 
which the actuating spindle is separate from the plug 
and loosely connected thereto. According to the 
invention, the cock is provided with a light spring 
17 just sufficiently strong to keep the plug 4 on to its 
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seating when the plug is not subjected to the pressure 
of the liquid. The spring 17 is located in a recess in the 
actuating spindle 10, which has, at its lower end, @ 
flange 11 provided with studs 12 which loosely engage 
corresponding recesses in the plug4. 13is a gland which 
is held in position by a retaining ring 14. Interposed 
between the gland 13 and the flange 11 is a packing 
ring 15 which can be put under pressure by a ring 
16 screwing into the gland 13.—(Accepted July 22, 1925.) 
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BRIDGE RECONSTRUCTION WORK 
OF THE MINISTRY OF TRANS- 
PORT.—No. VI. 

Tux Great North Road crosses the River Trent 
by a bridge at Muskham, near Newark. Although 
carrying one of the main roads of the country, this 


bridge, until the recent reconstruction was under- 
taken, was a wooden structure, erected in 1652, to 
replace one destroyed during the Civil War. Records 


of this predecessor extend back to the reign of 


ENGINEERING. 





approach was provided. A view of the new bridge 
as completed is reproduced in Fig. 86, page 172. 
It consists of two skew arches, each of 100 ft. span 
over the river, and two 25-ft. shore spans, which 
serve as flood openings. These are constructed as 
reinforced concrete girders, which are monolithic 
with the longitudinals under the decking of the 
main spans. The normal level of the river is 20 ft. 
above Ordnance datum in summer, and 22 ft. 6 in. 
in winter. The level of the springings of the arches 
was fixed at 30 ft. 5 in. above Ordnance datum, 
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level of the floor of the flood opening, which is 
protected, with 8 in. of stone. The whole of the 
foundation work was carried out in the dry, and we 
reproduce in Fig. 84 a view of the cofferdam for 
the north abutment. As already stated, the main 
arches have a span of 100 ft. between springings. 
and the rise is about 9 ft. 6in. Each arch consists 
of four parallel ribs of rectangular section. The two 
outer ribs measure 3 ft. by 2 ft. at the springings, 
and 2 ft. 6 in. by 2 ft. at the crown. Each of the 
ribs is reinforced in the neighbourhood of the spring- 


Richard I. 
duced in 


Fig. 85, page 172. 





A view of the bridge of 1652 is repro- 
It was, as stated, a 
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Fie. 84. CorrERDAM FoR NorTH ABUTMENT. 


timber structure, and quite inadequate to take the 
heavy road traffic, which has experienced such an 
extraordinary development during the past twenty 
years, and particularly during the post-war period. 
Plans for a new bridge were accordingly got out by 
Mr. J. Cracroft Haller, the county engineer and 
surveyor, who decided to adopt arches of reinforced 
concrete, The detailed designs for these were pre- 
pared by Messrs. L. G. Mouchel and Partners, 
Limited, Westminster, and the contract was let to 
Messrs. Walter Scott and Middleton, Ltd., also of 
Westminster. The new bridge was formally opened 
to traffic in November, 1922. 

The site selected for the passage of the river lies 
a little to the east of that occupied by the structure 
of 1652. As shown in the sketch-plan, Fig. 83, 
above, this crossed the river at right angles, and 
the western approach was sharply curved. By 
building the new bridge on the skew, a much easier 





tions of the abutments and of the central pier rest 
on the Keuper Marl at a level of 24 ft. below the 
springings. The load imposed on the subsoil amounts 
to about 5 tons per sq. ft. The pier in the centre of 
the river is of mass concrete, and measures 12 ft. 
by 65 ft. at foundation level. The abutments are 
also of mass concrete. Each is supported on a 
foundation slab 5 ft. thick, covering an area of 46 ft. 
by 40 ft. 6 in. 

On this slab rest the front wall of the abutment, 
and the piers which receive the shore ends of the 
five reinforced-concrete beams spanning the flood 
opening. The front wall in question is 9 ft. thick, 
and is backed by four counterforts, of which the 
two outermost, forming the flanks of the abutment, 
are 4 ft. thick, while the two inner are 5 ft. thick. 
The latter being under the roadway, are the more 
heavily loaded. The remainder of the space over 
the foundation slab is filled in with earth to the 





which is about 6 ft. below the level of the highest 
recorded flood which occurred in 1875. The founda- 


ings with sixteen 13-in. rods. The amount of steel 
being reduced at the crown to eight 13-in. rods. The 
two inner ribs are 3 ft. instead of 2 ft. thick, and the 
reinforcement provided is twenty-four 1{-in. rods 
at the springing, which is reduced to eight 1{-in. 
rods at the crown. The bars are tied together by 
steel links of in. rod. 

The main beams of the decking are supported by 
spandrel columns 14 in. square, springing from the 
two inner ribs. A similar arrangement is used at the 
outer ribs, but a spandrel wall is formed between 
these by a slab 4-in. thick, filling in the space between 
the columns, the under-face of the decking and the 
extrados of the arch. At the river pier, the main 
beams are supported on columns carried by the 
mass concrete pier. These main beams are 12 in. 
wide by 24 in. deep and merge into the arch ribs 
at the crown. 

As already mentioned, the main beams extend over 
the flood opening. The transverse beams are 8§ in. 
wide by 21 in. deep, and are spaced at about 5 ft. 
from centre to centre. The decking over them is con- 
tinuous. Itis 7in. thick, and carries the road metal 
and pavements. The balustrade and parapet are of 
Stancliffe stone from Darley Dale, but apart from 
this, the structure, inclusive of the cornice, is of 
ferro-concrete monolithic throughout. 

The bridge has been designed to carry a moving 
load of 60 tons, spaced over four axles ; the load 
being made up of a 20-ton road locomotive followed 
by a 40-ton truck. Upon completion, the work was 
thoroughly tested under the load specified, and the 
results were most satisfactory. 

The cost of the work has been 47,7491. of which the 
Ministry of Transport has contributed 21,367]. and 
Lord Middleton, 5,0151. 





THE ENGINEERING OUTLOOK. 
VI. Locomotives. 

IF the position and prospects of the machine tool 
industry are gloomy, those of the locomotive in- 
dustry are still more so. In addition to feeling the 
full force of the depression common to the British 
engineering industry as a whole, private firms 
engaged in the manufacturing of locomotives in 
this country have been subjected to dislccations 
of a special character. 
The world demand for locomotives in the years 
immediately following the war was great enough 
to enable Great Britain to export a greater volume 
than in 1913 in spite of the fact that the United 
States was also exporting on an unprecedented 
scale. In 1920 the value of locomotives exported 
by the U.S.A. was ten times as great as the 1913 
figure, and even as late as 1922 Germany exported 
twice the 1913 volume. This general activity was 
brought to an end as far as Great Britain was 
concerned in 1922, but after the termination of 
the managerial functions dispute in that year 
the volume of production returned to a satisfactory 
level, if on a much less remunerative basis. During 
the year 1923 this level was rather more than 
maintained, though the volume of production was 
far below that for 1913, but in 1924 new factors in- 
tervened which more than counteracted the genera! 
upward trend of trade and brought the locomotive 
industry to a critical position. The mest impor- 
tant of these, no doubt, has been the rapid growth 
of railway electrification, as a result of which it 
might almost be said that the steam locomotive is 
temporarily “out of fashion” in many countries. 
The year 1925 started more hopefully, but the 
improvement was not maintained. Indeed, in 
the latter half of that year the position was no 
better than in the worst parts of 1924. A feature 
of the fluctuations in this industry has been their 








spasmodic and irregular nature. With production 
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at its present level a few large orders placed in 
one or two districts are sufficient to swamp statistics 
covering the whole country, and, if not replaced 
by new orders on completion, introduce very 
considerable oscillations in the indices of trade. 
These are not, however, sufficient to obscure the 
true situation which is even at the beginning of 
1926 of a critical nature. 

As in other branches of engineering, employment 
is the soundest available index of the total produc- 
tion of the locomotive industry. In the following 
table will be found employment statistics obtained 
from an investigation by sample in seven principal 


Since there is, practically speaking, no home 
market for private locomotive manufacturers in 
this country, imports of locomotives are also, as 
might be expected, negligible. The welfare of this 
branch of engineering, and the activity of com- 
petition, alike centre round the export trade. In 
the following table international statistics of the 
export of locomotives are given in declared values 
converted to sterling at the average rate of exchange 
for the period in question. 

Taste IlI.—Declared Values of International Exports 
of Locomotives in £ sterling. 
(000 omitted.) 



































manufacturing districts. 
9 2 O5* 
TaBLe I.—Hmployment in the Locomotive Industry. etd aad _ 7 
Numbers Index | 2,782 2,894 1,851 2,562 
| Employed. | 1914 = 100. | Germany 2,569 1,399 1,090 1,412 
Cea... 1,324 967 1,279 1,314 
1 er apa en ae France... 87 655 358 475 
WIS... we | 25,628 100-0 Sweden * 5 Lom 1,049 7 
Pet Beh nt Oy ae 75:3 =e See 
1920, diay rae 14°510 92-9 6,767 7,477 6,522 5,800 
ist half year 5,885 7°6 * i 
ond half year 7°709 0-3 : acne on basis of first 11 maine. 
1924— . r a In considering the above figures it should be 
ef alt pene es aT 50 ih borne in mind that they are “declared values ” 
1 ° without any correction for the higher prices pre- 
ar al >| Saaan oe valent in post-war years. In comparison with 
| 1913 the contraction of exports is really greater 





From Table 1 it would appear that production 
at the end of 1925 was less than half that in 1913. 
It anything these figures probably understate the 
gravity of the position. Capacity is certainly 
greater now than before the war, and in view of 
the reduction in hours of work the weekly output 
per worker is less. There are no signs of consistent 
improvement, and clearly in the present circum- 
stances only a very rapid improvement consistently 
maintained would provide any grounds for optimism. 

The outlook from the point of view of production 
for export is even less encouraging. 


Taste II.—United Kingdom Exports of Locomotives. 
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The rapid drop in valve per ton which started 
in 1922 would seem to have been arrested in 1924, 
since when no further decline has taken place. 
This is perhaps an indication that latterly the 
question of price has been secondary to an absolute 
absence of demand. In any case, the comparatively 
small increase in the value per ton during 1924 and 
1925 over the corresponding figure for 1913 shows 
the great efforts that have been made by British 
manufacturers. Such prices can barely cover 
overhead charges, let alone show any profit. 

Owing to the policy adopted by the Home Rail- 
ways of manufacturing their requirements in their 
own shops, the Home market has been practically 
non-existent until latterly. Thus, indices of exports 
over long periods are practically synonymous with 
indices of production. During the last two winters, 
as a result of Government policy for the relief of 
unemployment, a certain amount of work for the 
home railways has been undertaken by private 
firms. These orders, which have been in general 
on an unremunerative basis, partly explain the rise 
in the index of total production in the latter half 
of 1924 and 1925. It is also probable, however, 


that some improvement in exports may be expected 
at the beginning of 1926, in view of the greater 
employment recorded during the last part of 1925. 





than would appear from Table III. It is therefore 
to some extent a consolation to find that other 
nations are experiencing difficulty in exporting 
locomotives besides ourselves. Since the record 
figures quoted above for the year 1922, Germany 
has failed to maintain her rivalry with this country, 
and still less to approach her pre-war exportation. 
In volume Germany only exported 17,163 tons in 
1923, 17,178 tons in 1924 and 24,438 tons in 1925 
as compared with 54,445 tons in 1913. By the end 
of 1925 the German industry was reported to be in 
a critical condition. 

Even in France with the advantages of a depre- 
ciated exchange the locomotive industry has been 
the most depressed branch of engineering since 
1921. As compared with pre-war, her exports have 
increased in volume from 1,334 tons in 1913 to 
9,267 tons in 1923, 5,647 tons in 1924 and 8,530 
tons in 1925. But the value of the home market 
has been largely destroyed by intense concentration 
upon railway electrification, and the volume of 
work done has only been a fraction of capacity. 
A larger exporter than France in 1925 has been 
Belgium with 13,441 tons valued at 595,0001. 
These statistics having been published separately 
for the first time last year no previous comparison 
is possible. Sweden until 1925 was obtaining a 
large share of the export business. From 85 tons 
in 1913 her exports rose to 11,343 tons in 1923 and 
18,211 tons in 1924, but according to the figures 
for the first 11 months of 1925 they have diminished 
once more to a negligible quantity. Switzerland has 
made steady progress during the last three years, 
and in 1925 exported 3,552 tons as compared with 
979 tons in 1913. Italy’s exports have also been 
on an ascending scale until 1925. 

The entry of these smaller producers into the 
competitive field is evidence of the great strengthen- 
ing of the national industries in each country since 
the war. No doubt, before the war the value of 
their markets was not great to the British manu- 
facturer. Even now many of these countries 
would be negligible individually as exporters. But, 
in the aggregate they have a very appreciable 
effect both in reducing the volume of orders obtained 
by British manufacturers from the more valuable 
markets and also in enabling buyers to beat down 
British prices to an unremunerative level. More- 
over, India, South Africa and Australia have all 
started manufacture on their own account. 

This state of affairs has reacted upon American 
exports no less than upon our own. Before the war, 
in the United States no export trade in steam loco- 
motives was carried on with Europe at all and exports 
to Canada, Japan, Brazil and China were only a 
small proportion of total production. During the 
war a large demand sprang up for the belligerent 
countries of Europe and for other countries pre- 
viously supplied by Great Britain and Germany ; 
and in the immediate post war years this demand 
continued to increase. In 1920, 1,711 locomotives 


valued at 53-6 million dollars were exported. of 
which number 175 went to Italy, 162 to France 
and 155 to Belgium, but in 1921 the value exported 
fell to 33-7 million dollars or 8-71. millions, and in 
1922 to 1-9. millions. 

The fact that other great locomotive exporting 
countries have fared as badly as Great Britain does 
not in any way detract from the seriousness of the 
position revealed in Tables I and II. It does, how- 
ever, suggest that the causes of the depression are 
world wide. Among these it has been suggested 
that the rise of the new national industries is a 
source of weakness to the older established countries, 
and that contraction of demand for steam loco- 
motives has resulted from the development of 
electrification. With regard to the former, it may 
perhaps be suggested that quality will tell in the 
end, and that repeat orders will not be placed with 
many of the countries who have tendered success- 
fully against Great Britain during the last few years. 
But, this is obviously a factor which will! require 
time to work itself out. Sooner, in all probability, 
will come a revulsion against the existing ‘fashion ” 
which may be said to discountenance the steam 
locomotive. For such an attitude there is needless 
to say no kind of justification, technical or other- 
wise. It can hardly be long before this fact receives 
more widespread recognition. 

In the course of the foregoing analysis it has 
been said that the immediate outlook for the loco- 
motive industry is a little brighter. Little store can, 
however, be set on such a prospect in view of the 
lengths to which the existing depression has gone. 
But, it may be accounted probable that the world 
demand for steam locomotives will revive in the 
course of 1926, and the future of the British industry 
will then depend on how far it is able to meet 
German and American competition in despite of 
the economic handicaps described in the first of 
these articles. 





THE PRESERVATION OF FOOD.' 


Wrrxovt disparagement to the priceless services 
to the world rendered by the great industries which 
employ cold and heat to preserve food, there has 
always been a feeling among the public that frozen 
meat is “not so good” as fresh killed ; and those 
who handle preserved foods are aware of differences 
between them and fresh foods, which limit the 
use that can be made of the processes of preser- 
vation, and with some foods—fruits, for instance— 
the time for which they can be preserved. For 
some years past the subject has been studied by 
the Food Investigation Board, a body instituted 
by the Department of Scientific and Industrial 
Research, and now equipped with a Low Tem- 
perature Research Station at Cambridge. The 
purpose of these studies has been to discover the 
fundamentals underlying food preservation, in order 
to provide engineers with more exact data with 
regard to the design and use of preservative 
apparatus. Some definite results, which have proved 
to be of great value in practice, have been obtained 
already, and the Board has now published its 
Seventh Annual Report,* covering its proceedings 
during 1924. This describes the progress made in 
its biological and allied studies, and the results of 
some investigations made on refrigeration and other 
problems for its Engineering Committee. ; 

On the chemical, physical, and biological sides 
attention has been centred mainly on freezing beef, 
using cold and carbon dioxide for preserving fruit, 
and preserving eggs. It was found impossible to 
do anything in regard to the important problems of 
preserving fish in the absence of a station at or near 
a port. For the details of the work done on meat, 
eggs and fruit reference must be made to the original, 
which will be found interesting to those of our readers 
who care to stray outside the engineering sciences. 
and watch their colleagues in other branches of 
work in their attack on intricate problems. It 
is now six or seven years since the Board, on 
tackling the subject of the freezing of beef, found 
they could make no progress until a theory of the 
freezing process within the meat had been worked 
out, involving more knowledge of the physics of 








* H.M. Stationery Office. [Price 3s. 6d. net.] 
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colloids than was then available. The report 
describes in abstract how their investigators have 
progressed. This may be summed up shortly by the 
statement that they have elaborated a sufficiently 
satisfactory theory of the freezing of colloids to 
justify a renewal of the direct attack on the technical 
problem of freezing meat. 

An incident of this work has been to reveal a 
considerable similarity between the processes of 
freezing in colloids and in metals. By the cpurtesy 
of the Controller of H.M. Stationery Office, we 
are enabled to reproduce four of the illustrations 
in the Report, which exemplify this resemblance. 
The experiments were made on small discs of 
gelatin 1} to 2 em. in diameter] by 0-3 cm. 





Fic. 1. 12 Per Cent, Gevatin Frozen at 
—1l Dra. C. (x 125). 





Fig, 3. ConcenTraTep GELATIN FROZEN AT 
—11 Dec. C. 


thick, and the freezing process was found to vary |i i i i 
J d ry | is from a microscopic section ( x 40) of one of these 
pr according to the concentration of the gel| masses frozen at — 11 deg. C. When frozen more 
© rate of freezing, as well as the acidity of | slowly this structure appears less clearly or not a 
Thus Figs. 1 and 2 show (X 125) sections | all. 


the gel. 
of a jelly containing 12 per cent. of gelatin, frozen 





periments in question, in liquid air—no shell of ice 
and no open networks are formed, but rows of 
minute (3 4 diameter) spheres are distributed fairly 
uniformly through concentrated gel, as seen in 
Fig, 2. These spheres persist after thawing, indicat- 
ing that they must have consisted of ice and gel 
frozen together within the concentrated mass of 
gel, in a manner to which analogies suggest them- 
selves in the solidification of metals. When the 
concentration of gelatin in the disc is much higher 
the irregular growth of ice crystals does not occur, 
but is replaced by an arrangement of concentric shells 
consisting alternately of ice and gel, which form 
spheres embedded in the mass of gel. Fig. 3 shows 
these ice-gel masses embedded in the gel, and Fig. 4 


Fic. 2. 12 Per Cent. GELATIN FROzEN IN 


Liquip Arr. (xX 125). 


otherwise, disclosed the significant fact that, with 
peat, carbon dioxide was formed before the tem- 
peratures showed any sign that combustion had 
begun. Some inquiry was made into the constants, 
notably the vapour pressures, of a number of 
vapours that might be used as working substances 
in refrigeration, and vapour-pressure curves for 
some 15 of them are given with the report. 

The investigations into hygrometry, on which a 
report has already appeared, were continued on a 
number of materials. Among results of interest, 
it was found that a strip of gold-beaters’ skin picked 
up the relative humidity of the air with an astonish- 
ingly small lag, requiring little more than a couple 
of minutes to follow a change from 40 per cent. 
to 90 per cent. saturation. An arrangement has 





been worked out for “ conditioning’ and main- 
taining air at any desired degree of humidity, based 
on automatically maintaining the density of the 
brine (calcium-chloride) solution with which the air 
is in contact at a constant density, and therefore 
constant vapour pressure. The humidification is 
done by an arrangement of sprays and baffles with 
a reflux for free moisture, and the density is kept 
constant by using small streams of water and of 
saturated brine solution in proportions determined 
by the position of a float, which is itself regulated 
by the density of the liquid. Some new and robust 
forms of carbon-dioxide indicators for use on board 
ship were devised and tested. One of these, which 
measures on a gauge the reduction of pressure 
following on the absorption of the gas from a 
measured sample of air, uses a large globule of 
mercury as a piston, which displaces the sample 
within an annular tube as the tube is rotated about 
an axis through its centre. In another, working on 
the same principle, the sample is collected in a 
pump and circulated over an absorbent in an 
adjacent barrel. Other improvements in detail are 
shown, including one for controlling the solution 
where caustic potash is used as the absorbent. 





Fie. 4. Sxrorion or Ioz-Gret GeLatin Mass 
FROM Fia. 3. (x 40). 


The Engineering Committee of the Board has had 


respectively in air at — 11 deg. C. and in liquid | under investigation a variety of problems in mecha- 


air. In the former 28 per cent. of the water freezes 
as a shell round honey-combed cores, which consist 
of highly concentrated (about 64 per cent.) gelatin, 
disposed round a maze of spaces as an open net- 
work. On thawing, these networks persist for 
periods up to as much as many months, and illus- 
trate the delay that occurs in the process by which 
a thawed gel re-absorbs its moisture and recovers 
its original state. To produce the honeycombed 
structures, water separates and ice is formed at a 
Frayne of centres of crystallisation both within the 

¢ and on its surface, The external centres seem 
to be the more active, and when the disc is frozen 
rather more slowly—e.g. in air at — 3 deg. C.— 
internal crystallisation is entirely suppressed, and 
a thick shell of ice is formed round a continuous core 
Ys concentrated gel. When, on the other hand, the 

¢ is frozen very much more rapidly—in the. ex- 


nical refrigeration and allied subjects, the experi- 
mental work on which was done by Dr. Ezer 
Griffiths and Mr. J. A. Awbery, assisted by Mr. A. 
Snow. A comprehensive account of work on heat 
insulators for refrigerating plants was published in 
the Transactions of the Fourth International 
Congress of Refrigeration, 1824. In addition, some 
heat-insulating materials were tested for the tem- 
peratures at which they ignited. This was indicated 
by the point at which a thermometer enclosed under 
test conditions in the material under examination 
ceased, while being heated up, to lag behind the 
temperature of the heating chamber, and began to 
gain on a thermometer embedded similarly in inert 
material. Ignition temperatures of 135 to 228 
deg. C. were determined fornine materials. Controls 
with lime-water, which showed the beginning of 


The Engineering Committee, of whom the chair- 


man is Sir Alfred Ewing, has arrived at the 
conclusion that, as a practical necessity of mecha- 
nical refrigeration, accurate measuring appliances 
for operating a plant at its maximum efficiency and 
reliability will be demanded more and more urgently 
in the future. Among the instruments which have 
been under consideration have been flow-meters 
for ammonia and brine, and it has been found 
necessary to institute experiments into the general 
problem of measuring the flow of volatile liquids in 
tubes of varying cross-section. The use, forinstance, 
of a Venturi tube on a liquid near its boiling-point 
may cause the liquid to change into vapour in that 
region, as may be seen even with cold water if the 
speed near the constricted neck is high enough. 


In connection with cooled fruit transport a 


number of experiments on scale models have been 
made for the purpose of studying the air currents 
produced with and without forced circulation, in 
various systems of storage and cooling. Without 
giving details of the experiments, the | eport states 
that results of interest have been obtained relating 
to the distribution of air currents and temperature, 
and designs are shown for substituting vertical for 
horizontal dunnage, by which more effective 
circulation appears to be obtained. 





THE RAILWAYS OF SOUTHERN 
RHODESIA. 


We have on various occasions dealt in these 


columns with reports by Brigadier-General F. D. 
Hammond, C.B.E., D.8.0., on the railways in 
British territories in East and West Africa. 
ther report, in accordance with the provisions of the 
Railways Inquiry Act, 1924, on the Railway System 
of Southern Rhodesia has recently been published. 
The railway companies dealt with are six in number, 
operating not only in Southern Rhodesia, but in 
Northern Rhodesia, the Union of South Africa, 
Bechuanaland Protectorate, and Portuguese East 
Africa, representing a total length of 2,462 miles. 
The Government memorandum under which this 
investigation was made directed special inquiry into 
the affairs of all the railways concerned, their capital, 
financial position, connections with the British South 


A fur- 








combustion very soon after it had been indicated 


Africa Company, equipment, costs, and other 
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subjects which it is unnecessary to recount in detail. 
It will suffice here to mention that the object was to 
ascertain whether the railways were being satisfac- 
torily administered, and especially whether they 
were being operated in a manner compatible with 
the best interests of the Colony. Other questions of 
policy, such as the advisability of expropriation, or 
of the Colony acquiring financial control of the 
whole system, and the many issues involved, are 
discussed at length. To these and other matters we 
shall have occasion to refer briefly when dealing with 
the recommendations made in Part IT of the Report. 

Only one of the six companies—the Blinkwater, 
with 123 miles of railway—is entirely located in 
Southern Rhodesia, and of the total mileage con- 
cerned only about half (1,252 miles) is situated in 
that colony. The whole of the system, of which a 
map is given in the accompanying figure, is, 
however, controlled from a central organisation at 
Bulawayo (except the Vryburg-Bulawayo section— 
588 miles—which is worked by the South African 
Railways, who render accounts of the results). 
Apart from the financial point of view—with which 
side of the question we do not intend to deal at 
the moment—the system may be regarded as an 
integral whole in its relation to Southern Rhodesia. 
The railways were constructed as pioneer lines 
about the period 1895-1900, and as is usual in such 
eases, heavy work was avoided by following a 
watershed line wherever possible. Very few portions 
are ballasted with stone, and the formation width for 
cuttings and embankments is extremely narrow. 
Intermediate crossing places without resident staff 
are used, and stations are few and far apart. 
It is evident that in the location, considerations of 
selecting the best traffic route were ignored, these 
being subordinated to the object in view at the 
moment. Thus the section from Bulawayo to the 
Victoria Falls was built to reach the coalfields at 
Wankie, instead of extending the original main 
line from Salisbury as was first intended. Again, 
political purposes were responsible for building 
the line from Vryburg to Bulawayo through the 
Bechuanaland Protectorate. All the branch lines 
(except the short line from Bulawayo to the Matopos) 
were built to connect various mines with the 
main line. The management is simplified by the 
fact that the control of virtually the whole system is 
in the hands of the British South Africa Company. 

The gauge throughout conforms with South 
African standard practice, viz., 3 ft. 6 in. A 
comparison with railways in other parts of Africa 
of the same or metre gauge, shows up the capital 
expenditure of the Rhodesian system in a favour- 
able light, as will be seen from the following figures 
which we reproduce from the Report :— 


Railway. Mileage. Cost = mile. 
‘Rhodesian System sie 2,462 6,896 
South African Railways 11,113 10,327 
Uganda Railway = 849 11,350 
Nigerian Railway eas 1,600 11,136 
Gold Coast Railway 397 16,297 

(1923). (approx. ) 


It is true, as already observed, that the Rhodesian 
system has the characteristics of a pioneer line, and 
is therefore not built to the same standard as the 
others. Further, no post-war construction has taken 
place. Nevertheless, after fully allowing for these 
points, the figure is remarkably low, and, in propor- 
‘tion to the mileage, it would be difficult to find 
elsewhere railways whose capital expenditure is so 
low. That there is also another aspect of the 
matter is, however, amply demonstrated by the 
great number of derailments which occur on this 
system, reference to which is made below. 

There are on the books of the locomotive 
department 127 locomotives, besides two on 'oan 
from the South African Railways. In view of 
increasing traffic, 250 steel bogie trucks and 
25 bogie cattle trucks, and twelve engines of 
the Garratt type were on order when the report 
was made. About 60 per cent. of the engines 
receive overhaul each year. In 1924 the average 
mileage run between overhauls was 42,132 for main 
and 41,066 for branch line and shunting engines. 
As regards running performances, the two most 
important classes averaged 39,768 and 35,654 miles 
in the year respectively. This compares with 
.23,365 (in 1922) on the Nigerian Railway. The 


Rhodesian figures are distinctly good ; ‘the average 
for all engines was 28,890, which compares with 
26,020 on the South African Railways (1924), and 
24,623 on the Uganda Railways. General Hammond 
attributes this mainly to the use made of the system 
of double trips and caboose working. 

Engine failures averaged one total failure per 
50-83 thousand miles run, one partial failure 
per 28-59 thousand miles, and one total or partial 
failure per 18-30 thousand miles run. This is 
higher than in ordinary practice, but there has 
been a marked improvement during the last five 
years. The coal consumption was 68-19, and 


with British railways. General Hammond is,' how. 
ever, in favour of the adoption of the “ divisional] ” 
or “transportation” system. Several examples of 
its satisfactory adoption are advanced in the 
report as proving its suitability, e.g., the Central 
South African Railways on which it was introduced 
in 1909, while later, when the Union was formed 
it was extended to the whole of the South African 
Railways. In 1922 it was inaugurated in Uganda 
as a result of General Hammond’s recommenda- 
tion, and Nigeria is expected to follow suit. 
Further instances brought to bear on the subject 





refer,to Canada, the United States, New Zealand, 
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71-19 lb. of coal per engine-mile for the two classes 
referred to above. Although the calorific value 
of the Wankie coal is comparatively high 
(13,433 B.Th.U.), the results may still be con- 
sidered good. There is only one main line class of 
engine not fitted with superheaters, for this the 
coal consumption is consequently higher—81- 84 lb. 
per engine-mile. 

The number of hot-axle boxes was very high in 
1921, viz., 5,667 cases, averaging one for every 
1,000 miles run. Although this was reduced in 
1924 to 542, and the average to 0-008 per 1,000 
miles, there is still room for improvement. 

The main workshops are situated at Bulawayo 
with subsidiary shops at Umtali, the former being 
of modern construction and equipment. 

The Rhodesian Railways are operated on the 
departmental system which is generally associated 
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and certain Indian Railways, &c.3Fiven in England, 
the home of the departmental ssystem, both the 
London, Midland and Scottish and the London 
and North-Eastern Railways have modified schemes 
in force. 

During the year ended‘September 30, 1924, the 
Rhodesian system carried 1,351,188 tons, the aver- 
age per day over the whole system was 3,700 tons, 
and on the more difficult sections 2,700 tons. A 
great part of this consists of heavy material, such 
as chrome, copper and coal. With this amount of 
traffic running over an unballasted line it can 
scarcely be a matter of surprise that the derail- 
ments are very high. In 1921-22, in fact, they 
numbered 253 ; in 1922-23, 482 ; and in 1923-24, 252. 
In two of these the rains were light, but 
during the last wet season the heaviest rainfall 
known for many years was recorded (1924-25), 
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Wave Making, Resistance in Tons. 
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Fig. 2. HAVELOCKS CURVES OF CALCULATED RESISTANCE 
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with the result that the derailments during three 
months of January to March reached the alarm- 
ing figure of 586, or over seven a day. During the 
same period 20 washaways occurred, not includ- 
ing a big break at the Pungwe River crossing, which 
held up traffic for 24 days. The resulting loss of 
time and delay were naturally very far-reaching, 
not only in arrears of traffic and disorganisation, 
but also in the heavy cost of repairs and overtime 
worked by the staff. 

In view of the seriousness of the position, the 
General Manager has been called upon to prepare 
a programme for ballasting the main line with 
stone throughout, widening the formation, and 
undertaking lifting and drainage work according to 
necessity. The estimated cost of this is put at 
982,000/., which for 1,461 miles of track works 
out at 6727. per mile, and the period over which 
this scheme would be extended is placed at about 
five years. If there are insufficient spare engines 
and rolling-stock available locally for this work, extra 
stock would have to be obtained, new quarries 
would have to be opened, and special arrangements 
made. It is clear that some time must elapse, 
therefore, before the undertaking is well in hand. 

The smallest number of natives employed on 
permanent way work in any one month during 1923- 
24, was 1-83 per mile as against a maximum in the 
rainy season of 2-75. In India the figure is two, 
and in Nigeria where very little of the line is un- 
ballasted the average per mile is 3-04, and in Uganda 
3:2 men per mile. The European gangers, including 
inspecting staff, averaged 0-149 to 0-169 per mile or 
slightly over one for seven miles, which is very low. 

The cost per mile in Rhodesia for maintenance of 
track has worked out at 135]. Os. 5d. or including 
works and buildings 154/. per mile. In Uganda in 
1924 the figure was 1811., Nigeria 178/., and on the 
South African Railways 2371. per mile. Owing to 
different conditions and standards the latter cannot 
be fairly compared, but serves to show that the Rho- 
desian figure is decidedly low. General Hammond 
expresses doubt, however, whether any real economy 
has been effected through this, and whether more 
money expended on maintenance would not in the 
end have been a sounder and more economical 
policy. 

As regards rates for transporting various classes 
of goods the opinion expressed in the report is that 
in the case of the mining industry, the present rates 
are reasonable, and cannot be said to be hamper- 
ing the development of the industry. In the case 
of agriculture, while the existing rates cannot be 
said to be preventing development, lower rates 
would, it is thought, induce a more rapid expan- 
sion. The first to receive attention with a view to 


possible reduction should be the rates on exports 
and local maize, local tobacco and fertilisers. 


(9424.B,) 


In concluding Part I of the Report, General 
Hammond summarises the more important matters 
to be dealt with by the Administration, in so far as 
these have regard to the requirements of the mining 
and farming industries, of commerce and of the 
general public. These are, briefly stated, the need 
for more equipment, for dredging, for strengthening 
the track and for further wharfage at the Port of 
Beira ; these are considered to be the most urgent. 
Secondly, there is the need for safeguarding the 
railway where it crosses the Pungwe River. 

The track at this place had been breached pre- 
viously in the years 1918 and 1923. The river 
itself at its maximum is about fourteen miles wide 
and several feet deep, and the trouble is apt to be 
aggravated if flooding coincides with high tides. 
The channel is very unstable and has shifted under 
the main bridge since its erection, Itis probable that 
the flooding is caused not by the Pungwe alone, but 
is augmented by the Zambesi overflowing the low 
watershed between the two rivers in heavy rainy 
seasons. To meet the situation it is proposed to 
construct two additional spans of 100 ft., and to 
raise the bank at the place where it was overtopped 
last season. An expenditure of 11,000]. has been 
sanctioned by the Board as a first instalment for 
this work which is to be completed before the next 
rains. The final scheme was at the time of writing 
the report still in course of preparation; when 
completed it is estimated that the cost will amount 
to about 30,0007. altogether. 

In Part II of the Report, General Hammond 
deals with such questions as expropriation, purchase 
of the rights of the British South Africa Company, 
the construction of competing lines by the Govern- 
ment, and makes recommendations regarding sug- 
gested new connections and the use of “ road-rails.” 
It is only possible for us here to give the briefest 
summary on these points. Neither expropriation 
nor purchase of the rights of the British South 
Africa Company is advocated, but a system of 
control of the whole railway system by agreement 
is suggested. The building of competing lines is not 
recommended under any circumstances. As regards 
suggested new connections, of which eight are 
mentioned in the memorandum, the report points 
out that without proper engineering and traffic 
surveys it is impossible to make any very definite 
recommendations. The only case in which a survey 
has been made is that of a projected line between 
Sinoia and Kafue; even here no traffic survey has 
been attempted. The suggestion to effect this 
connection has received a good deal of publicity. 
Reference to the map will make the reason for 
this clear. By building 250 miles of line, a 
run of about 333 miles can be substituted for 
one of 847 for traffic to and from the Congo. 





It is, however, shown that from a financial point 


of view the construction of this line would not be 
justified at the present time, although later when 
the Colony is more developed and traffic sufficiently 
heavy to require a relief line, this new construction 
may be warranted. None of the other suggested 
connections are held to be advisable. 

Experience with the road-rails system has not yet 
been sufficient to warrant, in General Hammond’s 
opinion, launching out on a large scale programme 
oo the subject has been carried considerably 
urther. 





SHIP WAVES AND SHIP 
RESISTANCE. 

EvERYONE is probably familiar with the wave 
pattern created by a ship moving forward through 
the water. This pattern changes with the speed, 
but, broadly speaking, its characteristics remain 
the same and are similar for all ships. To create 
and maintain these waves, energy is being con- 
tinually drained from the ship, setting up what is 
known as the wave-making resistance, and it is 
important for the designer and the engineer to 
know just how much energy these waves represent, 
and, furthermore, how this wave resistance is 
dependent upon the “‘ form ” and dimensions of the 
ship. 

One solution of this problem is to have model 
experiments carried out and to estimate the wave 
resistance from the results. This method has been 
very largely followed in the past, and from the 
results of a large number of systematically collected 
researches the influences upon the resistance of 
certain modifications in ship form can be traced. 
Linked with this experimental work there has also 
been an attempt made to formulate theories, and 
these efforts have been fairly successful in partially 
explaining and interpreting some of the results. 
Theories, however, built up around the experimental 
results are only working approximations, and it must 
be left to the mathematician to develop the true 
theory of ship waves and wave resistance. 

The problem is an extremely difficult one, and, in 
order to make progress towards its solution, certain 
limitations have to be accepted, though, no doubt, 
with the process of time, means will be evolved of 
extending the mathematical theory, and account 
will then be taken of some of the items now neglected. 
The two general assumptions made in developing 
the theory are (1) that the fluid is frictionless and per- 
fect, so that viscosity effects may be neglected, and 
(2) that the ship is a cylinder of constant waterplane 
section throughout, Attempts have been made to 
deal with three-dimensional shapes bearing a closer 
resemblance to ships, but so far the bulk of the 
problems tackled have been two-dimensional. 








It will not be necessary in an article of this 
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Fic. 13. First-Ctass Smoxine Room. 


the diagrams more directly comparable. The com- 
parison concerns only the position of the points of 
maximum and minimum interference, and the 
general outline of the curves, but not the absolute 
value of the resistance. 

The humps and hollows of the theoretical curves 
are much more pronounced than are those obtained 
experimentally, and, although the results are of the 
same order, the theory cannot yet be used to 
predict the resistance. It can, however, usefully be 
employed to indicate the influence of ‘‘ form,” and, 
besides the results already mentioned, the paper 
contains an investigation into the effect on resistance 
of a variation of water-line shape, due to a variation 
of beam. Mathematical theory is extremely valuable 
for this kind of analysis work, and, although it may 
be some time before any complete use can be made 
of it for actual ship shapes, yet the theory promises 
to yield results of a comparative nature, and throw 
an illuminating light on many problems that are of 
great importance to the designer. 











THE ANCHOR LINER ‘ CALEDONIA.”’ 


TuHovuaGu shipowners throughout the world, since the 
termination of the European war, have had to face 
conditions so exceptional that the building of new 
vessels has been much reduced, certain of the great 
companies have shown considerable enterprise in under- 
taking construction to keep their lines in the front 
rank, in order to enable them to continue to com- 
pete successfully for passenger and freight traffic. 
Usually the vessels, which have been built for the new 
conditions, have been fitted out in such a way that 
modifications may ke introduced if a ship should be 
taken off one service and put upon another, where the 
economic conditions are somewhat different. A recent 
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vessel of this type is the twin-screw turbine propelled 
liner Caledonia, built by Messrs. Alexander Stephen 
and Sons, Limited, at their shipbuilding and engineer- 
ing works at Linthouse, Glasgow, for the Anchor Line 
(Henderson Brothers), Limited, of Glasgow. 

The Caledonia was designed primarily for the owners’ 
service between Glasgow and New York, but considera- 
tion was also given, in dealing with such questions 
as the provision and arrangement of passenger accom- 
modation, to the possible use of the vessel for extensive 
winter cruising—an increasingly popular employment 
for passenger ships of the highest class—and, also, for 
occasional duty on the firm’s Bombay service. The 
Caledonia is the last vessel of the Anchor Line’s pro- 
gramme of building decided upon after the cessation 
of hostilities, for the Atlantic service. In general, 
she is a sister ship of the California, which was 
launched from Linthouse in 1923, but she has many 
improvements in the arrangement and design of the 
passenger accommodation. The illustrations accom- 
panying this article, Figs. 1 and 2 on page 162, Figs. 3 
to 10 on Plates XIII and XIV with this issue, afford 
information on the lay-out of the vessel and its general 
construction, while Figs. 11 and 12 on Plate XV, Figs. 13 
to 16 on page 163 and on this page give an impression 
of the comfort and elegance of the passenger accommo- 
dation. 

The vessel is a very handsome one, and to her 








good appearance her straight stem, cruiser stern, three 
large funnels, and two-pole masts (see Fig. 1) are 
contributing features. Her principal dimensions are : 
overall length, 579 ft.; breadth, 70 ft.; and depth, 
59 ft. She was designed for a loaded draught of | 
29 ft., with a gross tonnage of 17,046 tons and has | 
a speed of 17 knots. The construction was carried 
out to the requirements of the British Corporation 
for the Survey and Registry of Shipping, and to the 
recommendations of the International Convention for 
the Safety of Life at Sea. She is divided by water- 
tight steel bulkheads into eleven main sections, which 
are themselves subdivided to obtain forty separate 
watertight compartments. Running the entire length 
of the vessel from fore-peak to aft-peak, there is a water- 
tight double bottom. These provisions afford ample 
accommodation for oil fuel and fresh water for long 
voyages and for world tours. There is available, in 
all, tank capacity for 4,850 tons of oil fuel and 1,650 
tons of fresh water. 

Accommodation is provided on the eight decks of 
the Caledonia for 205 first-class passengers and 403 

















Fie. 15. THe Corripor Lounge. 














Fig. 16. 


second-class passengers, as well as 800 in the third 
class; but many of the rooms are interchangeable so 
that the proportions of the various classes may be 
changed to meet the demands, and for a world cruise 
as many as 1,000 passengers, all of one class, can 
be carried in well-fitted and comfortable cabins. The 
officers and crew will total 360 on ordinary service, 
but there is accommodation available to increase their 
number when dealing with a large number of tcurists. 








Surre pe Luxe. 


The general design of the Caledonia may be appre- 
ciated from Figs. 1 and 2 on page 162, which show the 
profile and the arrangement of the layout of the hull, 
for the accommodation of the machinery and thecarry- 
ing of cargo. There are eight decks in all, including 
the boat deck. The boiler room is amidships, and the 
gases produced by the combustion of the fuel are con- 
ducted away through the middle funnel; the other 
two being dummies provided for the sake of appearance. 
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An observation platform is fitted near the top of the 
forward funnel, the lower part of which is used as a 
store. The aft funnel is fitted over the engine-room 
hatch and serves as a ventilator for the engine-room 
and also accommodates the salt water sanitary tanks. 
Aft of the boiler-room is a spacious and well-ventilated 
engine-room. On the lowest or ‘‘G” deck forward of 
the boiler-room there is a printer’s shop, and baggage 
rooms and various stores, and the hatches which serve 
the various forward holds. Just aft of the engine-room 
further storage accommodation is available for meat 
and other perishables in refrigeration chambers. Cargo 
is carried in the three forward holds and also in that 
just aft of the engine-room, as well as in the lower 
*tween decks forward and the two upper ‘tween decks 
forward and that at the stern. A space of 50,000 
cub, ft. is available for refrigerated cargo and fruit 
in holds numbered 6 and 7, the temperature being 
kept down by brine grids and cold air fans. The 
cargo is handled by double steel derricks at each hatch 
with electric-hydraulic winches. 

Considering the arrangements of the various decks, 
we may deal first with the navigating bridge and 
the boat-deck, which are illustrated in Figs. 3 
and 4, on page 162. On the bridge the Caledonia 
carries all the latest aids to navigation, such as gyro- 
scopic compasses, wireless direction indicator, fire- 
detectors and the power contro? for the watertight 
dvors. One of the most powerful wireless telegraph 
installations ever fitted aboard ship is accommodated 
at the after end of the boat deck. It is not only avail- 
able for the service of the passengers, but is also able to 
obtain news from both sides of the Atlantic for insertion 
in the daily newspaper of the ship, the printing 
machinery for which is on the “ G” deck. The 
various fans for the supply of air to the boiler-room, 
engine room, galleys, as well as the exhaust fan for 
dealing with air, are also on the boat deck. The life- 
boats are accommodated in tiers consisting of one of 
the open and one of the collapsible type, each of 
30 ft. length. There are also two 28 ft. motor-boats, 
very completely equipped with buoyancy tanks, search- 
light, and wireless equipment. The davits for handling 
these boats are of the Welin quadrant type. In addition 
to the provision of lifeboats, some of which are carried 
on the “ A” and ‘‘ B”’ decks, as wellas the boat deck, 
there are many handy rafts available for service in 
time of necessity. 

The “ A” deck accommodates all the public rooms 
for the first-class passengers, with the exception of the 
dining saloon which, naturally, is located on one of the 
lower decks. In these rooms are to be seen many 
decorative features of the highest class; the design and 
craftsmanship being of exceptional merit. Although 
the dining saloon is on the ‘“ E” deck (see Fig. 9, 
Plate XIV), it will be as well to consider it in association 
with the other accommodation. This spacious apart- 
ment extends the entire width of the ship and is thus 
afforded ample light in the daytime, while shaded 
lamps on the numerous small tables give the required 
illumination at night. Here the decorations are in 
the Italian Baroque style, with walls in vellum and 
soft silver shades, and there is a large painted dome. 
It will be appreciated from our illustration Fig. 11, 
on Plate XV that the walnut furniture in association 
with the decorations have resulted in the production of 
a dining saloon in which the merits of the highest 
class of work are very pleasingly displayed. A lift is 
provided to take the passengers directly into the 
dining saloon from the upper decks. 

At the after-end of the accommodation on deck “ A” 
there is the verandah café shown in Fig. 12, Plate XV. 
This is in the style of an Italian garden with fountain, 
statuary and attractive shrubs. Provision is made for 
this space to be thrown open in fine weather. The 
furniture is light but of a comfortable character. From 
the verandah café a passageway affords entrance to 
the gymnasium and to the first-class smoking-room. 
lhe equipment of the gymnasium has been selected with 
care to meet the requirements for all the many forms of 
©xercise now indulged in on board ship. In service, it will 
be superintended by an instructor. Outdoor exercise 
is, of course, possible on the promenade decks, which 
are amply protected by windscreens. The smoking- 
room, Fig. 13, page 163, is decorated in the style of the 
Italian sixteenth century. Is is panelled in walnut 
and has lofty coffered and painted ceilings. The 
chairs and couches are covered in Florentine velvet, 
and while of appropriate Italian design they afford 
all the comfort which the sea traveller may seek. 

At the forward end of the promenade deck is an oak 
panelled lounge, shown in Fig. 14, page 163. Here the 
elegance of the French Regency style is to be seen. 
For its model a room in the Chateau de Dampierre 
was used. A feature of the decoration is a very fine 
tapestry. There are also many painted panels after 
Boucher and Watteau. It is illuminated by fittings 
in the ceiling and on the walls, but the main 
lizhting is obtained from hidden sources in the 
cornice and is well diffused. The floor is of oak 








parquetry and, since the furniture is movable and 
a grand pianoforte is available, this lounge may be 
quickly transformed into a Salon-de-danse. For this 
purpose it has many attractions, as the opening 
of the lounge folding windows at each side gives access 
to the two winter garden lounges. 

There is a writing room, entrance to which is afforded 
at the side of the main staircase. Here the decoration 
is the Adams style, and in addition to many writing 
desks there are comfortable Chesterfields beside a 
fireplace fitted with an electric fire. On the other side 
of the entrance hall there is a corridor lounge, giving 
aecess to the smoking room. An illustration of this 
is given in Fig. 15, page 164. The treatment of this 
room is appropriately that of the country from which 
the vessel takes her name. With panelling from 
Culross Castle, ceiling from Guistraw Castle and with 
portraits of Scots who played a great part in the 
roman¢ée and history of the country, a distinctly 
Scottish note has been obtained. There is also a fine 
reproduction of a display cabinet in Holyrood Palace 
in which are set out many fine examples of genuine 
antiques such as quaichs, sneeshin’ mulls, cairngorm 
brooches, dirks, medals and coins. Shields, bearing the 
arms of the most noted Scottish families and claymores 
form part of the wall-decorations and serve to preserve 
the association with the clansmen of the North, of a 
vessel named after the land where it was built. 

On the next decks (see Fig. 6, Plate XIII) are some of 
20 cabines-de-luxe, the others being located on the 
**C” deck. Each of these is arranged for the accom- 
modation of two passengers, and there is a bathroom 
adjoining. An illustration of such a cabin is given in 
Fig. 16. Each of these has two single beds, a couch, 
table and chairs, dressing-table and wardrobes and there 
are etchings or wood-cuts on the walls. Some of 
these rooms have communicating doors with the adjacent 
cabins, and thus may be used in the form of suites, while 
others have a private sitting-room in addition to the 
sleeping accommodation. Throughout the first-class 
accommodation, cot-beds are fitted, but some of the 
cabins are also provided with folding upper berths for 
use when it is necessary to have additional sleeping 
facilities. All the cabins in this section of the vessel 
have fixed wash-basins, with a continuous supply of 
hot and cold water. Theyare bright and airy, and are 
provided with Punkah Louvres, so that the ventilation 
is under easy control. 

The second-class lounge and smoking-room are at 
the after end of the “‘ B” deck. The former of these 
rooms is decorated in the Adams style with Sheraton 
furniture, upholstered in silk of varied and bright 
shades. There are numerous couches as well as 
comfortable chairs, writing-desks and tables, and a 
pianoforte. Old Tudor decorations are found in 
the second-class smoking-room, but the furniture is 
of more modern design. Old oak panelling, leaded 
windows and an oak-raftered roof are features of the 
room and the floors are covered with terra cotta tiles. 
The furniture is upholstered in antique hide. The 
dining saloon for the second-class passengers is sepa- 
rated from that for the first-class passengers by kitchens 
and pantries, which have the characteristics of roomi- 
ness and lightness. The size of the second-class dining 
saloon for the accommodation of 356 passengers is 
much greater than is usual. The decoration is Georgian 
and the panelling is carried out in a rich ivory colour. 
The furniture is made of mahogany and the chairs 
are covered in tapestry. There are many small tables 
to meet a desire of this class of the travelling public 
for arrangements similar to those hitherto commonly 
found only in the first-class accommodation. 

The third-class passengers have sheltered promenade 
spaces on the “‘C” and ‘“‘ D” decks and four comfortably 
furnished sitting and smoking rooms on the “ D” and 
‘“—” decks. These rooms are panelled in oak as also 
are the two dining saloons on the ‘**F” deck. The 
total accommodation in these third-class saloons is for 
450 diners at one sitting. In the state rooms the 
passengers have comfortable beds with spring mat- 
tresses, and heating and ventilation is everywhere 
available through the use of the Thermotank system. 

(To be continued.) 
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Lonpon UNDERGROUND RaILways.—The merging of the 
Central London and Hampstead Line stations at Tottenham 
Court Road is approaching completion. The escalator 
equipment, part of which was put into service a short time 
ago, has now been completed and is similar to that in 
operation at the Bank station—namely, triple escalators in 
one large tunnel, The centre escalator is reversible, so 
that two flights of moving stairs can be operated in an 
upward or downward direction, as may be required to suit 
the needs of the traffic at rush periods of the day. All the 
escalators are of the latest comb type. The work of 
demolishing the eight lifts which have hitherto served 
the station, and the construction of the new entrance and 
subway leading from the site of the Central London station, 
will not be completed until April. ‘The cost of the improve- 
ments will exceed 100,000/. The number of trains to be 
operated through the four platforms at Tottenham Court 
Road will be 1,804 a day. 


THE CONSTRUCTION OF THE NEW 
ENTRANCE TO TRANMERE DOCK.* 
By Psercy WatteR Bertin, Assoc.M.Inst.C.E. 
THIS paper describes the construction of the new 
entrance, 140 ft. in width, to Messrs. Cammel! Laird 
and Co.’s wet dock at Birkenhead. The work involved 
the construction and removal of a temporary concrete 
coffer-dam ; the construction of the new entrance for a 
sliding caisson, together with a caisson-chamber and 
subsidiary works; and the removal of the existing 
river wall. A general description is given of the 
construction work, and the parts which are considered 
to present points of interest or novelty are described in 
greater detail—these alone are referred to in this 

abstract. 

Coffer-dam.—It was decided that a block dam would 
be most satisfactory, in view of the fact that a large 
proportion of the blocks would be subsequently used 
in the construction of the permanent work. The 
maximum head of water to be retained by the concrete 
dam was 44 ft. The width of the dam at the top was 
11 ft. 3 in., and at the base 30 ft. The foundation of 
the whole of the works wes red sandstone. The dam 
was constructed under water by divers. The 5-ton 
blocks were designed so that each course was inter- 
locked with the course below. The standard block 
measured 7 ft. 6 in. by 3 ft. 8f in. by 3 ft. fin. The 
site was cleaned and scoured by the divers with water 
at high pressure. A foundation about 1 ft. thick of 
3-to-1 concrete was put in, and carefully levelled 
in situ. The first course of blocks was laid on the 
foundation on a bed of 1-to-1 cement mortar. to obviate 
risk of the dam sliding bodily on the foundation. 

The method adopted for securing the water-tightness 
of the dam is claimed to be novel and proved successful. 
All the blocks were laid without any material between 
the joints (excepting only the bed joint of the bottom 
course); but the face blocks were cast with a groove 
and splayed to receive a cement “sausage.” After a 
number of blocks had been set in position, a diver 
inserted lengths of calico bags in the grooves. The 
bags were generally about 17 ft. long for the horizontal, 
and 4 ft. for the vertical joints. Cement grout was 
then forced into the bags with compressed air, at about 
5 lb. per square inch pressure. 

Several advantages are claimed for this form of water- 
tight joint:—(1) The blocks can be laid “dry” 
much more rapidly than if bedded on any jointing 
material. (2) Since the jointing is a separate operation 
from the block setting, the setting gangs proceed with 
their work without interruption. (3) A minimum of 
material is handled by the divers. (4) Since the joints 
behind the ‘sausage ’”’ are open, no internal pressure 
occurs in the dam. 

The dam, which was built in five and a half months, 
contained approximately 3,000 blocks, representing 
8,122 cub. yards of concrete. The average number of 
blocks set per week by two diving gangs was 137, 
and the maximum number per week was 255 blocks, 
containing 743 cub. yards of concrete. 

River Wall.—The existing wall, which was removed 
after the construction of the new entrance, was cellular 
in design, consisting of two parallel walls, with trans- 
verse walls 5 ft. wide, at 20-ft. centres. To cnable 
these walls to be removed by blasting as rapidly as 
possible, the necessary drilling was completed while 
the earlier stages of the work were in progress. T'wo 
rows of vertical holes, 6 ft. 6 in. apart longitudinally 
and 47 ft. deep, were drilled through the entire depth 
of the back and front walls. The distance apart of 
the rows was about 2 ft. 6 in., and, the holes in the 
two rows being staggered, the diagonal distance from 
hole to hole was 4 ft. The holes were 43 in. diameter 
at the top and 3 in. at the bottom. A set of seven 
drills was used to drill a hole 47 ft. deep. The 
bore-holes were washed out by a 3-in. diameter water- 
pipe terminating just above the top of the bit. . The 
average speed of drilling was 40 linear ft. to 45 linear ft. 
per diem. 

The holes in the river wall were charged in the 
following manner :—A charge of gelignite was lowered 
into the bottom of the hole ; a canvas bag of a diameter 
nearly to fit the hole, filled with sand, was lowered on 
top of this charge. This was followed by further 
charges of gelignite and sand tamping until the entire 
hole was filled. About 6 lb. of gelignite was used for 
the bottom charge, and 1 lb. in the top charge, the 
intermediate charges grading between these weights. 
No. 7 submarine electric detonators were used, and 
the various charges were electrically connected in 
series, ensuring a simultaneous discharge. Imme- 
diately before joining the wires of the various charges 
each circuit was tested with a galvanometer. The 
results of the blasting were, on the whole, entirely 
satisfactory, enabling the dredging plant to deal with 
the debris. 





* Abstract of a paper to be read before the Institution 





of Civil Engineers on Tuesday, February 9, 1926, 
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LETTERS TO THE EDITOR. 


RADIANT-HEAT FURNACES. 


To THE Epiror or ENGINEERING. 

Sir,—In your issue of 22nd inst. there is a notice 
entitled ‘‘ Radiant-Heat Furnaces” which described 
a Krupp furnace ‘“‘ employing the principle of surface 
combustion.”” May I be permitted to point out that, 
according to the drawings and description, this furnace 
does not employ true surface combustion. True 
surface combustion consists in passing a self-burning 
mixture of inflammable gas and air through the 
minute interstices of a porous refractory diaphragm. 
On lighting this mixture on the far side the whole of 
the surface becomes incandescent by catalytic action. 

In the Krupp furnace, however, it appears that 
though a refractory block is used, the gas mixture 
passes through it by means of definite straight line 
channels about } in. diameter at the back opening into 
4 in. towards the front, a very different state of things 
compared to the infinitesimally small irregular channels 
used for true surface combustion. Indeed, it would 
appear that the Krupp design is only another form of a 
blow pipe, and no catalytic surface action occurs, but 
merely an impingement of a flame upon the refractory 
material forming the walls of the channels, which are 
heated up from their surface inwards; this is the 
reverse of what occurs in true surface combustion. 

It appears also that the air is generally preheated 
artificially, which necessitates using some extraneous 
source of heat and the consequent expenditure of extra 
heat units. With true surface combustion no such 
artificial preheating is necessary or desirable. 

It is also stated that a thermal efficiency of 30 per 
cent. to 50 per cent. can be maintained in practice by 
the Krupp method, which does not compare with the 
95 per cent. calorific efficiency attained in practice 
with true surface combustion. 

This letter is not intended as in any way attempting to 
belittle the possible merits of the Krupp furnace, but 
only to prevent a misunderstanding in terms. True 
surface combustion is a definite phenomenon of which 
the real cause is not yet fully established and is entirely 
different from that which appears to occur in the 
Krupp furnace. 

It would, I suggest, be unfortunate to allow a con- 
fusion of ideas to establish itself at the present juncture, 
when recent developments in true surface combustion, 
discovered by an Englishman, bid fair to establish 
it as a very potent factor in the economic use of British 
indigenous fuels. 

Yours faithfully, 
T. G. TuLtocu. 

Parliament Mansions, Victoria-street, S.W.1. 

January 28, 1926. 





THE ECONOMICS OF PULVERISED- 
FUEL FIRING. 


To THE Eprror or ENGINEERING. 

Sir,—A letter which appeared in your issue of 
January 22, dealing with Barton power station, and 
signed “C,” raises a very important issue, and one 
which is of the greatest possible interest to British 
power-station engineers. I refer to the argument 
regarding the relative merits of pulverised fuel firing 
and stoker firing considered from the point of view 
of economic power generation. 

In the first place, 1 would express my hearty con- 
currence with the writer in the statements he makes 
in the opening paragraph of his letter. At the present 
time, when so much interest is being displayed in the 
efficient generation of power, it would certainly be to 
the common advantage if more information were pub- 
lished regarding the results obtained in our power 
stations, and encouragement given to the wider discus- 
sion of the power problems which are peculiar to this 
country. In the United States, wide publicity is given 
to the technical results obtained, not only in connec- 
tion with power generation but in every field of 
engineering activity, and this pooling of experience 
has very greatly accelerat>d progress and development. 

Your correspondent raises the question as to whether 
or not the pulverised-fuel fired boiler, burning British 
coals, can show the marked economic advantage that 
has been demonstrated in the United States. As this 
question has repeatedly been asked, it may be well 
to point out that, from the combustion point of view, 
there is no essential difference between British and 
American coals, the variety of fuels available in the 
United States and in this country being practically 
identical. 

It has been established that, over a wide range of 
characteristics, the efficiency of the pulverised-fuel fired 
boiler is sensibly independent of the volatile, ash, and 
moisture content. The cost of transport is an important 
item of total fuel cost and, if in certain of the American 





pulverised-fuel fired stations a high-grade fuel is 
employed, this can only be attributed to the fact that 
the cost of transporting a low-grade fuel would not 
be warranted. In other words, the grade of fuel has 
been chosen on the basis of heat content per unit of 
cost. In this country, the distance between the coal- 
fields and the industrial centres is comparatively short, 
and it invariably pays to transport the lowest grade of 
coal mined if this can be efficiently consumed. With 
stoker equipment, fine slack coal containing more than 
about 15 per cent. ash cannot be burnt efficiently. 
With pulverised-fuel firing, on the other hand, coals 
having an ash content as high as 28 per cent. and a 
moisture content up to 20 per cent. may be utilised 
without sacrificing efficiency. The fuels that have been 
successfully burnt in pulverised form include practic- 
ally the whole range of bituminous and semi-bitu- 
minous coals, certain anthracitic coals, brown coal, 
lignite and pitch. While the burning of coke and ‘breeze 
involves increased maintenance charges on the pulver- 
ising equipment, the increased maintenance charge 
by no means prohibits the use of this class of fuel in 
pulverised form, as suggested by your correspondent. 
Where the volatile content is as low as it is in com- 
mercial coke and breeze, however, it is necessary to 
burn a mixture of this with bituminous coal in order 
to ensure combustion of the fuel in suspension. 

In the official tests carried out on the Barton boilers, 
an efficiency of 85 per cent. was recorded. Pulverised- 
fuel fired boilers have developed an efficiency just under 
93 per cent., while the average monthly boiler effi- 
ciency in two large American pulverised-fuel fired 
stations, the records for which are accessible to the 
writer, closely approximates to 90 per cent., each of 
these efficiencies being based on the gross calorific value 
of the fuel. The higher efficiency of the pulverised- 
fuel fired boiler, as compared with the stoker-fired 
boiler, is due to the characteristic difference in the 
method of burning the fuel and to differences in the 
design of the furnace. With pulverised-fuel firing, the 
boiler may be run under operating conditions with a 
much higher average percentage of CO, in the flue gas 
than is the case with stoker firing, while the percentage 
of combustible matter in the ash is lower. Apart from 
this, water cooling and air cooling of the pulverised- 
coal fired furnace walls reduces the temperature of 
the furnace and lowers the loss of heat by radiation. 

The economic merits or demerits of the pulverised- 
fuel system of firing cannot be considered in the 
haphazard method adopted by your correspondent ; 
a direct comparison of the pulverised-fuel system of 
firing with stoker firing must be based on the total 
cost of steam produced, including all capital and 
operating charges. [I have recently had the oppor- 
tunity of studying the subject in considerable detail, 
and have arrived at the following general conclusions, 
based on the average of several power stations on which 
complete estimates were prepared, both for pulverised- 
fuel and stoker equipment. 

Capital Charges.—The capital cost of pulverised- 
fuel plant as applied to a given boiler is usually higher 
than that of stoker equipment, as it includes drying 
and pulverising units, coal feeders, burners, etc. Off- 
setting high initial cost, however, the evaporation per 
square foot of total heating surface is very considerably 
greater than is the case with stoker equipment, due 
to the use of radiant heat absorbing surface in the 
form of water screens and water-cooled side walls. 
For the same capacity, the boiler heating surface in an 
average case is approximately 30 per cent. greater with 
stoker firing than with pulverised-coal firing. With this 
difference in heating surface, the capital outlay with 
pulverised-fuel is approximately 10 per cent. higher 
than with stoker firing. This covers the complete 
plant equipment, boilers, economisers, mechanical 
draught, etc., including erection. 

Operating Costs.—Labour, Power and Maintenance.— 
A great deal of information is now available regard- 
ing operating costs with pulverised fuel, and from this 
it is well established that, in an average case, labour 
charges on a coal tonnage basis are approximately 20 
per cent. lower than with stoker firing, due to the 
greater ease of control, absence of clinker in the 
furnace and lessened ash trouble, while general main- 
tenance charges per ton of coal fired are 30 per cent. 
lower on account of greatly reduced furnace mainten- 
ance. Power charges on a coal tonnage basis are 
admittedly about three times higher than with stoker 
equipment, but this increase is almost exactly balanced 
by the saving on labour and maintenance. The total 
operating cost per unit of steam produced in plants of 
the same capacity is therefore about 7 per cent. lower 
with pulverised-fuel equipment than with stoker equip- 
ment—the difference in the thermal efficiency. 

Fuel Costs.—By far the most important factor influen- 
cing the comparison is the cost of fuel, which consti- 
tutes between 60 per cent. and 70 per cent. of the total 
cost of steam production, including all fixed and opera- 
ting charges. With stoker equipment, the choice of 
fuels is limited with regard to size, caking character- 
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istics, calorific value, volatile, ash and moisture content, 
whereas with pulverised-fuel plant the number of 
B.Th.Us. per penny of cost is practically the only cri. 
terion, with certain broad reservations regarding 
volatile and moisture content. It will thus be realised 
that pulverised-fuel equipment greatly widens the 
field of choice open to the fuel purchaser, and from this 
point of view alone pulverised fuel offers immense 
possibilities in the way of steam cost reduction. Coal 
suitable for use in pulverised form may be obtained in 
bulk at prices varying from 6s. to 16s. per ton delivered, 
depending upon the location of the plant. A reduction 
in the annual fuel bill amounting to 50 per cent. is 
therefore possible in many cases. The wider field of 
fuel purchase also enables the user of pulverised-fuel 
plant to follow the market closely and to take advan. 
tage of fluctuations in price. 

Total Cost of Steam Production.—Taking into account 
fixed charges, including interest on capital, depreciation, 
insurance and taxes, operating costs, including labour, 
power, maintenance and fuel costs, pulverised-fuel 
plant shows a definite net saving per unit of steam 
produced when burning the same fuel as a stoker 
plant of the same steam capacity. With the cheaper 
fuels available for use in pulverised form, the total 
cost per unit of steam produced may be reduced by 
15 per cent. to 25 per cent. or more, depending upon 
the location of the,plant. Apart from the greater 
efficiency and the many operating advantages of the pul- 
verised-fuel boiler, the increased capital outlay, as 
compared with stoker equipment, is therefore a first- 
class investment, which in the majority of cases shows a 
return in excess of 100 per cent. per annum. In one 
plant, very favourably situated with regard to the coal 
fields, the estimated net annual saving as compared with 
stoker fired boilers corresponded to nearly 300 per 
cent. interest per annum on the increased capital 
expenditure. The above figures are based on an 
evaporation of approximately 800 million lb. of steam 
per annum. In the case of an installation of smaller 
capacity, the comparison may be less favourable to 
pulverised fuel, and, conversely, will be more favourable 
in the case of a larger installation. 

In the above remarks I have endeavoured to state 
the case as briefly as possible, as a complete analysis 
would occupy too much of your valuable space. It is 
hoped, however, that the above remarks will dispel 
the impression created by your correspondent, i.e., 
that the economic possibilities of the pulverised-fuel 
fired boiler are limited by high capital and operating 
charges. That the system has very great possibilities 
must be obvious from the fact that so many power 
station engineers have installed pulverised-fuel firing 
equipment after a critical examination of all the claims 
made forthe system. Pulverised-fuel firing is now far 
beyond the experimental stage, and the rapidity with 
which it is superseding stoker firing is beyond all 
anticipation. 

Faithfully yours, 
E. G. Rrreutsz, D.Sc. 
11, Grove Park-gardens, Chiswick, London, W.4. 
January 28, 1926. 





WROUGHT IRON. 
To tHE Eprror or ENGINEERING. 

Sir,—Re your article ‘“‘ Wrought Iron,” from my 
somewhat varied experience of steel, cast iron, and 
wrought iron in use, I quite agree with your corres- 
pondent, Mr. H. R. Kemp’s letter of the 16th. 

For such trying conditions as those round about 
producer gas or steam-raising plants, I have adopted 
wrought iron in place of steel with very marked improve- 
ment in the direction of lasting qualities. 

As a comparative test, I have had reasons to renew 
steel plates at the base of air coolers, where there has 
been alternate dry and damp atmosphere, and although 
the improvement in adopting wrought iron is difficult 
to give asa percentage, the saving is very consider- 
able; possibly in the neighbourhood of at least 50 per 
cent. 

H. Srarrorp RAYNER. 
137, Victoria-street, S.W.1. 
January 29, 1926. 





Tue RoyaL ArronauticaL Socrety.—The appeal 
made recently by Sir Samuel Hoare and Air Vice- 
Marshal Sir Sefton Brancker on behalf of an endow- 
ment fund has received a generous response on the 
part of Sir Charles Wakefield and others. The Society, 
whose offices are at 7, Albemarle-street, London, 
W.1, hopes that other subscriptions will follow, in order 
that the scheme for supplying information to the new 
technical grade of associate may be put in hand woe 
diately and that the necessary propaganda work, throug : 
the new branches which have been formed, may 2 
proceeded with. Lord Cowdray has generously omens 
a sum of 501, a year for five years if nine others wi 





follow his example. 
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NOTES ON NEW BOOKS. 


TgeacHERS of automobile engineering will almost 
certainly weleoome Mr. A. W. Judge’s new book on 
“The Mechanism of the Car.’ Numerous text-books 
are available on the design of petrol engines, but there 
is a remarkable dearth of books dealing with the 
principles underlying the design of the car chassis. 
So far as we know, the few actually available are all 
relatively expensive, and are, on this account, unsuit- 
able for a class of elementary students. Mr. Judge’s 
latest manual can be recommended to fill this gap. It 
forms the third of a series of motor manuals, and is 
published at 4s. net by Messrs. Chapman and Hall, 
Limited. The first two volumes in the series deal, respec- 
tively, with the engine and with carburation, and the 
way is thus left clear to devote the third volume 
exclusively to the chassis. The books are not written 
solely as text-books, but are also intended to appeal 
to owners who take an intelligent interest in the 
mechanism of their cars. It is presumably for this 
reason that the major portion of the contents of the 
third volume is devoted to the private touring car, but 
the result is somewhat unfortunate from the point 
of view of the student, who is thus encouraged to 
neglect the special problems associated with the com- 
mercial vehicle. The method adopted in dealing with 
the various components of the chassis is first to explain 
their purpose, and then to describe the different forms 
in use, typical examples being chosen for illustration. 
The author has not hesitated to introduce mathe- 
matical formule in cases where their use assists in 
explaining the fundamental principles of design, but 
these are sufficiently simple to be easily understood by 
anyone who has taken an elementary course in 
mathematics. Most of the more recent developments 
in design are referred to, and, as is perhaps natural in 
view of the prominence given to the subject at the 
present time, a relatively large amount of space is 
given to four-wheel braking systems. Both steam and 
electric vehicles are dealt with very briefly. The manual 
is fully illustrated, both with line diagrams and photo- 
graphic reproductions. In many cases, however, the 
illustrations are too small to be easily followed, the 
view of the Stanley engine given on page 155 being 
an example. An even worse case is the layout of 
the same car given on the following page, which literally 
requires a magnifying glass for its elucidation. Upon 
the whole, the illustrations appear to have been care- 
fully selected, though a notable exception occurs 
on page 54, where a cone clutch is shown in which 
the male member is mounted on the gear-box shaft, 
and the female member on the engine shaft. This 
arrangement was largely responsible for the harsh 
engagement of the clutch in numerous early cars, and 
has now been abandoned for many years. 





Until 1913, the Wiirttemberg student of engineering 
and architecture found his headquarters in Stuttgart 
in the academical institutions connected with the 
Material Testing Station, which the work of C. Bach 
has rendered famous. In that year, the higher school 
of the State for machine construction was transferred 
to Esslingen on the Neckar, an important centre of the 
engineering industry. Here, with the assistance of the 
leading hydraulic firms of the district, the engineering 
laboratories have been equipped in recent years for 
hydraulic research. This equipment and the work 
done in the laboratories are described in “‘ Die hydraul- 
ischen Einrichtungen des Maschinen-Laboratoriums der 
Staatl. Wiirtt. Hoheren Maschinenbauschule Esslingen,” 
by Professor A. Staus, Dr. Ing., chief of the department. 
[Borlin: Julius Springer. Price 3-60 gold marks.] 
lhe hydraulic equipment is not on a large scale ; 
there is no tank and only one 10 h.p. Francis turbine, 
though the school poszesses engines and steam acces- 
sories of all types in considerable variety. The equip- 
ment is, however, sufficient for useful work. In water 
metering Dr. Staus makes considerable use of ‘‘danaide”’ 
vessels, which he connects with the name of E. Brauer ; 
they are cylindrical vessels with one or more holes in 
the bottom for discharge measurements. He illustrates 
one with 60 holes arranged in two concentric rings. 
In an appendix, Dr. Staus describes his own ex- 
periments on the measurement of very small 
water velocities by means of rotating meters. Flow 
meters of the Ott type,* which he has specially 
studied, and similar types, can be relied upon in 
towing tests at velocities as low as 0-077 m. per 
second; they may be used for lower velocities but 
show certain anomalies due to constructional diffi- 
culties at very low speeds. These irregularities are 
‘nsignificant for most practical purposes, but they are of 
importance, for instance, when the flow of water in 
irrigation canals has to be measured. Dr. Staus tried a 
‘uggestion made by Mr. E. B. H. Wade in a Report on 
Improvement of River Discharge Measurements, Parts 





* Vide ENGINEERING, December 25 last, page 799. 





II, III, V., Cairo, 1922 and 1924. By coiling a thread 
on the shaft of the propeller and weighting the thread, 
Wade imparts a natural speed of rotation to the meter, 
upon which the slow rotation due to the flow is then 
superposed. Staus uses two coils and weights and a 
frame with two pulleys on which he mounts his meters. 
He obtains very interesting velocity curves, all of 
which show a certain slight irregularity as the velocity 
approaches zero. 





The Bureau des Longitudes, a French State institu- 
tion, was formed on June 25, 1795. It consists of 
three members of the Académie des Sciences, five 
astronomers, three members belonging to the French 
Admiralty, one belonging to the War Department, 
one geographer, and other scientific men, and 
has a number of corresponding members of foreign 
nationality. Its object is ‘“‘to further the various 
branches of astronomical science and to see that the 
results of researches made and of observations carried 
out are applied to geography, navigation and physics.” 
The well-known annual issued by this body, the 
* Annuaire publié par le Bureau des Longitudes,” is 
now available for the current year. This annual 
was first issued in 1796 and has since appeared 
regularly. The present one is in the usual form, 
and makes a book of about 1,000 pages of subject 
matter, tables, and charts. These cover astrono- 
mical, geographical, physical, chemical, optical and 
other data, conversion tables, information on the 
calculation of ships’ tonnage, together with other 
information on subjects of more general interest. 
The index is very complete; it not only applies to 
the present annual but refers back to several of the 
former issues, 1925, 1924, and so on, on a number of 
particular subjects. In the present volume, two separate 
chapters deal with the work of “ The International 
Committee on Astronomical Researches,” and with 
“ Tsostatic Investigations.”” The annual is issued at 
the price of 8 fr. by Messrs. Gauthier-Villars and Co., 
55, Quai des Grands-Augustins, Paris. 





In “ Kraftwerk Fortuna II.” the fifth volume of 
the Siemens Handbicher, Mr. Albert Schreiber appears 
to have struck a happy mean between a monograph 
and a text-book, in dealing with a specific type of 
steam-driven electric power station. The author is 
director of the Rbheinische Elektrizititswerke im 
Braunkohlenrevier A.G. Kéln, and the volume [Berlin 
and Leipzig: Walter de Gruyter & Co.; price 6.50 
marks, bound] deals with the use of brown coal and 
steam generation in electric power plants. The Second 
Fortuna Plant, an extension of the First Fortyna 
plant, lies west of Cologne on the way to Jiilich and 
to Aachen. The chief contractors were the Siemens 
Schuckertwerke, but a large number of other firms, 
all duly mentioned, were concerned in the installation. 
The book is more intended for the reader of general 
technical knowledge than for the electrical engineer. 
Thus, everything is explained, including lignite mining, 
briquette making, fuel handling, boiler-house steam- 
pipe systems, steam turbines, generators, switches, 
distribution systems, &c. The total capacity of the 
Fortuna works is 160,000 kw. ; distribution is at 25 kv. 
and lower pressures, and the main 100-kv. cables 
connect the district with the network of Rhenish 
power centres. The book is well illustrated and is 
commendable in several respects. 





LauncH or H.M. Destroyer “‘ Amazon.”’—Although 
several foreign governments have constructed torpedo- 
boat destroyers since the conclusion of the war, the 
British Admiralty have only laid down two of these 
vessels. The first was launched on the 27th ult., at the 
Southampton yard of Messrs. John I. Thornycroft and 
Co., Limited. It will be remembered that this vessel, 
H.M.S. Amazon, was duly christened on January 16, 
last, but could not be launched owing to the severe 
frost. The propelling machinery will consist of Brown- 
Curtis turbines, using superheated steam with Parsons’ 
single-reduction gearing. The boilers are of the latest 
water-tube type, and, although fewer in number than 
those installed in the first Amazon, built in 1908, they 
have a greater heating surface and a higher steam 
pressure. The smaller space occupied by boilers and 
machinery, renders the quarters allotted to officers and 
crew larger and more comfortable. Furthermore, the 
wood lining of living spaces will be appreciated in 
cold weather. The design of the destroyer is of a very 
advanced character and embodies the experience gained 
during the late war. The fact that the Amazon is being 
built at Southampton is of special interest, as the previous 
vessel which bore the name was also built at South- 
ampton 18 years ago. At the outbreak of hostilities this 
vessel belonged to the running flotilla attached to the 
Grand Fleet, and, later, rendered a good account of 
herself as one of the Dover Patrol. It will be remembered 
that her sister vessel, the Nubian, had her bow and a 
considerable portion of her hull blown away by a mine, 
and was afterwards fitted with the bow of the Zulu, 
which had lost her stern. The new vessel was eventually 





re-christened the Zubian. 


Tur January issue of the Bulletin of the British 
Cast-Iron Research Association contains an interesting 
contribution, by Messrs. J. E. Fletcher and J. G. 
Pearce, which deals with the determination of the 
structural or constitutional analysis of cast iron from 
the figures obtained by the chemical analysis of the 
material. A knowledge of the amounts of the various 
compounds and constituents and the form in which 
they occur in castings, is undoubtedly of considerable 
value to the foundryman. Taking, as a concrete 
example, a grey cast iron containing 2-50 per cent. of 
graphite, 0-70 per cent. of combined carbon, 1-70 per 
cent of silicon, 0-65 per cent. of manganese, 0-90 per 
cent. of phosphorus, 0-12 per cent. of sulphur, and 
93-43 per cent. of iron (by difference), the authors 
show how the actual constituents of the material, 
namely, graphite, manganese sulphide, phosphide 
eutectic, iron silicide, pearlite and ferrite, may be 
deduced. The first compound to be determined is 
manganese sulphide; this is calculated from the 
sulphur figure by using the conversion factor 2-72. 
The manganese left over and above that required 
to form MnS is calculated to the carbide, Mn,C. 
The phosphide eutectic content is next determined from 
the figure for phosphorus, given by chemical analysis ; 
the iron carbide, present in the eutectic, is also found by 
calculation. After making due allowance for the carbon 
taken up by the manganese and by the phosphide 
eutectic, the amount of iron carbide contained in the 
sample is ascertained from the combined carbon figure. 
The silicon is calculated to silicide, the formula Fe Si 
being selected as the most convenient. 

The cast iron may now be expressed as consisting 
of graphite, manganese sulphide, phosphide eutectic, 
iron and manganese carbides, iron silicide and free iron. 
The authors, however, go a step further, and, on the 
basis that pearlite contains 0-90 per cent. of combined 
carbon, they determine the amount of pearlite and 
ferrite present in the sample under consideration. 
The complete structural analysis of the sample then 
becomes, graphite 2-5 per cent.; manganese sulphide 
0-33 per cent.; phosphide eutectic 13-05 per cent. ; 
iron silicide 5-1 per cent.; pearlite 50-43 per cent. ; 
and free ferrite 28-59 per cent. The results so obtained 
are stated to be sufficiently accurate for normal pur- 
poses. The authors give the conversion factor in each 
case and show how it is arrived at, and in order further 
to facilitate matters, they give a series of diagrams in 
which the percentages of each element and the corres- 
ponding percentages of each compound are represented 
in graphical form. 

Although formed only comparatively recently, the 
British Cast-Iron Research Association is now firmly 
established and is carrying out highly useful work. 
During the course of a speech made at the fourth 
annual general meeting of the Association held in 
London towards the end of last year, a report of which 
is given in the above-mentioned Bulletin, Mr. A. L. 
Hetherington, of the Department of Scientific and 
Industrial Research, recalled the fact that the Associa- 
tion, in collaboration with the National Physical Labora- 
tory, had embarked upon a fundamental investigation 
on the equilibria of iron-carbon alloys containing 
silicon, manganese and phosphorus. The Association 
had also rendered valuable assistance to the Fuel 
Research Board of the Department in the matter of 
selecting a suitable material for retorts used in connec- 
tion with low-temperature carbonisation. Another 
speaker, Engineer Vice-Admiral Sir Robert Dixon, 
stated that he was interested to find that the Associa- 
tion was conducting a research on pearlitic iron. If 
the claims advanced for this material could be sub- 
stantiated, it might be possible to obtain castings for 
Diesel engines which would remedy some of the 
troubles experienced at the present time. 





THE COST OF ELECTRICAL ENERGY. 

THE question of variations in the cost of electrical 
energy for light and power in the same district has 
now received a certain amount of attention by the 
public, though they, ahd many engineers, still experi- 
ence some difficulty in comprehending why it should 
be necessary for a supply undertaking to impose a 
charge of 6d. per unit in certain circumstances 
for what under other conditions can be had for 4d. 
per unit. For this reason Mr. S. J. Watson, 
M.Inst.C.E., the Borough Electrical Engineer of 
Salford, delivered a lecture entitled “Notes on the 
Cost of Generating, Transmitting, and Distributing 
Electrical Energy” on Wednesday, January 27, to 
the Manchester and District Association of the Institu- 
tion of Civil Engineers. 

The total costs of electricity supply, he said, could 
be divided up into six parts:—power station; main 
transmission; secondary transmission; transformation 
or conversion or both; distribution, including service ; 
and metering, rendering accounts, and collecting. 
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For the purpose of his argument, he then considered 
the conditions if a power station with an installed 
plant capacity of 100,000 kw. were available. The 
power station cost would amount to 1,500,000/., or 
151. per kilowatt installed. These figures covered the 
cost of land and clearing, 50,0001.; of sidings or 
wharves, 75,0001.; of buildings, 350,000/.; of turbo- 
alternators, 425,000/.; of boilers, 400,0001.; of water 
circulation, 75,0001. ; of switchboard, 100,000/.; and 
an additional 25,000/. was necessary for various 
sundries. With such a station, the maximum load 
would amount to about 70,000 kw., the load factor 
would be of the order of 40 per cent., and some 
245,000,000 units would be supplied to the feeders. 
Taking the thermal efiiciency of the station as 20 per 
cent., fuel would cost 0-128d. per unit; oil, waste, 
and water, &c., 0-003d. per unit ; wages and salaries, 
0-025d. per unit; and repairs, 0-015d. per unit, 
making a total works cost of 0-171d. per unit. Add- 
ing to this the charges for rates, taxes and a propor- 
tion of the management expenses, amounting to 0 -023d. 
per unit, and a further 0- 147d. per unit for capital de- 
preciation and reserve, on a basis of 10 per cent. of the 
value, the total cost per unit would become 0-341d. 
The costs of generating « supply should be divided 
into two parts, namely :—those which occur in making 
preparation to afford a supply, spoken of as ‘“ stand- 
ing costs,” and the costs incurred in supplying each 
unit, usually called “‘running costs.’’ At first sight 
it might appear that the standing costs should only 
consist of rates, taxes, management and capital 
charges, so that a correct tariff should be based on the 
relationship of these totals, which would amount to 
173,800/. for the total 70,000 kw. or 21. 9s. 8d. per 
kilowatt of maximum load, with an additional charge 
of 0-17ld. per unit delivered to the mains to cover 
running costs. Further consideration, however, showed 
that some of the charges that went to make up the 
works costs of 0-171ld. per unit were really of the 
preparatory or standing-cost type. Wages and salaries 
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were of this nature. The same remark applied to 
repairs, and even such items as fuel and oil, waste 
and water could not be considered as a cost directly 
attributable to each unit sent out to the feeders. 
Some 20 per cent. of the fuel, for example, was used for 
the purpose of being ready to supply. There was 
therefore an alternative method of dealing with the 
costs. Counting 20 per cent. of the fuel, oil, waste 
and water charges as standing costs, as well as ali the 
wages and the repairs, the position was very different, 
and would be met by a charge of 3/. 88. 9d. per kilo- 
watt of maximum load with an additional 0-105 per 
unit for the assumed conditions in this imaginary 
station. Allowing for losses in transmission and 
transformation, the total cost became 31. 9s. 6d. per 
kilowatt of maximum demand on the main sub- 
stations, together with 0-1294d. per unit. When the 
costs of secondary transmission, conversion or 
transformation, distribution and service were added, 
the total cost for the low-tension supply to the con- 
sumers’ premises would become 61. 9s. 2d. per kilowatt 
of maximum demand, with an additional 0-159d. per 
unit. The amount expended under the heading of 
metering, rendering accounts and collecting must 
vary considerably in different areas. For each meter 
fixed, it varied from about 22s. 6d., when readings 
were taken and accounts rendered quarterly, to 35s. 
when monthly arrangements were made. For large 
consumers these charges had little influence on the 
average cost per unit, but in small lighting installa- 
tions they would prove to be great. Taking a case 
where 100 units were used per annum, this item 
alone amounted to 2-7d. per unit. With charges of 
61. 9s. 2d. per kilowatt of maximum demand and 
0-159d. per unit delivered, the average cost per unit 
in pence would vary with the load factor. Were this 
10 per cent., the figure would be 1-92d. ; for 20 per cent. 
it became 1-04d.; and it would be 0-75d., 0-51d., and 
0-39d. for load factors of 30 per cent., 50 per cent., 
and 75 per cent., respectively. 


ELECTRIC DERRICK CRANE. 


Tue crane which we illustrate on this and the opposite 
page is of the level-lufting type, and is made by The 
Anderson-Grice Company, Limited, of the Taymouth 
ingineering Works, Carnoustie, Scotland. It is manu- 
factured in five standard sizes, for loads ranging from 
3 tons to 15 tons; the particular example illustrated is 
for a 3-ton load. One of the advantages of the derrick 
form of construction is that the length of the jib may 
readily be varied to suit customers’ requirements, and 
in this instance the firm are prepared to supply the 
crane with jibs up to 120 ft. or more in length as desired. 

As will be clear from Figs. 1 and 2, lattice construction 
is employed for the jib, mast, and stays, but timber 
may be introduced both for the latter and for the 
sleepers if preferred for any reason by the customer. 
The winch is shown in Fig. 4, and from this and the 
previous figures it will be observed that it forms a self- 
contained unit bolted to, but independent of, the mast 
structure. The arrangement possesses the advantages 
that the stresses on the crane cannot affect the align- 
ment of the various bearings, and that if the crane has 
to be transported for any reason, a marked saving of 
time results if the motion gear can be handled as a 
complete unit. In passing, attention may be drawn to 
the fact that the highest point of the winch is such that 
the driver is able to obtain an uninterrupted view of the 
load over the top. It will also be noticed from Fig. 4 
that the controls are grouped in the most convenient 
position for the operator. : 

The hoisting, level-luffing and slewing motions are 
operated from a single motor, mounted on a bracket 
bolted to the winch bed, as shown in Figs. 1 and 3. 
This motor drives the main shaft through a reduction 
gear. The position of this gear, and of the main shaft, 
which is mounted on the front of the winch, can be seen 
in Figs. 1, 3 and 4, Fig. 3 being a plan view. Of the 
two drums visible in Figs. 1 and 4, the upper is the 
lufting drum and the lower the hoisting drum, A gear 
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group, consisting of two wheels with a brake drum 
between them, runs free on the shaft of the luffing 
drum. ‘The smaller of the two wheels is in constant 
engagement with a large wheel keyed to the hoisting 
drum shaft. The arrangement gives two hoisting 
speeds, which are engaged by sliding a pinion on 
the main shaft to the right or to the left. When 
moved to the right, the pinion engages with a 
fixed wheel on the hoisting-drum shaft, hoisting then 
being obtained with a single reduction, with the gear 
group on the luffing-drum shaft running idle. If the 
pinion is moved to the left, it engages with the larger 
wheel in the gear group, and a double reduction is 
obtained. Lowering may be effected by the weight of 
the load, the sliding pinion being placed in the neutral 
position between the two gears for this purpose. For 
heavy loads, however, it is safer to retain the double- 
purchase gear in mesh and thus ease the effort required 
from the brake. In this event, the motor will still be 
coupled to the drum, and will assist the braking effect. 
It will be noticed that the brake, which is operated by 
the foot lever visible in Fig. 4, is always connected to 
the hoisting drum through the inside pair of gears. 

The luffing motion is obtained by locking the gear 
group on to the luffing-drum shaft, the clutch for this 
purpose being visible in Figs. 5 and 6. Level lufting 
results from the arrangement of the rope and pulleys 
shown in Fig. 2, the gearing being so proportioned that, 
when the jib is being raised or lowered, the hoisting 
rope is taken in or paid out at the correct rate to com- 
pensate for the opposite effect of the luffing motion. 
The slewing motion is obtained by means of the bevel 
and spur gear train, shown at the centre of the main 
Shaft in Figs. 1,3, and 4. A right and left-hand friction 
clutch enables either one or other of the two bevels 
'o be coupled to the shaft, and from this point, the 
arrangement of the reduction gearing, down to the 
slewing race and pinion, shown in Fig. 2, can be followed 
without difficulty from the various figures. It will be 
clear from the description of the motion gear already 
siven, that hoisting or lowering can take place at the 
ame time as slewing in either direction, since the 
‘notor is of the reversible type, and the direction of 
lewing is controlled by the double-cone clutch. 
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An interlock is fitted which renders it impossible 
to raise the pawl, which normally holds the lufting 
barrel against the pull of the rope, until the luffing 
clutch is fully engaged. With only partial engagement 
of the clutch, the pawl ds still held down, and freedom 
is only given when the clutch lever is full over, and 
the jib is under complete control by the foot brake. The 
arrangement of the interlock is shown in Figs. 5 and 
6. In the former, it will be seen that a short rod, 
attached to the pawl release lever, is bent at right-angles 
at the bottom, where it hooks under a horizontal 
stepped rod attached to the clutch lever. When the 
latter is moved to the right, as shown in Fig. 6, the 
step clears the hooked rod in the extreme position of 
the movement and the pawl lever can then be 
raised. 

In concluding our description of the crane, we.may 
say that all gears, with the exception of the slewing 
rack and pinion, are machine-cut from solid blanks, the 
pinions being of steel and the spur wheels of cast 
iron. A separate brake is fitted to the slewing motion, 
and is operated by the hand wheel, visible in Figs. 
4 to 6. This brake allows the crane to be held securely 
in any position, even ina gale. The barrels and pulleys 
are all machine-grooved andaccurately finished to gauge 
to suit the ropes employed. A motor can be supplied 
for either direct-current or alternating-current circuits, 
the former being preferable, as, with a series-wound 
motor, the speed of operation rises automatically as 
the load is decreased. With the 3-ton crane, the 
hoisting speeds on the two gears are about 50 and 
150 ft. per minute, the standard slewing speed 1} 
revolutions per minute, and the luffing speed equivalent 
to a horizontal hook travel of 40 to 50 ft. per minute. 





LAUNCH OF THE M.S, ‘“ CaLDERGATE.”’—The motor- 
ship Caldergate was recently launched successfully from 
the Amble Shipyard of Messrs, Palmer’s Shipbuilding 
and Iron Company, Limited. Built to the order of 
the Anglo-American Oil Company, Limited, London, 
the vessel is fitted with semi-Diesel oil engines. She 
is intended for canal and coastwise trading and will 
carry petroleum spirit in bulk. 


THE SUPPORT OF MINE WORKINGS. 


NOTWITHSTANDING modern progress and the greater 
attention which, compared with former days, is now given 
to the safety of workmen, the number of accidents in 
coal mines still reaches a high figure each year. About 
half the accidents are due to falls of ground, and that 
this subject is one for concern is sufficiently demon- 
strated by a reference to the statistics published, the 
average, taken over the three years 1922-24, being no 
less than 66,529. This figure includes all accidents 
which caused disablement for more than seven days in 
1922 and 1923, and for more than three days in 1924. 

In 1923, the Secretary of Mines, upon recommenda- 
tion of the Safety in Mines Research Board, appointed 
a Committee, with Sir Thomas Mottram, C.B.E., as 
Chairman, to investigate methods of reducing the 
number of accidents from falls of ground in coal mines ; 
this Committee was re-appointed on June 24, 1924. 
Following a report on the South Wales Coalfields, the 
Committee have recently published a further report 
dealing with the Scottish Coalfields.* 

For the purposes of the inquiry, the Coal Mines of 
Scotland are grouped geographically into four sections : 
—the south-west, middle, north-east, and south-east. 
The grouping embraces 472 collieries employing an 
average of 104,321 persons below ground. Instead of 
stating the number of persons killed and injured per 
1,000 persons employed, it has been considered a 
fairer comparison, in view of the variations in the 
time of exposure to risk, to use the number of man- 
shifts as a basis of statement. 

That the Scottish coalfields, taken as a whole, are by 
no means the worst in the matter of accidents from 
falls of ground, is shown by comparison with the figures 
for other coalfields ; it will suffice here to quote only 
two or three to make this evident. The annual 
average number of persons killed and injured per 
100,000 shifts worked, is shown to be as follows : 


Scotland .... yf : i . .20°6 
Northumberland and Durham... wa 2e°O 
Yorks, Derby and Notts : 31-3 
South Wales se 7 ; : 34°8 
Great Britain .... ate Hee <<. a 


Compared with the other coalfields, the seams being 
worked in Scotland are mostly thin, and the quality 
of the roofs varies a great deal. They are not confined 
to good and bad areas, asin South Wales. Coal cutting 
machines are largely used. The longwall method of 
working is used in seams under 3 ft. thick, and 
although the bord and pillar method has been used 
extensively in the past, in seams of 4 ft. and over, 
there is a tendency to substitute retreating longwall 
working in order to obtain sufficient material for build- 
ing pack walls. 

The recommendations of the Committee may be 
briefly summarised. In the main, they are straight 
ness and rapid advancement of the coal face, which 
should be short, followed up with close and systematic 
timbering, in which straps should be used wherever 
possible. These conditions are favoured by the use of 
coal-cutting machines. The same precautions should 
be taken where the roof is good, as where it is bad. 
In withdrawing timber, it is a common practice to 
knock out the supports with a hammer. This practice 
is dangerous, and a safety appliance, such as the 
“Sylvester” or the “ Wrester,” should invariably 
be used. 

In working thicker seams by longwall, there is usually 
a shortage of building material, and frequently wood 
pillars are erected; it is generally better, at least 
on main roads and headings, to take a greater width of 
brushing down in the first instance, so that material is 
provided for constructing wide buildings on both sides 
of the road. 

An instance of satisfactory practice is given of a 
Scottish colliery working seams of 6 ft., 4 ft. 6 in., and 
2 ft. thick, at depths up to 2,500 ft., and inclinations 
up to 45 deg. Undercutting is done by machines, up 
to 3 ft. or 3$ ft., in the night shift, and filling on to 
conveyors in the day shift, these being moved forward 
during the afternoon shift. Packs are erected from 
10 yards to 15 yards apart along the face. The depth 
of undercut is adjusted to produce just the amount 
of coal which can be worked off in one shift. The 
roof is supported at the face by tubular props of weld- 
less steel, filled with wood, and set at regular intervals 
of not more than 4 ft., and corrugated steel straps are 
always set with them. The back rows of props and 
straps are systematically withdrawn to within three 
rows of props from the face, and are used over 
and over again. The cost of propping and strapping 
at the face is 13d. per ton. Steel arched girders are 
used on main roads, whatever the condition of the 
roof, set about 3 ft. apart and bricked in between. 





* “The Support of Underground Workings in the Coal 
Fields of Scotland.’’ H.M. Stationery Office, Adastral 





House, Kingsway, London, W.C.2. [Price 2d.] 
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Only one reportable accident has occurred in this 
mine during the last five years. 

In many instances, roadside props are left in after 
the ‘‘ buildings”? have been erected. This tends to 
cause fracture of the roof along each side of the roads, 
and should be avoided. It is good practice to timber 
the roof of the brushing, above parts where the hutch 
is filled, with stretches or crowns, whether it appears 
to need support or not. 

In conclusion, it is of the utmost importance that the 
men should have the correct methods of working 
brought directly to their notice. This can perhaps 
best be accomplished by courses of instruction in safe 
practice for boys about to leave school, by popularising 
the official regulations, and by safety-first campaigns. 
Among other means to this end, mention may be made 
of the distribution of printed cards of instructions, 
simply illustrated, and the provision of a model of the 
timbering system which can be seen by the workers, 
and used by the officials for demonstration purposes. 
Wherever the whole-hearted co-operation of the men 
is obtainable, a reduction in the number of accidents is 
certain to follow. 





PERSONAL.—Messrs. E. P. Allam and Co., Limited, 
107-109, Gray’s Inn-road, W.C.1, have been appointed 
sole agents for London and the South of England for 
Messrs. Wright’s Motors, Limited, of Halifax, for the 
sale of direct-current and alternating-current electric 
motors and dynamos, For the convenience of customers 
Messrs. Allam are arranging to hold a stock of machines 
in London.—Messrs. Gibbons Bros., Ltd., Dibdale Works, 
Dudley, have acquired the business of Messrs. Harvey- 
Siemens Furnaces, Limited, carried on at 26, Victoria- 
street, London,8.W.1. The business will, for the present, 
ke conducted from the same address, and the services of 
Messrs, A, Harvey and H. W. Jackson have been retained. 
——Mr. R. F. Sanchez has taken over the export work of 
the Northwest Engineering Company, makers of cranes, 
draglines and shovels, of 28, E. Jackson Blvd., Chicago, 
Ill., U.S.A. 


TENDERS.—The Otago Harbour Board, New Zealand, 
are inviting tenders for the supply and delivery of one 
air compressor, one 10-ton, and one 3-ton steam self- 
propelling cranes, one steam locomotive, one steam shovel, 
and twenty 10-ton side-tipping wagons. Tenders are 
due in New Zealand by noon, March 26, 1926.—The 
South African Railways and Harbours are calling for 
tenders for the supply of six electrically-driven portal 
cranes for Walvis Bay. Sealed tenders must reach 
Johannesburg not later than noon, March 18, 1926.— 
His Majesty’s Consul General at Chicago states that an 
electric-power company in the United States are making 
enquiries for three water turbines and generators.— 
The Indian Stores Department, Delhi, is calling for 
tenders to be presented in India not later than March 2, 
1926, for the supply of oil-engine driven direct-current 
generating sets and pumping plant, for the North Western 
Railway. Further particulars regarding any of the 
above tenders may be obtained from the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1. 

Conrracts.—Messrs. Drakes, Limited, of Halifax, 
have secured a contract for the installation of horizontal 
carbonising plant at the Huddersfield gas works. The 
plant, which will have a value of approximately 30,000/., 
will consists of 9 beds of 10 retorts, complete with coal- 
handling plant, charging and discharging machine, and 
coke-handling and screening plant.—The Monometer 
Manufacturing Co., Limited, Savoy House, 115-116, 
Strand, London, W.C.2, have recently received a con- 
siderable number of orders from firms in England, the 
Overseas Dominions, France and Germany, for all 
types of their melting furnaces.—Messrs. International 
Combustion, Limited, Africa House, Kingsway, London, 
W.C.2, have been awarded the whole of the contract 
for the erection of steam generation and transmission 
slant at the new power station of the North Metropolitan 
tlectric Supply Company, at Brimsdown, near Enfield. 
The ‘‘ Lopulco ” system of powdered-fuel firing is to be 
installed. The five boilers, each of 10,000 sq. ft. heating 
surface, are to be manufactured by Messrs. Babcock and 
Wilcox. These boilers will be equipped with ‘‘ Lopulco ” 
water screens and ‘*‘ Murray Usco ”’ fire furnaces. 








TELEVISION.—-In connection with the demonstration 
of electrical television recently given by Mr. John L. 
Baird, at the laboratory of Messrs. Television, Limited, 
22, Frith-street, Soho, W.C.1, and referred to in our last 
week’s issue on page 138, we are asked to state that 
the demonstration was specie liy arranged to enable mem- 
bers of the Royal Institution to see the apparatus, and 
a considerable number of the members of that Institution 
availed themselves of the inventor’s invitation to be 
present. We may also add that while what would 
generally be regarded as wireless transmission has not 
yet been attempted, the transmission of images over 
short distances without any direct connection between 
the transmitter and the receiver has been successfully 
accomplished, the transmission being effected by the 
induction between two separated coils of wire. This 
was, in fact, the method of transmission used in the 
demonstration which we witnessed in May of last year, 
and was mentioned in the article describing the prin- 
ciples of the apparatus that appeared in our issue of 
May 29, 1925, on Messrs. Television, Limited, 


are shortly removing their laboratory to Motograph 
House, Upper St. Martin’s-lane, W.C.2. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade—Adequate supplies of 
Cleveland pig-iron for early needs are becoming more and 
more difficult to obtain, and the shortage is inconvenienc- 
ing consumers. Home demand is steadily growing, and 
Continental customers are buying more iron in this 
market, so that requirements promise to necessitate 
enlargement of output in the near future. Values 
are very stiff, and further upward movement would cause 
no surprise. For home purposes No. 1 is 72s. 6d.; 
No. 3, g.m.b., 708.; No 4, foundry, 69s.; and No. 4 
forge, 68s. 6d.; whilst for despatch to foreign destina- 
tions, 6d. above these figures has to be paid. 


Hematite.—Scarcity of East-Coast hematite is acute. 
It is stated that only one firm of makers has any iron 
to offer for this month’s delivery, and merchants have 
very little to dispose of. Buyers both at home and abroad 
are pressing for deliveries, and quotations show further 
marked upward tendency, with the result that customers 
are now anxious to arrange forward contracts at round 
about current market rates. Nos. 1, 2 and 3 are 77s. 6d. 
to 78s., and No. 1 is at a premium of 6d. 


Foreign Ore.—Though new business in foreign ore 
matures slowly, sellers are not at all disposed to make 
price concessions. Best rubio keeps at 2ls. 6d. c.i.f. 
Tees, . 


Blast-furnace Coke.—Durham blast-furnace coke prices 
are somewhat irregular, Good average qualities run from 
21s, 3d, to 21s. 6d., delivered to local consumers. 


Manufactured Iron and Steel.—Slow but steady im- 
provement is noticeable in the manufactured iron and 
steel industries. Some branches are now busy and 
others are gradually becoming better employed. Values 
are well maintained. Common iron bars are 111. 5s.; 
iron rivets, 12/, 15s.; packing (parallel), 82. ; packing 
(tapered), 11/.; steel billets (soft), 7/.; steel billets 
(medium), 77. 10s. ; steel billets (hard), 81. 2s. 6d.; steel 
strip, bridge and tank plates, 71. 7s. 6d.; steel angles, 
71. ;: steel rivets, 12/. 10s. ; steel joists, 71. ; heavy steel 
rails, 8/.; fish plates, 12/.; and galvanised corrugated 
sheets (No. 24 gauge), 161. 10s. 


Imports of Iron and Steel.—Returns issued this week 
show imports of iron and steel to the Tees from the 
Continent, India and coastwise for the past three months, 
together with the figures for the same time a year ago, 
and for the corresponding pre-war period of 1913~14. 
Unloadings of pig-iron for the past three months totalled 
14,003 tons, as against 3,684 tons a year ago, and 50 tons 
in the pre-war period ; crude sheet bars, billets, blooms, 
and slabs unshipped in the past three months reached 
38,983 tons, as against 31,542 tons a year ago, and 
11,200 tons in the pre-war period; and plates, bars, 
angles, rails, sheets and joists imported in the past 
three months amounted to 3,704 tons, as against 3,736 
tons a year ago, and 5,869 tons in the pre-war period. 


Shipments of Iron and Steel_—Shipments of iron and 
steel from the Tees last month totalled 92,630 tons, as 
against 89,401 tons in December. January loadings were 
composed of 36,091 tons of pig-iron, 1,607 tons of manu- 
factured iron, and 54,908 tons of steel. Once more 
Scotland was the largest purchaser of pig-iron, taking 
14,253 tons; whilst among other importers were :—- 
America, 7,500 tons; Belgium, 3,764 tons; Denmark, 
2,290 tons; Italy, 1,722 tons; and Australia, 1,025 
tons. India was the heaviest receiver of both manu- 
factured iron and steel with imports of 286 of the former 
and 17,069 tons of the latter. Other large customers for 
steel were the Argentine, 6,091 tons; Australia, 4,016 
tons; Egypt, 4,013 tons; and Natal, 2,999 tons, 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

lron and Steel.—liie year has opened very quietly 
so far as the heavy trades are concerned. Similar 
industries in other parts of the country appear, in some 
measure, to have justified recent optimism, but the best 
that can be said of the South Yorkshire staple trades 
as a whole, is that conditions are no worse than during 
November and December last. Steelmakers are paying 
more for pig iron and fuel, without being in a position to 
recompense themselves for increased cost of production. 
Inquiries are fairly numerous, but the bulk of the order 
in circulation, prcvienery from overseas buyers, appear 
to be finding their way to makers nearer the sea coast, 
whose transport charges are less heavy. The recent 
reduction in wire rod quotations has failed to stimulate 
buying to any appreciable extent. Continental compe- 
tition in this connection continues to be severe. On the 
other hand, a more hopeful tone obtains in the manv- 
facture of open-hearth steel. Recent bookings have 
improved the outlook. Several of the largest plants are 
able to report a higher production than the average for the 
last six months. Makers of high-class tool steel are 
supplying a larger variety of needs than ever before in 
their history. The main obstacle to progress lies in the 
meagreness of the quantities ordered on export account, 
Tariff revisions and exchange differences ‘operate 
adversely against revival of business with the Continent. 
British engineers are taking better supplies. The 
enhanced price of tungsten has not so far affected tool 
steel quotations. Good business is still being done in 
files, saws, shovels, spades, and parts for electrical 
apparatus, while the demand from the British automobile 
industry for constructional parts and fittings shows no 
diminution, Rustless steel is steadily gaining favour in 
engineering construction. The building trades are 
substantial buyers for the manufacture of grates and 
fireplace furnishings. 


South Yorkshire Coal Trade.—The strength of the 
inland market is mainly responsible for recent advances in 
industrial fuel being fully maintained. British railway 
companies and industrial concerns are taking the bulk 
of the output, leaving only a small surplus for shipment. 
Yorkshire and Derbyshire hards for export are mainly 
unaltered, while the position in washed descriptions is 
much the same as last week. Gas cokes are firmly held at 
recent figures. Quotations in furnace and foundry coke 
have slightly eased. The shrinkage in the demand for 
house coal has not yet caused any alteration in pit-top 
prices. Quotations :—Best branch handpicked, 31s. to 
34s.; Barnsley best Silkstone, 28s. to 30s. ; Derbyshire 
best brights, 26s. to 28s.; Derbyshire best house, 24s. 
to 25s.; Derbyshire best large nuts, 178. to 20s.; 
Derbyshire best small nuts, 12s. 6d. to 14s.; York- 
shire hards, 17s. to 19s. 6d.; Derbyshire hards, 16s. 
to 19s.; rough slacks, 10s, to 12s. 6d.; nutty slacks, 
7s. 6d. to 9s. ; smalls, 3s. 6d. to 6s, 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—Although there has been no 
actual change for the better in the Scottish steel trade 
during the past week, there is certainly a more hopeful 
feeling. This has come about largely through the 
announcement of the placing of a number of new ship- 
building orders with Clyde builders, but there is a danger 
in over-estimating this work, as it will take very many 
more orders before the yards get really busy. At any 
rate a fair amount of steel will be required and the 

rospects have decidedly improved. At the moment, 
oaseae, buyers are not specifying for much, if anything, 
beyond their actual requirements, and plant is not being 
overtaxed. Inquiries are rather better on the whole, 
and it would look as if an improvement was within 
sight, but export business is not very encouraging. The 
black sheet trade is still actively employed and order 
books are well filled. The output is good and a number 
of fresh lines are reported as having been secured this 
week, Thin and galvanised sorts are the mainstay of 
the trade. Prices are being maintained and the current 
quotations are as follows :—Boiler plates, 111. per ton ; 
ship plates, 71. 10s. to 71. 12s. 6d. per ton; sections, 
71. to 7l. 2s. 6d. per ton; and sheets, under yf to in, 
91. to 91. 2s. 6d. per ton, all delivered Glasgow stations. 


Malleable Iron Trade.-The bar iron trade of the 
west of Scotland is practically unchanged this week, and 
new business is still very scarce. Inquiries are not 
coming in in any volume, and some uncertainty sti!l 
exists as to the outlook. The steel re-rolling departments 
are doing fairly well. Prices are unchanged at 11J. 5s. per 
ton for ‘‘Crown”’ bars delivered Glasgow stations. 


Scottish Pig-Iron Trade.—A dull tone continues to 
prevail in the Scottish pig-iron trade, and there has been 
little movement during the past week. Good stocks are 
held and any expansion in business can easily be met 
without any delay in delivery. Prices are steady and the 
following are the market quotations :—Hematite, 77s. 6d. 

er ton, delivered at the steel works; foundry iron. 
Yo. 1, 79s. to 81s. 6d. per ton, and No. 3, 76s. 6d. to 79s. 
per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, January 30, amounted to 822 tons. 
Of the total, 717 tons went overseas, and 105 tons coast- 
wise. For the corresponding week of last year the 
figures were 799 tons to foreign destinations and 22 tons 
coastwise, making a total shipment of 821 tons. 


Shipbuilding.—The shipbuilding returns for the pas! 
month are not very encouraging, and for the different 
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districts in Scotland the total was 18 vessels of 24,882 
tons. ‘The details are as follow :— 





Vessels. Tons. 

The Clyde — = 12 16,922 
The Forth ae 4 610 
The Tay 1 6,500 
The Dee... l 850 
Total ... 18 24,882 


‘The Clyde total of 12 vessels for the month of January is 
the largest for a number of years, but the tonnage of 
just under 17,000 is a good way below the average for 
the corresponding month since the war years. The most 
satisfactory news in connection with the shipbuilding 
industry is the announcement of the placing of no fewer 
than 13 new orders during the past week orso. This brings 
the total number booked during the month up to 29 vessels 
at least. This news has greatly encouraged many in the 
district, and if fresh orders could only come along 
steadily a real impetus would be given to the general 
trade in the country. These contracts will help to fill 
up the berths which became vacant during the past year, 
and have since remained empty. Among the latest 
contracts fixed are the following :—Four twin-screw 
motorships of 10,000 tons each, to be built by the 
Blythswood Shipbuilding Co., Limited, Scotstoun, for 
Messrs. Furness, Withy and Co., Limited, London. 
These vessels are to be 450 ft. in length and 60 ft. in 
breadth and are to have a speed of 13 knots. The 
machinery is to be supplied by Messrs. J. G. Kincaid 
and Co., Limited, Greenock, and will consist of two 
sets of eight-cylinder Harland and Wolff-Burmeister and 
Wain internal-combustion engines.—Five single-screw 
motorships of 2,500 tons each, to be built by Messrs. 
Harland and Wolff, Limited, at Govan, for Messrs. 
M’Andrews and Co., Limited, London. These ships 
are mainly general cargo vessels with very limited 
passenger accommodation, and are intended for service 
between Liverpool and Spanish ports. The speed is to 
be 12 knots and the vessels will be fitted with Harland 
and Wolff-Burmeister and Wain engines of about 1,750 
indicated horse-power to be supplied by the builders.— 
Four river gunboats for the Admiralty to be built by 
Messrs. Yarrow and Co., Scotstoun. The latter firm have 
specialised for many years in shallow-draught vessels. 
These rather important contracts have come along at a 
very opportune moment, and, when added to the other 
orders already — for January, make the month’s 
bookings no less than 29 vessels of one sort and another. 





NOTES FROM THE SOUTH-WEST. 


CarpirFr, Wednesday. 

The Coal Trade.—According to a statement issued by 
Mr. Finlay Gibson, Secretary of the Monmouthshire 
and South Wales Coalowners’ Association, the output 
of coal in the district has risen from 2,596,998 tons in 
August to 4,007,950 tons in_December, while the total 
wages cost borne by the owners, as a result of the 
Government subvention, has been reduced from 18s, 7d. 
to 13s, 8d. per ton. Thus, while the wages cost has been 
lowered by 26 per cent., so far as the liability of the 
owners is concerned, the output has increased by 55 per 
cent., and in December was at the rate of 48,000,000 tons 
per annum against only 30,000,000 tons a year in August. 
The expansion in the foreign demand, too, is illustrated 
by the fact that exports have increased from 1,178,000 
tons in August to 1,817,000 tons in December. The 
effect of this improvement in trade has been more 
regular employment for the men, which is testified by the 
fact that the number of man-shifts worked were increased 
from 3,367,990 in August to 4,737,720 in December, an 
increase of 41 per cent., the number of days worked 
per week being raised from 4-62 in September to 5-81 
in December. Again, in August the standard wages 
cost was 9s, 6d. per ton, which, as the result of increased 
output, was lowered to 8s. 9d. per ton in December, 
while the standard wages bill in December was equal 
to the total wages paid in August. Despite the general 
improvement in the coal industry there was a loss in the 
South Wales coalfield of 531,0071. in December, and, in 
the three months ended December, of 2,755,000/., due to 
the uneconomic wages prevailing. Meantime the Welsh 
coal trade maintains the improvement which set in in 
the middle of January. The only exception is dry large, 
which continues in plentiful supply and is easily avail- 
able on the basis of 21s. to 22s. for bests and 20s. and 
2ls, for ordinary qualities. All other classes are in 
active demand and well booked for the next couple of 
months. Best Admiralty large rules from 23s. to 24s., 
with seconds from 21s, to 23s., while Monmouthshires 
range from 20s. to 21s. 6d.; smalls from 10s. 6d. to 
l4s., according to quality; and sized coals from 20s. 
to 30s. A contract of special significance has just 
been placed. The Paris-Orleans Railway have ordered 
a total of 150,000 tons of Welsh coal, divided among half-a- 
dozen firms, for delivery from February to August. Early 
last year the company withdrew its local representative 
from South Wales because of diminished purchases of 
Welsh coal. At the end of last year the representative 
came back to Cardiff, but orders which were expected to 
come to South Wales were held in abeyance because of 
adverse exchange movements. In the light of these 
tacts the news of a revival of business for Welsh coal is 
very encouraging. Exports of coal as cargo foreign 
in the past week amounted to 467,240 tons, compared 
with 542,780 tons in the previous week. Of the total, 
shipments to the United States were increased from 
32,960 tons to 50,200 tons, but to France were reduced 
from 136,130 tons to 119,870:tons, and to Italy from 
108,880 tons to 47,940 tons. The reduction is accounted 
for by the fact that shipping has been thrown out of 


NOTICES OF MEETINGS. 





THE JUNIOR INSTITUTION or ENGINEERS.—To-night 
at 7.30 p.m.,-at 39, Victoria-street, S.W.1. Question 
and Discussion Evening. Friday, February 12, at 
7.30 p.m. Honorary Members’ Lecture. ‘‘A Visit to 
Some Power Station in the U.S.A. in 1925,’’ by Mr. 
W. H. Patchell, M.Inst.C.E. 


SHIRE BRaANcH.—Saturday, February 6, at 4 p.m., at 
the Grand Hotel, Manchester. Lecture: ‘‘A Day in 
the Foundry,” by Mr. J. G. Robinson; at 6.30 p.m. 
Annual Dinner. 


THe Hutt Association oF ENGINEERS.—Saturday, 
February 6, at 7.15 p.m., at the Technical College, 
Hull. Lecture: ‘‘ Fuel Oil and its Applications,” by 
Shell-Mex, Limited. 


THE INSTITUTION OF AUTOMOBILE ENGINEERS: BIR- 
MINGHAM CENTRE.—Monday, February 8, at 7 p.m., at 
the Chamber of Commerce, New-street, Birmingham, 
“*Modern Chassis Frame Design and Body Mounting,” 
by Mr. T. D. Carpenter. 


THE Institution oF ELECTRICAL _ENGINEERS.— 
Monday, February 8, at 7 p.m., at Savoy-place, Victoria- 
embankment, W.C.2. Informal Meeting. Discussion on 
““Modern Applications of Ball and Roller Bearings,” 
opened by Mr. R. J. Mitchell. 


Tue Instirurion oF MECHANICAL ENGINEERS: 
GrapDvuAtEes SEection.—Monday, February 8, at 7 p.m., 
at Storey’s-gate, S.W.1. ‘‘ Submerged Combustion and 
Submerged Flame Burners,’’ by Mr. E. C. Peters. 


THe InstirutR oF Metats: Scorrish Locat SEc- 
TION.—Monday, February 8, at 7.30 p.m., at the Institu- 
tion of Engineers and. Shipbuilders in Scotland, 39, 
Elmbank-crescent, Glasgow. ‘‘ Wire Weaving,” by Mr. 
James Gilchrist. 


THE BraprorD ENGINEERING Socretry.—Monday, 
February 8, at 7.30 p.m., at the Technical College, 
Great Horton-road, Bradford. Lecture: ‘‘ Refrigerating 
Machinery,” by Mr. G. W. Wilson. 


THE SuRvVeEyors’ InstrITuTION.—Monday, February 8, 
at 8 p.m., at Great George-street, 8.W.1. Paper on the 
“ Rating and Valuation Act, if passed,” by Mr. E. M. 
Roustam, 


Tue Royat Institution.—Tuesday, February 9, at 
5.15 p.m., at Albemarle-street, W.1. ‘‘ Surface Action ” 
(Lecture 2). By Dr. Eric K. Rideal. 


THE INSTITUTION OF PETROLEUM TECHNOLOGISTS.— 
Tuesday, February 9, at 5.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. ‘‘The Sulphur 
Compounds of Kimmeridge Shale Oil,” by Dr. F. Chal- 
lenger, Ph.D., Mr. John Haslam, M.Sc., Mr. R. J. Bram- 
hall, B.Sc., and Mr. J. Walkden, M.Sc. 


THE INSTITUTION oF CIVIL ENGINEERS.—Tuesday, 
February 9, at 6 p.m., at Great George-street, S.W.1. 
Ordinary Meeting. Paper to be submitted for discus- 
sion: “Construction of the New Entrance to Tranmere 
Dock,” by Mr. Percy Walter Bertlin. Wednesday, 
February 10, at 6 p.m. Informal Meeting. Subject for 
discussion: ‘“‘ British Railway Permanent Way Main- 
tenance,” to be introduced by Mr. William Arthur 
Willox. 


Tse Institute or British FoUNDRYMEN: LANCA- 
SHIRE BRANCH, BURNLEY SEcTION. — Tuesday, 
February 9, at 7.15 p.m., at the Municipal College, 
Omerod-road, Burnley. ‘‘A Talk on Foundry Work,” 
by Mr. H. Shackleton, 


THE INsTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN ScoTLanD.—Tuesday, February 9, at 7.30 p.m., at 
39, Elmbank-crescent, Glasgow. ‘The Development 
of Increased Efficiency in Steam Application for Marine 
Purposes,” by Sir James Kemnal. 


Tse Institution oF ELECTRICAL ENGINEERS: 
Scottish CENTRE.—Tuesday, February 9, at 7.30 p.m., 
at the Royal Technical College, George-street, Glasgow. 
** An All-Electric House,”’ by Professor 8S. Parker Smith. 
Asylums,”” by Mr. Herbert G. Cathcart. At 7 p.m. 


Tue InstiTtuTION OF HEATING AND VENTILATING 
ENGINEERS.—Wednesday, February 10, at 2.30 p.m., 
at the Holborn Restaurant, W.C.2. Annual General 
Meeting. ‘‘ Engineering Services in Hospitals and 
Annual Dinner. 


Tue INSTITUTION OF ENGINEERS-IN-CHARGE.—Wed- 
nesday, February 10, at 7.30 p.m., at St. Bride Institute, 
Bride-lane, Fleet-street, E.C.4. ‘‘ The Testing and Con- 
tinuous Control of Steam Boiler Plant,’ by Mr. D. 
Brownlie, B.Sc. 


THE INSTITUTION oF CIVIL ENGINEERS: YORKSHIRE 
AssociaTIon.—Wednesday, February 10, at 7.30 p.m., 
at the Royal Victoria Hotel, Sheffield. ‘‘ Some Problems 
in Boiler House Practice,” by Mr. W. M. Hebbleth. 
waite. 


Tue ASSOCIATION OF ENGINEERING AND SHIPBUILD- 
ING DRAUGHTSMEN: BIRMINGHAM AREA TECHNICAL 
CommitTEE.—Wednesday, February 10, at 7.30 p.m., 
at the Chamber of Commerce, New-street, Birmingham. 
Lecture: ‘‘ Extra High Tension Switchgear,’”’ by Mr. G. 
L. E. Metz. 


Tue Britisx Science Guitp.—Thursday, February 11, 
at 4.30 p.m., at the Carpenters’ Hall, Throgmorton- 
avenue, BC. Conversazione. Address on (1) ‘‘ The 
Scientific Approach in Administrative Problems.” 
(2) ‘* The Use and Abuse of the ‘Conference’ Instru- 
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Tue BELFAST ASSOCIATION OF ENGINEERS.—Thursday, 
February 11, at 7.30 p.m., at the Municipal College of 
Technology. Belfast. ‘‘ Uniflow and Extraction Steam 
Engines,” by Dr. T. B. Morley. 


THE InsttruTe oF METALS: LONDON LOCAL SECTION. 
—Thursday, February 11, at 7.30 p.m., at the Institute 
of Marine Engineers, 85-88, The Minories, Tower Hill, 
E.1. ‘‘ The Fatigue of Metals: A General Survey and 
an Account of Some Recent Work. Part IT.”’, by Mr. H. 


Tue Institute oF British FOUNDRYMEN: LANcA-]| J. Gough, B.Sc., and Dr. D. Hanson. 


THE INSTITUTION OF ELECTRICAL ENGINEERS.—Thurs- 
day, February 11, at 7.30 p.m., at the Hotel Cecil, Strand, 
W.C.2. Annual Dinner. 


THE OpricaL Soorety.—Thursday, February 11, at 
7.30 p.m., at the Imperial College of Science and Tech- 
nology, South Kensington, S.W.7, Annual General Meet- 


F. W. Preston. ‘The Annealing and Re-Annealing of 
Glass”’; Part ITI, “The Determination of Annealing 
Temperatures’; Part IV, ‘The Annealing of Glass at 
Low Temperatures,” by Mr. W. M. Hampton. 


THE InstITUTE OF PaTENTEES.—Thursday, February 
11, at 8 p.m., at the Old Colony Club, Aldwych House, 
Kingsway, W.C.2. Lecture: ‘‘The Value of the 
Inventor to the Community,” by Prof. P. M. Baker, B.Sc. 


UNIVERSITY COLLEGE, UNIVERSITY OF LONDON.—Fri- 
day, February 12, at 5 p.m., at Gower-street, W.C.1. 
Lecture: ‘‘The Theory of Fine Grinding,” by Dr. 
Geoffrey Martin. 

THE MANCHESTER ASSOCIATION OF ENGINEERS,—Fri- 
day, February 12, at 6.45 p.m., at the Midland Hotel. 
Manchester. Annual Dinner. 


THe IystiruTIonN oF MECHANICAL ENGINEERS.— 
Friday, February 12, at 7 p.m., at Storey’s-gate, S.W.1. 
Informal Meeting. Discussion on “ Refrigerating 
Machinery.”’ Introduced by Mr. G. C. Hodsdon. 


Tue InstituTE or Metats : Swansea Locat SECTION, 
—Friday, February 12, at 7.15 p.m., at the University 
College, Singleton-park, Swansea. ‘‘ Observations on 
Copper Metallurgy,’’ by Capt. L. Taverner. 


Tue Institute or Mertats: SHEFFIELD LOCAL 
Sxction.—Friday, February 12, at 7.30 p.m., at the 
University, St. George’s-square, Sheffield. ‘‘ Drop Forg- 
ings,”’ by Dr. O, F. Hudson. 


Tue InstiruTION oF ENGINEERING INSPECTION.— 
Friday, February 12, at 7.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. “‘'The Applica- 
tion of Special Cast Irons in the Engineering Industry,” 
by Mr. 8S. E. Dawson. 


Tue INsTITUTION OF MECHANICAL ENGINEERS: YORK- 
SHIRE Brancu.—Friday, February 12, at 7.30 p.m., at 
the Hotel Metropole, Leeds. ‘‘The Choice of Steels 
for General Engineering Work,”’ by Mr. A. P. Hague. 


THe Norru-East Coast InstiTuTION OF ENGINEERS 
AND SHIPBUILDERS.—Friday, February 12, at 7.30 p.m., 
at the Literary and Philosophical Society, Newcastle-on- 
Tyne. ‘Electrical Propulsion of Ships,’’ by Mr. Eskil 
Berg. 

Tue INnstirute oF TRANSPORT: NORTH - EASTERN 
Locat Section.—Saturday, February 13, at 3 p.m., at 
the Town Hall, Newcastle-upon-Tyne. ‘‘ Notes on 
Railway Organisation,’’ by Mr. D. 8. Burn. 





MEETING CANCELLED. 


THe INstTiTuTION oF CHEMICAL ENGINEERS.—Wed- 
nesday, February 10, at 8 p.m. 





Royat Instirution.—A general meeting of the 
members of the Royal Institution was held on February 1, 
and, in the course of this meeting, a vote of thanks for an 
anonymous donation of 5001. to the research fund was 
passed, 

THE Late Mr. T. W. Warv.—We note with regret the 
death of Mr. Thomas William Ward, which occurred on 
February 3 last. Mr. Ward, who was director and 
founder of Messrs. Thos W. Ward, Limited, engineers 
and machinery and metal merchants, was born in 
Sheffield in 1853. For some years during the early 
part of his commercial career he was in business 
with his father. Upon the latter’s death he became 
a traveller for one of the collieries of the Sheffield 
district. In 1877 he went into business on his own 
account, as a dealer in coke and iron, and the venture 
was successful from the beginning. When still quite 
young, Mr. Ward foresaw that possibilities lay in the 
buying and selling of: scrap metal. He therefore began 
to purchase this waste material, in small quantities at 
first, and, later, as the enterprise prospered, in considerable 
bulk. Eventually he bought ironclads and other obsolete 
vessels, which were dismantled and broken up. In all 
his transactions, Mr. Ward gave evidence of a shrewd 
capacity for estimating the marketable value of scrap 
of all descriptions, and this formed the basis of his pros- 
perity. The activities of Messrs. T. W. Ward have been 
considerably extended in recent years and the firm now 
own many undertakings in various parts of Great 
Britain and Ireland. Their operations embrace almost 
every branch of engineering. Mr. Ward was elected 
Master Cutler in 1913 and he was also president of the 
Sheffield Chamber of Cc ce during the years 1912 
and 1913. He was elected a member of the Iron and Steel 
Institute in 1897. Mr. Ward was well known in Sheffield 








ment.” (3) ‘‘ Losses from Avoidable Fires.”’ (4) ‘‘ Losses 
from Timber Disease.”’ 





position by bad weather, thus delaying shipments. 


for his generous support of several of the local charities. 


ing. ‘The Nature of the Polishing Operation,’ by Mr- 
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RECONSTRUCTION OF THE MUSKHAM BRIDGE OVER THE RIVER TRENT. 


TO THE DESIGNS OF MESSRS. L. G. MOUCHEL AND PARTNERS, ENGINEERS, WESTMINSTER. 


(For Description, see Page 157.) 























Fie. 85. Otp Timper Brip@r at MuskHaM, EReEcTED 1652. 
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HARDENING CRACKS. 


In spite of the large amount of research work 
conducted on the subject of hardening cracks, 
the origin of these faults in quenched high-carbon 
steels is still somewhat uncertain. | Numerous 
workers have, from time to time, put forward 
theories on the cause of cracking during, or after, 
quenching, and have suggested methods for pro- 
ducing hardened steel free from these faults. ‘The 
final. solution of the problem, however, has proved 
evasive and, although it may be said that the evil 
can be confined within limits, it has not been 
banished altogether. 

Some years ago, Professor K. Honda, the eminent 
Japanese metallurgist, published the results of a 
research upon the cause of quenching cracks. He 
pointed out that cracking usually took place when 
the temperature of the ‘quenched specimen 
approached room temperature, and was of opinion 
that failure was due to residual stresses brought 
about by the non-uniform distribution of austenite 
in the hardened steel. He stated that a quenched 
steel contained varying amounts of austenite 
intermingled with the martensite, and that the 
proportion of the former constituent present, was 
dependent upon the rapidity of the quenching. He 
attributed the cracking of the specimen to the 
stress caused by the difference between the specific 
volumes of austenite and martensite, the specific 
volume of the former being much lower than that 
of the latter constituent. Since, he concluded, 
this difference increased as the temperature fell, 
cracking usually took place when the quenched 
specimen had cooled down to room temperature. 


Dr. A. McCance subsequently challenged this 


ingenious explanation of the phenomenon, and 
put forward the contention that many factors, 


7| other than those mentioned by Professor Honda, 


were at work. He believed that the majority of 
hardening cracks were due to the fact that, when 
the metal was removed from the quenching bath, 
the temperature of the interior was slightly above 
that of the surface. The gradual levelling up of 
the thermal conditions was just sufficient to bring 
about the extra stress which led to cracking. There 
was, moreover, another factor which was the cause 
of after-cracking in high-carbon steels. An excess 
of y-iron above that necessary to retain the carbon 
in solution, remained after the quenching operation. 
This y-iron reverted gradually to a-iron and this 
was accompanied by its corresponding volume 
change, which, in certain cases, might be sufficient 
to produce cracking stresses. 

Mr. S. N. Brayshaw, M. A. Portevin, Professor 
T. M. Jasper, and others, have carried out patient 
and careful investigations, and have put forward 
conclusions which, while they have met with criti- 
cism have brought the problem a stage nearer 
solution. Mr. Brayshaw’s exhaustive experiments 
with milling cutters are well known to engi- 
neers. He associates cracking with the prior 
treatment of the material, and recommends that 
carbon tool steel should be subjected to prolonged 
annealing, at a temperature lying somewhere 
between 715 deg. C. and 728 deg. C., before pro- 
ceeding with the quenching operation. Another 
worker in this field is Mr. Howard Scott, who, in a 
recent Scientific Paper (No. 513) published by the 
United States Bureau of Standards has made 
an interesting contribution to the subject. Mr. 
Scott is a physicist and he has studied the question 
mainly from the physical point of view. In the 
course of an investigation on the dimensional 
changes un. ergone by tool steel, when hardened, 
he hasfoun that cylinders, one inch in diameter, 
were very susceptible to cracking when quenched 
in oil, but not when quenched in water. ‘This 
seemed to him to indicate that cracking was due to 
a stress of a lower order than that produced by 
the more severe water quenching. A large number 
of experiments were conducted using cylinders of 
high-carbon steel, 4 inches in length and of various 
diameters. 

These Mr. Scott quenched at various tempera- 
tures in large tanks containing water, a mixture 
of 60 per cent. of glycerine and water, neat’s-foot 
oil and a prepared commercial quenching oil. Of 
three specimens, one inch in diameter, all failed when 
quenched in oil from temperatures of 780 deg., 
820 deg., and 850 deg. C. Two of the specimens 
cracked when submitted to the same treatment in 
the glycerine-water quenching bath ; none cracked 
however, when hardened in water from the three 
temperatures given above. After making further 
tests, Mr. Scott came to the conclusion that all the 
cracks observed were due to tensional stress, at the 
surface of the hardened metal. The fact that the 
cracks were wider at the surface than at the centre 
of the specimen proved that tension had been 
brought into play at the surface. On the other hand 
rapid hardening, such as that obtained by water 
quenching, was shown to produce compressional 
stress at the surface of the specimen. ‘Tool steel, 
glass, and other brittle materials, were much more 
resistant to compressional than to tensional stresses. 

It appears, therefore, that tensional stress may be 
the primary source of quenching cracks. Further- 
more, cracking seems to occur only when the tempera- 
ture drop, i.e., the difference in temperature between 
the centre and the surface of the specimen, is fairly 
small, and not when the drop is either very small 
or very large. In order to confirm this, three 
standard specimens, having the percentage composi- 
tion 0-9 carbon, 1-2 manganese, 0-5 chromium, 
and 0-5 tungsten, were heated to 820 deg. C. The 
first Mr. Scott quenched in water until cold, the 
second he hardened in oil for 20 seconds, and then 
in water; the third he plunged in oil for 20.seconds, 
and then allowed to cool in air. ‘The tempera- 
ture drop in the first case was undoubtedly large ; 
in the second case it was considerably less, and in 
the third case it must have been very small. Speci- 





mens one and three did not crack, but the second 
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test-piece cracked during the quenching. Experi- 
mental evidence shows, therefore, that either a 
fast or a very slow quenching will give low surface 
stress. Another conclusion which may be drawn 
is that the minimum tensional stress, which will 
cause cracking, is very low in comparison with the 
compressional stress which the steel is capable of 
withstanding at the surface. 

The practice commonly adopted when oil harden- 
ing tool steel, is to quench the material from a 
not too elevated temperature, and then to follow 
this up with a prompt tempering. This treatment, 
however, does not prevent the formation of micro- 
scopic cracks although it inhibits their growth. 
The presence of microscopic cracks, it need hardly 
be said, may eventually cause failure in service. 
This fact has prompted the American Society for 
Steel Treating to recommend that specimens of 
tool steel, of the type used in the present investiga- 
tion, should be removed from the oil bath just 
before they reach 100 deg. C., and should then be 
immediately tempered. Mr. Scott goes a step 
further and suggests quenching in hot oil. 

Expédients such as these are unavoidable because 
the ideal quenching medium has not, up till the 
present, been discovered. What is required is a 
liquid which will cool tool steel as quickly, or even 
more quickly, than oil, at high temperatures, and 
much more slowly at low temperatures. Under 
present conditions, the final hardening operation 
adopted is decided largely by the contour, size, 
and chemical composition of the material to be 
treated. There are, however, many variables 
which must be controlled by both the steel maker 
and the hardener if consistent results are to be 
obtained. The whole problem is of a very complex 
nature, and the increasing severity of the demands 
made by modern engineering conditions have cer- 
tainly not lessened the difficulties of metallurgists. 





MANAGERIAL POSSIBILITIES. 


THE series of articles on ‘‘The Engineering 
Outlook,”’ which has been appearing in our columns, 
during the last few weeks, has afforded an oppor- 
tunity for comparing the exports of this country 
with those of the United States in some important 
branches of engineering work. The various tables 
which we have published show that in 1925 in 
electrical engineering, textile machinery and loco- 
motives the exports of this country were of sub- 
stantially greater value than those of the United 
States. In motor-cars and machine tools, however, 
the latter country had a very considerable lead. 
These various types of manufacture have, of course, 
been selected in our articles as examples of the more 
important branches of our industry and do not 
pretend to cover the whole engineering, much 
less the whole manufacturing, field. Various other 
branches of-work still remain to be treated in our 
survey. The figures relating to the five important 
industries quoted above, in themselves, however, 
and without reference to other classes of work, 
illustrate a matter which is of very serious interest 
to British manufacturers and British labour. 

Both motor-cars and machine tools represent 
the class of manufacture which lends itself to 
repetition methods. Such methods are by no means 
incapable of application to electrical work, textile 
machinery and locomotives, but hardly to the same 
complete extent as in the former cases. The very 
remarkable development of repetition methods in 
the United States has placed that country in a 
very strong position in industries in which such 
methods are particularly ajplicable, and has enabled 
it to win a leading position in the international 
export field in such selected spheres. In so far as 
the United.States is a purchasing country, particu- 
larly of some raw materials and of shipping services, 
it may be expected that she will, roughly to the 
same extent, be a selling or exporting country, but 
her export business is not a vital link in her round of 
activity, as it is with this country. The United 
States is not dependent on her export trade for 
vital necessities of life ; we are. 

These reflections suggest that if important export 
trade is to be built up by a cultivation of repetition 
manufacture, then it is both the duty and the 








interest of engineering firms in this country to study 


and to profit from the workshop methods of the) 


United States. Up to this point little, or nothing, 
has, we think, been suggested with which British 
engineers will not in general agree. If the matter is 
pursued further, however, and an attempt is made 
to indicate in what way our industrialists should 
attempt to copy American workshop procedure, 
then one enters into a region of controversy. One 
school of thought will suggest that our manufacturers 
are lacking in enterprise and that very much more 
might be done in applying modern methods in our 
workshops. The other school will suggest that we 
are doing as well as can be expected in a very difficult 
situation, and that all that American experience 
can teach us has been learned and applied as far as 
is possible. 

Each of these schools has its extremists, but never, 
we think, have we before encountered any exponents 
of the first school who have adopted quite such a 
stark attitude, as Mr. Bertram Austin and Mr. W. 
Francis Lloyd, who have recently inspected a number 
of manufacturing businesses in the United States, 
and interviewed there a number of prominent busi- 
ness men. These gentlemen have embodied their 
conclusions in a confidential report, a copy of which 
they have kindly furnished us with. Messrs. 
Austin and Lloyd undertook their tour of inspection 
at their own expense, and the thanks of all interested 
in British engineering are due to them both for 
the solicitude for that industry which they obviously 
have, and for making available the conclusions 
to which their observations have led them. Having 
said this, however, we can but add that these 
conclusions seem to us most unjustifiable in view of 
the premises on which they are based. 

The report states categorically that the present 
prosperity of the United States “‘ can be traced to the 
adoption of, and strict adherence to, a few cardinal 
principles in the management of industrial enter- 
prises,” and further implies that we can reach the 
same class of prosperity by an adoption of the 
same principles. We are left in no doubt that 
in the authors’ opinion it is the manager and manu- 
facturer who are in entire control of the situation. 
Like all simple faiths, the thesis has its attractions, 
but lest some of our locomotive builders, struggling 
with adversity, should momentarily lose their 
balance in the light of this unexpected revelation, 
we hasten to examine the “ few cardinal principles.” 
There are nine of them. We cannot reproduce 
them all here, but some, such as the value of research 
and welfare work, we think will be sufficiently 
familiar already to most engineers of this country. 
The first four of the cardinal principles may be taken 
together. Their point is that wages should bear 
some relation to output and that the wages earned 
by any one man should be in no way limited. This 
condition necessarily leads to two of the other 
** principles,” which are that the productive capacity 
of labour, per capita, can be increased without 
limit and that rapidity of turn-over reduces capital 
charges. This leads further to the proposition that 
it is most advantageous to increase total profits by 
reducing prices and increasing volume of sales. 

This last contention has all the appearance of 
being made with reference to relatively small 
articles in large demand by the general public, such 
as motor-cars or type-writers, and it is not too clear 
that it could be maintained as a “ cardinal principle” 
in reference to the building of steam navvies. This 
particular point we cannot, however, enter into at 
the moment. The really vital feature in Messrs. 
Austin and Lloyd’s contentions is that labour should 
be prepared to extend its output to any extent, 
consistent, of course, with being paid for doing 
so. This however, is exactly what labour in this 
country will not do, payment or no payment. The 
report quotes a case of a shop at the works of the 
Lincoln Motor Car Company containing 78 machine 
tools and operated by a total staff, including super- 
visor and inspection, of 22 men. If the authors of 
the report imagine that any of our works managers 
could, merely by deciding to do it, introduce a 
similar procedure in this country, we fear they 
are gravely mistaken. Our engineering manufac- 
turers have been for years, and are still, trying to 
introduce labour-saving machinery and methods 
in very many directions and applications. They 


have had some success, but certainly not more than 
a fraction of what is desirable. 

Messrs. Austin and Lloyd’s report is of great in. 
terest, but we fear they have made the funda. 
mental mistake of directing it at the wrong party, 
If they had said that the present prosperity of the 
United States can be traced to the adoption and 
strict adherence to a few cardinal principles on the 
part of labour we would have thought their con. 
tention, although exaggerated, a nearer approxi- 
mation to the truth than is their managerial conten. 
tion. In the complicated mechanism of a modern 
State, however, no such simple proposition ag 
either of these can be applied with more than a dis- 
tant approach to accuracy. To attempt to explain 
United States prosperity, while leaving out of 
account the amazing market furnished by the enor- 
mous developing territory of the country itself, 
in which the home manufacturer is protected from 
foreign competition, is to throw the whole perspective 
of the subject out of focus. To us the report is 
merely further evidence, not of British managerial 
incompetence, but of the folly of organized labour 
policy in this country and of the necessity of emu- 
lating the United States and organizing our own 
incomparable Empire markets in the same way 
that she has organized. her home markets. 





RUBBER FACTORIES IN GREAT 
BRITAIN AND AMERICA. 


THE paper entitled ‘‘A Comparison between 
British and American Manufacturing Methods,” 
which Mr. Colin Macbeth presented for discussion 
to the Institution of the Rubber Industry on 
February 1, naturally had particular reference to 
the rubber industry, but it dealt, in the first instance, 
with the general conditions of manufacture in the 
two countries. The fact that Mr. Macbeth reviewed 
particular processes rather rapidly did not escape 
criticism, but the discussion, which extended to 
a late hour, would have become desultory if not 
kept on general grounds. Mr. Macbeth stated in 
his introduction that for some years he was 
prevented from advising tyre manufacturers. In- 
cidentally, this restraint and the closed-door policy 
it implies, formed one of the chief topics dis- 
cussed; the discussion amounted to a general 
and unopposed plea for a more open policy. 

In this country, Mr. Macbeth pointed out, the 
rubber industry centred in Manchester (for proofed 
goods and mechanicals), in Birmingham (for tyres), 
in Wiltshire, Leyland, Glasgow and Edinburgh 
(for tyres and mechanicals), and in London (for 
sundries and mechanicals). His comparative 
examination of these centres with respect to their 
advantages and facilities for power, labour, supply 
of coal, water, rubber and cotton, home distribution 
and export gave the general order of merit : Man- 
chester, Leyland, Glasgow and Edinburgh, London, 
Birmingham, and West of England (Wiltshire). This 
order was arrived at by totalling marks for equiva- 
lent merit. Manchester, with its facilities for 
distribution from the docks all round to Scotland 
and Ireland, had outstanding merits, while Bir- 
mingham was a good centre, mainly because 
Coventry, which was near by, absorbed most of the 
tyres for cars. Mr. Macbeth’s similar assessment 
of the American centres at Akron (Ohio), Detroit, 
Springfield, Boston, Buffalo, Pennsylvania, Wis- 
consin, Indiana and Los Angeles, gave the lowest 
place to Akron, which is considered the general 
centre of the American rubber industry, especially 
for tyres, mechanicals and reclaims, but is a small 
town off the general labour flow. Boston, Detroit 
and Buffalo ranked first, and Los Angeles—the 
only rubber centre in the West on the Pacific, 
all the others being situated in the north-eastern 
part of the United States—also obtained high 
marks, ” 

Though the comparison showed that the British 
manufacturer started well equipped to compete 
in the world’s rubber market in British factories, 
Mr. Macbeth suggested too little was thought of the 
importance of bringing railway sidings right to 
the door, while the Americans made a point 
of receiving from, and delivering to, railway 
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preferred on both sides of the water. It enabled 
the factory to be extended upwards when other 
buildings were surrounding it, and was the most 
economical type of building so long as each floor 
was properly laid out for processional operation. 
The single-storey building had the advantage of 
good lighting irrespective of width, but it involved 
vreat waste of time and of transport, and high 
initial cost; many mains were required, and 
heating during cold weather was expensive. Thus 
five- and six-floor buildings were not unusual 
in Akron and elsewhere, as over here, three stor- 
eys being the American average; yet there were 
one-storey factories in Birmingham and Leyland, 
and new plants of this type are being put up in 
America. 

In output, American factories left,the British far 
behind. Three works in Akron each produced over 
30,000 pneumatic motor tyres daily, whilst the 
British maximum was 12,000 tyres, and very few 
works reached a four-figure daily production. On 
this big-production scale American factories could 
be laid out for one size of a certain type of tyre, 
whilst in England even the largest factories were 
planned on the “ job-shop” principle. Yet, with 
due regard to flexibility and adaptability, British 
labour costs could be kept at least as low as with 
the highly-specialised American practice. The 
departmental and‘ general lay-out, however, were 
often very defective in both countries ; and, as re- 
gards tyres, American works were still loaded with 
elaborate plant not required for the cord type at 
all, though the superiority of the cord tyre over 
the fabric tyre had been recognised in 1915. In 
England, cord tyre manufacture — originally a 
British invention that went across the Atlantic— 
was taken up on a large scale in 1921, and the war 
difficulties were still being felt when plant revision 
became advisable. With respect to labour, there was 
a mass of this, largely female, on light jobs over 
here, and a lack of labour and predominance of 
male labour in America. Hence the greater need of 
labour-saving machinery there. In both countries, 
works could often be better planned so as to reduce 
time and labour cost, the most important item of 
expense in the rubber industry. Some highly- 
mechanicalised plants did not concentrate upon 
turning out products beyond reproach; others 
lacked the courage to abandon obsolete methods. 
In the handling of the rubber up to the mixed stage, 
American practice was the bolder ; it had developed 
the enclosed-type masticator and mixer, an’ was 
applying latex rubber. With regard to the advan- 
tages of the automatic mixer, originally a masti- 
cator, the discussion brought out a diversity of 
opinion. The British cautious prejudice against 
accelerators of too active a nature, and preference 
for securing fairly rapid curing by higher steam 
pressure, had probably well repaid itself, Mr. 
Macbeth thought, by the greater uniformity and 
better ageing properties of the products. 

The American practice of running two or three 
calenders in series was justified by the large outputs, 
but their single calender units were also better 
organised than ours. High-speed spewing machines, 
distrusted ten years ago, were now replacing profile 
calendering because they were more economical when 
frequent changes in profile were required. Bias-ply 
cutting was on the same footing in the two countries, 
but, with regard to ply and rubber assembly, the two 
countries and the factories in each differed widely. 
It required a bold man to speak of one best way for 
assembling a pneumatic tyre; the controversy, flat- 
built versus former-built, was still being fought out 
on both sides of the Atlantic. In the course of time, 
volume output would become the decisive factor, 
but volume should not impair class production. 
he use of air bags was now universal ; it allowed of 
making first-class tyres by methods not admissible 
with solid cores. The vulcanising of internal- 
pressure tyres was still effected by various methods; 
changes were necessarily slow in the curing plant, 
which called for high capital outlay. 

Having touched upon the finishing sections, the 
American “pure gum” tube and the European 

red tube,” the use of steam-cured joints and other 
—— Mr. Macbeth came back to general features, 
‘boratory supervision, testing and labour control. 
Some large factories were overloaded with labora- ! 
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tory staffs, he thought. The mixing of languages 
in American factories was a difficulty; but there was 
better mutual understanding between management 
and men over there, probably because more em- 
ployers came from the ranks of the men, and more 
confidence and self-respect was engendered when 
work was more plentiful than labour, than when 
the industry was overcrowded. One other point of 
comparison, Mr. Macbeth remarked in concluding, 
stood out prominently, namely, the very free and 
frank interchange of ideas and data between 
American factories. This was not known here, 
and when it came about, Mr. Macbeth thought, it 
would be better for us all. 

This point was taken up by the Chairman, Mr. 
D. A. S. Porteous, and by Colonel Sealy Clark. The 
latter mentioned that he had induced rival manu- 
facturers to sit round the same table, but the factory 
doors remained closed ; there were few real secrets 
in calendering, mixing and vulcanising, and the 
secret of the excellence of British rubber goods was 
the superiority of the workmen, and was not en- 
dangered by admitting visitors. Mr. J. H. C. 
Brooking, of the St. Helen’s Cable and Rubber 
Company, said he was ready to welcome Colonel 
Clarke in ‘heir factory; the invitation was ap- 
plauded, but not repeated by others. Mr. Fordyce 
Jones thought that we had much to learn as to the 
arrangement of machines, and asked whether one 
man, working three presses instead of one, would 
receive increased wages over here; the handicap 
against us consisted of high wages and high pro- 
duction compared with our low wages and low 
production. Mr. A. Fraser spoke of one man 
attending to ten presses and drawing 1,2001. 
annually. Sir Stanley Bois, as one of three dele- 
gates, had found that American rubber factories 
had been as open to local manufacturers as to 
themselves. A good deal was said on conveyors 
which made the men try to hurry, and of plant- 
scrapping ; or rather of waiting until a new process 
which was good was outstripped by one which was 
better. Mr. Macbeth thought that conveyors were 
not always necessary, and might become a worry to 
the men; work should pass from man to man ; scrap- 
ping could sometimes be avoided by enlargements 
and re-arrangements ef plant. Mr. Macbeth agreed 
that the standard of living should be raised, and, 
like other speakers, he advocated a certain amount 
of protection for the industry. 








FILMS. 


At the Royal Institution on Friday evening last, 
Sir W. B. Hardy, F.R.S., delivered a lecture on 
“Films.” It was, he said, common knowledge 
that there were three states of matter, solid, liquid, 
and gaseous, but to these he claimed to add, as a 
fourth state,*such thin films as were met with in soap 
bubbles and in journal bearings. In short, every 
physical constant, whether referring to viscosity 
or anything else, was quite different in a film from 
what it was in any one of the other three states. 
Moreover, such films did not merely constitute a 
fourth state of matter but this fourth state was of 
the greatest importance, since living matterdepended 
upon these films for its continued existence. 

Living matter was made up of cells which were 
small structures below the limit of unassisted vision. 
During the last 10 or 15 years, a technique had, how- 
ever, been developed by which it was possible to 
dissect these very minute structures. This was 
effected with the aid of dissecting needles, made 
from silica thread of microscopical thickness, 
which were operated under the microscope by means 
of micrometer screws. 

Living cells were all enclosed in a membrane 
consisting of matter in this fourth state. If this 
membrane were penetrated by the quartz needles, 
the sides of the gash rolled back and disappeared 
and the contents of the cell granulated. In most 
cases this was followed by a repair of the membrane 
and a restoration of the original state. This 





* Maxwell, in his ‘‘ Theory of Heat,” page 127, states 
that ‘“‘James Thomson suggested that surface films 
represented a fourth state of matter corresponding to the 
‘ inaccessible ’ portion of the James Thomson isothermal.” 
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membrane excluded from the cell all that it did 
not want. 

Similar films, however, were found elsewhere. 
A china saucer was covered by one, and if it were 
removed the surface would feel rough. Such a 
removal was difficult, but it was easy to destroy 
the efficiency of the film. <A clean cup placed in 
a clean saucer slid about with the greatest ease ; 
water had, however, the property of acting in many 
cases, as an “ antilubricant” and if the surfaces 
were wet, the saucer could be tilted to a large 
angle before the cup would slide. 

In such conditions, the cup had “seized” to the 
saucer, just as a journal might do in its bearing. 
As another instance of the part played by matter in 
its fourth state, the speaker referred to the effect 
of a film of oil in calming waves. The usual proce- 
dure at sea was to fill with oil a canvas bag having 
holes pierced in it. This bag was then allowed 
to drift to windward. The oil escaping from the 
holes spread with great rapidity, and the effect 
was extraordinary, what sailors called “‘ a smooth ” 
being at once created. It was not, it should be 
remembered, the size of a wave that made it dan- 
gerous, but the fact that it often broke. As 
Benjamin Franklin was the first to point out in 
1773, the oil created the smooth by destroying the 
ripples on the surface of the wave. It was on 
these ripples that the wind acted and, heaping up 
the crest of the wave, made it break. The surface 
of every liquid was, the speaker continued, in a 
state of tension. A dry camel-hair brush was 
fluffy, and it was also fluffy if completely immersed 
in water. When merely moist, however, the surface 
tension of the water forced the fibres together, in 
the way familiar to all. 

If a clean surface of water were exposed to the air, 
a greasy film was rapidly deposited on it. The 
presence of this film could be demonstrated by strew- 
ing a line of lycopodium powder across the surface 
of the water, level with the edges of a rectangular 
trough, and then sliding a straight edge along 
the surface. The effect of this was to thicken the 
film, and as a consequence the line of Lycopodium 
began to move forward long before the straight 
edge reached it. These films deposited from the 
air reduced the surface tension of the water, but 
increased the mechanical stability of the surface. 
The lecturer showed that if air were bubbled through 
a clean surface of water, the bubbles broke instantly 
and with a distinct click, whilst if the water were 
covered by a thin greasy layer, the bubbles might 
last a considerable time. Experiment showed that, to 
get this effect, the contamination must be sufficient 
to constitute a monomolecular layer over the water 
surface, and, with this condition, the duration of 
the bubbles was a maximum. Any increase in 
the thickness of the contamination diminished the 
time during which the bubbles persisted, and with 
thick films they burst at once as they did when the 
water surface was quite clean. 

Sir William Bragg had suggested, the speaker 
said, that the effect of the oil in stilling waves 
was connected with the fact that the oil molecules 
floated on the water with that end uppermost 
where the carbon simply carried three hydrogen 
atoms thus :— 

H 


| 
H—C—H 
| 

At this end, the oil molecule had very little 
stray field, and this would be a typical surface 
of low friction. 

When a film of oil is spread on water, a contact 
difference of potential was established, the oil 
molecules being negatively charged whilst the 
adjacent water molecules carried a positive charge. 
Since charges of like sign repelled each other and we 
had here an explanation of how it, was that the 
surface tension of the water was reduced by the 
presence of an oil film. An analogous effect could 
be shown very simply by placing a drop of mercury 
in a tumbler containing sulphuric acid to which a 
trace of chromic acid had been added. In these 
conditions, the mercury covered itself with a layer 
of oxide which was negatively charged, and the 
surface layer of the mercury carried correspondingly 





a positive charge. This balanced part of the surface 
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tension, and as a consequence the drop of mercury 
was flatter in form than if the layer of oxide were 
absent. By touching the surface with an iron 
needle, the charge could be dissipated and the 
mercury immediately took a more rounded form 
in virtue of its now undiminished surface tension. 

It was not every oil, the speaker continued, which 
would spread on clean water. The pure petroleum, 
such as was used for medicinal purposes, would not 
do so, as was demonstrated by adding a drop to a 
clean water surface. When, however, a trace of 
oleic acid was added to the petroleum, spreading 
occurred, though but slowly, and moreover the film 
formed ultimately disintegrated. 

Friction, the speaker continued, was due to the 
attractions between adjacent molecules. In the 
case of a crystal of salt, for example, each atom 
of chlorine in the interior was surrounded by 
symmetrically placed sodium atoms, and each 
atom of sodium by corresponding chlorine atoms. 
Hence, in the interior there was no stray field, 
the attractions of each atom being fully satisfied. 
At the surface, however, this was no longer the 
case, and the atoms in this surface had, therefore, 
unsatisfied attractions, and it was to these that 
friction was due. 





THE OUSE DRAINAGE DISTRICT. 
(Concluded from page 145.) 


In order to follow the scope and purpose of the 

works recommended by the Commission it is neces- 
sary to recall the general design and duty of the 
very elaborate works that have accumulated during 
the past four centuries. For this purpose reference 
may first be made to Fig. 2, which shows the limits 
of the catchment basin of the Ouse, and indicates 
the existing and the proposed Drainage Districts. 
The Ouse rises in high lands on the S.W. corner of 
Northamptonshire, which extend some miles into 
Warwickshire. It traverses a catchment basin of 
some 3,000 square miles area for a distance of 
143 miles to its discharge into the Wash, into which 
it passes by way of Buckingham, Stony Stratford, 
Olney, Bedford, St. Neot’s, Huntingdon, St. Ives, 
arith, Denver, Downham Market, and King’s 
Lynn. The tides extend ordinarily as high as 
Karith, with spring tides reaching to the Brownshill 
Staunch and lock at Bluntisham. 

Above this point the fall of the basin into 
the watercourses is not excessive, and, as will be 
understood from the previous article, the projecting 
areas of the existing Drainage District into the 
district round the non-tidal part of the river and its 
tributaries represent land that is not more than 
8 ft. above the highest flood level. The area below 
the tidal limit, which forms the larger part of what 
is known as the Bedford Level, is, however, much 
flatter still, and lies generally below high-water 
mark of ordinary tides. It comprises about 
364,000 acres of fen land, which consists of peat 
overlying the Oxford or Kimmeridge clays or in 
some parts a subsoil of sandy warp. Thanks to 
the drainage works it has been rescued from its 
original condition of swamp, and is now a varied 
and valuable agricultural region. With the help 
of the clay, which in some parts lies near enough to 
the surface to be excavated readily and spread over 
the peat, large crops of many varieties are produced 
on arable land; but the essential conditions to their 
fertility are that the water in the drains and subsi- 
diary ditches should be kept low in winter and reason- 
ably high in summer; land that is badly drained or 
subject to summer floods, especially where devoid 
of a clay subsoil, practically loses all value for 
agricultural purposes. Some 5,000 acres, known as 
the Washlands, which lie between two artificial 
cuts (the Old and New Bedford Rivers) across the 
original course of the river, are very valuable 
pasture lands in a dry summer, though of late years 
their utility and value for this purpose have been 
much reduced by the increasing occurrence of 
summer floods, in the presence of which, as will be 
seen, they serve as a flood-water reservoir. In 
the Upper Ouse Valley between St. Ives and Bedford 
there is moreover a very considerable area of 
productive pasture and some arable land, a large 
part of which is also flooded in times of abnormal 
rainfall, and such floods have been more frequent 





and disastrous of late years than in earlier times. 
In both parts of the districts the recent increase of 
flooding is attributed to insufficient or imperfectly 
maintained drainage, and in particular to the 
neglected state of the river below Earith. 

The difficulty of drainage that arises from the 
extremely slight natural fall of the river is enhanced 
by the unsatisfactory nature of its outfall. The 
discharge into the Wash is encumbered by a number 
of sandbanks, which shift continually under the 


considerably higher than the level of the land. 
Many hundreds of miles of drains have been con- 
structed to lead the surplus rainfall from the lands 
to some cut, delph or lode, through which it can 
either be discharged through tidal gates or sluices 
into the natural water-courses, or pumped over a 
bank into a larger conduit of the general system, 
leading ultimately to the main river. The whole 
of the lands in the tidal area below the level of this 





river depend therefore on the adequacy of the 
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influence of tides and gales, and at all times form a 
varying obstruction to discharge. To the spring 
flood tide they yield moreover a mass of fine particles 
of sand, which form along the river up to its tidal 
limit a continual deposit of silt, only partially 
removed by the more sluggish ebb tide. Subject to 
an occasional partial scour by rivers in flood, this silt, 
therefore, is continually reducing the capacity of the 
outfall for discharge and increasing the risk of floods ; 
and this danger is increased by at least one sharp 
double bend in the lower river course, which operates 
as a trap for solid matter. At best, the actual 
channels through which the upland waters that 
pass over this area are conveyed to the sea, are 


channels and the soundness of their banks to 
preserve them from the risk of inundation by sea 
water, and inefficiency in any part of the intercon- 
necting system of watercourses exposes both the 
tidal lands and parts of the uplands to the risk of 
serious floods in times of heavy rainfall. The report 
under notice states without qualification that these 
risks are now imminent, and the works which it 
recommends are those regarded as indispensable tv 
placing the river and its tributaries in a satisfactory 
condition. 

The nature and intended effect of these works 
will be best understood by first referring to some 
important parts of the present remarkable drainage 
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svstem and of the water courses with which it is 
associated, Though drainage works in the area 
hevan much earlier, the first great works on the Ouse 
appear to have been carried out for the Duke of 
Bedford in the earlier part of the 17th century, 
by the Dutch engineer Vermuyden. They con- 
sisted essentially in short-circuiting the tortuous 
course of the river between Earith and Denver by 
first one and then further cuts. The position of these 
works can be seen on Fig. 2, and their most important 
elements are shown, diagrammatically and not to 
scale, on Fig. 3. They began with an approximately 
straight cut 21 miles long, known soon after as the 
Old Bedford River, which connected Earith and 
Denver. This soon proved to be inadequate, and a 
second cut, known as the New Bedford or Hundred 
Foot River, was made more or less parallel with it 
between the same points, and was supplemented 
by two others, which were ultimately connected 
with the Old Bedford River at Welche’s Dam in 
such a way as to leave that river divided into two 
cuts with a barrier bank between them, as indicated 
in Fig. 3. This bank both serves in flood times to 
prevent the escape of water from the north-eastern 
cut of the Old Bedford River to or beyond the 
south-western cut, and forms one side of a great 
reservoir into which the Washlands are converted 
at flood times, the other side of the reservoir being 
formed by the barrier bank of the New Bedford 
River, known, and indicated on Fig. 3, as the Bedford 
Level Corporation Barrier or Hundred Foot Bank. 
The general line of these works is shown, diagram- 
matically and not to scale, on Fig. 4, which represents 
a cross-section looking down stream at a point 
north of Welche’s Dam. The manner in which these 
several courses are controlled is seen clearly in 
Fig. 3. The net effect is to confine the tidal flow 
in this region to the New Bedford River, so relieving 
both the original water-course in the loop between 
Denver and Earith, with its tributaries in that 
section (notably the Cam, Lark, Little Ouse, and 
Wissey) and the two cuts of the Old Bedford River, 
and to limit the seaward flow through the channels 
xo relieved to what is shown as admitted and 
discharged through the sluices. 

Below Denver Sluice, where these various 
channels deliver into the main river, the course 
to the sea is fairly direct, except for the bend 
mentioned above (the Magdalen Bend), irregu- 
larities or insufficiencies which existed previously 
having been met by the construction of the 
Kau Brink Cut and the Marsh Cut along the direct 
course. The former appears to be related to 
the drain known as St. John’s Eau, cut in 1653 
to accommodate flood water in the valley of the 
Wissey and other rivers. An interesting circum- 
stance of this drain is that, although now only 
about 12 ft. wide, it is said to have been designed 
for a width of 120 ft., for which indeed there is 
room between the banks. A similar discrepancy 
seems to have occurred with the New Bedford 
River, which, in spite of its alternative title of 
the Hundred Foot River, is in parts less than 
40 ft. wide. These differences between scales of 
design and of execution seem to suggest that, 
presumably through financial considerations, engi- 
neers in earlier centuries had trouble in getting 
their plans carried out, as is not unknown to 
their successors. 

The imperative importance to the tidal district 
of maintaining the drainage and banks in order, 
is perhaps best indicated by a statement of 
prevailing levels. High-water spring tides rise to 
about 14 ft. above Ordnance datum, and high-water 
neap tides to about 10 ft. 8 in., the highest record 
being over 18 ft. at King’s Lynn. Over the whole 
area the height at surface varies generally from 
5 ft. to 11 ft., and in parts is not more than 
| ft., 2 ft. and 3 ft. above Ordnance datum. 

The various drainage “levels” or areas into 
which the whole system divides itself are of local 
and administrative importance, but the above 
facts are sufficient to enable the recommendations 
of the report to be followed. These recommenda- 
tions are based primarily on a wide and detailed 
examination of the present channels, banks and 
other works in the whole drainage system, extending 
to the outfall, its sandbanks, and the alternative 
channels into which it might be directed, and 





including determinations of the amount of silt 
carried in suspension in several situations opposite 
the outfall during various stages of the flood of 
a spring tide. Among the 65 witnesses representing 
public authorities and individual interests, technical 
evidence was given by Captain Roseveare, the 
present Chief Drainage Inspector to the Ministry 
of Agriculture, and Mr. Clayton, his predecessor, 
Mr. Preston, the Ministry’s representative on the 
Ouse Drainage Board, and Captain Mathews, the 
Chief Engineer of that body, Sir Cyril Kirk- 
patrick, late Chief Engineer to the Port of London, 
and Mr. Sileock, Major Clark and Mr. Crocker, 
now or formerly engineers to various drainage 
authorities in the district. A scheme prepared by 
Mr. Havelock Case in 1917 for the Lower Ouse 
Drainage Board received the general support of 
all professional and technical witnesses questioned 
on the subject, in addition to the commendation 
of various engineers and the general approval of 
the Commissioners, in whose recommendations it 
appears to have been embodied. Expressed briefly, 
this was intended to improve the channel of the tidal 
river between Denver Sluice and the sea, and to 
carry out training walls into the Wash to direct the 
outfall ultimately into the Lynn Channel or another, 

The works recommended may be summarised as 
affecting respectively the tidal river, the Washlands 
and certain bridges, in addition to supplementary 
works consisting mainly of dredging and repairs 
on channels and banks within the fen area draining 
through Denver Sluice by way of the old short- 
circuited loop of the Ouse, its tributaries, and other 
channels. 

The works on the tidal river are by far the largest, 
and most of them relate to the section below Denver 
Sluice. On evidence put forward by the Navigation 
Authority (the Lynn Conservancy), and a study 
of soundings on Admiralty charts for 1829, 1873, 
1914 and 1924, the Lynn Channel was chosen 
to receive the ultimate outfall. The distance to 
which it is proposed to extend the training walls 
was chosen to prevent discharge on the ebb from 
being dissipated through more than one channel, 
and to ensure that the water entering the tidal 
river during the first half of the flood on a spring 
tide should carry only a small amount of silt in 
suspension. For these purposes it is proposed to 
carry training walls as far as Hull Sand Beacon, 
some 5 miles below the seaward end of the Marsh 
Cut, to which point training walls already extend. 
The unstable nature of the material through which 
the trained channel would have to be constructed 
would involve a special and expensive work. 
The Marsh Cut, which has fallen into a bad state 
of repair, would require to be dredged, and in order 
to avoid the risk of serious slips in the present 
condition of the channel, measures would have to 
be taken to secure the bottom of the slopes from 
movement and to protect the sides of the channel 
from erosion. Between the south end of the 
Marsh Cut and the north end of the Eau Brink 
Cut some dredging would have to be done to 
deepen the channel. From the latter point up 
to Denver Sluice the bed of the river has silted 
up, but the sides are in so bad a state of repair 
that the necessary dredging will have to be accom- 
panied by protection of the sides of the channel, 
as with the Marsh Cut. It is proposed, moreover, 
to eliminate the Magdalen Bend, noted previously 
as a serious trap for silt, the more so as the cost 
would only be about the same as that of deepening it 
were it not cut through. In the Hundred Foot 
River the banks and channel are only so bad as 
to require attention from Denver Sluice up to 
Welmore Lake Sluice, through which the water is 
discharged from the Washlands. It is, therefore, 
proposed to enlarge the channel between these 
sluices so as to deal adequately with this water. 

In considering the urgent problem of the better 
disposal of the flood water from the uplands, the 
alternatives were either to accommodate a substan- 
tial part of it by increasing the discharging capacity 
of the Hundred Foot River, or to make arrangements 
for the better disposal of such water on the Wash- 
lands. Any substantial improvement in the Hun- 


dred Foot River would, however, tend to bring the 
upland water down more rapidly, and threaten 
inundations in the South Level by raising the low- 








water level at Denver Sluice. Except, therefore, for 
the necessary improvement in the short length at 
the lower end between Welmore Lake and Denver 
Sluices, no alteration is recommended in the channel 
of the Hundred Foot River. On the other hand, in 
times of flood the Washlands serve an important 
function as a balancing reservoir for giving tem- 
porary accommodation to flood water from the 
upper river, and thus preventing it from adding 
a high rate of discharge along the lower river at 
the same time as the South Level is discharging 
heavily through Denver Sluice. At present water 
is admitted to the Washlands through the Seven 
Holes Sluice at Earith, the operation of which is 
said to be allowed only under complicated restric- 
tions, and after the level of the river at the 
sluice has reached 13-74 ft. above O.D. during 
April to October and 11-74 ft. during the re- 
mainder of the year. It is therefore recommended 
that the Seven Holes Sluice and its bridge should 
be removed, and the Old Bedford River enlarged 
by forming an approach channel to lead the bulk 
of the flood water over a weir below Earith long 
enough to avoid much variation in its level, the 
crest being at such a level as to avoid increased 
risk of inundating the Washlands in summer. 
With the disappearance of the Seven Holes 
Sluice, the restrictions connected with its use, 
which are statutory, would be repealed ; and for 
the public user of the bridge a new bridge would 
be constructed, involving a beneficial levelling of 
the highway. The Old Bedford and Delph Rivers, 
which have been much neglected and are now 
inadequate for the rapid discharge of water from the 
Washlands, would be improved and enlarged near 
Welmore Lake Sluice, the present structure of 
which is decrepit and must in any case be renewed. 
Protection must also he given to the Middle Level 
Barrier Bank, which at present is eroded consider- 
ably when the Washlands are flooded in winter, and 
is not safe. Causeways leading to Sutton Gault 
and Mepal Bridges are liable to inundation in winter, 
and impede the rapid discharge of water from the 
Washlands. It is recommended, therefore, that 
they be raised and carried on piers above any 
possible flood level. Provision is also recommended 
for some smaller works and liabilities in regard 
to four bridges. 

The above works represent the improvements to 
the tidal river and the subsidiaries thereto, the 
estimate for which is 2,500,0001., towards which 
it is recommended that the State should con- 
tribute at least one half. 

The works recommended for putting the channels 
and banks in the South Level in good condition are 
estimated to cost 216,000L, of which 90,9000. is 
the estimated cost of work on the old river loop 
between the Hermitage Sluice and Denver Sluice, 
and the remainder on its tributaries and various 
drains, locks and bridges, three of the latter 
requiring to be reconstructed at an estimated cost 
of 14,0007. 

This section of the report concludes with an 
impressive re-statement of the absolute necessity of 
reducing the low-water levels in the lower reaches 
so as to allow the upland waters to get away more 
readily, of preventing silting in the tidal channel 
and of putting the banks in a condition of perma- 
nent stability. The Commissioners recognise that 
their recommendations amount to a formidable 
total ; but they fear that any partial or less exten- 
sive scheme for these intimately interconnected 
works would be unlikely to effect the desired objects, 
and, the works recommended being all of perma- 
nent construction, the relatively nominal cost of 
maintenance when they are completed would show 
a substantial saving on the present cost of upkeep. 

We are indebted to the courtesy of the Ministry 
of Agriculture and Fisheries and of H.M. Stationery 
Office for the maps and diagrams from which our 
illustrations have been prepared. 





NOTES. 
ROADLESS TRACTION. 

The question of transport over roadless country 
is one with which we as a nation are very intimately 
concerned, although the reason may not be quite 
obvious to the majority of the people living at home. 
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The war acted in many senses, however, as a most 
effective educator, and hundreds of thousands of 
young men who normally would have been quite 
content to pass their whole life on this island, 
knowing little and caring less about conditions in 
other parts of the Empire, or even the world, 
have now a fair knowledge of the conditions of the 
less advanced parts of the earth. Recently a good 
deal of notice has been paid at home to the develop- 
ment of vehicles suitable for transport service in 
such countries. This has been due to various 
reasons. The War Office has its own particular 
objects in view, of course; other bodies faced 
with very similar problems are interested in Colonial 
development. The great impetus given since the 
war to the development of large tracts in Africa 
has concentrated attention on the requirements 
of that country, though Australia and other lands 
also call for a solution of similar problems if develop- 
ment is to continue satisfactorily. The difficulty 
of opening many countries, either by means of rail- 
ways, or even metalled roads, is in many cases 
almost insuperable in the early days of development, 
although it may be overcome if the Government 
administration is able to face yearly charges both 
for capital and maintenance. The only alternative 
is roadless transport, i.e., transport over unmetalled 
tracks. The conditions to be met vary enor- 
mously and several systems are in course of develop- 
ment to meet these, each with its own advantages. 
The lessons of the war, and of subsequent experi- 
ment, are being assimilated with, as a result, marked 
improvement in performance. To take one example, 
for instance, the track-laying machine is now pro- 
duced as a half-track vehicle, and the amount of 
attention which has been devoted to details of the 
track components suggests that this type is full of 
promise. In our issue of September 11 last (page 
337) we gave illustrations of one of the latest designs 
of track, developed by Messrs. Roadless Traction, 
Limited, and this type of equipment was again 
referred to at length in the paper which Sir J. E. 
Eaglesome read last Monday before the Institute 
of Transport. Sir John’s paper brought forward 
facts relating to the cost of railways and of roads 
in Central Africa, and pointed out that for further 
industrial expansion some satisfactory traction 
system was practically essential, as distinct from 
a transport system using self-propelled vehicles 
only. The question of the latter has been tackled 
and the half-track vehicle proves to be a good 
tractor, but so far the question of suitable trailers 
has received very scant attention. 


INLAND-NAVIGATION AND HypRAvLic-PowER Ex- 
HIBITION AND Wortp- PowER CONFERENCE, 
Baste, 1926. 

As already announced in our issue of December 
18 last, page 776, an International Exhibition for 
Inland Navigation and Utilisation of. Hydraulic 
Power will be held at Basle, Switzerland, from July 1 
to September 15 of this year. In connection with the 
exhibition, a sectional meeting of the World-Power 
Conference will take place from August 31 to 
September 12. The exhibition has been organised 
by the City and Government of Basle, and is under 
the patronage of the President of the Swiss Con- 
federation. The Covernments of Austria, Belgium, 
Czecho-Slovakia, France, Germany, Holland, Italy, 
Spain, Switzerland, and Yugo-Slavia have officially 
notified the Swiss Foreign Office that they intend 
tc participate in the exhibition. Negotiations are 
pending with the Governments of Canada, Great 
Britain, Hungary, Norway, Poland, Sweden, and 
the United States of America. Numerous applica- 
tions from private firms of all nationalities have also 
been received. The ex:ibits will comprise all kinds 
of machinery and materials used in connection with 
inland navigation and the utilisation of water power. 
The building of dams and docks, and the construc- 
tion of ships, dredgers, cranes, and harbour plant 
will be demonstrated. In the hydraulic-power 
section, electrical machinery and _ power-station 
installations will be shown. It is anticipated that 
representatives of some thirty nations will be present 
at the sectional meeting of the World-Power Con- 
ference, and matters relating to power production, 
inland navigation, the exchange of electrical energy 
between countries, the relations between thermally 
and hydraulically produced electricity, electricity 
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in agriculture, and the electrification of railways, 
will be discussed. Further information may 
be obtained from the Organising Secretary, Inter- 
national Exhibition, Basle, V., and from the 
Organising Secretary, World-Power Conference, 
Sectional Meeting, Basle, Switzerland. 


TrisH ELECTRIFICATION. 


President Cosgrave, last week, informed the Senate 
of the Irish Free State that Sir John Purser 
Griffith had placed at the disposal of the Govern- 
ment, as custodians for the State, all the plans, 
drawings, calculations and other material comprised 
in his scheme for hydro-electric development on the 
River Liffey. As chairman of the Sub-Committee 
on the Water Power Resources of Ireland appointed 
by the Board of Trade in 1918, which reported 
at the end of 1920, Sir John Griffith had occasion to 
make an intimate study of the question and arrived 
at the conclusion that the Liffey could furnish its 
important district with hydro-electric power more 
economically and conveniently than it could be 
obtained otherwise. Feeling strongly that the 
economic interests of the country would be pro- 
moted essentially by such a development, he 
devoted his long experience of the district, his 
professional skill, and the knowledge acquired in 
the course of the Sub-Committee’s investigations, 
to embodying his views in a definite scheme; 
and Bills for carrying them into effect were intro- 
duced into the Free State Parliament, and have 
been approved by a Joint Committee of both 
Houses. It appears, from the President’s statement, 
that Sir John Griffith has now decided to dedicate 
the results of this considerable work, the value 
of which to engineers, as indeed to the entire public, 
is enhanced by his professional distinction, to the 
direct service of the State for use by whatever 
body may hereafter be entrusted with the works, 
‘should such a development, as is very probable,” 
to quote President Cosgrave’s words, “‘ be necessary 
in the future.” The State has already embarked 
on the Shannon scheme, and the statesmanlike 
view that has led Sir John to place his own scheme 
also in the hands of the Government is as notable as 
his “‘ signal public spirit,” on which Mr. Cosgrave 
has commented in grateful and appropriate terms. 
The Shannon scheme is in being, but it is under- 
stood that substantial modifications in it have 
already been found necessary. In proceeding 
with it, further alterations may, perhaps, be found 
desirable. In particular, it may appear that, 
while retaining connections between the Shannon 
system and the Dublin district, current will be 
produced cheaper, and the use that can be made of 
the works will therefore be greater, if the connections 
between Killaloe and Dublin were used in a balancing 
system between supplies from both the Shannon and 
the Liffey, than if they were confined to supplying, 
in the region of the Liffey, current that has paid the 
cost of transport from Killaloe. The merits of 
the Shannon scheme were debated vigorously before 
it was adopted. Its opponents were defeated in 
the Irish Parliament, and the scheme is now a 
national enterprise. The spirit in which the most 
distinguished and determined of its critics has 
accepted the position, and, equally, the spirit in 
which the Government has welcomed his generous 
attitude, gives ground for hoping that, if and when 
the alternative that we have suggested comes into 
question, both parties will discuss it without refer- 
ence to past differences and with a single eye to 
promoting the interests of the country in a matter 
that may be of the first consequence to its pros- 
perity. Doubtless Sir John Griffith’s scheme has 
provided for the adoption of a standard frequency, 
and no technical difficulty would prevent the 
Liffey and the Shannon systems from being inter- 
connected. 





LABOUR NOTES. 


At the conference on the wages question in London 
on Thursday last week between representatives of the 
Engineering and Allied Employers National Federation 
and representatives of the engineering trade unions, 
Sir Allan Smith, chairman of the Federation’s Manage- 
ment Committee, reviewed fully, according to the 
official report of the meeting, the position of the 
industry at the present time. Mr. J. T. Brownlie, on 
behalf of the unions, replied. The unions retired, and 
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subsequently adopted the following resolution, which 
was submitted to the employers :— 

“That having regard to the length of time that has 
elapsed since our application for a national increase in 
wages was made, this meeting now decides to inform 
the Engineering and Allied Employers’ National 
Federation that in the event of no advance being 
conceded we then inform the employers that the 
negotiations are now terminated.” 

The employers made the following reply :— 

“The employers have given very serious considera- 
tion to the resolution submitted by the unions. The 
position of the employers on the wages question has 
been fully and clearly stated. The employers cannot 
understand the attitude as expressed in the resolution, 
The employers will continue to regard these negotiations 
as national as long as the application for an advance is 
in existence. It must be appreciated that the resolu- 
tion submitted by the unions would render abortive the 
joint negotiations with the Government on the subject 
of international hours of labour. The employers would 
suggest that the whole matter should be further 
considered by the unions.” 





Mr. Brownlie intimated that the representatives of 
the unions had given careful consideration to the matter, 
and had decided that the negotiations between the 
parties were at an end, and that no further negotiations 
on this question would take place, that there had been 
failure to agree, and that the unions were now free to 
take what action they thought fit. He further stated 
that the unions were prepared to continue the joint 
representations to the Government with a view to 
securing the uniform application of the 48-hour week, 
in accordance with the Peace Treaty, when such con- 
tingency might arise. The unions reaffirmed their 
first resolution. The employers then made the follow- 
ing reply :— 

“‘ The representatives of the unions, in reply to the 
resolution of the employers, having stated that these 
negotiations are at an end, the employers will report 
the position of matters to the federation. The employers 
regret that, notwithstanding the facts submitted to 
the unions to-day, indicating the continued serious 
depression in the industry, the unions have, without 
having given the facts submitted the consideration 
they deserve, come to the conclusion that they are not 
prepared to allow a sufficient period to elapse so that 
the parties might ascertain whether any improvement 
in trade is likely to take place and be abiding, and so 
give a basis for an amicable adjustment of the questions 
which have been the subject of such serious nego- 
tiations.” 





The feeling of the reasonable rank and file of engineer- 
ing operatives must be that their leaders have now put 
the unions into an unfavourable tactical position from 
which they will find it difficult to extricate themselves. 
District negotiations for an advance of 20s. per week 
are unlikely in the face of the employers’ definite 
declaration that ‘‘ they will continue to regard these 
negotiations as national as long as the application for 
an advance is in existence.” The only course open 
to the executives, now that they have precipitately 
withdrawn from the national negotiations, is to ballot 
their members for or against a strike for an advance 
in wages of 20s. per week, and the fact that stands out 
most clearly in the records of these prolonged con- 
ferences is that, far from being able to stand an increase 
of its costs, the industry can hardly carry those which it 
is already expected to bear. It cannot be said that 
in these negotiations the representatives of the men 
have distinguished themselves. The demand for an 
increase of 20s. per week originated with the extremists 
who belong to the National Minority Movement, and 
from the first the majority of the trade union represen- 
tatives have stood in some awe of these unreasonable 
men. They have declined seriously to consider the 
figures relating to bare costs of production, sub- 
mitted by Sir Allan Smith. They have rejected with- 
out examination a proposal which, in effect, would have 
appreciably increased the earnings of operatives at the 
temporary expense of the 47-hours’ week, although 
it is known to them that Continental engineering 
operatives are working from 54 to 60 hours per week for 
lower wages and under much worse conditions. To 
every effort of the employers to overcome the economic 
difficulties of the position, they have responded with 
a demand for an unconditional wages increase of 20s. 
per week. From that bad tactical position the unions 
will, as has been pointed out, find it difficult to extricate 
themselves, and, whether they succeed or fail, a good 
deal is not unlikely to be heard about the quality of 
the leadership which allowed them to get into it. 





A memorandum was submitted to last Thursday’s 
Conference between engineering employers and engi- 
neering trade unionists, giving details of the interviews 
which had taken place with the Minister of Labour on 
the subject of working hours on the Continent, and 


hich 


has 
se in 
orm 
onal 
eing 


the 


leva- 
The 
has 
not 
‘ion. 
ions 
ce is 
olu- 
the 
ject 
yuld 
ther 


s of 
iter, 
the 
ions 
een 
> to 
ted 
vint 
to 
ek, 
‘on- 
heir 
OW- 


the 
lese 
ort 
yers 

to 
ous 
out 
ion 
not 
hat 
ent 
| so 
ons 
gO- 





ENGINEERING. 


179 








TRANSPORT OF A _ 100-TON CASTING. 


the text of correspondence that had passed regarding 
a proposed conference for the purpose of securing inter- 
national uniformity on the question. It appeared 
from the letters that a difference of opinion had de- 
veloped between the Minister of Labour and the joint 
deputation of employers and employees as to whether 
the conference should be called to consider the matter 
only from the general industrial standpoint, having 
regard to the express obligation undertaken by the 
high contracting parties in Part XII of the Peace 
Treaty, or approach the discussion from the point 
of view of the Washington Hours Convention, despite 
its ‘dangers and impracticability.”” The Minister of 
Labour held that it would not be possible to ignore the 
Convention in any international discussion of an 
agreement about hours. 


On Friday night, the Ministry of Labour circulated 
the following statement :—‘‘ Replies have now been 
received from the Belgian, French, German, and 
Italian Governments to the letters addressed to them 
by the British Government to ascertain their views on 
the desirability of holding a conference to consider 
the possibility of securing an effective international 
agreement for regulating hours of work in industry. 
After considering the replies received, the British 
Government have decided that invitations to attend 
a conference in London shall be sent to the Govern- 
ments in question. The Minister of Labour, Sir Arthur 
Steel-Maitland, will accordingly arrange for the issue 
of the invitations at an early date.” 





It was indicated recently in these notes that after 
consultation with representatives of the railwaymen’s 
unions, the General Council of the Trade Union Congress 
and the National Executive of the Labour Party had 
decided to request the Parliamentary Labour Party 
to introduce a Bill providing for the ratification of the 
Washington Hours’ Convention. The views of the 
railwaymen’s organisations are embodied in the 
following clause, which the Parliamentary Labour 
Party have been requested to include in the new 
measure :—‘‘ If in the case of persons engaged in the 
transport of passengers or goods by road or rail, includ- 
ing the handling of goods at docks, quays, wharves, or 
warehouses, but excluding transport by hand, an 
agreement is arrived at, whether before or after the 
passing of this Act, between organisations of employers 
and workers, concerning the normal working hours, 
the methods of computing hours and overtime, the rest 
days, and holidays, the Minister may by order prescribe 
that such agreement shall apply in respect of such 
persons, 

“Provided that such agreement is reasonably re- 
quired to meet conditions obtaining in respect of their 
employment, and that the normal working hours 
authorised by such agreements, exclusive of overtime, 
shall not exceed on the average 48 hours per week, and 
that overtime shall be remunerated in accordance with 
the provisions of Section 3, Sub-Section 4, of thls Act.” 





The Ministry of Labour states that on January 25, 
1926, the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,200,800, namely, 942,200 men, 35,400 boys, 187,100 
women, and 36,100 girls. On January 18, 1926, the 
number was 1,215,875, or 955,470 men, 35,750 boys, 
189,083 women and 35,572 girls—and on January 26, 
1925, it was 1,240,922, viz., 935,495 men, 37,778 boys, 
231,678 women and 35,971 girls. 





_A small joint committee has been appointed by the 
National Union of Railwaymen and the craft unions 
with members employed in railway shops, to consider 





proposed means of adjusting the differences which 
exist between the parties. The N.U.R. propose that 
shopmen belonging to other organisations should 
retain their membership of their craft unions, which 
would pay a small proportion of these members’ con- 
tributions to the N.U.R. for representing them in all 
negotiations with the companies affecting wages and 
working conditions. Two organisations of craftsmen— 
those of the shipwrights and the bricklayers—have 
already, it is stated, wade agreements with the N.U.R. 
on these lines. 

According to the Times correspondent at Riga, a 
conference of “‘ Labour specialists,” of the North 
Western territory deplored the fact that “ notwith- 
standing the industrial growth of Leningrad, its 
registered unemployed had increased during the past 
year by nearly 75 per cent.” Soviet Russia, it was 
stated, had considerably more than 1,000,000 registered 
unemployed, of which Leningrad bad about 80,000 and 
Moscow 135,000. These comprised more than 40 per 
cent. of the manual labourers and 25 per cent. of 
factory workers, largely in the textile industries. 





At meetings in Prague this week end, the executive 
of the International Metal-workers Federation are 
to consider, amongst other things, the question of inter- 
national hours of labour. Mr. Brownlie, president of 
the Amalgamated Engineering Union and Secretary 
of the British Section of the Metalworkers Federation, 
left London on Wednesday to attend the meetings. 





If the stoppage of overtime by engineering operatives 
in the London area is persisted in, the employers will, 
no doubt, be obliged to take a serious view of the 
matter, as a specified amount of overtime per month is 
permissible under their agreements with the trade 
unions. The embargo is, of course, unofficial—has, 
not, that is, the sanction of executive councils—but, 
obviously, that can have little effect on the attitude 
of employers if the executives do not take their courage 
in their hands and assert their authority. 





The United Mine Workers of Cape Breton have, by a 
substantial majority, approved the scale of wages and 
the long term agreement with the British Empire Steel 
Corporation recommended by the Royal Commission 
presided over by Sir Andrew Duncan. The settlement 
terms suggested were a 10 per cent. reduction on the 
wage scale of 1924 and an agreement of at least two 
years’ duration for the purpose of stabilising the indus- 
try. 





Industrial and Labour Information, the organ of 
the International Labour Office, states that the unem- 
ployment situation in Germany has become increasingly 
serious in the last few months. On August 1 last, the 
number of wholly unemployed persons in receipt of 
relief under the Order of February 16, 1924, was about 
200,000. In the following months it rose successively 
to 230,000, 266,000, 363,000 and 673,000 ; on December 
15 last, it was 1,067,031, and on January 1, 1926, it was 
1,485,879. To this figure should be added at least 
an equal number of unemployed who are not entitled 
to relief under the Act, and an equal number of partially 
unemployed persons, making a total of more than 
4,000,000. The crisis would appear to be the result 
mainly of deflation and the lack of capital, and is 
particularly severe in the mining and metal industries, 
which are suffering from foreign competition. Thus, 
in the mining basin of the Ruhr alone, the number 
of workers occupied fell by 70,000 in the first ten months 
of 1925 (from 470,000 to 400,000). In the metal-work- 
ing industry the percentage of unemployed among trade 





unionists at the end of November was 8-3 for wholly 
unemployed persons, and 24-9 for partially unemployed. 





The situation is also critical, it is pointed out, among 
commercial employees and bank clerks, of whom about 
100,000 were out of work at the end of 1925. The 
number of bankruptcies, which, in the pre-war period, 
was on an average 800 a month, rose to 1,900 in October, 
1925. As regards the distribution of unemployment, 
it will be found that apart from the Rhenish Westphalian 
district (which had 400,000 unemployed on January 1, 
1926, including 40,000 in Cologne) the great urban 
centres are chiefly affected. In Berlin, at the beginning 
of 1926, there were 170,000 unemployed, of whom 
88,000 were in receipt of relief. Bavaria, at the end 
of last year had 150,000 unemployed, of whom 30,000 
were in Munich, and 15,000 in Augsburg, and of whom 
10,000 were employed on relief works. In Saxony 1 per 
cent. of the inhabitants were unemployed. At the same 
period the number of unemployed was 50,000 in Ham- 
burg, 70,000 in eastern Upper Silesia, 47,000 in Thur- 
ingia, and 92,000 in the Grand Duchy of Baden. 





100-TON INGOT-MOULD CASTING. 


Tue successful casting of a large mass of metal is 
an achievement of some importance in any foundry, 
and the finished work constitutes an effective tribute to 
the skill and patience of all concerned. A brief account 
of the operations involved in the production of a large 
octagonal, iron ingot mould, weighing 108 tons, recently 
cast at the Openshaw Works of Messrs. Sir W. G. Arm- 
strong, Whitworth and Co., Limited, to the order of a 
Teeside steel works, will therefore prove of interest. 
The magnitude of the work may be gauged from the 
fact that the moulding and core making for the casting, 
occupied a period of 1,580 working hours. The metal 
required amounted to some 130 tons ; this was con- 
tained in six ladles, the contents of which were poured 
simultaneously into the mould. A period of 10 minutes 
was needed to fill the mould, and the feeding of molten 
iron was continued for 12 hours. The casting was then 
allowed to cool in the usual way. The temperature 
at the top of the mould was recorded at intervals, and 
it is interesting to note that, after 34 days, a temperature 
of 110 deg. F., 50 deg. above that of the foundry, was 
recorded. The transportation of such a large mass of 
metal from Manchester to the North-East Coast 
presented difficulties. These were, however, solved 
by the London and North-Eastern Railway Company, 
who provided two 60-ton flat bogie wagons, carrying 
a girder, each end of which was pivoted on specially 
prepared platforms placed on the wagons. The 
ingot mould was slung on the girder, the arrangement 
at this stage being shown in the accompanying illus- 
tration. Special traffic arrangements were made and 
the wagons were despatched on a Saturday. The cast- 
ing was safely transported and arrived at its destina- 
tion without mishap on the following day. 





InstTITUTION oF NAVAL ARCHITECTS.—The annual 
meetings of the Institution of Naval Architects will 
take place on March 24, 25 and 26 in the Lecture Hall 
of the Royal Society of Arts, John-street, Adelphi, 
London, W.C.2. His Grace the Duke of Northumberland, 
K.G., will occupy the chair. A gold medal will be 
awarded by the Council of the Institution to any person, 
not being a Member or Associate Member of Council, 
who shall read a paper at these meetings, which is 
deemed to be of exceptional merit. A premium of 
books or instruments will also be awarded. The annual 
dinner of the Institution will be held on March 24, 
at 7.30 p.m., in the Grand Hall, Connaught Rooms, 





Great Queen-street, Kingsway, W.C.2. 
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CLOSED - VESSEL EXPLOSIONS OF 
MIXTURES OF AIR AND LIQUID 
FUELS. 


In order to determine the respective influences of 
compression temperature and compression pressure 
on the production of detonation in internal-combustion 
engines, the Engine. Sub-Committee of the Aero- 
nautical Research Committee have carried out a 
series of experiments on explosions in closed vessels, 
in which the initial temperature and pressure of 
the charge could be varied independently. A report 
by Mr. R. W. Fenning, giving the results of experi- 
ments with air-hydrogen mixtures, was issued in 
April, 1924 (R. and M. 902), and this has recently 
been followed by one relating to mixtures of air 
with petrol, hexane and benzene, also by Mr. Fenning 
(R. and M. 979, obtainable from H.M. Stationery 
Office, price 2s. 6d. net). 

A cylindrical explosion vessel, 7 in. in diameter 
and 8 in. in length, was used for the experiments, in 
the first of which the effect of varying the air-fuel rates 
from 19: 1 to 9: 1 for petrol, and from 17: 1 to 9:1 
for hexane and benzene was tried, the initial tempera- 
ture and pressure being kept constant at 100 deg. C., and 
95 lb. per square inch absolute, respectively. The 
effect of varying the initial temperature from 100 deg. C. 
to 230 deg. C., and the initial pressure from 38 lb. 
to 128 lb. per square inch absolute, was tried with a 
13: 1 air-petrol mixture and a 14: | air-hexane mixture, 
while, in the case of a 9-2: 1 air-hexane mixture, the 
initial temperature was varied over the range 
100 deg. C. to 200 deg. ©. Air-benzene mixtures 
with ratios 12:1 and 9-2: 1 were investigated at initial 
temperatures ranging from 100 deg. C. to 300 deg. C., 
and at initial pressures from 37 lb. to 146 lb. per 
square inch absolute, while the effects of additions 
of exhaust gas and water vapour were also tried 
in the case of air-hexane and air-benzene mixtures. 

As a result of the experiments, it is concluded that, 
with an initial temperature of 100 deg. C., the air-fuel 
ratio giving the maximum explosion pressure is 
considerably less than that required for complete 
combustion, and that the maximum pressures given 
by mixtures of the same strength (not the same 
air-fuel ratio) are of the same order of magnitude 
for petrol, hexane and benzene. There is, however, 
a tendency for the benzene values to exceed those for 
hexane, and for the latter to exceed those for petrol, 
with the above-mentioned initial temperature. Rich 
mixtures of all three fuels, with this initial temperature, 
gave rise to a “‘ knock,” the intensity of which increased 
with decrease in the air-fuel ratio; high-frequency 
vibrations appeared to precede the knock. With a 
9 : 1 air-benzene mixture, the knock was entirely 
eliminated by raising the initial temperature to 
300 deg. C., but in the case of a rich air-hexane 
mixture, an increase of initial temperature was not 
effective in this respect, unless accompanied by an 
addition of exhaust gas. 

A change of initial temperature from 100 deg. C. 
to 200 deg. C. was found not to affect the maximum 
pressure with normal air-petrol and air-hexane 
mixtures, although the explosion time was shortened 
by the change, and the fall of pressure during the 
subsequent period of 0-1 second was slightly increased. 
The same change in the case of a normal air-benzene 
mixture caused a decrease of about 14 per cent. in 
the maximum pressure rise, the decrease amounting 
to some 5 per cent. or 6 per cent. for an increase 
from 100 deg. C. to 300 deg. C. in the initial temperature. 
In normal mixtures with all three fuels, the explosion 
time was found to diminish with increase in initial 
temperature, and to increase with increase in charge 
density; the rate of increase with density, however, 
became very small at the higher initial temperatures. 

Knock of increasing intensity was found to follow 
a rise in initial temperature in the case of normal 
air-petrol and air-hexane mixtures, the knock appearing 
first at the higher charge densities, and extending to 
the lower charge densities as the initial temperature 
was further increased; in this case the knock took 
the form of a sudden rise without preliminary vibration. 
No indication of the production of knock with increase 
of initial temperature wa: found with a normal air- 
benzene mixture over the usual range of charge 
densities. 

The addition of a small quantity of exhaust gas to 
the charge was found greatly to increase the explosion 
time, although the reduction of the maximum pressure 
was slightly less than the percentage of the added ex- 
haust. A similar effect was found to occur from the addi- 
tion of water vapour to a normal air-hexane mixture, 
although, with this fuel, the percentage reduction in 
maximum pressure tended to become slightly greater 
than the entage of water vapour added to the 
charge. The addition of some 6 per cent. of exhaust 
gas to a normal air-hexane mixture, exploded at an 
initial temperature of 230 deg. C., had but little effect 
in suppressing knock, 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
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Norr.—In the diagrams, the figures plotted for tin and copper are the official closing cash 
quotations of the London Metal Exchange for “fine foreign” and “standard” metal, respectively. 
The prices shown for lead are for English metal, whilst those for spelter are for virgin metal. 
Middlesbrough prices are plotted for steel plates and rails, and also for hematite and Cleveland 
pig-iron. The prices given, in the case of steel plates, are for ship, bridge and tank qualities, and 


those for steel rails are for heavy sections. 
Cleveland iron, both of No. 1 quality. 
which vary from 70 lb. to 80 lb. 

cases the prices are per ton. 


The pig-iron prices are for East-Coast hematite and 
The price of quicksilver is per bottle, the contents of 
The price of tin-plates is per standard box, but in other 
Each vertical line in the diagram represents a market-day, and the 


horizontal lines represent Il. each, except in the case of the diagram relating to tin-plates, in 


which they represent ls. each. 








Arro EnGing HanpsBook.—A new edition of the Air 
Ministry handbook on the Jupiter Series IV aero -engine 
has recently been issued, and is obtainable from any of 
the branches of H.M. Stationery Office, price 3s. 6d, net. 
The handbook gives a fully illustrated description of the 
construction of the engine, and of the carburation, lubri- 


cation, and ignition systems, as well as notes on starting 
and running, inspection, &c. A description of the engine, 
and of the manufacturing methods employed in its pro 
duction by the Bristol Aeroplane Company, Limited, 
Filton, Bristol, will be found in our issues of September 4 
and 11 last, on pages 290 and 321 respectively. 











FEB. 5, 1926.] 








ENGINEERING, 


181 








AMERICAN AUTOMATIC TURNING 
MACHINES. 


By JoserH HORNER. 


LATTEBLY a design of lathe has become increasingly 
popular in shops where a moderate amount of repetition 
work, or a large mass production, is carried on. This 
has only an outward resemblance to the common lathe, 
in the inclusion of a headstock, loose poppet and bed. 
It does not usually bore or thread, its functions being 
limited to turning and shouldering, and these only on 
pieces that seldom exceed 2 ft. in length. Its tool 
rests at front and rear, have no resemblance to the 
slide rests of the common lathe, since they are not 
compound, and they carry batteries of several tools 
that operate simultaneously, or in rapid succession, 














moderate product, because of the simple character of 
the tool set-up. 

The weak feature of turret lathes and automatics 
jis the very wide extent of the functions pertormed. 
| Turning is only one of these. In addition, included 
within their range are drilling, reaming, boring, 
recessing, facing, chamfering, tapping, threading with 
dies or with chasers, wide forming, and cutting off. 
The equipment of tools is large, and their holders 
are elaborated with steadies, clamps, stops, and often 
have provision for grippitig more than -one tool. -As 
this varied work has all to be done on one machine 
the necessity for a large output becomes imperative. 
The limitations of the turning machines conduce to 
higher efficiency in the special tasks which they perform. 

The Lo-Swing Lathe.—This lathe, by the Fitchburg 
Machine Works, of Fitchburg, Mass., U.S.A. is a 
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those at the front turning, while those at the rear may 
be meeeeee. The tools are not forged, but are 
ground from plain rectangular 
oe p gular bars, of greater depth 
The employment of many tools of high speed 
steel, eutting simultaneously, puts strains on the 
supports that could not be borne by the old standard 
design of slide rest. In all these machines, therefore, 
the tool posts are supported directly on the bed, and 
there is @ minimum of overhang to the tools. As 
turning is done to fine limits, screw adjustments are 
commonly provided for the tools. Stops are included 
to set diameters and lengths; tapers and curves 
are turned with the aid of formers. Abundant lubrica- 
tion is provided. : 
ss The capacities of these machines are strictly limited. 
The work is done between centres, the job being 
carried on point centres, though frequently driven 
with adapter chucks. Work is both roughed, and 
finished in these machines,.or they may receive pieces 
from other machines, articles already bored, and 
mounted on arbors to be turned. The restriction 
of functions and of capacities might suggest that 
these machines should only be employed when the 
output of similar pieces is very large. This is the ideal 
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condition, but they are also admirably adapted for a 
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machine in which turning is done from the front only. 
Its value consists in the multiplication of single-edged 
tools, adequately supported, and in the limitation 
of its functions. It does not bore or thread, but 
turns shafts, spindles and crank shafts. The time 
oceupied is that which is required for the longest 
individual cut, during which all other cuts will be 
completed. The tool carriages do not extend across 
the bed of the lathe, and they can therefore be run past 
the tailstock. The tool holders are clamped directly 
on their carriages, which are supported on the front 
vee’d shear of the bed, immediately under the pressure 
of the cut. 

The tools used in this machine are of high speed steel, 
of rectangular section 1} in. by ~ in. Each tool is 
gripped in its own single holder, which is adjustable 
along the carriage. Three too] blocks are used, in order 
that the tools shall not have much overhang when 
turning small diameters. This is arranged by altering 
the position of the recess that makes a sliding fit on 
the carriage, by the shifting of a gib nearer to, or 
farther from, the front of the holder. The tools area 
close fit inside broached holes in which they are clamped 
with a quarter turnof ascrew. The rear end of the tool 
abuts against, and is connected with, a micrometer screw 


In the most usual form of holder, the tool is held 
straight on a line through the centre of the block. 
But in order to bring tools close to a shoulder, offset 
holders are used in which the tools are passed through 
at an angle, and these are made right and left-handed. 
The holders are adjustable along the carriages. When 
the work is of the straight-forward repetition type, 
and diameters and shoulders lie close together in 
confined spaces a single block is made to hold several 
tools. Since the lathe equipment includes two 
carriages, each with its battery of tools-which may 
number as many as ten, the amount of work which can 
be produced by comparison with that in the common 
lathe, may be realised. In lever-fed tool blocks, bat- 
teries of tools are all fed to the desired radius 
simultaneously by means of a lever, a slide being 








moved in or out through the medium of a rack and 


= 


Back Rest . | 
































_. “ENGINEERING”, 
pinion. The carriage feed being then thrown in, the 
turning operation is performed. This device is of 
value for dealing with the spaces between the cams 
on camshafts. 

Tapers are turned with the help of a templet 
attached to a bracket bolted to the ways of the bed, 
against the edge of which a special tool holder on the 
carriage controls the varying depth of cut, while the 
tool moves with the carriage. When a curve is to 
be turned, the templet is shaped accordingly, and a 
roll slide may be used. A steady rest is mounted 
on the back shear of the bed, carrying a roller adjust- 
able for radius. A back facing attachment is mounted 
at the rear of the lathe. Flexible oil pipes and 
nozzles supply lubricant to the tools from a geared 
pump. The driving dogs used are double, to ensure 
balance. 

Examples of Work Done.—Fig. 1 illustrates a stee! 
motor shaft turned in two operations in 25 minutes. 
A follow rest supports the shaft against the thrust of 
the tools in the first stage, a stationary steady rest 
in the second. Four tools are mounted on two 
carriages in the first, three tools on one carriage in the 
second. The tools are so disposed on the carriages 
that when the longest cut has been taken the turning 
is completed. The tools that are seen standing away 
from the work are used for facing ends and shoulders. 
A steel countershaft, Fig, 2, is turned in two stages in 
12 minutes. A back support is used in both. Three 
tools are supported on one carriage, turning three 
parallel portions simultaneously. One at the right- 
hand end in each case is of the offset type. The 
tool at the left in the first stage is for spotting. The 
longest cut in this case is that ot the parallel 
portion at the right-hand end. The tools are set 
by this, but the spacing involves turning the central 
part of the shaft in two stages. Fig. 3 shows a steel 
main driving shaft with several shoulders, tooled in 
two chuckings in 25 minutes. In the first, five dia- 
meters are being turned in a single short traverse, the 
shaft receiving support from a back rest. In the 
second, three are turned. 

A steel motor shaft as shown in Fig. 4 is turned 
in two chuckings in 15 minutes. Three diameters 
are done in the first, and three in the second. 
The time is controlled by the longest traverse, 
that at the right. As the exact relations of the 
shoulders are important, a stop rod indicator is 
used in both stages; this, in the first, locates from 
the left-hand end; in the second, from one of the 
shoulders first turned. Fig. 5 is a rear axle, not 
turned from parallel bar, but drop-forged. It is 
turned in one operation in 20 minutes. The former 
for the taper is seen, with the shoe of the tool holder 
making contact with it. As, the tool holder moves 
with the carriage the former regulates the varying 
depth of the cut. In this case a short parallel portion 
is included in the former. A right-hand offset holder 
is provided for necking behind the short portion which 
has to be threaded. The taper attachment is also 
shown in Fig. 6, where an automobile steering knuckle 
is being turned in 5 minutes. Three straight diameters 





by means of which minute radial settings are made. 


are turned and one taper. The taper attachment, and 
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its two-tool block, one tool turning taper, the other 


parallel, are seen at the left. At the right, an ordinary 
block and one offset holder carry tools for parallel 
portions, and for undercutting for a thread. The 
taper attachment is set for repetition work with the 
stop rod seen in Fig. 4, so that the same relation of 
taper is maintained for all pieces. A nickel-steel 
camshaft (Fig. 7), with 34 per cent. of nickel, can be 
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The Le Blond Lathe.—This machine is a semi-auto- 
matic lathe built by the R. K. Le Blond Machine Tool 
Company of Cincinnati, Ohio, U.S.A., for turning and 
facing operations only. It is made in three sizes for 


work 6in. in diameter by 10in. in length, 9 in. in 
diameter by 10 in. long, and 12 in. in. diameter by 
13 in. long. The turning is done from a front rest, 
the facing from a back one, and each will carry several 
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of each is effected with internal dovetails having 
tapered gibs. Neither the head nor rest can lift, and 
pressures tend to bring the bearing surfaces more closely 
into contact. The front turning rest has a carriage that 
extends nearly the whole length of the bed, as will be 
clear from Fig. 8; it travels past the head and tail 
stocks. The slides are thus nearly completely covered. 
The bed is mounted on a cabinet base and surrounded 


























Fia. 8. 


Tar Le Bionp LatHe; Front View. 

















Fria. 10. 


turned in two stages in 25 minutes, the shaft being 
supported against a steady rest. Two carriages are 
employed in the first set of operations. At the left, 
a three-tool attachment turns three bearings simul!- 
taneously, three to the right having been previously 
completed. At the extreme left, two pairs of tools 
face two cams at a single setting. At the right, a 
parallel portion and an end are turned. In the lower 
figure a templet combining a parallel and a tapered 
portion provides for turning the parallel and tapered 
parts. 





THe Le Bionp LatHE; Back VIEw. 





re. 11. 


tools, all being cut from rectangular bar. 


Fie. 9. 





THe Le Bironp LatHE; EnpD VIEw. 


MACHINING A Piston ON THE LE BLonp LATHE. 


Speeds and| with a pan. A sump is arranged, provided with a 


feeds are varied with gears. The work can be driven} strainer, a rotary pump circulates the cutting com- 


between centres directly, or on arbors, or chucks. One 
man can attend to more than one machine. 

A glance at the lathe, shown from different aspects 
by the photographs, Figs. 8 to 10 is sufficient to show 
how radically it differs from standard designs. The 
face of the bed is not horizontal, but is of vee shape, 
doubly sloped, as shown in Fig. 9. The head and tail 
stocks and the facing rest are carried on the rear slope, 
the turning rest on the one at the front. The fitting 





pound, 

The standard headstocks 
changes of speeds, but for 
aluminium, a single speed, belt-driven headstock 's 
supplied with which speeds up to 1,000 r.p.m. cam 
be obtained. A friction clutch connects the drive 
with the spindle, and a brake affords means for instant 
stoppage. The brake is held off during turning, by 
a spring. In the six-speed headstock, the changes 


are provided with six 
special use on brass and 
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are obtained through sliding gears, either from a belt 
pulley or a motor. A multiple disc clutch puts the 
gearsinto action. They have stub teeth, run in oil, and 
are‘mounted on shafts with four splines. The spindles 
run in Babbitt-lined bronze bearings, with ball thrusts, 
and all are completely enclosed, and lubricated. The 
tailstock like the headstock leans over towards the 
centre of the bed. It is clamped with four bolts. The 
spindle is of large diameter, and it is either moved by 
a quick-acting screw, or by means of a lever, either 
being optional. : 
The feeding for turning and facing is obtained 
through interchangeable gears and worm gears driven 
from the spindle through a sprocket chain. The feed is 
transmitted to the tool slide through a pinion and bull 
wheel to a rack on the centre of the carriage. Eight 
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with which a sliding shoe engages, giving up to 4} in. 
of taper per foot. This can be replaced by a form 
plate and roller for the duplication of irregular 
shapes. 

Examples of work done.—The photograph repro- 
duced in Fig. 11 shows the finish-turning, and groov- 
ing of a cast-iron piston, 33 in. in diameter, turning 
with two front tools, and grooving and facing 
with eight from the rear. The actual tooling only 
occupies 57 seconds, the total time, 14 mins. for 
each piece. The drawing, Fig. 12, shows nine tools 
cutting at one time on a cone pulley. Four at the 
front turn, while five at the rear face the shoulders. 
Fig. 13is the blank for a transmission gear, turned from 
the front, and faced and recessed irom the back. The 





turning of a forged tractor clutch shaft of nickel alloy 
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Fic. 14. Macninrnc Tractor CLutcH SHArr ON THE LE Bionp LATHE. 


feeds are available for the front or turning rest. They 
read in thousandths per revolution of the spindle 
and are indicated on a diagram supplied. A hand- 
wheel on the front of the worm box provides means 
for returning the carriage quickly to the starting posi- 
tion after a cut. The facing attachment for the back 
rest, Fig. 10, faces up to the full swing of the lathe. 
There are two styles, one plain which faces at right 
ingles, while the other swivels for angular facing and 
uses a graduated swivel block. The rest is gibbed on a 
broad slide that is movable along the bed and can be 
‘lamped in any position. Feeding is effected through 
in adjustable guide bar, seen in Fig. 10, which is set 
to the angle required. The slot controls the vertical 
movement of a shoe from the cross slide, transmitted to 
the latter through a rack and pinion. The angularity 
{ the swivel guide is timed to complete the work of 
‘acing in the same period as that occupied in turning, 
or ahead of this, if desired. Long tapers are turned with 
an attachment at the front, the facings for which are 
seen in Fig. 8. It consists of an adjustable guide bar 


is illustrated by Fig. 14. This work occupies 1} mins. 
Three tools turn, and four shoulder. To lessen the 
traverse of the turning rest, the longer portion of the 
stem is cut with two tools, each dealing with one half 
the length. 

(To be continued.) 





LAUNCH OF THE S§.S. ‘“‘ GREBE.’’—Built to the order of 
the General Steam Navigation Company, Limited, for 
their Continental trade, the new single-screw steamer 
trebe was recently launched from the Troon yard of 
Messrs. Ailsa Shipbuilding Company, Limited. The 
length of the vessel, between perpendiculars, is 220 ft., 
the breadth, moulded, is 35 ft., and the depth, moulded, 
to the main deck, is 14 ft. 'The Grebe will carry a dead- 
weight of 1,040 tons, and will have accommodation for a 
limited number of passengers; she has been built to 
Lloyd’s 100 A.1 shelter-deck class under special survey. 
The propelling machinery, which consists of triple- 
expansion engines, designed to give the vessel a speed 
of 103 knots, is being supplied by Ailsa Company. 








PISTON TEMPERATURES AND HEAT 
FLOW IN HIGH-SPEED PETROL 
ENGINES.* 

By Proressor A. H. Grsson, D.Sc. 
(Concluded from page 152.) 

Tests on Aluminium Pistons in a water-cooled Engine. 
These tests were carried out on an eight-cylinder 
water-cooled Vee aero-engine having cylinders 120 mm. 
(4-72-in.) bore by 180 mm. (7-09-in.) stroke,t and a 
compression ratio of 5-06. Two of the cylinders of 
this engine had previously given trouble from burnt 
pistons. A preliminary investigation in which tem- 
peratures of the cylinder liner were measured by 
thermo-couples showed that the liners in these two 
were considerably hotter than those in the other 
cylinders, the difference at a point 1 in. below the level 
of the piston-crown, at the inner dead centre being as 
much as 66 deg. C. under normal running conditions. 
Further investigation was then confined to the hottest 
and coolest cylinders, denoted respectively by H and C. 
Temperatures were obtained by the cooling-curve 
method at the centre of the piston and at a point 
{ in. from the edge in line with the sparking-plug hole 
at the outside of the cylinder. The results of typical 
tests are shown in Table III (page 184). The liner 
temperatures shown in the Table were taken on the 
outside of the cylinder in line with the thermo-couple 
hole near the edge of the piston at which the piston 
temperature was measured, and respectively 1-0 in. 
and 3-3 in. below the level of the crown of the piston 
at the inner dead-centre. 

The figures show that the temperature at the edge 
of the piston in cylinder H is about 270 deg. C. when 
the sparking-plug is at the outside of the cylinder 
(that is, adjacent to this side of the piston) and about 
220 deg. C. when the plug is at the opposite side of the 
cylinder. This change in the position of the sparking- 
plug produces a change in the temperature of the top 
of the liner in this cylinder, from 222 deg. to 173 deg., 
so that the difference in temperature between wall and 
piston at this point is sensibly constant at 48 deg. At 
point (2) the difference varies from 92 deg. with an 
outside plug to 85 deg. with an inside plug. It will be 
noted that the temperature at the centre of the piston 
is in each case lower than at the edge under the spark- 
ing-plug. Comparing tests (2) and (3), in which the 
only difference was the changing of the plug position 
in cylinder H, it appears that the temperature of the 
piston-centre is practically the same in each, having a 
mean value of 242 deg., but that the edge tempera- 
ture changes from 220 deg. to 275 deg. This gives 
a mean edge temperature of 247 deg., which indicates 
that with a uniformly hot liner the temperature would 
be sensibly constant over the piston crown. This 
would tend to show that the piston-cooling is very 
largely due to oil-splash, which is known to be 
excessive in this particular engine. 

The clearance in the two cylinders was measured 
after the tests. They are as follow :— 








Diametrical Clearance. Piston H. | Piston C. 
Inch. | Inch. 
Mean at top land 7 As 0-060 0-063 
Mean over skirt .. vs RY 0-017 0-0185 





The clearance at the top land appears to be large 
compared with that usually allowed in other water- 
cooled engines, and after running some time a solid 
layer of carbon was deposited over this land. As this 
is a bad thermal conductor, it was thought possible 
that a piston having a reduced clearance at this point 
might run cooler. To test this, two pistons were made 
having the clearance over the top land reduced to 
0-025 in. These were put into cylinders H and C, 
and measurements, the mean of which are shown in 
test No. 4, were made on the cylinder H. A com- 
parison of tests Nos. 1, 2, 4 and 5, would tend to show 
that this alteration is beneficial. Comparing tests 
Nos. 4 and 5, in which the plug positions were identical, 
it appears that in spite of the fact that the power was 
7 h.p. greater in test (5), the liner temperatures at 
point (1) were sensibly the same as in test (4). On 
the other hand, the temperatures at point (2), lower 
down the liner, were appreciably greater in test (5), 
which would rather indicate that in this test the piston 
was getting rid of more heat to the liner in its down- 
ward travel. 

Again, comparing tests Nos. 2 and 5, although the 
power was greater in No. 5, and the oil and cooling water 
were each about 10 deg. hotter thanin test No.2. The 
temperature of the piston in cylinder H was slightly 
less in test No. 5 than in No, 2. The difference of tem- 
perature between the edge of the piston and the liner at 





* Paper read before the Institution of Mechanical 
Engineers, on Friday, January 22, 1926. Abridged. 

+ See Advisory Committee for Aeronautics. L.A.S.C. 
Report No. 13, May, 1918. 
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point (2) was reduced from 85 deg. in test No. 2 to|. 


66 deg. in No. 5. It will be noted that in this test, as in 
No. 2, the centre of the piston is hotter than the edge, 
which in both cases is diametrically opposite to the 
operating sparking-plug. The results of the tests indi- 
cate that under normal conditions of operation, using 
two sparking-plugs, the mean edge temperature in 
cylinder H is about 265 deg. The mean temperature 
of the working portion of the liner probably does not 
differ greatly from that at point (2), or about 190 deg. 
C. This gives a drop of 75 deg. C. across the oil film 
at the edge of the piston-crown. This was obtained 
with a piston clearance over the upper land, of 0-060 
in., and compares with the values of 27 deg. obtained 
with a clearance of 0-024 in., and 56 deg. with a clear- 
ance of 0-045 in., in a 100 mm. piston, and with the 
value of 53 deg. obtained with a clearance of 0-045 in. 
in the 5-in. piston dealt with earlier. An interesting 
feature of these tests is the comparatively large differ- 
ence between the temperature of the cylinder liner and 
that of the outlet jacket water. With two sparking 
plugs in operation, the difference between the tempera- 
ture of the liner at point (1) and that of the cooling 
water, is 180 deg. C. in cylinder H, and 120 deg. in 
cylinder C. At point (2) the differences are 130 
deg. C. and 80 deg. C. 

Cyclical Fluctuations of Temperature in the Sur- 
Jace of a Piston.—The figures already given denote 
the mean temperatures to be anticipated in pistons 





rate of cooling indicate that under the conditions 
obtaining in a gas-engine, the heat transmission “ h ” 
per unit area per second, is proportional to ¢", where ¢ 
is the difference of temperature between gas and metal 
and where n is very nearly equal to2.* If n be assumed 
equal to 2 for convenience in calculation, the results, 
though not quite accurate, will much more nearly 
represent the true state of affairs than will those 


| deduced on the assumption that n = 1, and if n = 2 


it may be shown that the formula corresponding to (2) 


1s— 





ba th (Ti — 90) — (T2 — 40)?} 
2 /2arnpsk 
where T,, is the maximum temperature of the gas ; 
T, is the minimum temperature of the gas ; 
0, is the mean temperature of the surface ; 
eg? = h = heat transmitted per unit .area per 
second, from gas to surface. 


Value of e.—A knowledge of the value of e would 
be of great value, not only to enable the magnitude 
of the surface fluctuation to be calculated, but also 
to enable the rate of heat flow into the exposed surface 
of an internal combustion engine to be determined. 
Its value depends on the temperature and density of 
the hot gases, and on their velocity over the metal 
surface. Its direct experimental determination is one 
of much difficulty, and no definite values have hitherto 
been available, especially at the temperatures and with 
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TABLE III. 





Temperatures deg. C. of 






































| 
| 
} Petrol Temp. deg. C. of 
r | pts. per 
Test. | Revs. | B.H.P. B.H.P.- Cyl Piston. Liner. Remarks. 
| hour. 
: | Outlet 
| | Centre. | Edge. | 1 2 Water. Oil. 
| } 1 
| 
Deg. Deg. | Deg Deg. Deg. Deg. 
1 1,880 189-0 0-590 H 240 270 222 178 62 62 One sparking-plug in 
Cc 190 210 164 122 operation on outside 
of each cylinder. 
2 1,880 187-0 0-592 H 240 220 173 135 58 62 One plug on inside of 
Cc 192 212 164 125 cylinder H; one on 
outside of C. 
3 1,880 189-0 0-585 H 244 275 226 180 63 62 As in 2, but with 
Cc 195 214 166 125 one plug on outside 
| of cylinder H. 
4 1,900 187-1 0-542 H — > 170 138 65 65 Plug on inside of 
Cc — — 145 112 | eylinders H and C. 
5 1,920 194-0 0-585 H 235 218 174 152 67 72 Plug on inside of 
cylinders H and 
Pistons with reduced 
clearance. 
6 1,880 184-5 0-610 H a 240 190 64 62 Two plugs in each 
| Cc a a 180 138 cylinders. 
i 


























of the types described, and under the conditions of 
operation outlined. The question, however, arises 
as to whether, due to cyclical fluctuations of temperature 
in the metal, the maximum skin temperature may be 
appreciably in excess of the mean temperature. The 
suggestion that this is the case has, in the past, been 
put forward to account for the burning of aluminium 
pistons in aero-engines, under operating conditions 
in which their maximum temperatures were apparently 
much below the eutectic melting point of the alloy. 
On the assumption that the working fluid in contact 
with the metal has a cyclical fluctuation of temperature 
of + A°C.; that the heat transmission from the gas 
to the metal is directly proportional to their difference 
of temperature; and that this produces a simple 
harmonic fluctuation of temperature in the metal, it 
may be shown that in the case of a large flat surface, the 
magnitude “a” of the semi-amplitude of the fluctua- 
tion of surface temperature is given by— 


Ae’ 
*" Jenoek+(+ Jenpaky 


where x is the number of explosions per second ; 

p is the density of the metal ; 

s is the specific heat of the metal ; 

k is the thermal conductivity of the metal ; 

e’ is the receptivity, th.t is, the heat transmitted 
from the gas to the surface per second per 
unit area, per degree difference of temperature 
between metal and gas. 








(1) 


If e’ is relatively small, as is shown later to be the 
case— 








Ae’ 
a= ——— approximately . a 
/2 rnpsk PP -" (2) 
7 a 1 4 ‘ . a 1 
So that i *= for a piston of given material ; ~ «—— 
Vn A a/ psk 


for pistons of different materials operating at the same 
speeds of rotation. The assumption that e’ in the above 
formul is a constant is, however, very far from being 
true, Actually, Sir Dugald Clerk’s experiments on the 





the degree of turbulence which obtains in a high speed 
petrol engine in operation. A fair approximation to 
its value under such conditions may, however, be 
deduced from measurements of piston temperatures, 
for if the temperature gradient across the face of a 
piston is known, the rate of reception of heat h per 
unit area of the face, or rather the difference between 
the rate at which heat is being received by the working 
face and dissipated at the lower face of the piston 
crown, is given very approximately by—f 
4kt0 
“a+ 
where @ is the difference of temperature between the 
centre and a point at radius a; 
t is the thickness of the piston crown ; 
k is the conductivity of the material. 

If (0; — 62) be the differences of temperature at 
two radii a, and a,, this becomes— 
“2 4kt(0; — 00) : 

(a2? — a,®) 

In a piston in which the thickness of the crown 
varies with the radius, if, over any portion of the 
crown between radii a, and a, the thickness is 
proportional to the radius, so that t = Ca, we have— 
h (ag? — a,°) 

4kt 
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60 = 


2ada 
amhx The 


da 
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h {9 
. 0, — 02 = zee |, 


= (a2 — 4) 
2kC 





* Clerk, “The Petrol and Gas Engine,” vol. i, page 
204 (1909), page 247. 
t Proc.Inst.C.E., vol. clxxvi, 1908-9. 


In a number of the author's pistons, namely, A, 
A’, B and C, Table I (page 150 ante), this condition 
is satisfied over the range of radii 0-5 in. to 1-0 in. 
(1-27 cm. to 2-54 cm.), the value of C being 0-31. 
A further idea of the value of e may be obtained 
from such measurements as are available for the 
fluctuations of temperature in the metal of the 
combustion space and piston of internal-combustion 
engines,* and also from Sir Dugald Clerk's cooling 
curves for gas or engine cylinders.t. An examination 
by the author of the data available from these sources, 
and from the temperature gradient measurements of 
the present paper, and of those by other observers,* 
leads to the conclusion that the value of e, for use in 
equation (3), increases with the turbulence, and under 
normal conditions of operation, and with the com- 
pression ratios usual in practice, varies from 
3-6 x 10-° C.G.S. units in a gas engine with a 
cylinder of 6 in. to 12 in. diameter at 200 r.p.m., 
to about 11-0 x 10-* in a high-speed petrol engine 
at 1,800 r.p.m. Adopting the latter value and 
assuming T, = 2,400 deg. C., T, = 250 deg. C.; 
@> = 250 deg. C. in a petrol engine at 1,800 r.p.m. 
having an aluminium piston for which p = 2-9; 
8=0-21; k=0-38— 

e {(Ti — 4) — (T2 — 60)?} 

: J2anpsk 

corresponding to a total surface fluctuation of 11 deg. C. 
For a cast-iron piston p = 7:8, s = 0-11, k = 0-11, 
and adopting the same values for e, T, and T;, but 
assuming 0, = 400 deg. C., the fluctuation of surface 
temperature is 16-4 deg. C. From these figures it is 
apparent that at high speeds the fluctuation of surface 
temperature is, for practical purposes, negligible. 

Heat Inflow to Piston—Taking the heat inflow 
to the piston as equal to “h” in C.G.S. units, the 
heat inflow in C.H.U. per square foot per minute 
will be— 





=5-5deg. C. 


h x 60 X 930 _ 1034, 
453 -6 

Thus, in the author's 100 x 140 mm. aluminium 
pistons, the mean heat inflow over the whole area 
of the piston is 58-9 O.H.U. per minute, or the heat 
equivalent of 2-50h.p. The average brake horse-power 
in the trials (Table I) was 18-0, so that the heat given 
to the piston in this case is 0-139 of the heat equivalent 
to the brake horse-power. The heat supplied to the 
engine per minute = 1,675 C.H.U., so that the heat 
given to the piston has a mean value of 3-5 per cent. 

of the heat of combustion of the fuel. 
Corresponding calculations from data given in tests 


©. | of gas engines by Hopkinson,§ Burstall,|| and Coker, 


show the following mean results :— 











Heat to Piston, as a Percentage of, 
Authority. 
Heat of com- | Total Heat Loss to 
B.H.P.| bustion of Fuel.| surface of Piston and 
Walls. 
Hopkinson 15-6* 3°6 12-2 
Burstall 11-8* 3:7 16°3 
Coker 16-2* 4:6 13-1 
Author 13-9 3°5 15-0 














*In these tests the I.H.P. was measured. It has been 
assumed that the mechanical efficiency was 85 per cent. in 
deducing corresponding values for the B.H.P. 

The tests by Hopkinson were carried out on an 
engine 11-5 in. x 21 in., with a compression ratio of 
6-37, at 180 r.p.m.; those by Coker on an engine 
7 in. X 15 in., with a ratio of 5-8, at 200 r.p.m.; and 
those by Burstall on a 16 in. X 24 in. engine, using 
producer gas and having a water-cooled piston. In 
these tests the compression ratio was varied from 
4-36 to 8-07. The proportion of heat given to the 
piston varied in an irregular manner with the com- 
pression ratio, between the limits 3-03 per cent. and 
4-95 per cent., having a mean value of 3-7 per cent. 
On the whole, the results tend to indicate that in 
these engines, although of such widely different types 
and sizes, sensibly the same proportion of the heat 
of combustion is transmitted to the piston. The 
difference between the figures given in the last column 
of the above table is largely explained by the fact 
that the ratio of the piston area to the total exposed 
area is greater in the author’s engine and in that of 
Burstall, than in the others. Comparing the small 
high-speed engine with that of Hopkinson, when the 
piston is fully out this ratio is 17 per cent. greater, 
so that, had the stroke-bore ratio been the same in 
both, the figure for the latter tests would be approxi- 





* Coker and Scoble. Proc.Inst.C.E., vol. exevi. 1913-14, 
Part IT. 

+ Proc. Roy. Society. A, vol. lxxvii, 1906, page 499, 

t Phil. Mag., vol. xlvii, May, 1924, page 883. 

§ Proc.Inst.C.E,. vol. clxxvi, Part I. 

|| Proc.Inst.C.E., 1908, Part I, page 5. 





Proc. Inst.C.E., vol. exevi, Part IT. 









FEB. 5, 1926.] 











APPARATUS FOR 


mately 14-3 per cent., as compared with the author’s 
value of 15 per cent. The corresponding figures for 
the tests of Burstall and Coker would be respectively 
16-4 and 17-7 per cent. 

The Burning of Aluminium Pistons.—In the 
course of the experiments many cases of the burning 
of aluminium pistons have been brought before the 
author’s notice. These present features of considerable 
interest, in that the burning invariably takes place 
at the periphery and not near the centre, where, under 
normal conditions, the maximum temperatures would 
be expected to occur. Moreover, in no case in which 
piston temperatures have been measured in operation, 
even in cylinders in which pistons have previously 
given trouble, has the maximum measured temperature 
been nearly high enough to cause trouble of this kind. 
The investigation of the probable cyclical fluctuations 
of temperature in the surface of the metal indicates that 
this is not sufficiently great to affect the results, 
although in this connection it should be pointed out 
that in this investigation no account is taken of the 
possibility of the material being porous. If appreci- 
ably porous, it is conceivable that the hot gases being 
driven into the surface porosities on the explosion 
stroke might produce local cyclical variations of 
magnitude much greater than those calculated on the 
assumption that this factor is negligible. On the other 
hand, it would be expected that any such porosities 
would be rapidly filled by oil carbonising on the top 
of the piston, while even if not, burning would still 
be expected to take place near the piston crown rather 
than at its edge. 

The following facts have been noticed in connection 
with these burnt pistons. 

(1) A burnt piston is always one in which the clear- 
ance between the cylinder-wall and the piston over 
the top lands, is excessive. 

(2) While failures are not confined to any one quad- 
rant of the piston-head, with only one sparking-plug 
the great majority of failures take place at a point on 
the diameter opposite the plug, while with two plugs 
they take place on the diameter joining the plugs, 
Se under one and sometimes under the other 
plug. 

(3) The tendency to burn a rs to be greatest in 
those cylinders fitted with pati oc pertta theta aay 








ENGINEERING. 











«ys 
e 


as Se 
ty Aa peeat® 





Excessive clearance is obviously to be deprecated 
as admitting the hot gases between the piston crown 
and the cylinder walls. This increases the temperature 
of the piston crown, both directly and indirectly, in 
that it increases the temperature of the cylinder 
wall. From general considerations the effect of the 
sparking-plug positions would be expected to be 
much as indicated, since, other things being equal, 
the hottest points will be found either underneath 
or opposite the plugs. While all these factors 
contribute to the burning of a piston, it is probable, 
however, that they are only effective in so far as they 
increase the local temperature either of piston or 
cylinder wall, or both, to a point at which local break- 
down of lubrication is produced, after which the friction 
of the piston against the wall produces a temperature 
sufficiently high to produce burning. While this is 
not conclusively proven, it is suggestive that most 
cases of burning have taken place on engines in which 
the supply of lubricant to the cylinder was below the 
normal, while jn one engine, in which no trouble had 
been previously experienced, burning took place 
during lubrication experiments in which a new system, 
giving a reduced supply to the cylinders, was used. g 





APPARATUS FOR MEASURING THE 
CUTTING TEMPERATURE OF TOOLS. 


During discussions last session, at the Institution of 
Mechanical Engineers, Mr. E. G. Herbert’s work on the 
temperature effect on the cutting action of tools was 
several times mentioned. Mr. Herbert has now pre- 
sented a paper to the Institution on the Measurement 
of Cutting Temperatures, and this was read last night 
in Manchester. It will be considered in London on 
the 19th inst. In view of this, a description of the 
apparatus employed by Mr. Herbert to measure the 
temperatures will be of interest. We accordingly 


show a general view of the instrument assembly above. 
The complete assembly, as shown in the illustration, 
can be located in any convenient position in a room or 
office, a pair of wires only being taken to any machine 
in the works. The connection to the machine are 
very simple, and can be made in a few moments. 
The cutting-tool is insulated from the holder by 
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sheet mica or other convenientY material, and the 
end of one wire is then nipped against the tool shank. 
The other wire is connected to any convenient part 
of the machine adjacent the work. In certain 
operations, as when cutting work in a vice, it may 
be more convenient to insulate the work instead of 
the tool. 

Turning now to the illustration, the source of light 
is the arc lamp A, the beam from which passes through 
the water bath B to the string galvanometer C. The 
latter is of the type invented by Professor Einthoven, 
of Leiden, and consists of a powerful electromagnet 
with a hole bored through both pole pieces to allow 
the beam of light to pass. The glass fibre, gold coated 
and 0-007 mm. in diameter, is contained in the 
brass fibre case D, inserted between the magnet 
pole pieces. In this case the fibre is stretched 
across a small mica window, and is magnified by a 
microscope objective mounted inside ore of the magnet 
pole pieces. The tension of the fibre is regulated by a 
screw E, and its position in the field by a screw F. 
The metallurgical microscope G does not perform 
any function in the recording of temperatures other 
than supporting the projection lens H. The beam of 
light, after emerging from this lens, passes through 
the plano-cylindrical lens K, which concentrates it 
into a narrow horizontal beam. This, traversing the 
bellows, falls on the graduated screen L on the fa'ling- 
plate camera O. The dark slide containing the photo- 
graphic plate is suspended inside the camera from the 
hook M, attached to the piston rod of the oil dashpot N. 
The magnified image of the fibre is focussed and adjusted 
on the screen L, which can be drawn back to expose 
a semi-cylindrical lens about 4 in. long, on the back 
of which are millimetre graduation lines. Behind this 
lens, and immediately in front of the photographic 
plate, is a narrow slit which is brightly illuminated 
except where the shadow of the fibre falls across it. 
An extension to the arm of the metronome J passes 
across and obscures the beam of light at intervals of 
one second, thus causing time lines to be superimposed 
in the photograph. 

A standard voltage of 2 millivolts is obtained from the 
dry cell P, in conjunction with the resistance S, rheo- 
stat, R, and millivolt-meter Q. This standard voltage 
is applied to the fibre, the tension of which is so adjusted 
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that its image deflects 1 cm. or 2 cm. per millivolt, 
according to the character of the record to be made. 
The fibre having been calibrated, it is connected with 
the tool work thermocouple, the slit is exposed by 
drawing back the sliding screen, and the plate is 
released. The millimetre lines on the semi-cylindrical 
lens trace graduation lines on the falling plate, the 
metronome produces time lines, and the shadow of 
the fibre traces the temperature curve, every movement 
of the fibre being recorded as an undulation in this 
curve, the amplitude of the undulations serving to 
measure the voltage and the temperature at the point 
of contact between the tool and the work. 

The temperature generated in all types of cutting 
operations can be measured with equal facility, and 
in a test carried out in our presence, in which an ordi- 
nary hand hacksaw was employed in cutting mild steel, 
the actual record was available in about a quarter of 
an hour. 





THE THEORY OF COLUMNS. 


By James J. Guest. 


As the derivation of Euler’s critical load for long 
columns necessitates the employment of the calculus, 
a number of attempts have been made to arrive at a 
proof requiring elementary mathematics only, but the 
assumptions made lead to results which vary con- 
siderably from Euler’s formula. By the following 
method, however, the writer obtains the Eulerian 
critical load. 

If a straight strut of length /, Fig. 1, pin jointed at 
the ends A and B, and sustaining an axial load P, be 


PY 
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slightly displaced from the axial line, its centre line will 
take up a position of equilibrium such as A, C, B. The 
bending moment at any point being the product of P 
and the displacement, will vary from the value Pu, 
where u is the centra! displacement CD, to zero at 
A and B, where the strut will accordingly be straight. 
If another similar column BE be placed below AB, pin 
jointed at B and E, where ABE is a straight line, by 
symmetry it will be in equilibrium when displaced to a 
position BFE, a curve the same as ACB but placed 
continuous with it at B where there will be a point of 
inflection. Thus a series of struts may be set upon 
one another in equilibrium. 

The continuous curve formed by the centre lines 
will approximate to a sine curve, and when the dis- 
placement is smal] will conform very closely to one. 

If a circle GHJ, Fig. 2, radius a and centre O, be 
taken, and a sine curve LHMN be drawn with axis 
LGOKN, by setting off OK equal to arc HJ and draw- 
ing JM parallel to OK and MK perpendicular to it to 
meet in M, the length LN between the points where 
the curve cuts the axisis ra. Near the point H, where 
the tangent to the circle is parallel to the axis, the 
circle and sine curve coincide, the length HP of the 
arc of the circle being the same as that set off to con- 
struct the sine curve. Hence the radius of curvature 
of the sine curve at H is a. 

If this radius be chosen so that wa = 1, then LN is 
the length of the strut, and by reducing the ordinates 








MK of the sine curve in the ratio u to a, the equilibrium 
shape LSUN (broken line curve) of the strut is obtained. 
A point P close to H becomes U on the strut and draw- 
ing UT parallel to ON to meet OSH in T, the radius 
of the circle having centre in HSTO and passing 
through U and S (i.e., the circle of curvature of the 
strut shape), can be found from the Euclidian proposi- 
tion ST x (2R — ST) = UT?, which, omitting ST in 
2 
comparison with 2R when UT is small, gives R = pn 
Hence, drawing PQ perpendicular to OH, since 
ST = HQ. u/a by the projection, 
PQ a a 
2.HQ u iu 
for reasons as above, neglecting 





since @ = A. 
2. HQ’ 
HQ in comparison with 2a in the limit. 

The curvature of the strut at the point H, where the 
bending moment is Pu, is also given by the equation 
Pu/l = E/R, 

so that 

Elu 
@ 
Since the equation divides throughout by wu, the 


will just maintain the strut in 


Ps = = we . Elu 
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force P = 
equilibrium in the displaced position whatever be the 
precise magnitude given to u. Thus this is the critical 
load, and any increase in this amount will cause the 
strut to collapse. 

The expressions for struts with other end arrange- 
ments, and the Gordon-Rankine formula follow in the 
usual manner. 





YEAR-BOOKS AND ANNUALS. 


Ice and Cold Storage Trades Directory, 1926.—Modern 
conditions of transport and storage of foodstuffs re- 
quire a widespread knowledge of refrigeration and to 
any country largely dependent on imported supplies 
the industry concerned with the production of ice 
and the provision of cold storage is of great import- 
ance. The Ice and Cold Storage Trades Directory is 
the only work of its kind relating to this industry. It 
is published by Messrs. Iliffe and Sons, Limited, of 
Dorset House, Tudor-street, E.C.4, at a price of 10s. 
6d. The earlier part of the volume is devoted to 
tables, data and diagrams relating to the temperatures 
needed for the storage of various classes of goods, the 
physical properties of the materials employed and the 
capacities of plants. There is a section containing in- 
formation on companiesin the industry registered since 
October, 1924. A directory is given of the concerns in 
various towns throughout the country, with one section 
arranged alphabetically and a further one in which 
classification is according to trade. 


Register of Vessels of the British Corporation, 1926.— 
The annual, publication of the registers of vessels by 
the classification societies affords useful information 
regarding ships at sea and their machinery in a handy 
tabular form. The work of the British Corporation 
for the Survey and Registry of Shipping is conducted 
under a strong committee representative of the ship- 
owners, shipbuilders, underwriters and of the various 
institutions concerned with naval architecture. Their 
register provides a list of the ships controlled by 
various registered or managing owners and an alpha- 
betical list of ships with statements of type, dimensions, 
freeboard, bulkheads, engines, &c. There are also 
lists of ships the freeboard of which has been assigned 
by the British Corporation, although not classified 
by them, and of vessels provided with refrigerating 
accommodation. 





The ‘ Practical Engineer”? Electrical Pocket Book 
and Diary.—In character and arrangement the contents 
of the 1926 edition of this excellent pocket book are 
similar to those of the previous editions and are 
therefore doubtless familiar to our readers, but the 
data given have been carefully revised where necessary. 
The march of progress year by year generally renders 
it necessary to re-write one or more sections of the 
book for each new edition, and, in the present issue, 
this has been done in the case of the section relating 
to switchgear and circuits. Mr. H. Trencham, who 
has been responsible for the section referred to, has 
done his work thoroughly, and has dealt with the 
principles of design as well as with examples of modern 
practice. There are 36 sections in all, covering every 
branch of electrical engineering work, and including 
mathematical and other tables, as well as information 
on cognate matters such as patents and first-aid. 
The book is published by Mr. Humphrey Milford, 
Oxford University Press, Falcon-square, E.C.1, and 
its price in cloth binding is 2s. 6d. net. It is also 
supplied in Pluviusine binding at the price of 3s. net. 





HEAT-INSULATOR TESTING AT THE 
PENNSYLVANIA STATE COLLEGE. 


Tue thermal testing plant of the Pennsylvania 
State College, where low-temperature tests (i.¢., at 
temperature up to about 100 deg. F.) of heat insulators 
have been conducted for fifteen years, consists of a 
generating plant and a calorimeter building. Thy 
former consists of a refrigerator supplying cooled 
brine and a motor-generator and battery for direct 
currents at 110 and 60 volts. The calorimeter buildin, 
is a brick structure of 32 ft. by 32 ft., which contains 
the calorimeter room of cork-board construction, 20 {t. 
by 20 ft. by 10 ft. This room is cooled by 550 ft. vt 
l}-in. brine coils, distributed over three walls of the 
room. Within this enclosure is the inner calorimcter 
room proper, 10 ft. by 7 ft. by 10 ft., constructed ot 
granulated cork walls with 690 ft. of brine coil. Work 
is done by four methods which are described by 
Professor KE. F. Grundhofer in Bulletin No. 33 of the 
Engineering Experiment Station of the College. 

The ordinary cubical test box used is a hollow cube 
of 5 ft. side, built up of 3-in. cork-board. Itis equipped 
with electric coils, covered up with asbestos paper to 
prevent radiation, a fan and nickel spiral-resistance 
and other thermometers. The slab to be tested is fitted 
into the one open side of the box; the temperature of 
the box is quickly raised to a few degrees above the 
equilibrium value desired, predetermined by an approxi- 
mate calculation for a given heat input, is allowed to 
drop after two hours and then raised once more; equi- 
librium means temperature equality inside and out- 
side the box (in the room). In the second method use 
is made of a similar smaller box of the pattern employed 
by the United States Post Department for such inves- 
tigations. This box of 32 in. by 32 in. by 16 in., is 
built up of walls 4 in. thick, consisting of two slabs 
of white pine and several layers of wool felting. The 
test specimens are inserted in blanks provided in the 
walls. The third cubical heater box used is of a 
different type. The box forms an inner hollow cube, 
of 14-in. side, round which a box of the material to be 
tested is fitted up. The inner cube has walls of 
asbestos board, wound with manganin wire; an outer 
casing of sheet metal distributes the heat. A wooden 
frame is then fitted over the cube and on this is built 
up an outer box of the material to be tested; two 
horizontal ledges, running round the inner cube, sub- 
divide the annular space into three compartments. 
Experiments by the fourth method are made with 
the aid of a hot plate of asbestos board, 30 in. 
square, which is wound with resistance wire and 
provided with a frame round the edges. The two faces 
of the hot plate are covered by sheets of micanite, to 
which copper plates are bolted; flat guard rings are 
also provided. In the tests, this whole system is 
arranged between two test blanks of the sample. 

The Bulletin mentioned gives particulars of tests of 
various kinds of corkboard, balsa wood, lithboard. 
fibrofelt and flaxlinum. The corkboards all had a 
density of 9, expressed in lb. weight per cubic foot ; the 
other materials had densities of from 18 or 15. Their 
thermal conductivities, as determined by the hot-plate 
method, were all of the order of 0-3 (0-25 to 0-36). 
Rubberised corkboard (density 12), also had a similar 
thermal conductivity. In the compressed cork plate. 
of density 18, the thermal conductivity rose to 0-5. 
and in ebony asbestos, of density 132, to 3-3. All 
these conductivity values are lower than those deter- 
mined by the other methods, but are considered more 
reliable. The increase in the conductivity of 3-in. 
cork-board per deg. F. of mean temperature, amounted 
to 2-17 per cent. for the Postal box, 0-503 for the 
cubical box, 0-458 for the heater box (method 3), and 
only to 0-214 for the guarded plate heater. 





THE Société p’ENCOURAGEMENT POUR L'INDUSTRIE 
NATIONALE.—On the nomination of its Comité des Arts 
Mécaniques the Société d’Encouragement pour I’Indus- 
trie Nationale has appointed Mr. L. A. Legros, M.Inst.C.F., 
a corresponding member of its council. The society has 
in all only 13 or 14 corresponding members, of whom only 
one is an Englishman, viz., Sir Robert Hadfield, nominated 
in 1906 by the Comité des Arts Chimiques, and only 
two (including Professor Elihu Thomson, nominated in 
1890) are American. The present appointment may 
therefore be welcomed as an earnest of closer co-opera- 
tion between engineers in the two countriés. 





TELEPHONE DEVELOPMENTS IN 1925,—Figures issued 
by the Telephone Development Association show that, 
during the past year, the number of telephones in use in 
this country have risen to about 1,357,500, an increase 
of 113,900 over the previous year. London was respon- 
sible for approximately one-third of the increase, the 1924 
total of 439,223 having risen to 476,500 at the end of 
1925. The figures for New York State are given for the 
purpose of comparison. On January 1, 1925, there 
were 1,883,795 telephones in that State. On September 
30, this total had risen to 1,996,902, a net increase for 
the nine months of 113,107. 
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‘‘ ENGINEERING ’? ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 


illustrated. 

Where inventions are communicated Jrom abroad, the Names, &c., 
of the communicators are given in talics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
"Srene » 20, man” Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. 

The ae af the adverti. t of the pt of a Complet 

Specification is, in each case, given after the abstract, unless the 

ealed, when the word “* Sealed” is — f 

0. 





Patent has been s p he vu 
Any person may, at any time within two months Srom t 
the advertisement 





of the acceptance of a Comp peciy . 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


240,100. The British Lighting and Ignition 
Company, Limited, Aston, Birmingham, and 
J. C. Hutton, Aston, Birmingham. Dynamo 
Electric Machines. (3 Figs.) May 16, 1924.—The 
invention has special reference to ignition magnetos 
of the type in which the armature is fixed and there is 
employed in conjunction therewith a rotary unwound 
permanent magnet or rotary unwound inductors and 
stationary magnets. 14 is the driving shaft of the 
magneto supported in bearings 7. Upon the shaft, 
and located between the bearings 7, there is mounted 
a sleeve 11 capable of rotating and carrying a hub 16 
driven directly from the driving shaft by the pin 17. 
The pin passes through an elongated slot in the 











11 (240100) 2 a 


sleeve 11. The hub 16 carries weights 18 acting 
centrifugally, which are connected through links or 
cams to the sleeve 11 in such manner that on the 
occurrence of a variation in the speed of the rotor, 
angular movement takes place between the sleeve 11 
and the fixed hub 16. On the sleeve 11 there are 
mounted the magnet or inductor 2, the gear drive 5 
to the high-tension distributor 4, and the contact 
breaker or cam 6. By the angular movement of the 
sleeve 11, the timing of the spark is adjusted with 
regard to the position of the engine shaft, and the 
opening ‘of the contact points takes place at the same 
position of the rotor with regard to the stator, thereby 
ensuring the maximum efficiency of the magneto at 
all timing positions. (Accepted October 30, 1925.) 


{GAS ENGINES, PRODUCERS, HOLDERS, &c. 


240,209. A. G. Mumford, Limited, Colchester, 
and A. W. Boothroyd, Lexden. Internal Combus- 
tionEngines. (4 Figs.) June 11, 1924.—Theinvention 
relates to pressure-feed pumps of the type in which a 
spring is interposed between the means employed to 
Operate the pump and the plunger of the pump so that 
as the pressure increases the volume of liquid delivered 
automatically decreases in proportion thereto. Ac- 
cording to the invention, a trunk piston 1, which is 
operated from a crank-shaft 13 in the usual manner, is 
provided with an elongation 2 in which is screwed a 





thimble 3, which forms an adjustable extension. Within 
the extension 3 is a coiled spring 8 which operates be- 
tween the extension, and therefore the trunk piston, and 
the plunger 5 of the fuel pump 6. The elongation of the 
trunk piston is connected with the plunger 5 of the fuel 
94 6 by a yoke 7, which will permit both of access 

ing obtained to the thimble 3 and its adj usting 
mechanism, and of the compression of the spring 8 being 
observed, whereby it can be readily ascertained whether 
the pump is doing its work, and in case of a multi- 
cylinder pump whether the lost motion of the stroke 
is the same for each pump.—(Sealed.) 





MINING, METALLURGY AND METAL 
WORKING. 


239,060. International Combustion, Limited, 
London, and F. H. Rosencrants, London. Coal 
Pulverising Plants. (1 Fig.) September 26, 1924.— 
The invention has reference to coal pulverising plants 
wherein the separation of fine coal is effected by a current 
of air which passes through the mill and carries the 
fine coal in suspension. According to the invention, 
there is combined with a coal pulverising plant of the 
kind referred to, a coal drier and means whereby a 
circulation of air is effected through the pulverising 
plant system and the drier. 1 indicates the pulverising 
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mill, 2 the exhauster fan, and 3 the cyclone separator. 
4 indicates the air heater and 6 indicates a coal drier. 
The fan 2 draws air through the heater 4 and thence 
by a conduit 7 through the coal in the mill. The air 
conduit 7 connects the heater 4 to an air conduit 8, lead- 
ing from the cyclone separator 3 to the mill 1. 9 indi- 
cates the air suction conduit connecting the mill 1 and 
the fan 2, and 10 indicates the air conduit from the 
fan 2 to the separator 3. Air for use in the drier 6 
passes thereto through an air conduit 11 which branches 
off from the air conduit 8 and the air is drawn through 
the drier by a fan 12. (Sealed.) 


MOTOR ROAD VESICLES. 


239,932. S. E. Alley, Westminster, London. 
Self-propelled Vehicl (4 Figs.) June 18, 1924.— 
The invention relates to self-propelled vehicles and is 
particularly applicable to chain-driven railway loco- 
motives and tractor units for railway coaches, but it 
is also of utility in connection with four-wheeled road 
vehicles. According to the invention, there is pro- 
vided a steam-propelled vehicle having two or more 
running-wheel axles 13, and having its chassis and 
certain other component parts of the vehicle arranged 
as follows, namely, a steam engine unit 20 being mounted 
on, the vehicle chassis 16 at a situation which viewed 








in plan is between the running-wheel axles 13 and also 


having the cylinder or cylinders in the unit vertical 


or substantially out of the horizontal, and the crank- 
shaft at the lower end of the unit and arranged to drive 
the vehicle directly, i.e., without the inte ition of a 
countershaft, through the intermediary of chains 23, 
25. The chassis 16 overhangs a running-wheel axle 
of the vehicle (for example the front axle), and supports 
there a steam boiler 17 in such a position that its bottom 
fittings are pnt and freely accessible and can be 
detached and lowered beyond the running-wheel axle. 
The chassis is weighted at the other end, above or 





beyond the other running-wheel axle, by a water tank 
27, fuel reservoir, front end of a following coach or other 
means. (Sealed.) 


PUMPS. 


239,269. W. F. Jennings, London, and H. J. 
West and Co., Limited, London. Compression 
Pumps. (2 Figs.) May 31, 1924.—The invention re- 
lates to a suction valve for compressor or compression 
pump used for refrigerating machines. A suction valve, 
according to this invention, comprises a valve seat f 
housed within a cavity b provided in the head of the 
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piston c and secured therein by alimit pind. The pin d 
is provided with a transverse bore or housing o within 
which is fitted a spring worked plunger p the outer end 
of which carries a pawl or detent which engages with a 
circular ratchet n in the valve seat in order to lock the 
limit pin in the desired position, the ring valve a being 
situated between the valve seat and the head of the 
limit pin. (Accepted September 16, 1925.) 


RAILWAYS AND TRAMWAYS. 


240,102. R. and W. Hawthorn, Leslie and Co., 
Limited, Newcastle-on-Tyne, and W. C. Watson, 
Newcastle-on-Tyne. Draw and Buffer Gear. (3 
Figs.) June 8, 1925.—The invention relates to draw and 
buffer gear for locomotives and railway rolling stock. 
According to the invention; the draw hook, link or other 
coupling member ais carried by a guide d connected to the 
vehicle, the coupling member a being free to move in the 
guide transversely on the vehicle so that it may adjust its 
position for the curves of the railway track. The guide 


Fig2. 








(240,102) 








d has a curved track or path d? for the coupling member 
a, and is advantageously constructed so as to serve also as 
a buffer. In its preferred form the coupling member ¢ 
has rolling contact with the guide and carries for this 
purpose anti-friction elements, such as rollers c moving on 
a track g on the guide member. The guide member d 
may be rigidly connected with the vehicle or a resilient 
connection may be provided as by the provision of 
springs or rubber pads so that a resilient traction and 
buffing action is afforded. (Sealed.) 


SHIPS AND NAUTICAL APPLIANCES. 


240,042. The B. R. Vickers (Leeds) Engineering 
Company, Limited, Leeds, W. F. Vickers, Leeds, 
and W. Forwell, Leeds. Glands or Stuffing Boxes. 
(3 Figs.) December 23, 1924.—The invention relates 
to glands or stuffing boxes for rotary shafts, such as 
the stern tube glands of ships’ propeller shafts. The 
gland comprises a bush a and rings 6, ¢ and d, which 
may be solid or divided into sections. The bush and 
rings are secured to the after end of the stern tube e 
by bolts f. The outer ring d carries flexible washers g 
which bear on the propeller shaft &, and are held against 
the ring d by a retaining ring h. w is the usual 
bushing around the propeller shaft k, In the annular 
space within the gland around the propeller shaft 
bounded by the rings 6, c and d, a ring m, which may 
be solid or in sections, is mounted. The ring m is a 
tight fit on the shaft &, and is keyed thereto so as to 
revolve with the shaft, the key p sliding in a groove ¢ 
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inthe shaft. The ring m is provided with a valve face r 
co-acting with a corresponding seating s on the ring 6 
next to the bush a. The ring m is provided with grooves, 
filled with anti-friction packing. Where the outside 
pressure is greater than the pressure within the bearing, 


Figs Fig.2 
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the pressure of any liquid leaking from the exterior 
past the washers g acts on the valve ring m and retains 
the valve face r in tigit contact with the seating 
s, thus preventing P we of liquid past the ring m 
into the bearing. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


239,668. Hartley and Sugden, Limited, Halifax, 
and W. St. J. Findlay, Halifax. Steam Generator. 
(6 Figs.) August 2, 1924.—The invention relates to 
steam! generators of the type in which one or more 
banks of inclined water tubes are employed, ter- 
minating in front and rear headers connected with 
steam and water drums, and is particularly applicable 
to that type of steam generator in which an upper 
and a lower bank of inclined tubes are connected at the 
upper or front end with one header that is arranged 
in communication with a steam and water drum and 
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:at the lower or rear end with two headers, both of 
which are arranged in communication with a steam 
and water drum. According to the invention, an upper 
or main bank of inclined water tubes B containing 
‘fire tubes 6° which pass concentrically through the 
water tubes and through the front and rear headers 
A, }, is combined with a lower inclined bank of tubes C, 
between which the gases are first caused to pass before 
they pass between the water tubes in the upper or 
main bank B and through the fire tubes b* therein. 
(Accepted September 23, 1925.) 7 


239,359. Cockburns, Limited, Cardonald, near 
Glasgow, and E. MacNicoll, Cardonald, near 
Glasgow. Stop Valves. (1 Fig.) September 8, 
1924.—The invention relates to stop valves of the balanced 
type comprising two faces past one of which working 
steam normally flows, and past the other of which 
leakage steam only flows, the valve proper being formed 
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as an integral shell or dome having two valve faces, one 
at the base or edge of the dome and one at the roof of 
the dome, and telescopically related to an integral 
seating member. The valve proper 1 is formed as an 
‘integral member having two valve faces 2, 3 and the 


seating member 4, which is also in one piece, is formed 
with two seating faces. The valve proper 1 and the 
~seating member 4 are arranged in « telescopic relation. 





The valve proper 1 is formed as a shell closed at one end 
and having at its open end the valve face 2 which engages 
with a seating face surrounding the base of a salient 
portion 5 of the seating member 4. The portion 5 pre- 
sents a solid end face, the cavity in the shell being 
entered by the portion 5 of the seating member. The 
roof of the cavity in the shell is formed with the valve 
face 3 of rather less area than the face 2. This engages 
with a seating face at the end of the portion 5 of the 
seating member 4, The space 6 between the solid end 
face of the portion 5 of the seating member 4 and the 
closed end of the shell constituting the valve proper 1, 
is in communication with the space outside the valve by 
way of passages 7 bored or formed in the said closed end. 
( Sealed.) 


238,975. L. 0 as Roundhay, Leeds. Steam 
Boilers. (4 Figs.) une 6, 1924.—The invention 
relates to boilers of the return-tube type wherein a 
central] vertical fire-box is enclosed by the depending 
shell of a superposed horizontal boiler casing so as to 
leave a water space between the two, and in which a 
combustion chamber is situated at each end of the hori- 
zontal boiler casing. The return-tube boiler, according 
to the invention, is provided with an uptake 5 of rect- 
angular form in plan extending from the crown of the 
firebox 4, through the horizontal boiler casing 1, across 
the full width thereof, so as to divide the latter into two 





Fig. 1. 





compartments, the uptake being divided between its 
leading smoke tubes 7 and its return smoke tubes 8, 
so that the lower portion of the divided uptake constitutes 
an upward extension of the firebox, and the upper portion 
of the uptake constitutes a smoke-box. The vertical fire- 
box 4 is corrugated, and of cylindrical form of a diameter 
equal to that of the superposed horizontal boiler casing. 
Steam is collected from the upper parts of the two 
compartments of the horizontal boiler casing by pipes, 
and is delivered from the boiler by way of sinuous pipe 
superheaters 19 located in the end combustion chambers 2, 
of the horizontal boiler casing. (Sealed.) 


239,620. R. A. Hopkinson, Huddersfield, G. H. 
Wright, Huddersfield, and J. Hopkinson and Co., 
Limited, Huddersfield. Water Gauge Glasses. 
(2 Figs.) June 18, 1924.—The invention has for its 
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object to provide improved packing arrangements for 
water gauge glasses. A sing 6 having a stepped peri- 
pheral edge and a part cylindrical and part conical 
internal surface, is provided to form a stuffing box into 





which a packing cone 2 is placed. The stuffing box 





seats upon the end of the usual externally threaded 
gland 6 and also projects into the latter. A gland 
nut c, which screws on to the gland, holds the stuffing 
box in position, and a hollow adjusting screw d, which 
threads through a tapped aperture in the gland nut, 
applies pressure to the cone # through a packing or 
protector washer e. The gauge glass f passes through 
the adjusting screw d, packing cone and stuffing box a 
and is effectively packed by the cone which bears evenly 
around the same due to the taper of the stuffing box. A 
washer g is interposed between the external step on the 
stuffing box a and the end of the gland 6 to make a 
fluid tight joint. (Sealed.) 


MISCELLANEOUS. 


236,664. W. H. Read, Kilburn, London, and R. 
Clement, Lee, London. Bakers’ Ovens. (3 Jigs.) 
April 11, 1924.—The invention relates to the construc. 
tion of ash pits and air admission openings or flues for 
delivering air for combustion to the furnaces of bakers’ 
ovens. The ash pit 1 arranged beneath the furnace 2 
has one wall partially formed by a plate 3 having a 
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number of apertures or slots 4 therein, the apertures or 
slots extending substantially the entire length of the 
wall. A correspondingly apertured or slotted shutter 
or cover plate 5 is mounted upon the plate 3, and 
apertures or slots 6 arranged therein may be brought 
into register with the apertures or slots 4, or the plate 5 
may be moved to close, entirely or partly, the apertures 4. 
(Sealed.) 


239,316. M. C. Ritchie, Limited, London, and 
T. Royce, Leicester. Cardboard Box Making 
Machines. (3 Figs.) July 2, 1924.—The invention 


relates to brakes designed for use in connection with 
corner-staying, ending-on and other cardboard box- 
making machines. In carrying the invention into 
effect, in its application to a machine for affixing 
corner stays to cardboard boxes in which the main 
shaft is a - 0 to be coupled to a source of power 
by means of a clutch which is thrown into or out of 
operation by a pedal-operated member associated 
with a catchplate provided in conjunction with the 
clutch, and in which the shaft is required to be braked 
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at the moment when the clutch is thrown out of operation 
for the purpose of: discharging a finished box, the brake a 
is formed as a helical spring adapted to embrace the 
driving shaft b, or preferably a brake drum c on the 
shaft. The spring is made of increasing section (as 
shown) from the freeend a! to the tangentially projecting 
arm or portion of spring a? which is anchored to the 
machine frame, and the spring is also coned or tapered 
internally to correspond with an external cone or taper 
of the brake drum, while the projecting arm or spring 
portion g@@ is furnished with a slotted aperture d so 
that the device may be adjusted axially in relation to 
the drum for the purpose of taking up wear. (Sealed.) 








A New ALUMINIUM SotpER.—Of British invention and 
manufacture, a new aluminium solder was recently 
placed on the market under the trade name of “ Zippo.” 
It is stated that the material is strong mechanically, and 
that it is unaffected by atmospheric conditions. The 
solder is made in hard and medium grades for different 
classes of work, and is supplied in sticks of suitable size. 
A breaking strain of 6-35 tons per square inch is claimed 
for the hard variety, and of 3-79 tons per square inch 
for the medium variety. The electric conductivity of 
the material is stated to be equal to that of silver, and its 
heat conductivity to be equal to that of copper. It 
contains no bismuth, and the melting point of the medium 
grade is given as 280 deg. C. It is stated that strong, 
durable joints can be made, by means of the solder, 
between pieces of aluminium, or between aluminium and 


The selling arrangements for the new solder are in the 





hands of Messrs. ineering Tools, Limited .11B Upper 
Thames-street, London, E.C.4. 


copper, zinc, tin, brass, and other non-ferrous materials . 
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THE ELEMENTARY HYDRAULIC 
PHENOMENA OF MOVABLE WEIRS. 
By A. G. M. MicHett. 


In the theory of hydrodynamics there are a few 
well-known quantitative results which can be 
demonstrated directly from. the principle of the 
conservation of energy or of momentum and without 
resort to the mathematical analysis appropriate to 
the discussion of the motion of a continuous fluid. 
Examples are Torricelli’s theorem, and the theories 
of Borda’s mouthpiece and of standing waves. 
Such theories are necessarily incomplete, giving 
only some summarised statement of the phenomenon, 
without enabling us to trace all its details. Never- 
theless, by their very simplicity they have a special 
interest, and they frequently assist us to predict 
approximate results in more complicated cases 
which may be beyond the reach of complete analy- 
tical treatment. 

In the operations of raising and lowering (or remov- 
ing) a movable weir very complex hydraulic effects 
are, of course, produced. If, however, we conceive of 
the raising or lowering of the weir as being instanta- 
neous, the phenomenon in each case becomes of a 
type which, in its broad features, can be very simply 





or from equation (1), 


1 h 
dp hy2 — ho2) = m2 . 1+ — 0 ’ 
5 7th 0°) hg "0 ( iy =) 





or writing h for h, — hy, 
EO (hg + hee) = 2 (h + 2 hy) = AS + 2 A? hg 


ie WE 2hhgp—2h. Who_ 2 wehob_g | (a) 
g g 

this cubic equation giving the height h, of the 
wave above the original water level, in terms of the 
original depth, Ao, and velocity, ry, of the stream. 

Taking a numerical example, if the depth hy 
is 10 ft., and the velocity ry 5 ft. per second, the 
height h of the wave is found from equation (2) 
to be 3 ft., very nearly. Also, from equation (1) 
the velocity V with which the wave moves up-stream 


ise = oN approximately 17 ft. per second. 


A close analogy will be recognised between this 
progressive wave, moving up stream with uniform 
height and velocity, and the classic “‘ standing wave ” 
which maintains itself stationary in a channel. 

In the assumed case of a uniform river-channel 
extending upstream for an infinite distance from the 
site of the weir, the wave would continue to travel 
indefinitely and the pressure effects calculated 
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described, and can be quantitatively discussed 
by considerations of momentum similar to those 
which apply to a standing wave in a canal. 

Consider first the sudden raising of a weir across 
a stream, which we will assume to be straight and 
of uniform section and velocity. What will be 
the effect of suddenly raising the weir upon the 
water levels upstream ? 

The weir is assumed to be of sufficient height to 
stop the stream entirely and to prevent overflow, 
at least temporarily. In Fig. 1, the surface of the 
stream before the raising of the weir is represented 
by the full line A B, the depth of the stream (h,) 
and its velocity (79) being uniform between A and B. 
The effect of suddenly raising a weir at W between 
A and B is that the depth of water at W instanta- 
neously increases to h,, and from that instant 
onwards a wave moves up stream with a velocity 
V given by the equation 


Viky—ho)=mho . .  . (1) 


Between the front of the wave and the weir the 
water is of uniform depth, h,, as shown by the 
dotted line in Fig. 1, and this water is at rest, while 
upstream from the front of the wave the original 
depth of the stream, hy, and its velocity, 7, remain 
unaltered. 

_The correctness of equation (1) is easily seen, 
since the volume of water which flows in unit time 
across a section of the stream at A, viz., v hy w 
(w being the width of the stream), must be equal 
to the volume that is added to the wave, viz., 
V (hk, — how. The height, h,, is determined by 
the consideration that the total momentum com- 
municated in unit time to the portion of the stream 
from A to W by the fluid flowing across the section A, 
and by the pressures on the sections A and W, 
must be equal to the momentum lost through a 
volume Vh, w of the stream, moving at velocity "o> 
coming to rest in each unit of time. 

In symbols, omitting the common factor w, 


x Ohi — 1 g htm woe ho + V ho, 











would be permanent. Actual rivers are, however, 
of limited length, and usually diminish in depth 
and increase in velocity as one proceeds upstream, 
whether the stream is single, or, as is more usual, is 
formed by the confluence of a number of shallower 
and swifter streams. In either case, the condition 
necessary for the formation of a standing wave 
or a series of standing waves corresponding in bulk 
to that which has travelled upstream from the weir, 
in all probability exist, either on the main stream 
or on its tributaries. In such a case, the upward 
running wave will change into a wave stationary 
in space. When this occurs, the flow of the stream 
is no longer absorbed in feeding the travelling wave, 
and the depth of water in the stream, which was 
constant and equal to h, between the latter and 
the weir, then increases until ultimately overflow 
takes place at the weir at the same rate as the 
stream is supplied at its source or sources. 

The sequence of effects below the weir is of a 
nature generally similar to that above it. These 
effects are, however, of less practical interest, since 
the water level is lowered, not raised, by the raising 
of the weir. 

Phenomena of a quite different type result from 
the sudden lowering of a weir. For simplicity we 
will take the case in which the weir impounds still 
water in a channel of uniform width and depth. 
The more general case in which the water is flowing 
with uniform velocity in the channel and passing 
over, or through, a bye-wash past the weir is a 
little more complicated. 

In the assumed case of a channel A B (of indefi- 
nite length in the direction of A) in which the water 
is initially retained by a weir at W, as shown by 
the dotted line in Fig. 2, at a uniform depth hy in 
the portion A W, the portion W B being empty, 
it is obvious that, if the weir is suddenly abolished, 
the water will immediately commence to flow from 
A towards B. The depth of the water Z, and its 
velocity u will thereafter vary from point to point 
and from time to time. 


long relatively to its depth) we may assume that the 
velocity is uniform from top to bottom of each 
section, and that every particle moves in a direction 
parallel to A B, its momentum in a vertical direc- 
tion being neglected. 

If x is the horizontal distance of any section from 
the weir W, distances from W towards B being 
positive and from W towards A negative, the depth 
of water at a time ¢ after the removal of the weir 
is given by 


1 —— 2#/\2, 
#= 95 (2 Va h0— §) 

The surface is, therefore, a parabola, shown by 
the full line in Fig. 2, with a vertical axis, having 
its vertex on the bottom of the canal at a distance 
x = 2,/gh, t on the downstream side of the weir 
site. This is the position of the front of the outflow 
which advances downstream with velocity 2,/9 hp. 
At the weir itself (v= ©) the water immediately 
assumes and retains a constant depth 


+ 
a ae ho 
Upstream the parabolic surface intersects the 
original water surface, z = hy, at a distance 
«= — ,/gh..t from the weir. At distances greater 


than this, the original level surface remains undis- 
turbed, the crest of the parabolic slope advancing 
upstream with velocity — ,/ g ho. 

At time ¢ after release, a volume of water 
Q= 5 . gt ho! wt has flowed down stream past the 





site of the weir, an equal volume being represented 
by the fall of the parabolic surface above the weir 
relatively to the original water-level. 

The velocity at any point x, and time f, is 

zx 
w= . (Joh + 3): 

That the motion above described satisfies the 
equation of momentum is easily verified by showing 
that the momentum of the whole volume of water 
which is in motion at any time ¢, is that which would 
be communicated to it by the hydrostatic pressures 
acting upon it. The momentum in question is: 
2/gho.t 

zu.d@ 
— Vgho-t 

Thus, inserting the values of z and in terms of 

« and ¢. 





M= 


2) 
{499-4 Joke 2+5} ‘ 


1 [ /gho.t 
t 


mee 


—Vgho.t 
2 aaa 
3(Vome+7) -de 
2 2 /gho.t 3 $ 22 23) 
= 4(g4o)? —3(gho)?.— 5 — § .dax 
#,[ pate 12 af 
2 = 2 /gho.t 


2 3 $2 x 
=e - fo SS 
aty| senha BL am 
2g 27 ask 
-5°7" ho? t 3 g ho? t, 
this being the momentum communicated to the 
water in time ¢, by the total hydrostatic pressure 
on unit width of the stream of depth ho. 
Considerations of momentum also explain what 
may be thought to be the paradoxical result that the 
water at the front of the advancing wave moves 
with a velocity 2 /yho, i.e. J/2 times greater than 
the Torricellian velocity corresponding to the depth 
of the stream—a result which recalls the destructive 
effects of the flood wave resulting from the burst- 
ing of a reservoir wall. 








LauncH or THE M.S. ‘ Asrorra.’”—The Astoria, a 
motorship built to the order of the Orient Steamship 
Company, Copenhagen, was launched recently at the 
Nakskov shipyard. The vessel has a length, between 
perpendiculars, of 380 ft., a breadth moulded of 53 ft. 
3 in., a depth to main deck of 28 ft., and a deadweight- 
carrying capacity of 8,150 tons on a draught of 25 ft. 
The ship has a double bottom, and is built to the highest 
class of Lloyd’s Register, with shelterdeck, forecastle, 
and houses amidships. There are five hatches, which are 
served by eight 3-ton, two 5-ton, and one 15-ton derricks. 
An electric windlass, 10 electric winches and electric 
steering gear are also provided. The propelling machi- 
nery consists of two Burmeister and Wain Diesel engines, 
developing 2,800 i.h.p., capable of giving the vessel a 
speed of about 11 knots when fully loaded. It is anti- 


cipated that the Astoria will be ready for delivery by 
the end of March. 





As a first approximation (the canal being very 
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27,500-KW. TURBO-GENERATOR AT BARTON POWER STATION. 


CONSTRUCTED BY THE METROPOLITAN-VICKERS ELECTRICAL COMPANY, LIMITED, ENGINEERS, MANCHESTER. 


Fig. 18. 
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the main generators. 


Feeder panels on these 
boards supply the whole of the auxiliary motors 


in the station. There is also a 240-volt continuous- 
current board shown on the top left-hand side 
of Fig. 21 controlling the batteries, the motor- 
generators, the lighting circuits, the emergency 
excitation, and also supplying the crane motors. 
Two overhead travelling cranes by Messrs. Babcock 
and Wilcox, Limited, are provided in the turbine 
room, one having a main lift of 75 tons and an 
auxiliary lift of 10 tons; the other crane has a 
lifting capacity of 15 tons. These cranes are 
mainly used for overhaul work, for which very 
accurate control of movement is necessary, and 
it is for this reason that they are operated by 
continuous-current motors. 


Tay anton— x Dampers Normally Closed 






































Before describing the turbo-generators in detail 
a few notes may well be given on the instrument 
equipment of the turbine room. A gauge board, 
one of which is shown in the foreground of Fig. 21, 
is provided for each set, gauges mounted on it 
giving the steam pressure at the stop valve, after 
the first, second and third governor valves, and 
after the first expansion stage in the turbine. Other 
gauges indicate the pressure of the lubricating oil 
and of the oil for the relays, while on the back of 
the board is mounted a kenetometer giving the 
vacuum at different points in the turbine 
exhaust. A Dionic water tester, which indicates 
the quality of the feed water from the point of 
view of corrosion, by measuring its electrical 


| conductivity, is also mounted on the back of the 
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gauge board, while a recorder in connection with 
this instrument is provided in the control room. 
Distant-reading thermometers are mounted on 
the auxiliary switchboard for taking temperatures 
at 24 points in the turbines and condensers, while 
recording thermometers on the same board give 
continuous records of steam temperature, exhaust 
temperature and. inlet and. outlet temperatures 
of the circulating water. The three last-mentioned 
records, of. course, afford a convenient means -of 
checking the condition of the condensers. A 
record of feed temperature is also kept. As shown 
in Fig. 21, there are two main stop valves to each 
set, and adjacent them is. a Chadburn telegraph 
operated from the control room. Venturi meters 
for recording and integrating the quantity of 
feed water delivered to the boilers are also provided 
in the turbine room, the instruments being visible 
in Fig. 21 below the gallery leading to the control 
room. 

A longitudinal section of one of the main turbines 
is given in Fig. 17 on page 190, from which it will 
be seen that it is of the impulse type with Baumann’s 
multiple exhaust. The normal operating conditions 
assumed in the design are a supply of steam at a 
gauge pressure of 350 lb. per square inch, super- 
heated to a total temperature of 700 deg. F., and a 
vacuum of 29-1 in. of mercury. A velocity com- 
pounded wheel with two rows of blades is followed 
by 11 Rateau stages and one multi-exhaust stage 
comprising two diaphragms and two wheels. The 
mean diameter of the blading is 84 in. and the tip 
velocity of the last row of blades is 706 ft. per second. 
The leaving area of the last stage is 66 sq. ft. and the 
effective exhaust area 128 sq. ft. The high-pressure 
end of the turbine cylinder is a steel casting and the 
diaphragms are also of steel. The steam chest 
contains three automatic governor valves, and these 
are connected to pipe-type nozzle boxes. Steam for 
all loads up to half-full load is controlled by the 





first governor valve, while the second passes steam 
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for loads between half and full load, and the third 
for loads from full load to 25 per cent. overload. A 
bleeder heater, shown in section in Fig. 17, and made 
integral with the turbine casing, is provided, steam 
for this being taken after the eighth Rateau stage 
when the pressure, at full load, is equal to about 
74 in. of mercury. After passing through this 
heater, the feed is further heated by the exhaust 
steam from the house-service sets above referred to. 
Any residual end thrust is taken on a Michell 
bearing, shown on the left of Fig. 17, and between 
this and the main bearing is a worm gear driving 
a gear-type pump supplying oil to the main bear- 
ings. The oil tanks are located under the pedestals 
and the oil is circulated through tubular coolers on 
the basement floor supplied with cooling water from 
the condenser circulating system. The oil from the 
main sets and house service sets is constantly 
being passed through a Fox’s patent filter. 

The generator, which is driven by the turbine 
through the flexible coupling shown on the right 
of Fig. 17, was designed for a normal output 
of 25,000 kw. at a power factor of 0-8, which is 
equivalent to 31,250 kv.-a., with an overload 
capacity of 25 per cent. (equal to 39,000 kv. a.) 
for a period of two hours. Three-phase current is 
generated at 6,600 volts and a frequency of 50 cycles, 
the machines running at 1,500 r.p.m. The section 
through one of the generators given in Fig. 18 on 
page 191, shows its construction very clearly. The 
stator frame is of the standard box-girder type, cast 
in two parts, machined and bolted together. Air 
passages are formed in the frame for the ventilation 
system, which will be referred to later. The 
laminations are clamped between heavy end plates 
bolted to the frame as shown in Fig. 18, and are 
secured to the frame by dove-tails cut in the solid 
metal. Radial and axial air ducts are provided in 
the core for ventilation purposes, as shown. The 
winding is of the concentric type, made up of 
separate slot conductors and end connectors, the 
latter consisting of solid-copper straps. It is 
therefore possible to replace one of the slot conductors 
or end connectors without disturbing the remainder 
of the winding. There are 72 slots in the stator 
with one conductor in each, 24 effective conductors 
being connected in series for each phase. In order 
to prevent eddy currents, however, each slot con- 
ductor is divided into four groups, a separate end 
connector being provided for each group. The 
parallel straps into which the slot conductors are 
divided are transposed in the slots on asystem 
patented by the Metropolitan-Vickers Company, 
and further transpositions are made on the end 
connections, the object being to eliminate 1-sses due 
to slot leakage and also due to the effect of the main 
field. To prevent movement of the straight parts 
of the conductors projecting beyond the ends of the 
slots, they are blocked together into a solid ring by 
segments of insulating material in which openings 
are formed for each conductor. As a result of this 
construction, we understand, no deformation of the 
windings results from a short circuit applied directly 
on the generator terminals. 

The rotor, also shown in Fig. 18, consists of a 
homogeneous forging of nickel steel through the 
axis of which a hole was bored to enable the interior 
to be examined. Slots were cut for the field wind- 
ings, which are held in position by bronze wedges 
fitted into the sides of the slots. The windings are 
formed of copper strap bent on edge to form the 
coils, the ends of which are spaced and supported 
by steel rings. As shown in Fig. 18, the inner edges 
of the latter rest on the rotor body and the outer 
edges are carried ty discs mounted on the shaft. 
Ventilation is secured by sub-slots under the 
windings and by circumferential slots cut in the 
rotor body. An exciter of the radial-commutator 
type is mounted on the end of the rotor shaft as 
shown on the right of Fig. 18, the brush gear being 
easily accessible, so that any of the brushes can be 
adjusted or replaced while the machine is running. 
‘The exciter has been specially designed so that it is 
stable over the whole range of voltage required by 
the generator, and complete control of the generator 
voltage is thus obtained by the operation of the 
exciter field rheostat. In an emergency, excitation 
current can be obtained from the continuous-current 
board as previously mentioned. 





The general arrangement of the cooling system for 
the generators is illustrated in Figs. 19 and 20, and, 
as will be understood from these figures, the closed- 
circuit system has been adopted. An air cooler 
formed of finned tubes, through which water from 
the circulating system is pumped, is located in the 
foundations of the generator and connected to the 
generator end covers by an outer duct for cooled 
air formed in the concrete and an inner duct, 
constructed of steel plate, for the heated air. The 
air is circulated by two fans at each end of the 
rotor shaft, cool air being drawn up by these fans 
through the generator end covers and delivered 
over the ends of the stator windings into the 
longitudinal and radial slots in the stator lami- 
nations. The heated air leaving these slots is 
collected in an annular passage in the stator frame, 
which is connected to the main duct in the founda- 
tions, and after passing through the cooler is returned 
through the outer duct to the generator end covers, 
being continuously circulated in this way. The 
cooling of the rotor depends upon the centrifugal 
action on the air in the circumferential slots. Cool 
air is drawn in through the eyes of the fans and the 
longitudinal slots in the rotor to replace that 
expelled by centrifugal force from the circum- 
ferential slots, the air from the latter passing through 
the radial slots in the stator laminations into the 
annular passage in the stator frame. As will be 





of sluice valves, it was possible to direct the water 
into a buffer tank while one tank of water was 
being weighed and emptied. From the.-total water 
weighed in this way, the net steam consumption 
was obtained by making certain deductions. The 
sealing of the turbine glands was supplied from 
an independent source and had therefore to be 
deducted from the total condensate weighed, 
The quantity of gland water used was measured by 
cutting off the supply to the gland tank and noting 
the fall in level in a measured interval of time. The 
steam used by the ejectors, after being condensed 
in the heaters, is returned to the condenser and 
thus appears in the consumption of the turbine. 
This had therefore also to be deducted, the quantity 
being calculated from the pressures and tem- 
peratures taken in front of the ejector nozzles, 


The formula Q = A x 1108-6 (5)? was used for the 


calculation, where Q is the quantity of steam in 
pounds per hour, A the area of the nozzles in square 
inches, P the absolute pressure in pounds per square 
inch, and V the specific volume in cubic feet per 
pound corresponding to the pressure and temperature 
of the steam before entering the nozzle. 

Steam pressure at the turbine stop valve was 
measured on the gauge supplied with the machine, 
but all gauges used were previously calibrated by 
means of a Crosby deadweight tester. For the 


Barton Power Station. Orricrat Tests oF No. 1 TuRBOo-GENERATOR SET. 








Designation. Units. | Test 1. | Test 2. | Test 3. | Test 4. 
1 
Date of test F 6.8.25 6.8.25 7.8.25 7.8.25 
Duration of test .. mins. ne 120 240 180 240 
Nominalload .. fe — 6/4 4/4 2/4 3/4 
Total condensate measured m= <% .-| 660,323 |1,055,675 438,954 836,098 
Gland water “ 4 | es ies 1,640 3,458 4,135 3,936 
Ejector steam... lb. 8,140 16,436 12,315 16,408 
Condenser leakage Ib. 0 0 0 
Net condensate .. aa Ib. 650,543 /1,035,781 422,504 815,754 
Net average units generated kw.-hrs 63,879 101,845 40,226 79,930 
Net average load ss cw. 31,940 25,461 13,409 19,982 
Average power factor — 0-810 0-801 0-801 0-809 
Consumption as run ia Ib. per kw.-hr. 10-184 10-170 10-503 10-206 
Stop-valve pressure (test) Ib. per sq. in. 350-0 353-9 359°5 355-5 
vA (normal) .. a 350-0 350-0 350-0 350-0 
No. 1 Governor-valve pressure. . 343-5 350-9 354-9 353-8 
No.2. ,, ie es AS 342-3 347°5 — 355°5 
No. 3. *” 7 344-6 _ _— _ 
1st stage pressure os ‘ie oe 147°5 111-7 51-4 83-3 
Stop-valve temperature (test) deg. Fahr. ..| 662-2 655-3 655-7 654-8 
- - (normal) ig 700-0 700-0 700-0 700-0 
aa superheat (test).. 226-0 218-1 216-8 217-0 
a <s (normal) ss 264-0 264-0 264-0 264-0 
Vacuum at exhaust (test) ins. of Mer- 28-549 28-671 28-914 28-780 
cury (Baro- 
meter 30 in.) 
cs os (normal) .. $s 29-1 29-1 29-1 29-1 
Heater outlet temperature (test) deg. Fahr. ..| 160-5 152-0 129-8 139-2 
9 » - (normal) .. oe ae * --| 159-0 152-0 127-0 142-0 
Test results corrected to normal conditions .. Ib. per kw.-hr. 9-669 9-567 10-019 9-626 




















seen from Figs. 19 and 20, provision is made for the 
employment of open ventilation in emergency, 
dampers in the top of the stator casing then being 
opened to the atmosphere and others in the bottom 
of the casirz; leading to the inner warm-air duct, 
being closed. The air from the basement then 
enters the system through damper doors in the 
end of the concrete foundation, which are normally 
closed, and is discharged into the turbine room 
through the opening in the top of the stator casing. 

The results obtained in the official tests of No. 1 
turbo-generator set, 7.e., the one in the background 
of Fig. 21, are given in the accompanying table. 
In accordance with the specification, the guaranteed 
steam consumptions were to be obtained with a 
pressure at the turbine stop valve of 350 lb. per 
sq. in., a total temperature of 700 deg. F. (i.e., 
264 deg. F. superheat), and with the feed water 
raised by bleeding to 159 deg., 152 deg., 142 deg. 
and 127 deg. F., for 25 per cent. overload, full 
load, three-quarters full load and half full load, 
respectively. 

We may conclude the present article of the series 
by giving a few notes on the methods of carrying 
out the trials and of making the necessary correc- 
tions to the guarantee conditions. The plant was 
operated on commercial] load by the power station 
staff, the exact load for each test and the main- 
tenance of steady conditions being arranged for 
by running the set under test in parallel with the 
other sets. The condensate was measured by 
means of a weighbridge and tank permanently 
installed in the station, and to be described in 
detail in a subsequent article. By an arrangement 





measurement of steam temperature at the stop- 
valve, a Negretti and Zambra high-reading nitrogen- 
filled mercury thermometer, immersed to a depth 
of 4 in. in a thermometer pocket filled with solder, 
was employed, the thermometer having been cali- 
brated at the National Physical Laboratory prior 
to the test; a correction for the stem temperature of 
the thermometer was applied. Four kenetometers 
were used for measuring the vacuum, two being 
connected at each side of the turbine exhaust. 
We should mention, however, as an explanation 
of the rather low vacuum obtained, that the inlet 
temperature of the circulating water was high at 
the time of the test, being 67-5 deg., 68-1 deg. 
68-2 deg., and 67-3 deg., F., respectively, in tests 
numbers 1, 2, 3 and 4. The condensing plant was 
tested for leakage for a period of one hour imme- 
diately after the test at three-quarters full load; 
but no leakage was found. 














| Contractor’s Corporation | 
Test | Meters. Meters. | ae rer 
‘es a 
No. | | Difference. 
| (Kilowatt-hours.) | 
. } sel ge % 
1 | 68,879 63,400 | 0-75. 
2 | 101,845 101,700 | 0-142 
3 40,226 39,950 } 0-656 
4 79,930 79,730 | 0-25 








To measure the number of units generated, two 
sets of meters were used, one set being suppli 
by the Manchester Corporation and the other by 
the contractors. The meters were connected In 
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circuit to form a check on each other, independent 
sets of transformers being used for the two sets of 
meters. The instruments supplied by the con- 
tractors were previously calibrated at the National 
Physical Laboratory. The units registered by the 
two sets of meters agreed within the lower limits 
stated in the specification, and it will be interesting 
to note from the table on page 192 the results for 
the two sets of meters. 

Finally we may mention that the taking of 
the readings by the observers at the condensate- 
measuring tanks and those at the electrical 
instruments, were carefully synchronised, special 
lamps being lighted, as a preparatory warning, 
just before the time at which readings were to be 
taken and the exact moment for actually taking the 
readings being indicated by extinguishing these 
lamps. On behalf of the Manchester Corporation, 
the tests were supervised by Mr. T. Baxendale, 
the resident engineer of the Barton Station, while 
Mr. A. W. Clarke supervised them for the Metro- 
politan- Vickers Electrical Co., Limited. 


(To be continued). 





THE ENGINEERING OUTLOOK. 
VII.—AGRICULTURAL MACHINERY. 


Tue agricultural machinery industry has gone 
through a period of depression since the war, 
scarcely exceeded by any branch of British 
engineering. There can be no doubt that some 
recovery has been made from the depths of 
depression, but at the beginning of 1926 the position 
is still highly unsatisfactory. 

Immediately after the war activity in this 
industry was so great that manufacturers had 
difficulty in coping with the volume of orders. 
But the post-war boom was shorter-lived than in 
most branches of engineering. By 1920 activity 
was beginning to decline, and in 1921 the lowest 
point of the depression was reached. After remaining 
in a very unsatisfactory condition throughout 1922 
a distinct improvement was noticeable in the latter 
half of 1923. Activity has remained at or. about 
the 1923 level ever since. This in itself would 
be satisfactory were it not that even the present 
basis is far inferior to pre-war and only a fraction 
of the present capacity of the industry. 


As an index of the total British production |)” 


of agricultural machinery, employment statistics 
obtained from an investigation by sample in eight 
principal manufacturing districts will be made 
use of, 


Taste I1.—Employment in the Agricultural Machinery 











Industry. 
—_ Nos. Employed. | Index 1913=100. 

1914.. 2.4 “a + 14,199 100-0 
1918. ae ae 18,187 128-0 
920.. be ae 17,485 123+1 
1923—Ist half-year 7,858 55-5 
2nd half-year 10,745 75-6 
1924—1st half-year 9,490 66-8 
2nd half-year 10,836 76-3 
1925—1st half-year 11,170 78-6 
2nd half-year 11,582 81-5 











This sample is a high proportion of the total 

numbers engaged in the industry, and may be 
taken as thoroughly representative. There is thus 
no means of escaping the conclusion that the 
general level of activity in this industry is at least 
20 per cent. below that for 1914. It is, moreover, 
surprising that even this should have been main- 
tained since exports have been worse still. In 
Table II the exports of agricultural machinery and 
tractors are given for 1913 and recent years. 
_ Although there has been some measure of 
Improvement during the last two years, exports 
in 1925 were less than one-third of the 1913 figure 
in volume, and less than two-thirds in value in 
Spite of a 100 per cent. increase in value per ton. 
From a comparison of Tables I and II it would 
seem necessary to conclude that home demand 
has remained comparatively steady, and that 
British manufacturers have retained their fair 
share of the home trade in spite of foreign com- 
petition. That foreign competition has been 
considerable is shown by Table III. 


It would appear from Table III that there is 
substantially the same demand in this country 
for imported agricultural machinery as before the 
war. But since the acreage of arable land has 
decreased in 1925 as compared with 1914 by 
316,000 acres, or 3 per cent., competition in the 
home market has been relatively more severe. 
During the war the arable area was much increased, 
but since 1918 there has been a steady decline— 
the figures for 1925 showing a decrease of 247,000 
acres from 1924. Unless the present rapid develop- 
ment of the sugar beet industry continues it may 


TaBLE II,—United Kingdom Exports of Agricultural 
Machinery and Tractors. 











Monthly Volume. Index. Value per | Index. 
Average for Tons. 1913=-100.; Ton £. | 1913=100. 
1913 6,125 100-0 40-7 100-0 
1922— 
1st quarter .. 699 11-4 96-4 236-8 
2nd_s(;, ee 960 15:7 2-5 202-7 
3rd ,, 881 14-4 89-8 220-6 
4th ,, 882 14-4 83-7 205-6 
1923— 
1st quarter .. 985 16-1 78°8 193-6 
2nd, oot - eke 28-0 76-3 187-4 
Sd 1,283 20-9 79-3 194-8 
4th ,, 1,175 19-2 85-2 209-3 
924— 
1st quarter 1,212 19-8 79-1 194-3 
nd ,, 2,355 38-4 71-4 175-4 
3rd_is, 1,552 25°3 84-3 207-1 
4th ,, 1,458 23-8 79-9 196-3 
1925— 
1st quarter 1,685 27-5 76:5 188-0 
2nd SCs, 2,410 39-3 76-0 186-7 
ee 2,027 33-1 79°38 196-0 
4th ,, 1,745 28-5 80-6 198-0 








TaBLe III.—Net Imports of Agricultural Machinery. 




















Monthly Volume. Index. Value per | Index. 
Average for Tons. 1913=100.| Tons, £. | 1913=100. 
19138. ed 795 100-0 100-0 
1922— 
1st quarter .. 179 22-5 91-8 287-0 
2nd ,, Ja 201 25-2 88-9 277°8 
aay de 136 17-1 98-5 307-8 
4th ,, —_ — — —_ 
1923— 
1st quarter .. 278 35-0 72-2 225-6 
2nd, ee 653 82-1 76°7 239-7 
rds, oa 311 39-1 69-6 217-5 
4th ,, 214 26-9 86-7 271-0 
1924— 
1st quarter .. 863 108-5 61-6 192-5 
ae Pay 481 60-3 76-5 239-0 
S8rd_sy, ae 503 63-1 78-1 244-0 
4th ,, ae 771 96-9 67-8 211-9 
25— 
1st quarter .. 798 100-3 69-6 217-5 
2nd_ SC, wa 835 105-0 70-4 220-0 
Srd_séi,, ae 483 60-7 63-6 198-7 
4th ,, sg 373 46-9 72-2 225-6 





be concluded that the home demand will continue 
to diminish, and it is no doubt due to this appre- 
hension that agricultural machinery manufacturers 
have recently reduced their prices in several staple 
lines with the object of securing a larger proportion 
of the business available. The two most formidable 
competitors in the home market have been France 
and the United States. The explanation is 
undoubtedly to be sought in price as exemplified 
by comparison of the value per ton columns in 
Tables II and III. 

As far as the general competitive situation is 
concerned, there is unfortunately no question that 
the British industry has been temporarily eclipsed. 
In the following table the declared values of the 
exports of the four chief exporting countries are 
expressed in sterling at the average rate of exchange 
for the year in question. 

TABLE IV.—International Exports of Agricultural 




















Machinery. (Declared Values.) 

_ 1913. 1923. 1924. 1925. 
U.S.A... .. we 8,426 10,996 13,582 16,725 
Great Britain .. 2,989 1,231 1,530 1,896 
Germany = 1,708 1,166 1,095 1,897 
France .. oe 586 462 619 668 

13,709 13,855 16,826 21,186 








From Table IV it would appear that while the 
total exports of these four countries are increasing 
rapidly, the United States are taking the lion’s share 
of the business. France is surpassing her pre-war 
exports, and in 1925 Germany has also managed 
to do so. Great Britain is only exporting two- 


thirds of the 1913 figure in nominal values and 


one-third in volume. Statistics of volume are not 
available for the U.S.A., but the figures for the 
other three countries are striking. 


TABLE V.—International Exports of Agricultural 
Machinery (Volume). 





| 1913. | 1923. | 1924 1925. 











Great Britain .. 
Germany 
France 


..| 73,600 | 15,477 | 19,671 | 24,496 
--| 40,708 | 26,700 | 21,100 | 42,228 
.| 12,811 | 8,490 | 13,653 | 15,379 





It will be observed that while the sterling values 
of British and German exports in Table IV are 
equal, the German volume is twice the British, 
and therefore the average price per ton is half. 
Again, taking the French and German volume for 
the years 1913 and 1925 in comparison with values, 
it appears that the average nominal price per ton 
is approximately the same in both periods, whereas 
the British price per ton in 1925 is almost exactly 
double the 1913 figure. 

In addition to this keen competition at unremune- 
rative prices for such export trade as there is, the 
rapid development of national industries in all 
industrial countries is constantly reducing the value 
of the European markets. The enormous expansion 
of the United States activity is largely due to the 
strong foothold they have gained in the Far East. 
The conclusion is that an intense effort is needed, 
both on the production and the commercial side, 
to obtain a fair share of the Far Eastein trade, 
to maintain imperial markets, and to combat the 
increasing efficiency of Continental producers. 

To make any forecast for the agricultural 
machinery industry in 1926 is a matter of peculiar 
difficulty. In view of what has been said above 
no great expansion in the home market can 
reasonably be expected. It is certainly satisfactory 
that exports have increased every year since 1921, 
and it may be expected that they will continue 
to do so. But the rate of increase has been too 
slow, and the present level is too far below that 
of 1913 to augur any degree of prosperity in the 
near future without a fundamental change in the 
situation. This can only be the outcome of much- 
reduced prices, and must depend at least in part 
upon the solution of the economic problems which 
have been responsible for maintaining engineering 
production costs in this country at an uneconomic 
level. 





THE MACHINERY OF THE P. AND O. 
LINER ‘* RAWALPINDI.’’ 
(Continued from page 98.) 

THE general arrangement of the steering gear, 
which is situated in a compartment on the main 
deck immediately over the rudder, is shown in Figs. 
25 and 26 on page 194 and consists of a steam main 
gear with an hydraulic auxiliary. The main gear 
is one of Messrs. Brown Brothers and Co.’s standard 
steam tillers, in which the two-cylinder horizontal 
engine is carried on the tiller, and through a worm 
gear and friction clutch operates a pinion gearing 
with a cast-steel rack bolted, to the deck. The 
rotation of the pinion causes it to climb round the 
rack, taking the engine and tiller with it. The 
engine is enclosed completely in an oil-tight casing, 
and is lubricated automatically by two valveless oil- 
pumps worked off the eccentrics. The friction 
clutch enables the steam gear to be put into or out 

of action in a few sceonds with perfect safety. 

The control and cut-off movements are transmitted 
to the control valve through a patent type of differen- 
tial control-gear of considerable simplicity. The 
construction and operation of this gear will be fol- 
lowed by reference to Figs. 27 to 29. The gear 
consists of a bracket A fixed to the tiller and carry- 
ing fulerum pins B and C for the control lever D 
and slotted lever E. The pin C is extended through 
the bracket, and has keyed to its upper end a 
short lever H, which is connected by links to the 
spindle of the piston-type control valve. When 
the steering wheel on the bridge is moved in either 
direction, the motion is transmitted through the 
telemotor to the connecting-rod pin-jointed to 
the control lever D, shown in Fig. 28 in its mid 
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AUXILIARY EQUIPMENT OF THE P. AND O. LINER “RAWALPINDI.” 
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Fig. 25. 
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1 position, the control valve being also in mid-position, 
When the lever D is moved off the mid-position, 
its motion is transmitted through the pins and 
sliding block M to the slotted lever E, and then 
through the pin C, lever H and links to the 
control valve. In this way the movement of the 
lever D is transmitted through the gear to the con- 
NS = trol valve, and steam is admitted to the steering 
ee engine. The direction of motion of the engine and, 
consequently, of the rudder depends upon the 
direction from the mid-position to which the lever 
D is moved. The lengths of the levers, &c., are so 
i \ calculated that, when the tiller has reached the 

se angle corresponding to the amount of “ wheel” 
given, the control valve is brought back to its mid- 
position. As soon as the engine starts to move, 
the tiller carries the bracket A round with it, and 
the lever E is thus moved bodily over an arc with 
the same centre, as the tiller at the same time as it 
pivots on the pin C, and thus operates the control 
valve from the lever H and the links. The use of 
this arrangement thus obviates the use of any screw 
or toothed gear, and as it has no stops it cannot be 
strained or jammed, even though the steering gear 
be stopped at hard over and the wheel at hard over 
in the opposite direction. 

A detail in the working of this control valve is 
that it is fitted with a patent ‘“‘ economic valve,” 
Relief : - whereby steam is shut-off when not wanted. A 

Valves pnceabekt section through this valve is shown in Fig. 30, in 
soo0e. KI which it is seen to be fitted in the casing imme- 
diately over the control valve. In general design, 
it is of the ordinary steam-balanced double-beat 
type, but has on its under side a projection, which 
terminates in a V-shaped block. The control valve, 
which is of the piston type, has machined on its 
upper side a V-shaped recess corresponding to the 
valve block. When the control valve is moved 
from the mid-position, the inclined planes lift the 
economic valve, allowing steam to pass to the engine, 
and when the control movements have ceased, the 
cut-off motion of the differential gear brings the 
control valve back to its mid-position, in which the 
V block of the economic valve drops into the V- 
shaped groove, and shuts off steam through the 
engine until the control is again operated. 

The overhung weight of the engine and tiller is 
taken on a slipper fitted on the engine pan and 
sliding on the machined surface of the rack, while 
the main weight and also that of the rudder and 
rudder post are taken on a massive ball thrust bear- 
ing, carried on top of a steadiment, which is attached 
to the deck immediately under the tiller. The 
steadiment is also provided with a bronze bush to 
take radial loads. 

The steering gear is controlled from the bridge 


Connecting Red t By ; 
eee Klemoter tal ti by Messrs. Brown’s well-known steering telemotor, 








y, 
Y, 
> 
5 
p ‘ a7 
\ 
” 














AFT 












































Fig. 27. 
st _,_ Catan tt 2 











































































he 


o 
ig 





FEB. 12, 1926.] 


ENGINEERING. 





195 __ 








and alternatively by hand control from a steering 
position on the docking bridge aft. The hydraulic 
auxiliary steering gear consists of two opposed 
hydraulic cylinders or rams, which join to form a 
bearing, in which a swivel block slides on a circular 
arm formed on the after-end of the tiller. Power 
is supplied from the ship’s hydraulic mains, and the 
gear is controlled by means of a slide valve, which is 
operated either by the bridge telemotor or from the 
after steering position as desired. When the auxi- 
liary gear is not in use, it is freed by opening a by- 
pass valve between the two cylinders. The value 
of this auxiliary gear is the greater because of the 
rapidity, simplicity, and safety with which the 
change-over from one gear to the other can be 
made under any conditions. To change from the 
main to the auxiliary gear, it is only necessary 
to lock in the auxiliary gear by closing a by-pass 
valve, change a pin on the control gear from one 
position to another, and cut out the main gear by 
slacking back the friction clutch. The change from 
the auxiliary to the main gear is, of course, made by 
reversing these operations. 


(Zo be continued.) 
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Early British Railways. A Short History of their Origin 
and Development, 1801-1844. By H. Grote Lewin. 
London: The Locomotive Publishing Company, 
Limited. New York; Messrs. Spon and Chamberlain. 
[Price 12s. 6d. net.] 

Tue centenary of the opening of the Stockton & 

Darlington Railway, which was the occasion of 

two commemorations last year, prompted a useful 

contribution to the literature of the subject, which 
is likely to be permanently valuable for reference. 

The work referred to has for its title “‘ Early British 

Railways,” and the author, Mr. H. Grote Lewin, 

B.A., was District Superintendent at York and has 

held other offices on the former North Eastern 

Railway. In the course of nearly 200 pages he 

sets down briefly the story of many scores of rail- 

ways of the United Kingdom, both extant and 
extinct, and of others which never passed pro- 
motion stage. Few living can recall even the 
names of some of these enterprises which have 
long since passed into oblivion, with the merging 
or absorption of them by greater railways; 
which, in turn, so recently have been merged into 
a limited number of groups, with the prospect 
of their own former titles being forgotten before 
the present generation is much older. Besides 
its historic value, the work throws a light on 
matters, which just now, in view of the discussion 
of nationalisation of railways, have a special interest. 

As early as 1844 the prospect of State control of 

the railways was embodied in Mr. Gladstone’s 

Act, which laid down the terms on which the State 

might take over the railways sanctioned in that 

year and subsequently, those of earlier date being 
the subject of another bargain. 

The cost of promoting railways, and the legal and 
other charges are noted incidentally, and point 
to an almost sacrosanct deference to the prejudices 
of the “vested interests” of the period. Until 
comparatively recent years a few towns, most of 
them since developed by increased population, 
showed by the isolated position of their local rail- 
way station an aspect of the imposition of private 
“rights” on public undertakings. 

Mr. Grote Lewin’s survey begins with the horse 
rail or plate-way of 1801, and closes with the 
passing of the Gladstone Act of 1844, which he 
calls the close of the first epoch in British railway 
history. “Parliament,” he says, ‘“‘could not 
retrace its steps and curtail the privileges already 
granted to the earlier companies, but it could, and 
did stipulate conditions under which any lines 
to be made might be subject to control or purchase 
by the State.” The second period, which the 
author cites as the era of ‘‘ Mixed Traction,” lasted 
from 1821 to 1822, and the third era, which saw 
established the supremacy of the steam locomotive, 
covers the years 1829-34. The great trunk rail- 
ways began to take shape subsequent to this period ; 
names like the Great Western, Manchester and 
Birmingham, London and Brighton appearing in 
the period following 1837. London’s first steam 





locomotive appeared near the close of 1836 with 
the opening of the 3} miles of the Greenwich line 
from London Bridge to Deptford. Irish railways 
appear in the list during this period, and altogether 
in 1836 34 Acts were passed, covering a total 
mileage of 955}, while 653 miles more began to 
be worked in that year, chiefly in the north of 
England. 

Two interesting circumstances are noted. Firstly, 
the early railways were promoted solely for goods 
traffic, and, secondly, most of the capital for 
southern railways was found by way of investment, 
probably much of it more speculative than assured 
of an early benefit, from northern, chiefly 
Lancashire, sources. The Great Western, with its 
7-ft. gauge, seems to have set the pace for train 
speed ; as early as 1838-40 a rate of 40 and more 
miles an hour, says the author, being a common 
occurrence with the daily trains, against the 25 
or 30 miles customary on the Grand Junction and 
its allies. 

The year 1840 was a slack period for railway 
development, and no new railway Bill was passed in 
that year. As the author remarks, ‘the specula- 
tive spirit of 1836 had given place to a more critical 
analysis of the actual performances of those lines 
already in operation.” The older lines stood the 
test well; the Grand Junction Company, chiefly 
it is thought because of the low cost of its construc- 
tion per mile, paying a dividend for the first half 
of the year at the rate of 15 per cent. per annum ; 
the Liverpool and Manchester paying its usual 
10 per cent.; and the London and Prighton 
8-8 per cent. ; and the London and South Western 
5 per cent. As might be expected, lines serving 
busy industrial areas had the most appreciated 
stock; eg. the Stockton and Darlington 1001. 
shares were then worth 2601. In spite of the 
absence of parliamentary activity affecting new 
railways in 1840, some 527? miles of new lines 
began to be worked that year; Sheffield and Leeds 
being for the first time brought into touch with the 
main railway systems. The railway department 
of the Board of Trade was constituted in 1840, 
following the passing of Lord Seymour’s Act 
embodying the recommendations of the third report 
of the Committee of 1840. Accidents, some of 
them due to negligence of the railway servants, had 
begun to loom formidable about this period, but 
as the speeds were comparatively slow, the results 
were not as a rule serious. In 1841, which was a 
period of financial stringency, attention to passenger 
fares seems to have become more pressing. First, 
second and third-class fares were the rule, and they 
embodied a toll per passenger, levied on various 
pretexts, though mainly concerned with the effort 
to make the public pay the cost of the line as 
well as the service rendered by it. The trading 
returns of the seven of the chief railways for the 
first half of 1841 both witnessed to the depression 
of trade, which marked that period, and showed 
how large the proportion of passenger to goods 
traffic had become. 

The low-water mark of the railways’ depreciating 
movement was reached in 1842, and the fact has 
an interest for railway investors in these times, 
especially having regard to the high ratio of working 
costs to gross receipts. Apparently, shareholders 
in the larger railways of 1842 had not much to 
complain of on this score, tested by modern 
standards. The London and Brighton, with 34 per 
cent., had the lowest working expenses to receipts ; 
and the Birmingham and Gloucester, with 62 per 
cent. the highest rate ; the average for the fourteen 
companies listed was 47-71 per cent. 

A number of large maps of the rail systems 
at various periods of development within the 
author’s allotted survey, some photo prints of 
more or less historic interest, an excellent index 
and an appendix summary of the data set forth 
in the text, combine to make this a most useful 
work for the student of the early British railways. 


Bau und Betrieb moderner Konverterstahlwerke und 
Kleinbessemereien. By Husert HERMANNS. Halle, 
Saale. Verlag von Wilhelm Knapp. [Price 12 gold 
marks. ] 

In our issue for January 16 of last year we 

reviewed the English edition of an earlier book by 

Mr. Hermanns on the “ Planning, Erection and 











Operation of Modern Open-Hearth Steelworks.”’ The 
book now under review deals with the construction 
and working of modern converter steel plants, 
with special reference to small Bessemer converters. 
It describes the converter and its operation, and 
illustrates the various mechanical appliances used 
in converter steelworks. The book opens with a 
history of the discovery by Bessemer of the 
converter process for making steel. Bessemer, in 
the words of the author, had the privilege of 
reaping completely during his lifetime the moral 
and material advantages arising from his discovery, 
a privilege which has been vouchsafed to very 
few inventors either before or after him. He also 
had the satisfaction of witnessing, in the latter years 
of his life, the high level to which the steel industry 
of the world had attained, based upon his own 
personal work. Bessemer is styled by the author 
“one of the most genial inventors in the whole 
history of technics.” His process is said to have 
been introduced in Essen by Krupp in 1861; 
four 2-5-ton converters were then put down, 
and started working in May, 1862. By the year 
1867 there were 22 converters in operation in 
Germany. The process was introduced in France 
in 1858 by a French firm, founded and owned at 
the time by British engineers, and this firm, we 
are told by the author, paid to Bessemer a royalty 
of 3 francs per 100 kg. on finished rails and 5 
francs per 100 kg. of other finished bars (1l. 4s. 
and 2/. per ton). By the year 1867 there were 
15 converters in operation in France. 

The book relates the evolution of early converter 
design and reviews the various types of converters 
introduced at different times in steelworks practice, 
including the Robert, Tropenas and others. It 
also deals, as might be expected, with the intro- 
duction of the basic process due to Thomas and 
Gilchrist, a process which, following upon Bessemer’s 
invention, proved to be the genesis of the present 
German steel industry. It is interesting to note 
that the Bessemer process proper is now being 
worked in Germany. by Messrs. Krupp alone, all 
the other installations of the country being on the 
basic system. 

Attention is drawn to the present resources of 
France as regards iron ore of various grades, and 
we cannot help thinking that the figures quoted 
for these resources are to some extent exaggerated, 
notably, perhaps, with regard to reserves of 
Normandy ore, which are put down at 4,700 
mnillion tons. The introduction to a memorandum 
by the German Iron and Steel Manufacturers, issued 
in 1918 quotes a statement in Glickauf according 
to which the resources of Normandy in really ex- 
ploitable iron ore are estimated to be 500 million 
tons on the assumption that it is worked to depths 
of from 700 m. to 1,000 m. The figures which 
the author quotes for the production for a number 
of years, of converter and open-hearth steel, by 
Germany, Great Britain and the United States 
are the same as those in his former book on open- 
hearth steel manufacture; no detail figures are 
given in the case of Germany for 1921 onwards, 
“‘the later official German figures not being yet 
available.” Later figures for Germany can, how- 
ever, be found in the German metallurgical publica- 
tions, and are quoted in the proceedings of various 
associations, including those issued by the Comité 
des Forges de France. 

Following the brief history of the Bessemer and 
basic processes, and several pages covering statistics, 
the book enters in detail into the reactions which 
take place in the converters working acid and 
basic charges, the authority of metallurgists and 
scientists of different countries being cited. The 
heat-balances in the case of both the acid and the 
basic processes are also dealt with very completely. 
What, in short, we may style the metallurgy of 
converter steel making is gone into minutely, and, 
if it had been available many years ago, the 
information would have shown the absurdity of 
giving converters fanciful names, and of closing 
to all outsiders the shops in which they were in 
operation, and the futility of the elaborate system 
of espionage which was conducted in the early days 
with reference to the then new processes. 

The author also enters minutely into the organisa- 








tion of the plant for working the processes dealt with, 
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and gives illustrations of a number of installations 
showing the steel making side complete and the 
most suitable sites for the location of reheating 
furnaces and rolling mills, with a view to insure 
the rapid clearing of ingot casting pits and the 
following of a direct route through the works from 
start to finish. What may be termed the accessory 
operations, although these are of primary impor- 
tance, such, for example, as the treatment of the 
material for the converter linings, its convenient 
storage, the actual preparation of the linings, the 
rapid removal of the slag, subsequent treat- 
ment, &c., are also dealt with very exhaustively. 
Special chapters cover the various types of steam, 
gas-engine and electrically-driven blowing engines, 
teeming and ingot stripping arrangements, basic 
slag plant and small size Bessemer installations. 

The book contains 250 pages, including an index 
and a very detailed bibliography, and has 217 
illustrations ; it is well poduced and will be found 
very interesting by young metallurgists studying 
the German language. 





250-H.P. PETROL-ELECTRIC MOTOR 
RAIL CAR. 


In our issue of January 1, we gave some particulars 
of recent motor rail car developments in the United 
States, and are now able to supplement these by a 
description of a petrol-electric rail car which was put 
into service a few months ago in that country by the 
Reading Company. The work performed by this 











vehicle forms an excellent illustration of the class of 
service for which self-contained rail cars of this type 
are suitable, and for which they are likely to show 
important savings in labour, maintenance and fuel, 
as compared with steam locomotives working on short 
branch lines. The car, which was built by the Westing- 
house Electric and Manufacturing Company, of East 
Pittsburg, Pa., operates on the Trenton Branch of the 
Reading Company, and makes 21 round trips on week- 
days, and 23 on Saturdays, between Trenton and Tren- 
ton Junction, which are 3-7 miles apart. The average 
daily mileage is 170. The branch includes gradients 
up to 1-1 per cent., and four station stops are made on 
each run. On three of the round trips each day, the 
car hauls a 110,000-lb. trailer coach and also handles 
the switching of express cars at Trenton and the 
transfer of a 73-ton express car from Trenton to a 
main line train at the Junction. The average time for a 
one-way run between Trenton and Trenton Junction 
is ten minutes, and with terminal stops the minimum 
time for a round trip is 24 minutes. The average speed, 
excluding terminal stops, is 22 miles an hour. The car 
has replaced two 2-6-4 type locomotives and one coach, 
The locomotives operated in either direction, and norm- 
ally ran round the cars at the terminals when changing 
over. The rail car can operate in either direction, and 
normally no shunting of any: kind is required at the 
terminals. 

The weight of the car ready for the road is 90,000 lb., 
and the live load is some 10,000 lb. It is 60 ft. long 
over the end sills and 9 ft. 6 in. wide over the posts, 
the over-all height being 12 ft. 33 in. The underframe 
consists of two 12-in. channels with heavy cross- 
members and is carried on two four-wheel trucks, which 
have 33-in. wheels at 6 ft. 6 in. centres, and are spaced 
44 ft. 6 in. apart. The front truck, which is placed 
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almost directly under the generating set, supports 
approximately 60 per cent. of the total car weight. 
The general arrangement of the car will be easily 
followed from Figs. 1 to 3 on this page. The body is 
of steel, and the passenger compartment, which is 
35 ft. 10 in. long, has accommodation for 50 people 
on cross seats. A baggage compartment, 11 ft. long 
by 9 ft. wide, is provided. The engine compartment is 
10 ft. 8 in. long and contains the 250-h.p. petrol engine 
and direct-current generator and the necessary control 
gear. 

The engine has six cylinders of 7}-in. diameter and 
8-in. stroke, and develops 250-h.p. at 1,100 r.p.m. 
The cylinders have renewable liners and the valves are 
carried in the heads, there being two inlet and two 
exhaust valves for each cylinder. Trunk-type pistons 
are used with four rings above the gudgeon-pin, and one 
scraper ring. The crankshaft is carried in seven main 
bearings, and has a central oil passage which serves for 
the forced lubrication system. Two complete ignition 
systems are provided by means of two high-tension 
magnetos with impulse starters and two independent 
sets of sparking plugs. The magnetos are driven inde- 
pendently. Fuel supply is by means of vacuum feed 
from tanks carried under the car. The engine is started 
by means of two motors, which ace connected in 
parallel across the terminals of a 32-volt battery, one 
motor alone being capable of starting the engine. 
A cooling water radiator is fitted at the left side of the 
car as shown in Fig. 1, the fan which forces air through 
the radiator being driven by a motor which is con- 
nected across the generator and runs whenever the 
generator is in operation. : 

The engine and generator, which are shown 1D 
Fig. 4, are carried on a common bedplate mounted on 
rubber blocks. A flexible coupling is provided between 
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the two machines. The generator is of special type, 
and has a constant output characteristic which 
prevents overloading of the engine. The arrangement 
has proved very satisfactory, and the engine runs at 
constant speed over a wide range of current output. 
The normal full-load voltage is 600. The machine 
is of the six-pole type, and has an exciter mounted 
directly on its frame, as shown in Fig. 4. This exciter 
supplies the main shunt-field winding and also supplies 
power for car lighting and charging the battery. The 
shunt field of the exciter is energised from the battery. 
The constant output characteristic of the main machine 
has been obtained by means of a differential series 
winding on the poles of the exciter, through which the 
main current passes. The arrangement gives varia- 
tions in field strength proportional to the current 
demand, so that the voltage drops off correspondingly. 

The machine supplies power to two 140-h.p. motors 
carried on the forward truck of the car. These are of 
the commutating-pole type, and give good commuta- 
tion over a wide current range. They drive through 
16/61 ratio totally enclosed helical gears. The control 
apparatus for the car is of a very simple nature, and 
consists merely of two unit switches for connecting the 
motors to the generator, and a reverser for changing 
the direction of flow of current through the motor 
fields. These appliances are of the electro-pneumatic 
type, and are operated by a master controller. The 
car speed varies with the generator voltage. This is 
regulated by governing the engine speed by operating 
the throttle. A sequence drum with a cam is carried 
on the generator with push-rod connections to the 
throttle. The arrangement is such that the position 
of the cam determines the throttle setting, and so 
the engine speed. The movement of the drum is 
regulated by the same master controller that operates 
the unit switches and reverser. The driver accordingly 
has only one control in use for operating the car. The 
first movement of the master controller closes the unit 
switches and also a relay that energises the exciter 
field. Additional movement then causes further rota- 
tion of the sequence drum and the opening of the 
engine throttle. There is a master controller placed at 
each end of the car to permit operation from either end. 

The various auxiliary apparatus includes a motor- 
driven air compressor with a capacity of 20 cub. ft. 
per minute, and two air-storage tanks under the 
car. These serve for the operation of the air brakes, 
whistles, bells, sanders and electro-pneumatic switches 
and reverser. The battery, which has already been 
referred to, is of 160 ampere-hour capacity. A battery- 
charging regulator is placed between it and the variable- 
voltage exciter, while an additional regulator is placed 
between the battery and all 32-volt circuits. 

The car is capable of speeds up to 51 miles an hour, 
the maximum speed naturally being determined by the 
gear ratio. With a smaller reduction than that fitted 
to the Reading car, a maximum speed up to 55 miles 
an hour may safely be obtained. Some speed-time 
curves of cars of this type fitted with different gear 
ratios are given in Fig. 5. The curves are for a car 
fitted as described above and weighing 51 tons. 





MARINE AUXILIARY MACHINERY. 


In recent years considerable improvements have 
been made in the design of machinery for the propulsion 
of ships and, in consequence of this, the auxiliary 
machinery is now responsible for an appreciable pro- 
portion of the total fuel consumption. It is, therefore, 
necessary to investigate all the factors that make for 
efficiency in such auxiliaries in order that the consump- 
tion may be reduced to a minimum and the best possible 
results obtained for the fuel used for all purposes. There 
are, of course, alternative types of every class of auxiliary 
already available, and these may be driven by steam or 
electricity. Variations in the results may therefore be 
anticipated and it is desirable that marine engineers 
and shipbuilders should have information on the 
magnitude of these. At a time when some of the most 
progressive of our leading engineers and ship con- 
structors are contemplating the use of high steam 
pressures and superheats aboard ship for the sake of 
economy, it is vitally important that the most efficient 
auxiliaries should be used. No one sees this more 
clearly than Mr. Stanley S. Cook, who read a paper on 
‘“* High-Efficiency Steam Installations for Ship Pro- 
pulsion with Special Reference to the Question of 
Auxiliary Machinery,” at a meeting of the Institute 
of Marine Engineers, on Tuesday, February 2. 

The developments in land practice of steam turbines 
for the generation of electric power, he said, had brought 
into prominence the value of securing the conversion 
of heat into mechanical energy on the highest scale 
of efficiency that thermodynamic laws allowed. At 
the World Power Conference in 1924, the Hon. Sir 
Charles A. Parsons read a paper in which he gave the 
thermal efficiencies attainable in steam plants under 
practical working conditions with high boiler pressures 
and temperatures. In such installations a thermal 
efficiency, from fuel to electricity, of 30 per cent. was 
realised and the fuel consumptions were as low as 
0-45 Ib. of oil per brake horse-power hour. In marine 
propulsion, during the last twenty years, there had been 
an increase in overall efficiency of practically 100 per 
cent., resulting from combinations of improvements in 
turbine efficiency and propeller efficiency through 
using suitable speeds, made possible by the intro- 
duction of gearing, and the increase in available energy 
due to the use of superheat. It was now hoped to 
realise at sea the considerable improvement obtained 
in land power stations, and designs of plant for the 
purpose had been worked out. Two examples of 27,000 
shaft horse-power and 13,500 shaft horse-power were 
dealt with in a paper read by Sir John Biles at 
a meeting of the Institution of Naval Architects (see 
ENGINEERING, vol. cxix, page 414), when he showed 
that high-efficiency steam-turbine plant, on an eco- 
nomic basis, had advantages over Diesel engines. The 
most efficient arrangement of marine turbines in 
recent installations was recognized as one consisting 
of three or more turbines in series, grouped around a 
common gear wheel, through which their power was 
transmitted to the propeller shaft. With this arrange- 
ment, the turbines ran at high speeds of rotation and 
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had a high relative blade speed. They were at the 
same time of moderate size, easily overhauled and 
of rigid construction. Such an arrangement had there- 
fore been retained for the new designs making use of 
a greater range of steam expansion. 

Economy in total fuel consumption was the ultimate 
aim, and while higher efficiencies were now obtainable 
by the use of steam at high pressures and temperatures 
in the main turbines, equal consideration had to be 
given to questions involving the consumption of the 
auxiliaries. Although the power required to drive the 
various components of the auxiliary plant was small, 
the rate of consumption was universally high. In 
direct-acting pumps, for example, the steam was used 
non-expansively. The effect upon the total fuel 
consumption was not obtained by the simple addition of 
the auxiliary steam consumption to that of the main 
turbines. It was generally the practice to exhaust 
the steam of the auxiliary engine against a back pres- 
sure, a few pounds above atmospheric, to enable the 
heat of this steam to be utilised for feed-heating. As 
much as possible of this available heat was recovered, 
and it was, therefore, sometimes contended that the 
actual consumption for driving the auxiliaries was small. 
This, however, was not a true view of the case since 
there were two other economical means of supplying 
the required heat to the feed water, viz., by the use 
of economisers and by means of steam tapped off 
from the turbine at suitable pressures. 

Mr. Cook, after describing briefly in his paper the 
chief components in a ship’s auxiliary plant, proceeded 
to discuss the results obtainable with four different 
methods of driving the auxiliaries for a plant of 5,000 
shaft horse-power. The methods were :—entirely by 
steam; by electric motors, with current supplied 
from turbo-generators ; by electric motors, with cur- 
rent supplied from Diesel generators; and mechanic- 
ally from the main engines, with the provision of 
suitable standby plant. With a boiler pressure of 
500 Ib. per square inch, superheat to 700 deg. F., and 
a condenser vacuum of 29 in. of mercury, the steam 
consumption of the main turbines was estimated at 
7-2 lb. per shaft horse-power. The consumptions and 
duties of the various auxiliaries had therefore to be 
based on a condensate of 36,000 Ib. per hour. Auxiliary 
exhaust steam, at a pressure of 10 1b. gauge, was avail- 
able to heat the feed-water to 215 deg. F. When 
the auxiliary steam was insufficient for the purpose, 
the additional requirement would be obtained by 
taking steam from the L.P. turbine steam belt. The 
feed-water might be further heated to a temperature of 
310 deg. F. by steam withdrawn from the I.P. turbine 
at a pressure of 180 Ib. absolute. 

If the auxiliaries were entirely steam driven, their 
consumption, including that of the ejectors, the make- 
up feed, and the steam used in the evaporator, would 
be 8,960 lb. per hour. Of this, 1,500 lb. would be con- 
densed in the evaporator coils and 250 lb. in the oil- 
fuel heater, leaving 7,210 lb. available for feed heating. 
To heat the remainder of the feed water from 70 deg. 
F. to 215 deg. F. required 5,800 lb. of steam, leaving 
1,410 lb. unutilised. This might either go to the 
winch condenser or be lead to the L.P. turbine. The 
total steam consumption for all purposes would there- 
fore be 44,960 lb. per hour or 8-99 lb. per shaft horse- 
power-hour, corresponding to an oil consumption of 
0-681 Ib. per shaft horse-power hour. By utilising 
steam tapped off from the turbines to raise the feed- 
water to 310 deg. F., while slightly more steam was 
used it was generated at a higher evaporative rate 
and the figure for oil consumption for all purposes 
would be 0-667 lb. per shaft horse-power-hour. 

The second proposal was driving the auxiliaries by 
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electric motors supplied from turbo-generators, taking 
steam at the same pressure and temperature as 
the main turbines, but exhausting at a back pres- 
sure of 10 lb. gauge. At a consumption of 45 lb. per 
kilowatt they would require 4,950 lb. of steam per 
hour. With the same addition as before, of 2,700 lb. 
per hour for the ejectors, make-up feed and evaporator, 
this gave 7,650 lb. per hour as the auxiliary consump- 
tion, or 43,650 lb. per hour for all purposes. This was 
equal to 8-73 lb. per shaft horse-power, which corre- 
sponded to an oil consumption of 0-662 lb. per shaft 
horse-power. This again could be reduced by tapped- 
off steam to heat the feed water and the result would be 
0-648 lb. per shaft horse-power. 

As an alternative, the supply of electricity for the 
motors driving the auxiliaries could be obtained from 
Diesel-generating sets. Again, 110 kw. was required, 
but the additional steam for ejectors, make-up feed 
and evaporators was 2,450 lb. per hour with only 
850 lb. per hour available for feed heating. Since, 
however, in this case, 4,950 lb. per hour was required 
to heat the feed-water to 215 deg. F., this 850 lb. 
must be supplemented by 4,100 lb. of steam tapped 
from the low-pressure turbine belt, at an expense of a 
reduction of the power developed in the turbine of 
285 shaft horse-power. At a consumption of 0-75 lb. of 
oil per kilowatt-hour the Diesel-generator would con- 
sume 82-5 Ib. of oil per hour which, at an evaporative 
rate of 13-2 lb. per lb. of oil, was equivalent to 1,090 Ib. 
steam per hour. Finally, for this suggested scheme, 
4,715 shaft horse-power was obtained for a_ total 
equivalent consumption of 39,540 lb. of steam for all 
purposes, or 8-39 Ib. per shaft horse-power. The oil 
consumption for all purposes would then be 0-635 Ib. 
per shaft horse-power-hour if the feed temperature 
were 215 deg. F., or 0-62 1b. per shaft horse-power-hour 
if it were 310 deg. F. 

Should the 118-5 brake horse-power needed for the 
auxiliaries be obtained mechanically from the main 
turbines, the output, allowing for mechanical losses, 
would be reduced by 132 shaft horse-power and 
similar steam quantities would be needed from the 
turbines for feed heating as in the previous scheme. 
Under this arrangement, the steam consumption would 
be increased by 2,450 Ib. per hour and the output 
reduced by 417 shaft horse-power. The total con- 
sumption would be 38,450 |b. per hour for an output of 
1,583 shaft horse-power or 8-39 Ib. per shaft horse- 
power—a similar result to that obtained in the 
previous proposal. 








INTERNATIONAL GEOLOGICAL ConGress.-—Final 
arrangements for the Fourteenth International Geo- 
logical Congress have now been completed. As previously 
announced in our columns, the Congress is to be held in 
Madrid, and the inaugural session will take place on 
May 24, 1926, under the Presidency of His Majesty 
the King of Spain. Numerous geologists and engineers, 
representing many countries, have signified their inten- 
tion of being present, and over one thousand delegates 
have already registered their names. From May 5 to 
May 22, interesting excursions, of geological, industrial, 
and artistic interest, have been arranged to Seville, 
Ronda, Huelva, Cérdoba, Burgos, Morocco, and the 
Canary Islands. During the Congress, excursions will 
take place to Almadén, Guadarrama, Aranjuez, and 
other places, and on and after June 1, trips will be made 
to Asturias, Bilbao, Catalonia and the Balearic Islands. 
The registration fee is 30 pesetas. Contributions to the 
proceedings should be sent in not later. than April 1; 
a considerable number of papers has already been received. 
Full particulars regarding the Congress may be obtained 
from the Secretary, Organising Committee, International 
Geological Congress, Instituto Geolégico de Espasa, 
Plaza de los Mostenses, 2, Madrid, Spain, 


ELECTRICAL MACHINERY STANDARDS.—The revision 
of the B.E.S.A. Publication No. 72-1917, giving 
standardisation rules for electrical machinery, is now 
nearing completion. The committee responsible decided, 
in the early stages of the work, to divide the revision into 
eight different parts, each part to be issued as a separate 
specification. Two of these parts have already been 
issued, namely: No. 168, “ Electrical Performance of 
Industrial Electrical Motors and Generators with Class A 
Insulation,” published in February, 1923, and No. 173, 
‘Electrical Performance of Traction Motors (Direct- 
Current Series Wound),” oublished in December, 1923. 
The British Engineering Standards Association now 
announces the publication of three further parts, namely : 
No. 169-1925, “* Electrical Performance of Large Electric 
Generators and Motors (excluding Alternators of the 
Steam-Turbine Driven Type), Rating Permitting Over- 
loads”?; No. 225-1925, ‘‘ Electrical Performance of 
Alternators of the Steam-Turbine Driven Type”; and 
No. 226-1925, “* Electrical Performance of Large Electric 
Generators and Motors (excluding Alternators of the 
Steam-Turbine Driven Type), Continuous Maximum 
Rating.” It is hoped to complete the three remaining 
parts of the revised publication, é.e., transformers, rotary 
converters, and fractional horse-power motors, early in 
the new year. Copies of the three publications named 
above may be obtained from the B.E.S.A, Publications 
Department, 28, Victoria-sireet, London, 8,W,1, price 
1s. 2d. each, post free. 


NOTES ON NEW BOOKS. 


AN excellent, but somewhat overcrowded little book, 
“* Mechanics for Engineering Students,” of about 140 
pages, issued by Sir Isaac Pitman and Sons, Limited 
(5s. net), has been compiled by Mr. G. W. Bird, 
Wh. Ex., B.Sc., and will, no doubt, be found of use 
to those who need a convenient summary of their 
studies, but so much is attempted that there is occa- 
sional loss of intelligibility to those lacking extraneous 
assistance. Stress and strain, including a_ useful 
statement upon temperature effects, are first treated— 
though this is unusual—and are treated well. The 
subjects then taken are resilience, alternating stress, 
graphic statics, bending, torsion, dynamics, simple 
harmonic motion, force and acceleration, twisting 
moments, hydraulics—including the Pelton wheel— 
in the order given, from which it will be seen that our 
opening statement is probably justified. It is, not- 
withstanding this, a useful little book. There are 
many fully-worked examples. The explanatory text, 
where the author indulges in this form of exposition, 
is clear, particularly that of the earlier chapters. The 
book would perhaps be more generally appreciated for 
some amplification of this mode of treatment. 





The theory of power transmission by belting and 
belt: calculations which Professor G. Schulze-Pillot, of 
the Technical High School, Danzig, deduces in his 
“* Neue Riementheorie nebst Anleitung zum Berechnen 
von Riemen” (Berlin: Julius Springer, price 9 marks] 
is a development of the views of Gehrkens Friedmann, 
Dufting, Stiel and Barth, and really goes back to 
Taylor, whose name, however, is not mentioned. The 
considerations supplement the principles laid down by 
Barth by drawing attention to the previously ignored 
question of the tension of the belt on thé are of con- 
tact and are directed towards the development of a 
graphical method, explained by numerous examples, of 
making belt calculations. As regards adhesion and 
slip on the pulley, Professor Schulze-Pillot relies partly 
on the recent researches of his former assistant, Dr. 
Ing. Mohl, on the friction coefficients, u, of leather and 
steel belts at low velocities, though he admits that these 
results are not altogether in accord with generally 
accepted views, and that further investigation of the 
strength and friction of leather is urgently needed ; 
his curves for » go down to0-07. The numerical data 
given for belt power relate to endless leather belts, 
which should be joined in such a way that the tongue 
of any lap joint would point outward, not inwards. 
Relatively large pulley diameters are shown to be 
desirable chiefly with a view to diminishing the rate of 
change in bending stress of a belt. High-power high- 
speed belts should have their pulleys located as far 
apart as possible for the same reason. The increase 
that may be gained in the power to be transmitted by 
making the pulleys larger is relatively less important. 

Books on engineering matters dealt with on other 
than conventional lines, are, if sound, always welcome. 
A new publication of the Macmillan Company, New 
York and London, of nearity 700 pages (28s. net), 
on the “ Principles of Machine Design,” by Professor 
Norman, of the Ohio State University, may be con- 
sidered as of this class. The rapid advance in the 
properties of materials, of manufacturing methods 
and growing refinements in precision, render revi- 
sion of working principles of machine design neces- 
sary at no great intervals of time, so that this 
work, giving examples of thoroughly modern treat- 
ment of mechanical questions, should be appreciated. 
The opening chapters offer some _ illuminating 
remarks on strength and failure, and on materials, 
followed by valuable matter on riveting, welding, 
bolts and screws. Force and shrink fits are treated, 
and details of hydraulic cylinders, pistons and 








piston rings, connecting-rods, cross heads, cranks and 
crankshafts, flywheels, spur and bevel gears, belt- 
ing, pulleys, rope drives, chains, bearings of various 
kinds, shafts, clutches, &c., are given. Particular 
details in use are examined closely for strength and fit- 
ness, and their peculiarities discussed. Examples of 
units, and machines in actual use are described, with 
relevant illustrations, the purpose apparently being to 
give close and exhaustive attention to the facts of prac- 
tice. The book should be of service to engineers engaged 
in the responsible design or operation of machines, and 
no less useful, in fact, because of this the more useful, 
to the student who wishes to get into intimate contact 
with work as it is carried out. Sources of information 
are stated, enabling the reader to follow up particular 
matters in further detail should he wish to do so. There 
are a great number of illustrations and over one hundred 
tables. To the British reader this book has an additional 
attraction, as it deals with modern American practice. 


A book, entitled ‘* Theory of Structures,” by Mr. H. W. 
Coultas, M.Sc. (Birm.), who is lecturer in the Civil 
Engineering Department of Birmingham University, 





contains 340 pages, is published by Sir Isaac Pitman 
and Sons, Limited (15s. net). This is intended for the usc. 
of students reading for a degree in engineering, or other 
similar tests. The author confines himself to matters 
of theoretical computation, as distinct from the prac- 
tical design of structures, leaving this for a later work. 
The usual questions are treated, particular attention 
being given to beams and frames under concentrated 
live loads, and to the detailed determination of equi- 
valent distributed loads. Three-pinned arches, and 
suspension bridges having three-pinned stiffening 
girders, are considered in some detail. Frames having 
redundant members are studied, and some little space 
is devoted to retaining walls and dams. A short 
chapter on the principles underlying reinforced-concret« 
design is added. The reader needs to be moderately 
well equipped mathematically for the analytical work, 
though graphical processes are also resorted to, the 
method of influence lines being freely used. Numerous 
problems are set as exercises, and the relevant answers 
are given, There are many diagrams, and a convenient 
summary of formule at the end. The book should 
serve its purpose, but will be most useful to those 
attending lectures or under a competent tutor. 





Half a century ago the term “light metals ” signified 
the metals of the alkalis and alkaline earths, and 
books on the subject referred to aluminium as a 
light metal of great technical possibilities. At the 
present time, metallurgists and engineers, in urging the 
importance of the study of the light metals, refer 
essentially to aluminium and its alloys, and quite as 
much is written on these as on the heavy metals. Dr. 
Friedrich Regelsberger began to compile his “ Chemische 
Technologie der Leichtmetalle und threr Legierungen ” 
more than a dozen years ago; in fact, most of his 
manuscript was completed when the war broke out. 
The vast amount of material that has accumulated 
since the war has therefore presented a difficulty to 
him. He is no longer connected with the German 
Patent Office, and the same sources of information 
have not been available to him asformerly. He points 
out these difficulties himself in his preface. The last 
few years have certainly not been covered adequately ; 
the work of the Alloys Research Committee, for instance, 
is never quoted at all, though indirect references are 
made to it and to our own columns or, more fre- 
quently, to the columns of the Revue de Métalluraie. 
Dr. Regelsberger is not ill-advised in making his patent 
abstracts very complete, because there is often some- 
thing in an idea though it may not have come to 
fruition. But there is rather too much about patents 
and too little about works and actual processes, and 
we do not see why he should have added a list of 
patents in numerical order, without names (which are 
given elsewhere), to his two excellent indexes of 
subjects and names. His volume of 385 pages [Leipzig : 
Otto Spamer, price 26 marks] is undoubtedly a con- 
scientious, able and comprehensive compilation so far 
as it goes, embodying a vast amount of material in 
concise language. Though not up to date, it will be 
valuable especially to all interested in patent literature. 





A memoir, entitled ‘‘ The Ceology of the Country 
Around Stoke-upon-Trent,” by Walcot Gibson, D.Sc., 
F.R.S., with contributions by (. B. Wedd, B.A., and 
A. Scott, M.A., D.Sc., was first published in 1902. If 
now re-appears as a third edition, being published by 
H.M. Stationery Office (price 2s. 6d. net). [t describes 
the area covered by the New Series Geological Map, 
Sheet 123. This latest edition has been considerably 
revised by the author after revisiting the district, in 
order to bring the information up to date. The area 
dealt with covers 216 square miles, including the well- 
known Potteries district and the Pottery Coalfield 
of North Staffordshire. It is of special interest on 
account of its rich coal and ironstone mines. To the 
geologist and miner the coal measures here, by reason 
of the complete sequence and the variety and preserva- 
tion of the fossils, have become an acknowledged type 
to which all rocks of the carboniferous period i! 
England can be compared and co-related. In view 
of the great importance of the coal and iron deposits 
most of the memoir is naturally devoted to describing 
the coal measures. Separate chapters deal with fossils, 
the triassic rocks, and folds and faults, besides which 
there is a new chapter by Dr. A. Scott on the petro- 
graphy of the igneous rocks occurring in the are, 
appearing in this edition for the first time. The con- 
cluding chapter on economic geology is of interest to 
those connected with the commercial development of the 
district and its bearing on the future resources of the 
coalfields. The existence of large quantities of un- 
touched coal, and also of ironstone, is indicated. The 
text is well illustrated by a number of sections and 
maps and two plates, one of the latter showing photo- 
micrographs of intrusive igneous rocks and the other, 
a section, showing the relative position of the chief 
seams of coal and ironstone, and also a generalised 
section across the pottery coalfield. The 2nd edition 
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of Map Sheet No. 123 of the Geological Survey of 
England and Wales is available in connection with 
this memoir. The map is on a scale of 1 in. to the 
mile, and is printed in colours. 





A notable work, of some 550 pages, on “ The 
Strength of Materials,” by Mr. J. Case, M.A., lecturer 
on Applied Mechanics at the Royal Naval Engineering 
College, Keyham, recently issued by Messrs. Edwin 
Arnold and Co. (30s. net), again directs attention 
to the mathematical study of this subject. This 
work, though intended for engineers, is essentially 
a student’s book, arranged to suit honours candidates. 
Though not an elementary work, yet elementary 
concepts are treated at length to ensure, quite 
wisely, a sound beginning. For the convenience of 
those not far advanced in the subject, a scheme of 
reading is indicated by which the student first confines 
his attention to particular matters ; an excellent provi- 
sion for those without other guidance. There are many 
fully-worked examples. As a work of reference, it 
should, however, be of occasional use to engineers 
engaged in design or liable to be called upon to inves- 
tigate matters of difficulty, though the point of view is 
hardly that of the practising engineer. Conviction of 
truth is to be sought in the mathematical analysis, 
rather than in the explanatory text, which, to some, 
is as it should be. The usual questions are dealt 
with, and of those less often treated we may mention 
framework with, stiff joints, stability of bent and 
twisted rods, springs, curved beams, stresses due to 
rotation, torsion of non-circular shafts, whirling of 
shafts, transverse oscillation of beams, alternating 
stresses and fatigue. 








YEAR-BOOKS AND ANNUALS. 


The Directory of Shipowners, Shipbuilders, and Marine 
Engineers.—Compiled under the direction of the 
Editor of Shipbuilding and Shipping Record, this 
directory gives particulars of all the leading steamship 
companies, shipbuilders, ship repairers, and marine 
engineering works throughout the world. Full infor- 
mation regarding the ownership of any specific vessel, 
the builders of the ship and of her engines, is furnished, 
together with particulars of the tonnage, the draught, 
and other features of interest. The names of the 
directors and leading officials of the ship-owning and 
shipbuilding companies are also given, and another sec- 
tion gives detailed lists of the personnel of Government 
Departments, and of trade and technical organisations 
connected with shipping or with the shipbuilding 
industry. A directory of consulting marine engineers 
and naval architects is also included. The book 
contains some 800 pages and is of handy size; it is 
published by the Directory Publishing Company, 
Limited, 33, Tothill-street, Westminster, London, 
S.W.1, and the price is 20s. net. 





The Motor Ship Reference Book for 1926.—Owing 
to the very rapid development of motor ships, ship- 
owners, shipbuilders and marine engineers must possess 
exact information of recent progress and the results 
obtained with the ships in service. For this reason, 
it is necessary to have at hand the only publication 
available that contains descriptions of the various 
new types of engines, lists of vessels fitted with them, 
and data relating to their dimensions and performance. 
The book in question bears the title ‘‘ The Motor Ship 
Reference Book for 1926,” and was published recently 
by Temple Press, Limited, of 7/15, Rose bery-avenue, 
London, E.C.1, at a price of 5s. net. The work of 
preparation was carried out by the staff of The Motor 
Ship, and it will be recognised by the user that it has 
been thoroughly well done. In the new edition there 
is a complete list, with details, of every large motor 
ship placed in service during the year, and particulars 
are given of the new double-acting and single-acting 
engines first developed commercially in 1925. All the 
features of the first issue have been maintained, but, 
in addition, there is an article on the salient features 
4 motorship and marine oil engine development in 

925. 


The ‘Electrician’ Electrical Trades Directory and 
Handbook, 1926.—Commonly spoken of as “ The Blue 
Book ” in the offices of electrical organisations, the 
Electrician ” Electrical Trades Directory and Hand- 
book, is a very valuable compilation, having over 1,400 
pages of reference matter. First, there is a handbook 
Section, opening with notes on patents at home and 
abroad, followed by serviceable tables and graphs 
relating to the properties of materials used in the 
electrical industry. Further on there are notes on 


illumination and on the Standardisation Rules for 
Klectrical Machinery. The conditions of admission to 
membership of the leading engineering institutions are 
Specified, the work of the various trade associations 
and research organisations is dealt with, and the names 





of the members of the staffs of the various universities 
and technical colleges are given. A digest of the law 
relating to the supply and use of electricity is a valuable 
item in the contents, and covers some 185 pages of the 
volume. The directory part of the work is given in two 
sections, alphabetical and according to trade classifica- 
tion. Later sections deal with the Dominions and 
Colonies, with the countries on the European Continent 
and with the United States of America. A considerable 
amount of labour must be involved in preparing this 
directory and handbook for publication, and yet it is 
difficult to find any omissions or mistakes, 





TRANSLUCENT METAL FOILS. 


THIN metal foils are prepared either by mechanical 
means, hammering or rolling, or by chemical or electro- 
lytic deposition on some other metal which is subse- 
quently etched away on the Wollaston method. 
The thinnest beaten gold leaf has a thickness of only 
0-9 by 10°® cm. (0-09 u). The thickness of electrolytic 
deposits of nickel on rolled copper had not, until recently, 
been diminished below 1 «. The electrolytic method is 
convenient because it yields the thin films in a handy 
form, attached to a frame of metal left undissolved, 
and because the foils are more homogeneous and less 
porous than those produced by mechanical means. 
A reduction in the thickness of the foils to about 
one-tenth the thickness of the gold leaf, has been 
obtained by Carl Miller in the Physikalisch-Technische 
Reichsanstalt (Preussische Akademie der Wissen- 
schaften, Sitzberichte, pages 464 to 470, 1925), in the 
following way. A thin film of the metal (gold, silver, 
platinum, nickel, or iron) is deposited on copper; most 
of the copper is dissolved, the film surface is then coated 
with a film of copper, and both surfaces are further 
etched until the film of nickel or other metal is alone 
left supported on a ring, or other frame, of copper. 
In this way nickel membranes 0°04 u in thickness 
have been prepared, 6 cm. in diameter, and thinner 
foils down to 0-01 « of smaller diameters. 

The thinnest gold films are apt to be broken by a gen- 
tle air current. The nickel films are much stronger, and 
of considerable elasticity and electrical conductivity. 
Nickel foils of 0-25 have been fitted into the windows 
of discharge tubes, being placed over a wire netting 
of 0-6 mm. mesh, and have resisted a gas pressure 
difference of 25 cm. of mercury. Assuming the views 
of Hull, Bohlin and others on the lattice structure of 
metallic films to be correct, the thinnest films of gold 
and nickel produced would consist of about 30 super- 
posed layers of atoms. In transmitted light, gold 
foil remains green down to the smallest thickness. 
In reflected light it appears yellow down to 0-02 u 
and then pink. The nickel foils are always grey, 
but translucent. Heated in an atmosphere containing 
oxygen a foil of 0-08 « became coloured, and even 
more transparent, but no metal seemed to have been 
volatilised, for on reheating in hydrogen the original 
foil was restored. A nickel foil of 0.04 u, 1 cm. wide, 
would carry 0-3 ampere without oxidation. The 
high conductivity and elasticity and the rapid damping 
of these films are utilised in the construction of delicate 
instruments, electrometers, &c., a 0:04 yw foil, 6 cm. 
in diameter, which can be bent, weighs 1 milligramme. 





LAUNCH OF THE TANK STEAMER “ARTHUR W. 
SEWALL.’’—The single-screw tank steamer, Arthur W. 
Sewall, which has been built to the order of Messrs. The 
Ivarans Rederi, of Oslo, by Messrs. Sir W. G. Arm- 
strong, Whitworth and Co., Limited, was recently 
successfully launched from their Armstrong Yard. The 
length of the vessel, between perpendiculars, is 352 ft., 
the breadth moulded is 59 ft. 8 in., and the depth 
moulded to upper deck, 35 ft. 3in. The vessel is designed 
to carry 9,200 tons deadweight on a mean draught of 
28 ft. It is estimated that her speed when loaded to 
this draught will be 11 knots. Of the two-deck type, 
with poop, bridge and forecastle, the Arthur W. Sewall 
is built to Lloyd’s and Norske Veritas highest class. 
She is framed on the Isherwood longitudinal system and 
fulfils the requirements of the Norwegian Board of Trade. 
The vessel has a straight stem and elliptical stern ; the 
oil cargo is carried in seven double compartments and 
the cargo pump room extends from side to side of the 
ship. Oil fuel is carried in the double bottom under 
the oil compartments and also under the machinery 
space. Electric lighting is installed throughout. The 
cargo-oil pumps are two in number; they are steam 
jacketed and are each capable of discharging about 200 
tons per hour. A complete oil-piping system is also 
provided for dealing with the oil cargo. Heating coils, 
with large heating surface, are installed throughout the 
main oil compartments. The propelling machinery will 
consist of triple-expansion engines having cylinders 27 in., 
45 in., and 75 in. in diameter, with a piston stroke 
of 51 in. The boilers, of which there are three, are of 
the cylindrical multi-tubular type, 16 ft. 9 in. in diameter 
and 12 ft. long; they are fitted for Howden’s forced 
draught, and are arranged for coal and oil burning. 
The working pressure is 180 lb. per sq. in. Messrs. 
Armstrong are also constructing the machinery. 


ENGINEERING TRAINING AND 
EDUCATION. 


Awards to Aircraft Apprentices—The Air Ministry 
announces that aircraft apprentices E. White, J. E. 
Allen, J. E. MacCallum, N. A. Tait, R. C. Field, and 
G. H. H. Procter, from No. 1 School of Technical 
Training (Apprentices), Halton, have been selected 
for cadetships at the Royal Air Force Cadet College, 
Cranwell, or the results of the examinations held on 
completion of their year’s training as aircraft apprea- 
tices. A Sir Charles Wakefield Scholarship, valued at 
75l., has been awarded to Flight Cadet E. White. 

Science and Whitworth Scholarship Examinations.— 
The time-table of examinations for science, Whitworth 
and Whitworth senior scholarships, has now been issued 
by the Board of Education. The examinations will 
begin on April 28, and will continue daily, with the 
exception of Sunday, May 2, until May 8. The 
duration of each examination session is, in the majority 
of instances, from 7 to 10 p.m. ; in two cases, however, 
the time of commencement is 6 p.m. 

Faraday and Maxwell Scholarships Examinations.— 
The annual examinations for a Faraday scholarship 
valued at 50 guineas per annum and tenable for two years 
in college and one year in a manufacturing works, and 
for a Maxwell scholarship of 50 guineas per annum, 
tenable for one year in college and one year in a works, 
will be held at Faraday House, on April 7, 8 and 9, 
next. Exhibitions may also be awarded to candidates 
who acquit themselves creditably in the above examina- 
tions, but who do not obtain the necessary number of 
marks to qualify for the scholarships. The subjects: of 
examination for the Faraday scholarship are geometry, 
algebra, trigonometry, dynamics, statics and hydro- 
statics, geometrical and free-hand drawing, chemistry 
and physics. For the Maxwell scholarship, the sub- 
jects are mathematics, dynamics, statics and hydro- 
statics. Further particulars may be obtained from the 
Secretary, Faraday House, 62-70, Southampton Row, 
London, W.C.1. 

University of London, Scholarships and Exhibitions.— 
A number of entrance scholarships and exhibitions are 
available for award to students entering University 
College, Gower - street, London, in October, next. 
Three of these are tenable in any of the college 
faculties, which include arts, science and engineering, 
or in the School of Architecture. Two scholarships 
are tenable in the faculty of-arts only, one in the 
faculty of science, one in the faculty of engineering, 
and two in the School of Architecture. The majority 
of the scholarships and exhibitions are of the value 
of 40]. a year for three years; the sum may, however, 
be increased by the grant of a supplementary bursary 
if circumstances make such a grant necessary. Full 
particulars of all these scholarships and exhibitions 
may be obtained from the Secretary, University of 
London, University College, Gower-street, London, 
W.C.1. . 

University of London, Chair of Highway Engineering. 
—Appeals for funds to found a Chair of Highway 
Engineering at the University of London were made 
at a livery dinner of the Worshipful Company of 
Paviors, held recently in London. The cost of the 
endowment is estimated to be 30,000/., and the sub- 
scriptions received, or promised, amount, at the present 
time, to approximately 10,000/. Financial assistance is 
being sought from highway authorities and from their 
engineers and surveyors, from the paving and allied 
industries, and from the transport industry. It is 
also hoped to obtain financial aid from the Govern- 
ment. It is stated that the course, which will be 
post-graduate, is intended to cover a period of three 
years. At the end of this time those students who 
pass the final examination will receive the degree of 
B.Se. (Highway Engineering). 





CurRENT CALCULATOR FOR ELEcTRIC Motors.—An 
interesting and ingenious form of calculator which gives, 
by a single setting, the current in the conductors supplying 
three-phase or direct-current motors of any horse-power 
and at any line voltage, has been issued by the Lancashire 
Dynamo and Motor Company, Limited, Trafford Park, 
Manchester. ‘The calculator is in the form of a card 
folded to form four-pages, the third of which carries a 
rotating disc with a horse-power scale engraved on it. 
Surrounding the disc is a fixed voltage scale, and the 
disc is turned to bring the given horse-power opposite 
the particular line voltage in use. When this has been 
done, the card is closed up and a steel pointer, attached to 
page 1 by means of an eyelet, moves over a fixed scale 
which indicates the current in each conductor, The move- 
ment of the steel pointer is, of course, due to the fact that 
a flat permanent magnet is attached to the back of the 
horse-power scale and the steel pointer, which is also 
magnetised, sets itself parallel with the magnet. Having 
determined the current in this way, a suitable cable 
can be selected from a table printed on page 2 of the 
calculator, and this table also gives the weight of the 
cable and the length in which a drop of one volt will 
occur. We understand that a limited supply of these 





calculators is available for persons interested. 
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THE TOPLIS LEVEL-LUFFING 
CRANE. 


Since the original Toplis level-lufting crane was dealt 
with in our issue of June 26, 1914, on page 874, a 
number of improved designs have been illustrated 
from time to time, the last occasion being in June, 
1924, when, on page 762, vol. cxvii, we illustrated 
some cranes of this type constructed by Messrs. 
Stothert and Pitt. Limited, for the Southampton 
Docks. The inventor of the method of luffing referred 
to, Mr. Claude M. Toplis, has since become con- 
nected with the Bedford Engineering Company, of 
Bedford. The latter firm have recently constructed, 
to Mr. Toplis’ designs, the level-luffing crane illustrated 
above and on the opposite page and on Plate XVII, 
accompanying this issue, and this crane has several 
interesting and useful characteristics, to which we shall 
refer below. 

The crane actually illustrated by the photographs 
reproduced in Figs. 1 and 2 was constructed for the 
Associated Portland Cement Manufacturers, Limited, 
and is now at work at their Somerset Wharf, on the 
Thames, near Vauxhall Bridge, London, unloading 
cement in bags from barges and placing the bags on 
lorries for transport by road. The conditions at the 
wharf are such that it is necessary for the crane to 
luff to an exceptionally small radius, and although 
this condition presents certain difficulties, they have 
been overcome in a simple and efficient manner. This 
will be clear from Fig. 2, which shows the crane with 
its load at the minimum radius of 12 ft., the jib then 
being almost vertical. The maximum radius is 
. 48 ft., and the crane is capable of hoisting its full load 





of 30 ewts., at 120 ft. per minute. The slewing speed 
is 2r.p.m., and the travelling speed 60 ft. per minute. 
All motions are operated by separate 400-volt direct- 
current motors of Messrs. Laurence Scott and Co.’s 
manufacture, and the hoisting motion is fitted with 
this firm’s patented floating brake, which gives a 
definite lowering speed on each controller nectch. The 
first reduction gear of the hoisting motion is fitted with 
laminated gears, which are very silent in operation; 
all gearing is machine cut and is protected by sub- 
stantial guards. The mechanism for all motions, 
except that of travelling, can be followed from the 
drawings reproduced in Figs. 4 to 7 on Plate XVII; 
the travelling motor is, of course, located on the 
pedestal, and calls for no particular comment. All 
motors are controlled from the cabin shown in plan 
in Fig. 6, and it will be noticed from this, as well as 
from the photographic illustrations Figs. 1 and 2, 
that the control cabin is placed well forward of the 
machinery room, so that the driver has an unobstructed 
view over the whole area covered by the crane. The 
controllers, it may be mentioned, are of the drum 
type manufactured by Messrs. Laurence Scott and Co., 
Limited, the other switchgear being supplied by 
Messrs. George Ellison. 

The most interesting and important feature of the 
crane, is, of course, the level-luffing gear, which we 
may first explain generally before dealing with its 
geometry. Referring first to Figs. 1 and 2, it will 
be seen that the jib is pivoted at the base to the 
crane superstructure, as usual, and is also connected 
by a pair of links with the upper end of a rocking lever, 
mounted on the upper rear part of the superstructure 
and extending down on each side of it. The two 
lower ends of the rocking lever are fitted with heavy 





View SHowrne Loap at Maximum Rapivs. 


counterweights, which serve to balance the weight of 
the jib in all positions, and they are also connected 
with long crank arms mounted on the ends of a shaft 
which extend through the walls of the machinery 
house. This shaft is driven by the lufting motor 
through-reduction gearing shown in Figs. 4, 5 and 6, 
on Plate XVII. It will be clear from the foregoing 
that the rotation of the crankshaft will cause the lever 
mounted on the superstructure to rock, and that this 
motion will be communicated to the jib, and will 
constitute the luffing motion. Details of the rocking 
lever and its connections with the jib and the crank- 
shaft are all clearly shown in Figs. 4, 5 and 6, and 
require no further explanation. 

To keep the load level during the operation of luffing, 
the only additional part employed is a pulley located 
in the lower part of the jib and constrained by links 
to move along the centre line. The hoisting rope is 
taken round this pulley from the jib-head pulley and 
back again to the latter, the result of the whole arrange- 
ment being that the rope is paid out or taken up as 
the jib is raised or lowered to the extent necessary 
to prevent any vertical movement of the load. The 
movable pulley can be seen in Figs. 1 and 2, with the 
controlling links, which are pivoted to the axis of a fixed 
pulley mounted on the crane superstructure and guiding 
the hoisting rope on to the hoisting barrel. Fig. 4, how- 
ever, shows the arrangement more clearly, while Figs. 8 
to 12 illustrate the construction of the lower part of the 
jib in which the movable pulley works. The pulley 
itself is shown in Fig. 13 and the end of one of the con- 
trolling links is illustrated in Fig. 14 ; Fig. 15 shows the 
fixed pulley which is mounted on the superstructure 
and the ends of the links connecting it with the mov- 
able pulley. Fig. 7 is an end elevation of the super- 
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structure showing the fixed pulley in position. From the 
section of the jib reproduced in Fig. 10, it will be seen 
that the pulley tracks are formed by two 8 in. by 5 in. 
rolled-steel joists, to the lower flanges of which Zin. by 
| in. flats are riveted. The two flanged wheels shown 
on the left-hand and right-hand sides of Fig. 13 
run on these flats which are located so that the axis 
of the wheels, and also, of course, that of the pulley, 
moves in the centre line of the jib. Fig. 16, which may 
now be mentioned, though it requires no special 
comment, is a section of the circular rack for the slewing 





gear and gives all dimensions of this detail, with par- 
ticulars of the gear teeth. 

Having now explained the general arrangement of the 
level-luffing gear it may be of interest to give a proof of 
its accuracy, using for the purpose the diagram repro- 
duced in Fig. 3. The complete compensation effect 
necessary to cause the hook to move in an horizontal line 
in the luffing operation is due to the disposition of the 
points A, B and D and to the action of the pulley C, the 
latter being constrained to move in a circular path about 
the point D by links of definite length. _ If the hoisting 
rope is passed over a fixed pulley D placed in sucha 
position that it is vertically over the jib-foot pin Band 
at a height above it equal to one-fifth of the length of 
the jib, it can be shown graphically that the amount of 
rope passing over the jib-head pulley during the opera- 
tion of luffing, for any small angular movement of.the 
jib, is proportional to the vertical rise or fall of the jib- 
head pulley A; moreover this proportional variation is 
practically equal to one-fifth of the total rise or fall 
of the pulley A. This being the case it is now necessary 
to show that the moving pulley in the jib will compen- 
sate for the remaining four-fifths of the rise or fall of the 
pulley A and this can be done as follows :— 

By construction, AB=5 BD andCD=DB. Let 
a = the angle that the jib makes with the horizontal. 
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Drawing E D perpendicular to C B and bisecting the 
angle C D B, it will be obvious that the angles E D Band 
E DC are both equal to a, since D BG = 90 deg. and 
DBE=90 deg.—a. Now CE=CD sin a and 


CB=2CE=2CD sina. Also AG = AB sina 
and since A B = 5D B = 5C D we have 
’ 9 a 9 
AG=5CDane.. 2? = 2C Dane meh 
AG 5C D sina 5 


There are, however, two falls of rope passing over the 
pulley C, so that the amount of rope passing over the 
pulley A during the luffing operation will be doubled, 
and the proportion of the total height AG compensated 
for by the movement of the pulley C will be 4/5 AG. 
This, with the compensation due to the disposition of 
the points A, B and D above referred to, gives complete 
compensation. 

It will be obvious from the foregoing, that the 
position of the fixed pulley on the superstructure of the 
crane, viz., vertically over the jib-foot pin and a 
definite distance above it, is of fundamental importance 
in connection with level luffing. In the case of the 
crane illustrated, the height of the fixed pulley over the 
foot pin, as previously stated, is one-fifth the length 
of the jib. There are, however, a number of points on 
the same vertical line possessing the important charac- 
teristic in connection with the design of level-luffing 
cranes, that the variation in the length of the straight 
line joining A and D is directly proportional to the 
vertical rise or fall of the jib head, during the operation 
of luffing. This not only partly compensates for the 
curvature of the path of the load, but also enables the 
jib to be balanced by a constant force, such as a falling 
weight, when desired. The particular point selected has 
the additional advantage that the compensation derived 
from the movable pulley working in the jib, is correct 
when the links controlling this pulley are pivoted on the 
same centre as that on which revolves the fixed hoisting 
pulley on the crane superstructure. This circumstance, 
it will be understood, tends to simplify the mechanical 
and structural arrangements. The accuracy of the 
level-luffing gear is certainly very great. In the case of 
the crane illustrated, no error is visible by ordinary 
observation and that determined by instrumental 
measurement does not exceed in. 

Another jmportant feature of the design is that the 
jib, being balanced in all positions with or without a 
load, has no tendency to fall out or to run home. It 
will also be clear that, since the luffing motion is 
effected by crank mechanism, it is impossible to over 
luff at either end of the movement, the load moving 
with simple-harmonic motion and being brought to rest 
gradually and smoothly at the maximum and minimum 
radii. There is thus very little swinging of the load 
when luffing at the highest speeds, which, in the case 
of the crane illustrated, enables the load to travel from 
the maximum radius to the minimum in 15 seconds. 
No work has to be done against gravity in the opera- 
tion of luffing, the resistance being entirely due to 
friction. Consequently the power consumption for this 
operation is low, amounting only to 24 b.h.p. in the 
crane illustrated when luffing at 130 ft. per minute. A 
brake is provided on the luffing motion to absorb 
inertia effects, but there is no tendency for the jib to 
take charge, if the brake is deliberately put out of 
action. 

The method of balancing the jib by means of a 
weighted rocking lever referred to above, has an 
important advantage in connection with the stability 
of the crane as a whole. It will be noticed, from Fig. 4, 
that the rocking lever is pivoted at a point some distance 
from the vertical axis of rotation of the crane, on the 
side remote from the jib, and, with this arrangement, 
the movement of the centre of gravity of the crane 
due to luffing the load is reduced to a minimum. 
As can be seen very clearly by comparing Figs. 1 
and 2, when the jib is luffed out to a greater 
radius in one direction the balance weights also move 
outwards to a greater radius in the opposite direction. 
The centre of gravity of the whole load on the crane is 
thus kept near the axis of rotation for any load in 
any position, and it is therefore unnecessary to provide 
additional fixed ballast. The actual movement of the 
centre of gravity for a movement of the full load of 
30 cwt. from the maximum radius to the minimum 
is only about 8 in. on either side of the centre line in 
the crane illustrated. In addition to the fact that the 
danger of overturning is reduced to a minimum by this 
feature of the design, it also tends to equalise the loads 
on the travelling wheels. This is advantageous when 
cranes, as is not uncommonly the case, have to be 
erected on indifferent foundations. 

In conclusion it may be pointed out that all pulleys 
are of large diameter, the rope leads are easy, and there 
are no reverse bends in the reeving of the rope. At the 
official trials, the crane handled 40 tons per hour, 
although the driver had had but little previous experi- 
ence in operating it, and has since handled 80 tons per 
hour. At present, a normal load of 22 cwt. can be 
taken from a barge and placed ona lorry in 20 secs., 
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although the transfer involves a lift of 25 ft. to 30 ft., 


slewing through 180 deg. and luffing the jib 20 ft. 
horizontally. Several other cranes of the same ty 
are now under construction at the works of the Bedford 
Engineering Company. 





THE WELDING OF ALUMINIUM. 


Despire the fact that the welding of aluminium has 
been regarded as one of the most difficult of crafts, 
successful work is commonly done in many applica- 
tions. The reason for the belief that a long period 
of training and experience is essential to the produc- 
tion of successful work is due entirely to the charac- 
teristics of the material being so different from those 
of steel, cast iron and other metals, with the treat- 
ment of which the general welder is familiar. Explana- 
tions of the many peculiar physical actions taking place 
during the welding of aluminium were given at a 
meeting of the British Acetylene and Welding Associa- 
tion, on Thursday, February 4, by Mr. Edgar T. Pain- 
ton, of the British Aluminium Company, Limited. 

The fundamental source of difficulty in the welding 
of thin sheets, not suitable for the simple pressure 
welding used in connecting electrical wires and cables 
of aluminium, was stated to be the rapidity with 
which the metal oxidised and the toughness and 
tenacity of the oxide film which was formed. In the 
simple butt-welding process, the oxide skin was broken 
by the application of the pressure. Once the ends of 
the rods were heated to the melting point, the metal 
was prevented from falling away by the oxide skin 
which, however, was ruptured and allowed the clean 
metal in each part to come into association as soon 
as the pressure was put on. This mechanical process 
had its counterpart in oxy-acetylene welding, in the 
removal of tne oxide as it was formed by the so-called 
puddling method. One disadvantage that had to be 
contended with, was that the oxide of aluminium had a 
higher specific gravity than the metal and tended to 
sink to the bottom of the pool of metal. There was 
consequently great risk of inclusions within the solidi- 
fied metal. 

The most effective way of removing the oxide in 
an aluminium weld was by the use of a flux. While 
aluminium oxide was not acted upon by many 
chemical reagents, it had been known, since the begin- 
ning of the aluminium industry, that the oxide could 
be dissolved by molten halogen salts of the alkaline 
metals. Cryolite, a natural double fluoride of sodium 
and aluminium, proved a useful component of many 
fluxes for the purpose, but other fluorides and chlorides 
were mixed with it in order to vary the melting point, 
the viscosity of the molten. flux, its density and the 
speed of action. Lithium chloride, for example, was 
nearly always a component, since it had a very low 
melting point and produced a flux which was liquid, 
and flowed freely before the aluminium itself reached 
its melting point. An aluminium flux should not be 
too fluid, however, or under the blast of the blowpipe 
it might spread and leave too little on the weld to 
perform the work of removing the oxide successfully. 
For aircraft work a flux was used consisting of potas- 
sium chloride 45 parts, sodium chloride 30 parts, 
lithium chloride 15 parts, potassium fluoride 7 parts, 
and potassium bisulphate 3 parts. This was a good 
flux for all general purposes, but many different 
mixtures were on the market which had their adherents. 
All aluminium fluxes were hygroscopic and had to be 
kept in airtight containers. Dr. Briscoe and Captain 
Richardson discovered that the use of pyrosulphate or 
pyrophosphate in the mixture prevented the dissocia- 
tion of the components, and thus it was possible to 
provide a flux which could be stored for long periods 
without deterioration. 





TRIAL TRIP OF THE §.S. ‘“Crty oF Lyons.’’—The 
single-screw steamer City of Lyons, built for the Ellerman 
Lines, Limited, by Messrs. Swan, Hunter and Wigham 
Richardson, Limited, at Wallsend Shipyard, recently 
completed successful trials off the mouth of the Tyne. 
The vessel is designed to cerry about 11,300 tons, and 
has a cruiser-shaped stern. There are five cargo holds, 
which are served by 18 steel derricks and 17 steam 
winches. To ensure the safety of the ship and cargo, 
steam fire-extinguishing pipes are fitted throughout the 
cargo holds, *tween-decks spaces, and bunkers. All living 
accommodation is steam-heated, and electric lighting 
is fitted throughout the ship. The double bottom is 
arranged for carrying oil fuel as well as water ballast, 
and deep tanks are installed abaft the engine room and 
at the after-end of No. 2 hold. All the auxiliary 
machinery for service at sea is electrically driven. The 
propelling machinery consists of a set of Parsons impulse- 
reaction type turbines and single-reduction mechanical 
gearing, built by the Wallsend Slipway and Engineering 
Company, Limited, Wallsend. This firm also supplied 
the three single-ended multitubular boilers which are 
fitted with superheaters and arranged for working with 
Howden-Ljungstréim air preheaters. 
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LAUNCH OF THE M.S. ‘‘ OaKBANK.”’—-A further vessel 
of the fleet of motorships which Messrs. Harland and 
Wolff, Limited, are building for Messrs. Andrew Weir 
and Co. (Bank Line), Limited, was launched recently at 
Govan shipyard. This vessel, the Oakbank, will 
similar to her sister ships, the Levernbank and the 
Olivebank, which were recently mentioned in our columns. 
She will be equipped with Harland-Burmeister and Wain 
motors, and her principal dimensions are: Length, 
434 ft.; breadth, 53 ft. 9in.; and depth, 37 ft. Of the 
shelter-deck type, she is built to Lloyd’s highest class. 
The vessel is divided by seven watertight bulkheads 
which extend to the upper deck, into five cargo holds, 
motor room, and fore and aft peaks. The cargo hatches 
are worked by 12 steel derricks, each capable of lifting 
5 tons. A heavy derrick for lifting loads up to 25 tons is 
fitted at the after side of the fore mast. The 12 cargo 
winches and the windlass are steam driven, while the 
steering gear is electrically driven with control from the 
bridge by a telemotor. Steam is supplied from an oil- 
tired donkey boiler for the fire-extinguishing imstallation, 
for heating and scouring the oil-fuel tanks, and for driving 
the winches and windlass, 


PERSONAL.—Messrs. John Spencer, Limited, tube 
makers and engineers, Wednesbury, have opened a 
London office, under the management of Mr. P. Spencer, 
at College Hill House, 176-178, Upper Thames-street, 
E.C.4,—Messrs. T. W. Broadbent, Limited, Victoria Elec- 
trical Works, East Parade, Huddersfield, have ,arranged 
with Messrs. Darroch and Espie, Dock Works, 37, Weir- 
street, Paisley-road, Glasgow, to act as their representa- 
tives in Scotland, for the sale of A.C. and D.C. generators 
and motors, as successors to Mr. J. Espie, of the same 
address, who is retiring from business.—Messrs. W. 
Worby Beaumont and L. N. Burt have transferred 
their office from 222, Strand, to 20, Essex-street, Strand, 
London, W.C.2.—The Los Angeles offices of the Celite 
Products Company have been removed from the Van 
Nuys Building, to 1320, South Hope-street, Los Angeles, 
Cal., U.S.A.— Messrs. The Griscom-Russell Company 
announce the removal of their general oftices from 90, 
West-street, New York, to the Murray Hill Buildings, at 
40th-street, 285, Madison-avenue, New York City.—Mr. 
J. J. Lassen has retired from the Board of Directors of 
Messrs. James Gordon and Co., Limited, Windsor House, 
Kingsway, London, W.C.2, and has terminated his connec- 
tion with the company.—The private limited liability com- 
pany of Messrs. William Jacks and Co., Limited, trading 
at Glasgow and elsewhere, has gone into voluntary liqui- 
dation. The liquidator has sold the goodwill of the 
company to Messrs. William Jacks and Company, 
Winchester House, Old Broad-street, London, E.C.2. 
In future the offices in Glasgow and Middlesbrough will 
be conducted under the name of William Jacks and Co., 
instead of William Colvin and Co., as heretofore. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—-Producers of Cleveland 
pig have very little iron to offer for early delivery, ani 
customers needing supplies this month are experiencing 
difficulty in obtaining sufficient quantities for their 
requirements. Buyers are keen to enter into contracts 
ahead, but sellers are not at all disposed to entertain 
forward business at current rates. Merchants have only 
small odd parcels available for disposal, and such lots 
readily realise full market figures. The bulk of the 
output is still absorbed by home firms, but overseas 
inquiries are improving. For home purposes, No. | jis 
72s. 6d.; No. 3 g.m.b., 70s.; No. 4 foundry, 69s. ; and 
No, 4 forge, 68s, 6d. Export prices are sixpence above 
these quotations. 

Hematite.—There is acute shortage of hematite, supply 
being even more inadequate than is that of Cleveland 
qualities. Makers are so well sold that they cannot 
book for prompt delivery, and with indication of further 
stiffening of values they hesitate to commit themselves 
at all extensively ahead. In this branch, Continental 
demand is quite good, and home requirements are 
such as to absorb the bulk of the output. The minimum 
figure for Nos. 1, 2 and 3 is 78s., and No. | is fully 78s. 6d. 
These quotations are for home use and for shipment to 
foreign destinations. 

Imported Ore.—Deliveries of foreign ore against run- 
ning contracts continue on a heavy scale, but new business 
matures slowly. Sellers, however, are markedly dis- 
inclined to make price concessions. Best rubio keeps 
at 21s. 6d. c.i.f. Tees. 

Blast-Furnace Coke.—Durham_ blast-furnace 
in only moderate request for local use, consumers being 
fairly well covered. Good average qualities are in the 
neighbourhood of 21s., delivered here. 

Manufactured Iron and Steel.—Better accounts are 
given of manufactured iron and steel, the placing of 
a few shipbuilding orders having had a stimulating 
influence on a branch of trade that has been particularly 
inactive for some considerable time past. One or two con- 
tracts have been secured for shipbuilding requisites, and 
a little more activity of the plate and angle mills is thus 
assured. Railmakers have a fair amount of work on 
hand, producers of constructional steel are moderately 
well employed, and sheet manufacturers are very busy. 
Altogether, the situation has distinctly improved. 


coke is 


Common iron bars are I1l. 5s.; iron rivets, 12/. lds. : 
packing (parallel), 8/.; packing (tapered), 11/.; steel 
billets (soft), 7l.; steel billets (medium), 7/. 10s.; steel 


billets (hard), 81. 2s. 6d.; steel ship, bridge, and tank 
plates, 7/. 7s. 6d. ; steel angles, 7/. steel rivets, 121, 10s. ; 
steel joists, 7/.; heavy sections of steel rails, 8/; fish 
plates, 12/.; black sheets (No. 24 gauge), 11/. 5s. ; and 
galvanized corrugated sheets (No. 24 gauge), 167. 10s. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel_—With the passing of January, no real 
sign of revival has been experienced, and the general 
position remains much the same as at the commencement 
of the year. Not only have the heavy trades failed to 
make any substantial progress, but the lighter industries 
have also experienced quiet times. Despite this, how- 
ever, a more hopeful tone prevails as to the future. 
Railway delay is still acute, but a step in the right 
direction has been taken by the London & North Eastern 
Railway Company, who propose to improve the forward- 
ing of freight trattic by extending siding facilities in this 
district. They. intend to erect ten double-ended sidings 
on the main line between Sheffield and Doncaster. 
These new sidings will afford accommodation for 425 
wagons. Improvements are also contemplated at 
Rotherham and Parkgate. Railway departments con- 
tinue to be the busiest section of the heavy trades, but 
makers will require more orders if the present rate of 
output is to be maintained, The shipbuilding industry 
shows slight signs of recovery. Makers of automobile 
steel continue to find profitable channels for their goods 
in home and foreign markets. In the implement and 
machinery sections, orders are not flowing so freely, but 
plants are able to operate at fair capacity on work 
provided by home users. The use of stainless and rust- 
less steel in a variety of forms is reflected in a 
steadily expanding demand. In the lighter trades, busi- 
ness is patchy. File makers report a stronger call. With 
the advent of Spring, garden tools are meeting with ready 
purchasers. The building trades are absorbing a large 
output of light castings, stove grates and general iron- 
mongery. Saws are being shipped to Russia in increasing 
quantities. 

South - Yorkshire Coal Trade.—Despite a 
off in the steel trade, industrial fuel of all grades continues 
to be in good demand. Best steams maintain the recent 
improvement on home account, though exporters have 
reduced their requirements. Cobbles and nuts are fairly 
firm, while slacks continue a good market. Best quality 
house coal is still an active market, but inferior sorts 
have lost strength. Foundry and furnace coke are going 
away in big tonnages for home consumption ; overseas 
purchases tend to diminish. Quctations :—Best branch 
hand-picked, 31s. to 34s.; Barnsley best Silkstone, 25». 
to 30s.; Derbyshire best brights, 26s. to 28s.; Derby- 
shire best house, 24s. to 25s.; Derbyshire best large 
nuts, 17s. to 20s.; Derbyshire best small nuts, 12s. td. 
to 14s.; Yorkshire hards, 17s. to 19s. 6d.; Derbyshire 
hards, 16s, to 19s. ; rough slacks, 10s, to 124. Gd. ; nutty 
slacks, 7s. 6d. to 9s.; smalls, 3s. 6d, to ts. 
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NOTES FROM THE NORTH. 
GiasGow, Wednesday. 

Scottish Steel Trade. —No appreciable change has 
taken place in the Scottish steel trade yet, but a rather 
better tone is noticeable, and signs of an improvement 
in demand are more in evidence. In one or two cases 
order books have a better appearance, and inquiries are 
increasing. ‘The current inquiry is of a fairly general 
character, which is a good sign, and would seem to indi- 
cate that business in general was moving in the right 
direction. The placing of orders for another four vessels 

2 on the Clyde, and 2 on the Tay—brightens up the 
position again and tends to make the outlook more 
hopeful. In the black sheet trade makers of the heavier 
grades are rather better off for work, while more orders 
for the lighter gauges and galvanised sorts for export 
have been booked. This branch of the trade is in a very 
healthy condition at present. Prices keep fairly steady 
and the following are to-day’s quotations :—Boiler 
plates, 111, per ton ; ship plates, 7/. 10s, per ton ; sections 
71. per ton: and sheets, under jf to }-in., 9/. per ton, 
all delivered Glasgow stations. 

Malleable Iron Trade.—The state of the malleable 
iron trade of the West of Scotland shows little change 
over the week. Orders are not being picked up in such 
numbers as to ensure continuity of running, and except 
in the steel re-rolling branch there is not much doing. 
In the latter department a moderate amount of activity 
is general, but no distance ahead can be seen. Prices 
are unchanged at 11l. 5s. per ton for ‘‘ Crown ”’ bars, 
delivered Glasgow stations. 

Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade the current demand is not heavy, but a fairly good 
undertone exists, and makers are hopeful of some improve- 
ment in the near future. Inquiries are only moderate. 
Prices have a hardening tendency but show no change 
at the following prices :—Hematite, 77s. 6 





6d. per ton, 
delivered at the steel works; foundry iron, No. 1, 79s. 
to 8ls. 6d. per ton, and No, 3, 76s. 6d. to 79s. per ton, 
both on trucks at maker’s yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, February 6, amounted to 1,342 tons. Of 
this total, 1,153 tons went overseas and 189 tons coast- 
wise. For the corresponding week of last year the figures 
were 496 tons to foreign destinations and 203 tons coast- 
wise, making a total shipment of 699 tons. 

Shipbuilding.—Messrs. John Fullerton and Co., 
Paisley, have secured the contract to build another two 
steamers. The Caledon Shipbuilding and Engineering 
Company (Limited), Dundee, have received an order from 
the Wallasey Borough Council for two passenger ferry 
steamers for service on the Mersey. The total cost will 
be about 83,0007. The same builders have received in- 
structions to construct two crane pontoons as a sub- 
contract from Messrs. Cowans, Sheldon and Co., Carlisle, 
who have received the complete contract from the 
Admiralty, and will supply the necessary cranes them- 


selves. 


NOTES FROM THE SOUTH-WEST. 


CarpiFrr, Wednesday. 
_ The Coal Trade.—Active conditions remain in evidence 
in the Welsh steam coal and anthracite trade. Demand 
from Italy continues especially brisk for steam coal, 
and the United States are still taking considerable quanti- 
ties of anthracite and parcels of dry sized coal as sub- 
stitutes for anthracite. At the same time the general 
demand for steam coal is good, and orders are being 
placed from all directions. The only exception to the 
general strength is dry large, which remains neglected 
and in plentiful supply on the basis of 21s. to 22s. for 
the best qualities and 20s. to 21s. for ordinary grades. 
Best Admiralty large rules from 23s. to 248., with 
seconds from 21s, 6d, to 23s., Monmouthshires from 20s. 
to 218, 6d., and smalls from lls. to 14s., according to 
quality. ‘The majority of the collieries are fully booked 
up for this month, and some are entirely out of the 
market, while the bulk of sellers are not disposed to 
commit themselves for March shipment, preferring to 
‘wait developments. Here and there, however, small 
voncessions can be secured for spot shipment from col- 
‘ierics whose arrangements have been disorganised by 
shipping having been thrown out of position by the 





gales. Even so it is difficult to secure discounts of more 
than 6d., as salesmen prefer to chance expected tonnage 
reaching dock rather than modify their prices to any 
further extent. The pressure for shipping to load 
anthracite coal for the United States will be gathered 
from the fact that a rate of 15s. with free delivery has 
been conceded to a 4,400-ton steamer compared with a 


rate of 7s, 6d, in January. Exports of coal as cargo 
foreign from South Wales in the past week amounted 
‘0 527,380 tons compared with 467,240 tons in the pre- 
vious week, and 461,360 tons in the corresponding 
period of last year. The shipments from the different 
ports in the past fortnight were as follows :— 


Week ended 
‘“. February 2. February 9. 

rom— — Tons. Tons. 

Cardiff... <a ... 227,870 341,470 
Newport ... ost ... 105,590 73,150 
Swansea .., Os cs 71,210 61,780 
Port Talbot #5 aw 57,830 49,950 
Llanelly ... - ss 4,740 1,030 


Shipments _to France were increased from 119,870 
= to 127,720 tons, to Brazil from 17,210 tons to 

400 tons, to Italy from 47,940 tons to 72,360 tons, 
und to Spain from 25,110 tons to 35,670 tons, but to 
the Argentine were reduced from 51,700 tons to 48,450 
'ons, to Egypt from 55,850 tons to 48,900 tons, and to 
the United States from 50,200 tons to 33,020 tons, 
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NOTICES OF MEETINGS. 


UNIVERSITY COLLEGE, UNIVERSITY OF LONDON.— 
To-night at 5 p.m., at Gower Street, W.C.1. Lecture : 
“The Theory of Fine Grinding,”’ by Dr. Geoffrey Martin. 


THE INSTITUTION oF CIvIL ENGINEERS: BIRMINGHAM 
AND District AssocraTIon.—To-night at 7 p.m., at 
Council House, Birmingham. Annual Joint Meeting 
with the Institution of Mechanical Engineers, Midland 
Branch, and the Institution of Electrical Engineers, 
South Midland Centre. Discussion on “ Road Transport 
and its Possible Developments.” : 

THE InstiruTION OF MECHANICAL ENGINEERS.— 
To-night at 7 p.m., at Storey’s Gate, S.W.1. Informal 
Meeting. Discussion on ‘“ Refrigerating Machinery,” 
introduced by Mr. G.C. Hodsdon, Friday, February 19, 
at 6 p.m., Annual General Meeting. ‘‘ The Measurement 
of Cutting Temperatures,’’ by Mr. E. G. Herbert. 


Tue INSTITUTION OF ENGINEERING INSPECTION.— 
To-night at 7.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘“‘The Application of 
Special Cast Irons in the Engineering Industry,” by Mr. 
S. E. Dawson. 

THE Junior INstiTuTION OF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Honorary 
Members’ Lecture: ‘‘ A visit to Some Power Stations in 
the U.S.A. in 1925,” by Mr. W. H. Patchell, M.Inst.C.E. 
Tuesday, February 16, at 2.15 p.m. Visit to the Works 
of Davis and Timmins, Limited, Wood Green." Friday, 
February 19, at 7.30 p.m. Ordinary Meeting. ‘‘ Coal 
Cutting Machinery,” by Mr. 8S. Reilly. 


Tue Institute or TRANsPORT.—Saturday, February 
13, at 3 p.m., at the Town Hall, Newcastle-upon-Tyne. 
« Notes on Railway Organization,”’ by Mr. D. 8. Burn. 

THE Minine Institute or Scortanp.—Saturday, 
February 13, at 3 p.m., at the Heriot Watt College, 
Chambers-street, Edinburgh. Report of the Institution 
Committee on ‘“ Ventilation of Mines.”’ ‘‘ Notes on 
Cleat in the Scottish Coalfields,” by Professor. R. W. 
Dron. ‘‘Coal Cutting by Machinery and Conveyors 
in Scottish Mines,’ by Mr. G. L. Kerr. .“‘ The Adjust- 
ment of Ropes on Bi-Cylindro-Conical Drums,” by Dr. 
Joseph Parker. ‘‘'The Problem of In-bye Transport,” 
by Mr. David C. Gemmell. 

Tue Institute oF TRANSPORT: MIDLAND LocaL 
Section.—Monday, February 15, at 6 p.m., at the 
Queen’s Hotel, Birmingham. ‘‘ The Port of London,” 
by Mr. W. H. Watson. 

Tue INSTITUTION OF ELECTRICAL ENGINEERS : MERSEY 
AND NortH Wates (LiveRPooL) CENTRE.—Monday, 
February 15, at 7 p.m., at The University, Liverpool. 
‘Dielectric Problems in High-Voltage Cables,” by Mr. 
P. Dunsheath, B.Sc. 


THE INSTITUTION OF AUTOMOBILE ENGINEERS: GLAS« 
Gow CENTRE.—Monday, February 15, at 7.30 p.m., at 
the Royal Technical College, Glasgow. ‘‘ Modern Chassis 
Frame Design and Body Mounting,” by Mr. T. D. Car- 
penter. 

THE SHEFFIELD SoctETY OF ENGINEERS AND METAL- 
LURGISTS.—Monday, February 15, at 7.30 p.m., at the 
University, St. Georges Square, Sheffield. “Steel 
Melting Coke,”’ by Professor R. V. Wheeler, D.Sc. 

THE Royat Society or Arts.—Monday, February 15, 
at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture: ‘‘ The Production and Measurement of High 
Vacua ” (Lecture I.), by Dr. G. W. C. Kaye. Wednesday, 
February 17, at 8 p.m., Lecture: “‘ The Propagation of 
Electric Waves,” by Mr. James Edward Taylor, M.I.E.E. 


Tue Crrcite oF ScrentiIFIC, TECHNICAL AND TRADE 
JOURNALISTS.—Tuesday, February 16, at 5 p.m., at 
Tudor-street, E.C.4. Discussion on ‘‘ The City Smoke 
Problem and the Press,” opened by D. John 8S. Owens. 


TueE INSTITUTE OF TRANSPORT.—Tuesday, February 16, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria Embankment, W.C.2. Graduates’ 
and Students’ Lecture: ‘“ Rail Transport Systems of 
the U.S.A.,”” by Mr. C. E. R. Sherrington. 


THE INSTITUTION OF ELECTRICAL ENGINEERS: NORTH 
WESTERN CENTRE.—-Tuesday, February 16, at 7.30 p.m., 
at Milton Hall, Deansgate, Manchester. Joint Meeting 
with the Institution of Post Office Electrical Engineers. 
Lecture on ‘‘ Wireless,” by Mr. E. H, Shaughnessy. 

Tue Soctety or Grass TECHNOLOGY.—Wednesday, 
February 17, at 2.30 p.m., at the University, St. George’s- 
square, Sheffield. ‘*The Influence of Moisture on the 
Mixing of Batches for Soda-Lime-Silica Glasses,” by 
Mr. M. Parkin, M.Sc., and Prof. W. E. 8. Turner, D.Sc. 
““The Function of Arsenic in Soda-Lime-Silica Glasses,” 
Part I., by Miss Edith M. Firth, Mr. F. W. Hodkin, B.Sc., 
Mr. M. Parkin, M.Sc., and Prof. W. E. S. Turner, D.Sc. 
‘The Function of Arsenic in Soda-Lime-Silica Glasses,” 
Part II. ‘The Devitrification of Soda-Lime-Silica 
Glasses Containing Excessive Amounts of Arsenious 
Oxide,” by Mr. M. Parkin, M.Sc., and Prof. W. E. 8S. 
Turner, D.Sc. ‘“‘ The Effect of Composition on the 
Viscosity of Glass,’’ Part IV. “Minor Constituents in 
Soda-Lime Glasses,’ by Dr. 8. English. 

Tue INSTITUTION OF CiviL ENGINEERS~—Wednesday, 
February 17, at 6 p.m., at Gt. George-street, S.W.1., 
Students’ Meeting. ‘‘Subaqueous Tunnelling in Com- 
pressed Air, with Reference to Barking Power-Station 
Cable Tunnel under the River Thames,” by Mr. Donald 
Stewart Matheson, B.Sc. 

THe INSTITUTION OF ELECTRICAL ENGINEERS: SOUTH 
Miptanp CENTRE.—Wednesday, February 17, at 7 p.m., 
at the University, Edmund-street, Birmingham. “ The 
Electrification of the Paris-Orleans Railway,” by Mr. H. 
Parodi. 
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THE Royat METEOROLOGICAL Society.._Wednesday, 
February 17, at 7.30 p.m., at 49, Cromwell-road, South 
Kensington, S.W.7. ‘‘On Temperature at High Alti- 
tudes, Meteorological Observations of the Mount 
Everest Expedition, 1924,” by Mr. T. H. Somerwell, 
M.A. ‘“‘ Observations of Wind Wave and Swell on the 
North Atlantic Ocean,” by Dr. Vaughan Cornish. 
* Admiral Sir Francis Beaufort and the Beaufort Scales 
of Wind and Weather,” by Commander L. G. Garbett, 
R.N. ‘‘ On the Determination of Minute Periodic Varia- 
tions,”’ by Dr. J. Bartels. 

THE InstTiTuTION OF AUTOMOBILE ENGINEERS: 
WOLVERHAMPTON CENTRE.—Wednesday, February 17, 
at 7.30 p.m., at the Engineering and Scientific Club, 
Queen-street, Wolverhampton. ‘The Preparation of 
Motor Cycles for Speed Events,” by Mr. P. Brewster. 


Tue Scnoot or ENGINEERING (PoP~taR) OLD Boys’ 
Society: TrcunicaL SEction.—Wednesday, February 
17, at 7.45 p.m., at the School of Engineering, High-street, 
Poplar, E.14. ‘‘ Present-Day Development in the 
Electrical Supply Industry,” by Mr. O. L. Robson. 


THE INSTITUTION OF ELECTRICAL ENGINEERS.—Thurs- 
day, February 18, at 6 p.m., at Savoy Place, Victoria 
Embankment, W.C. 2. Joint Meeting with the British 
Section of the French Society of Civil Engineers. ‘‘ The 
Electrification of the Paris—Orleans Railway,” by Mr. H. 
Parodi. 

THe Institution oF SrRucTURAL ENGINEERS: 
YorKsHIRE BrancH.—Thursday, February 18, at 
6.30 p.m., at the Great Northern Hotel, Leeds. ‘‘ Trans- 
verse Bracing of Bridges,’”’ by Professor J. Husband. 


THE INSTITUTION OF MECHANICAL ENGINEERS : NORTH 
WESTERN Brancu.—Thursday, February 18, at 7 p.m., 
at the Engineers’ Club, Manchester. ‘'The Choice of 
Steels for Engineering Work,’’ by Mr. A. P. Hague. 


Tue InstrruTion OF MECHANICAL ENGINEERS: 
WESTERN Brancu.—Thursday, February 18, at 7 p.m., 
at the Merchant Venturers’ Technical College, Unity 
Street, Bristol. ‘‘ Cast Iron and Modern Engineering 
Practice,” by Mr. J. G. Pearce. ‘‘ Some Applications of 
Research to Modern Foundry Practice,” by Mr. J. E 
Fletcher. 

TxHeE INstTITUTION OF CiviIL ENGINEERS: YORKSHIRE 
Assoctation.—Thursday, February 18, at 7.30 p.m.., 
at the Hotel Metropole, Leeds. ‘‘The Methods of 
Survey and Setting-Out for Tunnel Work, with Special 
Reference to Sewers,’’ by Mr. J. Clemishaw. 

Tue DieseL ENGINE Users’ Assoctation.—Friday, 
February 19, at Caxton Hall, Westminster, S.W. 1. 
** Heavy-Oil Engine Installations—Choice of Site and 
Lay-out of Plant,” by Mr. Geoffrey Porter. 


THE INSTITUTION OF MUNICIPAL AND County ENGI- 
NEERS : West Mipianp District.—Friday, February 19, 
at 5.30 p.m., at the Council House, Birmingham. 
“Concrete in Modern Road Construction,” by Mr. H. V 
Overfield. 

THe INstiruTION oF LocomoTivE ENGINEERS 
(Lonpon).—Friday, February 19, at. 7 p.m., at the 
Engineers’ Club, Coventry-street, W. 1. Annual Dinner. 

THE West Bromwich ENGINEERING SocietTy.— 
Friday, February 19, at 7.30 p.m., at the Technical 
School, West Bromwich. Lecture: ‘‘ The Development 
of Electricity,” by Professor William Cramp, D.Sc. 

THe Rattway Cius.—Friday, February 19, at 
7.30 p.m., at 65, Belgrave-road, S.W. 1. Annual General 
Meeting. Presidential Address by Mr. Cecil J. Allen. 


Tue InstituTE Or British FOoUNDRYMEN: LAN- 
CASHIRE Brancu, Junior Sxection.—Saturday, Feb- 
ruary 20, at 7 p.m., at the College of Technology, Sackville- 
street, Manchester. ‘“‘ Foundry Materials and _ the 
Microscope,” by Mr. C. F. Brereton. 





TENDERS.—The commissioners of the Victorian 
Government Railways are inviting tenders for the supply 
and delivery of one hydraulic plate-bending press. 
Tenders must be presented at Melbourne, Australia, 
before 11 a.m. on April 7, 1926.—The City Electrical 
Engineer, Melbourne, Australia, is ealling for tenders for 
the supply of one 2,000 kw. rotary converter with 
transformer and accessories. Tenders will be received 
by the Chairman, Electrical Supplies Committee, Town 
Hall, Melbourne, until April 7, 1926.—-The Burgomaster 
at Sourabaya, Netherlands East Indies, is inviting tenders 
for the supply of straight socket pipes and _ specials, 
sluice and safety valves, galvanised steel pipes, pig lead 
and jute packing, required in connection with the water- 
supply undertakings of the Municipality. It is under- 
stood that local representation is essential. Tender, 
will be received at the Municipal Offices (Gemeentehuize) 
at Sourabaya, until March 27, 1926.—The Latvian 
Roads Department is inviting tenders for road rollers 
road breakers, stone crushers, etc. Tenders close on 
March 3, at 11 a.m. Local representation in Latvia is 
considered essential—The City Electrical Engineer 
Melbourne, Australia, is calling for tenders to be presented 
in Melbourne by April 7, for the supply and delivery of 
direct-current switchgear and accessories, and one 
alternating-current control panel.—The Municipality 
of Moorreesburg, South Africa, is inviting tenders, to 
be presented not later than March 20, for the supply of 
plant for the town’s electric lighting scheme. This 
includes engine-room equipment, comprising oil engines 
and tanks, main generators, motor booster, pumps and 
air compressor, hand-operated travelling crane, switch- 
board, battery and connections, distributing system 
instruments, meters, and connections. Further parti- 
culars may be obtained from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TeLecRaPuic ) ‘ ENGINEERING,” WESTRAND 

ADDRESS } LONDON. 
TELEPHONE NuMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months payable 
in advance :— 











For the United Kingdom ....................000 £3 5 0 
For Canada— 
Thin paper Copies ............s.ssscsc0e £218 6 
Thick paper copies.....................00 £3 3 0 
For all other places abroad— 
Thin paper Copies .................ss000 £3 3 0 
Thick paper Copies.............cccscee £3: 7. @ 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. __ 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed, 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “ENGINEERING,” Ltd. 
Cheques should be crossed ‘The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ENGINEERING.” 


AUSTRALIA : Gordon and Gotch, Limited, Melbourne; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney, 
N.3.W. T. Willmett and Co., Townsville, North Queens- 
land. W.C. Rigby, Adelaide, South Australia. Melville 
and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CANADA, Toronto, Ont.: Wm. Dawson and Sons, Limited, 
87, Queen Street East. 
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For Advertisements, Office de Publications Commerciales, 
167, Rue Montmartre, Paris (2e). 

Conner Hermann H. Fromm, Liitzowstrasse 84, Berlin. 

+00. 

GLASGOW: William Love, 221, Argyle-street. John Menzies and 
Co., Limited, West Nile-street. 

INDIA, Calcutta: Thacker, Spink and Co., Bombay; Thacker 
and Co., Limited. 

ItaLy: U. Hoepli, Milan. Anonima Libraria Italiana, Torino, 
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JAPAN, Tokio: Maruzen Co., Limited. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 
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MATHEMATICAL TEACHING IN 
EVENING SCHOOLS. 

Ir is customary for engineering students in 
evening classes to devote about one-third of their 
time to the study of mathematics as a separate sub- 
ject. In addition, since such subjects as mechanics 
are largely made up of mathematical exercises, it is 
not too much to say that one-half of the average 
engineering student’s time is devoted to widening 
his mathematical knowledge. In these circum- 
stances it is at first sight surprising that the majority 
of students not only fail to acquire the ability to 
apply their knowledge of mathematics to unfamiliar 
problems, but that they also make frequent errors 
which largely invalidate the usefulness of such work 
as they find within their scope. The question of 
the teaching of mathematics has recently been 
investigated by a sub-committee appointed by the 
General Teaching Committee of the Mathematical 
Association, and they have embodied their findings 
in a report which has recently been published. 
The report is restricted to part-time evening work, 
and no doubt this limitation is wise in that it has 
facilitated a careful study of one aspect of the 
subject, making the investigation more exhaustive 
than one of wider scope would be likely to be; 
but it leaves untouched the important question 
of the preliminary school education, on which every 
evening or day school technical teacher is perforce 
obliged to build. It is stated in the report that 
on the whole the preliminary work is fairly satis- 
factory; but, judging by the experience of large 
numbers of technical teachers, it cannot be claimed 
that in the majority of .cases the groundwork is 


likely that the root of much of the difficulty 
experienced lies in the mathematical teaching given 
in the elementary, secondary, or public schools, 
The question of the teaching in these schools is 
somewhat outside our province, but we believe 
that a dispassionate enquiry into metheds at this 
stage would reveal a number of weaknesses which 
only become apparent at a much later period. 
In the case of the public schools in particular, 
the ignorance of elementary mathematics shown 
by many of the boys who join engineering science 
classes is astonishing. 

Unless the groundwork is thoroughly sound, the 
technical teacher is obliged either to spend much 
valuable time in attempting to inculcate knowledge 
which should already be in the students’ possession, 
or to proceed with his lectures on the assumption 


2|}that the student will be himself stimulated to 


strengthen his foundations. There is very little 


2 | encouragement to adopt the former of these courses, 


as it is disheartening to the students, and leads to 
the superficial impression that they are making 
no progress. As a consequence, the teacher 
usually proceeds to the development of his subject 


;;as though each of his students was properly 
206| grounded. The result is seen in the constantly 


recurring failure of even advanced students to 
deal correctly with such problems as the manipu- 
lation of straightforward equations, and in 
frequent arithmetical mistakes. As the student 
passes on to still more advanced work, he is 
very apt to forget not only his basic principles, 
but even the ground that he has recently covered ; 
and examiners are only too familiar with the 
candidate who correctly integrates a difficult 
expression, but fails to evaluate by logarithms 
a multiplication or division involving several factors. 
Although the groundwork of the average evening 
school student is very generally defective, he is 
frequently imbued with considerable enthusiasm. 
As mentioned in the report, he has generally just 
finished a hard day’s manual labour or office work, 
and is tired even before the class starts. We may 
add that the teacher is often in much the same state. 
These are hardly the ideal conditions under which 
to study, but nevertheless innumerable men in 
spite of these disabilities, have either won scholar- 
ships which have carried them on to the university, 
or have acquired a technical training which has 
brought many of them to high positions in the 
profession. The students’ enthusiasm is an in- 
valuable asset, and any alterations in the methods 
of teaching which tend to destroy it are to 
be deprecated. Undoubtedly, however valuable 
it may be in theory, dwelling to any considerable 
extent on elementary work is likely to have this 
effect, and we imagine it is for this reason that the 
average evening school syllabus is drafted in rather 
an ambitious spirit ; and that teachers as a whole 
tend to impart a wide, rather than a thorough, 
knowledge. Most of us will remember the thrill 
of our first encounter with the calculus, but we 
fear that of every hundred who have experienced 
this excitement, not five have covered the pre- 
liminary work with sufficient thoroughness to 
justify the step in the eyes of the mathematician. 
These considerations have an important bearing 
on the stress which is laid in the report on the 
necessity for thoroughness, and particularly for prac- 
tice in algebra. So far as the majority of teachers are 
concerned, the advisability of such work in general 
terms is already recognised, but it is felt that if, 
for example, the student is forced to spend a 
considerable proportion of his time working out 
large numbers of examples on the solution of equa- 
tions or the theory of indices—in itself an invaluable 
preparation for higher work—his enthusiasm will 
be damped to such an extent that it may be impos- 
sible to re-kindle it. We believe it is for this reason 
that many teachers devote a large proportion of the 
time available to what the report stigmatises as 
unduly heavy arithmetical calculations. In spite 
of the monotony of such work, the student realises 
that when he is called upon to apply his knowledge, 
he rarely has to deal with general exercises, and 
that his value to his employer largely depends on 
his ability to obtain a correct solution to essentially 
simple problems, which, however, usually involve 








lan, 30, Ohurch-street, New York. 


"|covered at all thoroughly, and it would appear 








very cumbersome expressions. On general grounds, 
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it may be admitted that practice in such work 
should follow, and not precede, a thorough know- 
ledge of elementary algebra, but it is very difficult 
to decide when to proceed from one to the other. 
A teacher may set his class a number of examples 
turning on a particular relationship, and every stu- 
dent may obtain the correct solution to each example. 
A few weeks later a problem may arise involving 
the same relationship, and a large percentage of 
the same students will apply it incorrectly. Every 
teacher becomes only too familiar with this weakness 
in human nature, and on the whole, it appears to be 
felt that the constant re-occurrence of the funda- 
mental relationships in more advanced work offers 
« method of impressing them on the students, that 
is better than the nauseating repetition of ele- 
mentary exercises. 

It is suggested in the report that the argument 
for practice in algebra should be explained to the 
students, but if is doubtful whether this modest 
suggestion is likely appreciably to alter their out- 
look. We believe rather that the solution of the 
difficulty lies in altering the preliminary school 
training, at a time when attendance is compulsory, 
and the vale of tears may be crossed without serious 
casualty. The mathematics given at this stage 
must, of course, be perfectly general, but the value 
of thoroughness is equally important whether one’s 
ultimate destiny be to keep the grocery account or 
to proportion turbine blading. 

The second main contention put forward by the 
authors of the report is that there is a lack of corre- 
lation of different branches of mathematics, and with 
this we are in full agreement. Here again, however, 
much of the difficulty lies in the preliminary school 
training ; as it is here that the child is first taught 
to regard arithmetic as one subject and algebra as 
another, which is harder, but has no more relation 
to the first than French to botany. Unless there 
has been a marked change since we were very 
young, pupils in arithmetic classes are sternly 
forbidden to write @ and 6 instead of Jones and 
Robinson, and are taught a remarkable method 
of extracting cube roots of which the only virtue 
is that it can speedily be forgotten. It is not 
surprising if a habit of mind formed in the most 
impressionable years persists in spite of the efforts of 
later teachers. The method of teaching mathe- 
matics as a series of separate subjects under the 
names of algebra, trigonometry, geometry, the 
caleulus, and so on, is, we believe, almost universal ; 
and is possibly, but by no means certainly, the only 
practicable one. The worst evils of the system are 
avoided if the teacher takes every possible oppor- 
tunity of pointing out the expression of the same 
fundamental idea in different forms, and of demon- 
strating alternative methods of solving the same 
problem. 

The various branches of mathematics are generally 
taught in a certain order, as a knowledge of one is 
usually regarded as necessary before another can 
be approached. We believe that it was the late 
Professor Perry who suggested that the simpler 
portions of the calculus should be imparted in early 
infancy, without any attempt to establish the rational 
nature of the processes, either by the method of 
limits or otherwise. Like most of Perry’s sugges- 
tions, there is a sound truth underlying this whimsi- 
cality, in that it is by no means always necessary 
to know how a mathematical weapon is forged before 
making use of it. Unless this contention is admitted, 
anything in the nature of effective correlation 
is only possible in the case of those who have 
solved the enigma expressed by another mathe- 
matician in the phrase “It isn’t a question of a 
Heaven or a Hell, but what is the meaning of it all ?” 








TECHNICAL ASPECTS OF COM- 
MERCIAL AIRSHIPS. 


It may perhaps be regarded as a further indication 
of the interest taken by the shipping andshipbuilding 
industries in the possibilities of airship transport 
that the technical aspects of the commercial airship 
formed the subject of a paper read before the Staff 
Association of Lloyd’s Register of Shipping on 
Wednesday last. The author of the paper, Mr. 
B. N. Wallis, B.Sc... of the Airship Guarantee 
Co., Ltd. rightly regarded the advantages of high 





speed transport to the British Empire as obvious 
to all, and therefore refrained from enlarging on 
them, confining his attention to the technical 
factors affecting the safety, efficiency and reliability 
of airships. Limitations of space preclude the 
possibility of our following his arguments in full, and 
with some of them our readers are doubtless already 
familiar. We propose, however, to refer to a few 
of the points raised in the paper which forms an 
excellent summary of the present state of knowledge 
and experience in the design of rigid airships. 

In discussing the loading of airships, Mr. Wallis 
pointed out that the most severe conditions to which 
an airship is exposed in flight are met when the ship 
encounters a vertical gust. The conditions have 
been investigated in conjunction with the Meteoro- 
logical Department of the Air Ministry, and, as a 
result of the investigations, the airship R 100 of 
the Airship Guarantee Company is being designed 
to have a reasonable factor of safety when flying 
at full speed into a sharply defined upward vertical 
gust moving with a velocity of 4,000 ft. per minute. 
A heavy sagging bending moment is thus imposed 
upon the hull structure, but the small fineness ratio 
adopted in the design of this vessel enables the 
necessary allowance to be made for the resulting 
stresses. In this connection it is interesting to note 
that it was established by the Court of Enquiry 
appointed by the United States Government to 
report on the loss of the Shenandoah, that this 
vessel broke in sagging bending, under the influence 
of an upward vertical gust having a velocity of 
2,950 ft. per minute. Mr. Wallis expressed the 
opinion that the loss of the French airship Dixmude, 
formerly the German L 72, was also probably due 
to a similar circumstance, although the French 
Commission appointed to enquire into the matter 
attributed the disaster to the effect of lightning. 

With regard to the question of fineness ratio, it 
was pointed out in the paper that a fine ship is 
easier and cheaper to build than a bluff one, but 
that if the constructional difficulties presented by 
the latter form are successfully overcome, the result- 
ing vessel is safer and more efficient. The three 
vessels which have recently met with disaster all 
had fine forms, the fineness ratios of the R 38, the 
Shenandoah and the Dixmude being 8-3, 8°7 and 
9-4, respectively, whereas the corresponding figures 
for the R80 and the Bodensee were 7:5 and 7:0, 
respectively. ‘The last mentioned vessel was pro- 
bably the most successful commercial airship yet 
built and from August 24 to December 1, 1919, 
made 103 flights between Friedrichshafen and 
Berlin with passengers, freight and mails. She was 
in the air a total of 533 hours, flying 32,300 miles 
at an average speed made good of 62 m.p.h. In 
December, 1919, however, all airship operations 
in Germany were stopped and the Bodensee was 
afterwards delivered to Italy as part of the repara- 
tions. The R80, which we believe was the first 
airship to employ a stream-line hull, was not 
particularly successful from the point of view of 
speed, but further experiments have resulted in the 
production of a form with a fineness ratio of 5:3, 
which the author states has a resistance coefficient 
about half that of any previous practical airship 
form; this form has been adopted for the R100. 
Actually it appears that the fineness ratio might 
be reduced to about 4°5 with advantage from the 
point of view of air resistance, but one of the reasons 
for not adopting such a low fineness ratio is that the 
diameter necessary to give the required displace- 
ment would exceed the capacity of any existing 
shed that could be used for constructional purposes. 

The question of the use of helium in airships was 
discussed at some length, and, in addition to the 
obvious drawbacks of its high cost and the difficulty 
of obtaining supplies, it was pointed out that the 
use of this gas, in comparison with hydrogen, 
reduces the gross lift by 8 per cent., the disposable 
lift by 16 per cent. and the paying load by 30 per 
cent., while the maximum length of flight possible 
at full speed is reduced by 40 per cent. Its main 
advantage, of course, is that it is non-inflammable, 
but the real fire risk in airships results from the use 
of petrol. The substitution of heavy oils for petrol 
as fuel for airship engines would practically elimi- 
nate the chance of fire and would also, of course, 
reduce the running costs. As is well known, 
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endeavours are being made on behalf of the Govern- 
ment to produce an aeronautical engine operating 
on the Diesel or semi-Diesel principle, but in formu- 
lating the Burney scheme for the development of 
commercial airships, it was decided to investigate 
the possibilities of an engine burning a medium, 
but safe, type of fuel oil in conjunction with hydro. 
gen. Experiments are now proceeding with a 
600-h.p. engine of this type designed by Mr. Ricardo 
and weighing only 5 lb. per brake horse-power. _ Its 
fuel consumption would be 0-38 Ib. of kerosene and 
0-024 lb. of hydrogen per horse-power-hour, the 
hydrogen used being that which would otherwise be 
allowed to escape as the ship became light due to 
the consumption of the liquid fuel. 

The question of structural materials was touched 
upon in the paper, where Mr. Wallis expressed a 
preference for Duralumin rather than stainless high- 
tensile steels for girder construction. The former 
material can be protected from corrosion by a 
suitable varnish or by Dr. Bengough’s electrolytic 
process, and when so protected, according to 
Professor C. F. Jenkin, it does not deteriorate with 
time. Corrosion might, of course, be serious, but 
surface effects can easily be detected with Duralu- 
min, and there is no evidence that intercrystalline 
corrosion ever occurs in the absence of surface 
corrosion. It is not yet certain, however, that such 
intercrystalline corrosion might not occur in special 
circumstances, and the matter is therefore being 
investigated at the National Physical Laboratory. 
Corrosion difficulties would, of course, be absent 
with stainless high-tensile steel, but, while weight 
for weight this material is equal in strength to 
Duralumin, Mr. Wallis points out that parts made 
from it would require to be very thin or of small 
section in order to obtain the necessary lightness. 
He is doubtful, therefore, whether the same struc- 
tural efficiency can be obtained in the case of airship 
girders constructed of high-tensile steel as with 
similar girders of Duralumin. 

Directional wireless Mr. Wallis regards as the 
principal means of assisting the navigation of air- 
ships, and he also remarks that the handling and 
mooring of these vessels are matters of at: least 
equal importance to their navigation. The need 
for efficient mooring masts is obvious, since, unless 
revolving sheds and large numbers of men are 
available, it is impossible for even a small airship 
to enter or leave a shed in a wind exceeding 15 or 
20 miles per hour. At present, steel construction 
is being used for mooring masts, but it is possible 
that reinforced concrete will eventually be employed 
for the purpose, and designs for a mast of this 
material have already been worked out in detail. 
Floating mobile bases, which have been used in 
America and are now under consideration in this 
country, also offer advantages in commercial 
applications. They could, for instance, be used in 
trying out a proposed airship route before commit- 
ting the organisation to the capital expenditure 
necessary for the equipment of a permanent land 
station. 








SURFACE ACTION. 


A course of two lectures dealing with the above 
subject was delivered at the Royal Institution on 
February 2 and February 9 by Dr. EF. K. Rideal. 

In the first of his lectures the speaker confined 
himself to a discussion of the properties of the 
films formed on the surfaces of liquids. All the 
fatty acids had, he said, molecules consisting of 
chains of hydrocarbons with an hydroxyl group at 
the one end and a methyl group at the other. These 
molecules floated on water with the carboxy! 
group downwards, and if the chain were a short one 
—as it was in the case of acetic acid—the attrac- 
tion of the carboxyl for the water was sufficient to 
submerge the whole molecule, which thus became 
dissolved. Molecules constituted as described were 
said to possess polar groups, and all substances 
having molecules with such polar groups would 
spread on water, but there were, it should be stat d. 
some compounds which also spread on water, 
although devoid of polar groups. Experiment had 
shown that, by varying the conditions, these surface 
films on water might be constituted either as gase>. 
vapours, liquids, or solids, so that we had here two 
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dimensional equivalents of the well-known three- 
dimensional phases. 

In his second lecture, Dr. Rideal said that until 
recently it had been difficult to account for the 
reactions which occurred at the solid surfaces now 
so Jargely used as industrial catalysts. Experi- 
ment with these solid surfaces was very difficult, 
since whilst it was easy to attain uniformity over a 
large area of liquid surface, this did not hold good 
with solids. Even in the case of crystals, the sur- 
face energy varied enormously from face to face. 
Owing to this it was possible by altering the surface 
tension between a crystal and its mother liquor 
to favour the growth of certain faces, and thus 
obtain crystals of abnormal form. If we took, for 
example, a supersaturated solution of NaSO,, and 
added to it a little glue and then dropped into 
the solution a crystal of the solid sodium sulphate, 
the crystals then formed differed greatly from 
what they would have been in the absence of the 
vlue. An addition of glue had a similar effect on a 
super-saturated solution of “hypo.” In both 
cases the addition of the glue lowered the inter- 
facial energy of the crystals, and different facets 
were thereby caused to develop. It was because 
the surface energy varied from face to face of a 
crystal that chemical reagents attacked first the 
edges of a crystal in preference to the central parts 
of the crystal faces. If, moreover, the crystalline 
structure of a face were disturbed by mechanical 
deformation chemical action would be greatest in 
the parts thus treated. In fact, generally, if in 
any way we altered the surface forces, we could 
alter at the same time the physical and chemical 
properties of that surface. 

The fact that surfaces were never uniform but 
had edges and facets, was of great importance in 
connection with the adsorption of gases, and with 
catalytic actions generally. Carefully prepared 
metal surfaces might absorb relatively large quanti- 
ties of gas. Thus copper would absorb both 
hydrogen and ethylene, but the amount depended 
very much on how the copper was prepared. If 
reduced from its oxide at a very low tempera- 
ture the absorbing powers of copper were greatly 
increased. In the process of absorption there was 
a large liberation of heat. Thus if one gramme of 
hydrogen were absorbed by copper the heat of 
absorption was no less than 9,500 calories, and still 
higher figures were obtained with platinum, palla- 
dium, and nickel. This showed that the surface 
forces involved were very great. If the tempera- 
ture ot the copper catalyst were raised to some 400 
dey. to 500 deg. C., the absorbing power decreased, 
and microscopic examination of the surface showed 
an increase in the crystallisation. In fact. bodies 
in the crystalline form were neither active absorbers 
nor active catalysers. Observation indicated that 
in the case of a good catalyst, there were a great 
number of active patches distributed over the 
surface, which was thus by no means uniform in 
quality. This conclusion was not, he should add, 
universally accepted as some maintained that the 
action did not depend on jlocalised active patches, 
but that some gases were absorbed in thick layers 
and others only in mono-molecular ones. Active 
copper, for example, would condense three times 
4s many molecules of ethylene as of hydrogen. On 
the one view, this was attributed to the fact that the 
active patches which attracted ethylene had three 
times the area of those on which hydrogen con- 
(lensed, whilst on the other view it would be main- 
tained that the active surface was the same in both 
cases, but that the ethylene came down in a layer 
three molecules thick. ~ ; 

_ Light on this question had been gained by study- 
ing the action of selective poisons on catalysers. 
Colloidal platinum would by catalytic action 
decompose hydrogen peroxide. This action could 
he stopped, however, by the addition of HON 
or Hg,Cl, to the solution. These poisons were 
absorbed by the catalyser, and quantitative deter- 
'ainations showed that the amount of the bichloride 
of mercury required was extremely small. A 
‘inilar kind ot experiment, made with active nickel, 
indicated that the activity was confined to, at most, 
one tenth of 1 per cent. of the total surface. Other 
‘ivestigations, moreover, indicated that whilst 
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of more than one molecule thick, catalysis was 
confined to a mono-molecular layer. From the 
foregoing it would be evident that in industrial 
applications we must seek to increase the per- 
centage of active area. In these areas the atoms 
did not lie on the normal crystal lattice, and were 
correspondingly more active. having a_ larger 
stray field of force. 

In certain cases catalysis could be increased by 
the addition of what were known as “ promoters.” 
Thus platinum precipitated on magnesium sulphate 
was much more active than when in the massive 
form. The addition of palladium to nickel increased 
greatly its catalytic activity, and in the synthesis 
of methyl-alecohol from water gas, the catalytic 
power of the zinc oxide used was greatly increased 
by the addition of chromium oxide. With this 
addition the reaction took place at a lower tem- 
perature, and the yield was improved. 

Another excellent example of the benefit of a 
“promoter” was afforded by the ordinary gas 
mantle, which contained both thoria and ceria. 
Mantles made with either one of these ingredients, 
the other being exeluded, gave very little light. 
The union between an active surface and the 
layer absorbed was an extremely intimate one. 
This was well shown by an experiment in which 
advantage was taken of the fact that if silicon 
were oxidised by potassium permanganate, light 
was emitted, the phenomenon being known as 
chemical luminiscence. If, however, the silicon 
were allowed to absorb eosin the fluorescence 
then observed was that characteristic of the eosin, 
and not that of the silicon. In some way, therefore 
the energy of the silicon surface on which the 
eosin was absorbed was transterred to the latter. 

Metals which could act as catalysers shot out 
electrons when highly heated, and it was interesting 
to note that the same poisons which prevented 
catalysis, also destroyed this power of emitting 
thermionic electrons. It was also noteworthy that, 
in certain cases at any rate, thermionic electrons 
came only from localised patches, and these were 
perhaps identical with those responsible for 
catalysis. 

There was evidence that the union between a 
surface and the layer absorbed was more or less 
analagous to a chemical combination. Langmuir 
had, in fact, found that with respect to platinum 
CO, NH; and SOQ, acted as if divalent. Oxygen 
was divalent with respect to quartz, whilst CO 
was monovalent. The combination was, however, 
not quite so intimate as when a genuine chemical 
compound was formed. 








THE R.M.S.P. MOTORSHIP 
‘* ASTURIAS.”’ 


Tue official trials of the motor vessel Asturias, the 
latest addition to the passenger fleet of the Royal 
Mail Steam Packet Company, were held on the 
8th inst. outside Belfast Lough, and the vessel 
then proceeded to Southanipton with a numerous 
company of passengers representative of shipping, 
shipbuilding and engineering interests. In our 
last volume (July 10, page 45, and December 4, 
page 713) we gave some leading particulars of this 
vessel, and by the courtesy of the Company and of 
Messrs. Harland and Wolff, the builders, are now 
able to add some further information in regard to 
it. 

Before we pass to these details the circumstances 
of what is known of the Asturias up to now seem 
to warrant some general observations. As has already 
been stated, the present Asturias is a twin-screw 
vessel of 22,500 gross tons, propelled by two sets 
of Harland B. and W. double-acting, four-stroke 
cycle Diesel engines, with eight cylinders each, 
which between them develop a normal 20,000 i.h.p. 
She is accordingly both the largest and the most 
powerful motor vessel at present in service, and like- 
wise the first British vessel to be propelled by engines 
of her type. Though her engines follow closely 
the lines of the single-acting Harland B. and W. 
engines, it is in the characteristic tradition of 
Messrs. Harland and Wolff that their first production 
of the double-acting type should be on a larger 
scale than has been known hitherto in motor vessels. 


expected to maintain the established reputation 
of the Company’s A boats for exceptional comfort 
and convenience. The particulars that we give 
below show that the success which has attended the 
operations of the Company and the builders in 
advancing the standards of practice in past years 
seems to have been attained again, but in the 
more exacting and difficult conditions of the present 
time. Having regard to these circumstances, as 
well as to the other important work on the same 
lines that is understood to be in hand or in active 
contemplation, and to the plastic state of profes- 
sional opinion in regard to the commercial value of 
large motorships, the entry of the present Asturias 
into service may mean more than the mere addition 
of a fine vessel to the fleet of a great company, or 
even than a striking advance on present practice. 
It may constitute a notable epoch in the develop- 
ment of naval architecture, which deserves fully 
the considerable attention it is receiving. 

It may, perhaps, be of most interest in the first 
instance to deal rather with the general nature of 
the advance that the engines have made, and the 
results they have already attained, than with the 
details of their construction. The eight cylinders 
of each engine are 840 mm. in diameter by 1,500 mm. 
in stroke, and, except for the substitution of double 
for single action, and consequential alterations of 
design, the engines are practically indistinguish- 
able at top and at bottom from the Harland B. 
and W. single-acting type, a number of which are 
running on vessels of the Royal Mail Company. 
Nevertheless, though the Asturias cylinders are 
only 4 in. larger in diameter than many of the 
single-acting type already in use, they develop 
about three times the power ; a gain, after allowing 
for difference in size, that can be attributed only 
to the introduction of double-action, which is the 
sole significant alteration in design between the 
two types. The narrow limitation of this difference 
makes the results obtained up to now in practice 
the more cogent and important. It is, therefore, 
satisfactory to be able to record that the official 
trials last Saturday, and the subsequent run from 
Belfast to Southampton, were entirely uneventful. 
The ship had the happiness of a country without 
a history. No incident whatever occurred, the 
whole of the propelling and auxiliary machinery 
worked with perfect smoothness, and on berthing 
at Southampton on Monday morning the handi- 
ness of the ship and excellent manceuvring of the 
engines were very yemarkable. Throughout the 
trip, moreover, the vessel was considered to be 
conspicuously free from vibration, which was the 
more remarkable because, carrying no weightier 
vargo than the portmanteaux ot her guests, she was 
exceptionally light in the water. 

This is a matter of the more consequence, 
because previous experience could not be a safe 
guide to what might be expected in the complex 
matter of vibration from so far-reaching a change 
as the increase from 4,000 h.p. or 5,000 h.p. on a 
single shaft to 20,000 h.p. on two shafts. The 
occasion, moreover, of having so large a number of 
passengers more familiar with shipping than the 
average traveller gave particular weight to what 
was a general and undisputed opinion, and left 
no doubt that the Asturias compared favourably 
in respect of freedom from vibration with vessels 
fitted with any type of steam propulsion. 

The results described above are, of course, 
merely qualitative, though they were obtained 
without difference of opinion by a considerable 
number of qualified observers. The preliminary 
trials, including the acceptance trials, had, how- 
ever, yielded more positive results. The trials 
were begun on January 12, when the Asturias 
crossed from Belfast to the Clyde and immediately 
undertook a 48 hours’ run at full power, making 
two double runs from the Clyde to the South of 
Ireland and back at service revolutions. Here 
again there was an entire absence of incident, 
the whole of the machinery behaving faultlessly. 
At the end of the 48 hours’ run a series of trials 
were run on the Skelmorlie mile at from 92 r.p.m. 
to 122 r.pm. Full records were taken, from which 
two or three figures may be quoted. At 122 r.p.m. 
the engines developed well over 23,000 i-h.p. The 
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is quoted as a whole for main and auxiliary engines, 
and the two oil-burning vertical boilers. Worked 
out for continuous running at the normal full service 
power the fuel consumed per 24 hours was 70 tons, 
or less than one-third of a pound of fuel per 
indicated horse-power. When this figure is com- 
pared with those of the large number of results 
that have been obtained from other motor vessels, 
it is evidently one on which the owners must be 
congratulated, though it is said to be in close 
agreement with the estimate of the builders. 
Passing from the engines to the vessel itself, we 
show in Fig. 5, above, a view prepared from a photo- 
graph of her as she lay in Southampton. From 
this it will be seen that, in addition to the graceful 
lines of her hull and upper structures, assisted by 
the disposition of her two compact funnels between 
the masts, fuller than usual advantage has been 
taken of the space on which decks could be con- 
structed above the hull. This careful utilisation 
of space, with a view to the convenience of those 
who use it, is found throughout the entire passenger 
arrangements, and is perhaps the feature that most 
strikes a visitor when he first inspects the vessel. 
Sometimes, for instance, it is seen in the boldness 
with which the architect has raised the whole or 
a large part of the centre of a ceiling by the height 
of a deck, and at the sacrifice of some space on 
the deck above has avoided the oppressive effect 
of a large low room, and obtained the handsome 





and airy appearance of a room of which the height 
is nowhere unduly small in relation to the horizontal 
dimensions seen in context with it. A room of which 
the design has been so treated is what is known as 
the social hall on the upper promenade deck, which 
is shown in Fig. 1, on Plate XVIII. Practically 
the whole of this is raised to the height of the 
top or boat deck, which is just above it. It 
is a spacious and lofty hall, lit by Venetian windows 
14 ft. high, with a stage at one end, a polished oak 
parquet floor all over it, and furniture which, 
though solid and comfortable enough for the grave 
deliberations of its recent guests, can be readily 
pushed on either side when less serious-minded 
persons wish to dance. The room illustrates well 
the thorough-going way in which the arrangements 
of each part of the ship have been addressed to 
their intended purpose, and such circumstances as 
under more usual treatment would have hampered 
the intention have been faced and overcome by 
whatever sacrifice was necessary. Another room 
that has been treated similarly is the first-class 
dining saloon, which seats 412 passengers at a 
time in groups of two to twelve, with wide spaces 
for convenient and comfortable service. Overall 
the room is 94 ft. long by 74 ft. broad, and its 
outer perimeter is one deck or, say, about 10 ft. 
high; but a central hall is formed in it which, 
over an area of 60 ft. by 40 ft., is 17it. high. In 





the full area only one deck high is entirely avoided, 
and a really handsome apartment obtained. For 
use in warm climates the low parts of the saloon 
are fitted with ceiling fans. With the social hall 
may be taken the first-class lounge and reading 
and writing room (Figs. 3 and 4, page 204) which 
are next to it on either side. At the further end 
of the upper promenade deck is the smoke room. 
another large and handsome room, in the dark 
panelling usually preferred for the purpose. On the 
top or boat deck immediately above the smoke room 
is the winter garden (Fig. 2, Plate XVIII) designed 
and decorated in a Moorish style. 

Space will not allow a description of the numerous 
separate styles of decorations and schemes of colour 
that have been used in the 17 public rooms found 
throughout the ship. In respect in particular of 
the colouring, the designer had the difficult task of 
devising a scheme that would hold its own in the 
bright sun under which most of the vessel’s journeys 
will be made, without being garish under our own 
skies, and it seems to be felt generally that he has 
been remarkably successful. 

It should be mentioned that the standard of 
accommodation in the second and third class 1s 
strikingly good. Many old travellers in their early 
days would have thought themselves uncommonly 
lucky to have found first-class accommodation 
approaching in comfort and convenience that which 
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Among other refinements due to modern science 
the ship has a particularly complete wireless 
installation. The main wireless telegraph installa- 
tion consists of a 14-kw. quenched spark trans- 
mitter, with emergency apparatus, and also a long- 
range valve transmitter. The receiving apparatus 
is of the standard marine type, and with this 
equipment the ship can keep in constant communi- 
cation with land stations and with other vessels. 
A notable feature of the last few years has been the 
constantly increasing confidence of navigators in 
the use of direction finders, the best forms of which 
can almost invariably be relied on for marine 
purposes to give readings accurate within 2 per 
The objection hitherto to the most successful 





of a band repeater, by which for dance, or other 


purposes, music can be rendered simultaneously at 
various parts of the ship with unusually little 
distortion. Forsimplicity some internal connections 
of the amplifier have been omitted. Coupled choke 
coils in the filament and grid circuits remove the 
sound ripple due to the commutator of the low tension 
generator. The smoothing of the high-tension 
circuit is shown at the top of the figure. The 
coupling can be varied by altering the air-gap 
between the cores of the chokes, shown more 
fully in Fig.7. A variable resistance, shown on the 
right, shunts. one choke and can serve as a fine 
adjustment. The choke in the filament circuit is 
seen on the left. For gramophone music the repeater 
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of these appliances, the Bellini-Tosi, has been that 
to eliminate local interferences a double triangular 
loop of relatively large dimensions—say 240 to 
400 sq. ft. has been indispensable, and though 
space might have been found for it on a vessel of the 
size of the Asturias, it would not have been con- 
venient, and on most ships it would be impossible. 
The Marconi International Marine Communication 
Company, by whom the wireless installation has 
been fitted to the Asturias, have introduced in it 
a new form of receiving cil in which only moderate 
dimensions are necessary. A view of this is given 
in Fig. 8, which represents a screen only 8 ft. 6 in. 
high by 4 ft. 6 in. wide. It will be remembered 
that the principle on which the Bellini-Tosi and 
other direction finders work, is that a wave cutting 
an aerial coil sets up in it a current of which the 
magnitude varies with the angle at which it is cut 
by the wave, and if the wave cuts two such coils 
inclined at a movable angle to each other, and the 
currents so induced are combined, they will yield 
a resultant which, if one coil is rotated round the 
other, will reach a maximum and disappear, 
according to their relative angles. Accordingly 
two aerial coils have been used, fixed at an angle to 
each other, and the currents through them led to 
instrument coils mounted at a variable angle, the 
connection of which to a telephone will enable the 
fluctuation of the resultant current to be heard and 
the angle at which sound reaches the maximum 
to be determined. This determination may be 
vitiated by local interferences, which hitherto 
have been overcome by making the aerial! coils very 
large, as described above. It has now been found, 
however, that results at least equally good can be 
had by screening the coils with horizontal coils as 
shown in the figure, which represents the apparatus 
now in use on the Asturias. 





Fig. 6 is a diagram illustrating the arrangements 
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communicates by a gramophone needle, which 
carries a thin steel armature, vibrating in the field 
of a permanent magnet in consonance with the 
motion of the needle. These vibrations induce 
variations of voltage in a small winding within the 
permanent magnet, which are applied to the input 
transformer of the amplifier. 

The Asturias goes on her maiden voyage on the 
26th inst., and the results of her journey will be 
awaited with interest and considerable confidence. 

At a dinner given by the Company to those who 
were on the trial tributes were paid to some of 
the many individuals whose co-operation had helped 
to bring about the construction of the Asturias. 
All speakers referred to the insight and courage that 


take it up and press it forward. In returning thanks 
for the Company, Mr. J. W. Clark, who presided, 
gave an interesting account of its progress from its 
inception, and Mr. F. E. Rebbeck, the director of 
Messrs. Harland and Wolff immediately respon- 
sible for the construction of the engines, bore testi- 
mony to the co-operation received from the respon- 
sible officers of the Royal Mail Company and to the 
indefatigable and successful labours of Mr. Athol 
Blair, under whose personal supervision in the 
works the engines had been constructed. Other 
speakers were Mr. Charles Payne, C.B.E., General 
Manager of Messrs. Harland and Wolff, and Mr. W. 
Lewis, the General Manager of the Pacific Steam 
Navigation Company. 





NOTES. 

Tue Loss of THE ITALIAN SUBMARINE “ VENIERO.” 
In our issue of October 2 last, on page 421, in an 
article on the loss of the U.S. submarine 8.51, 
we referred to the loss off Sicily, about a month 
previously, of the Italian submarine Veniero. In 
the absence of exact information, the surmise was 
made, in this latter connection, that it might have 
been possible that something had gone wrong with 
the control of the diving gear of this boat, and that 
she had unintentionally descended to too great a 
depth. It has now been pointed out to us that 
this surmise has proved to be without foundation. 
The Naval Attaché of the Italian Embassy, London, 
informs us that it has been proved that the most 
likely cause of the disaster was collision with the 
Italian steamship Capena. This vessel was on its 
way to England at the time, and on arrival at 
Thameshaven, on September 5, was found to have 
been in collision with some submerged object at the 
spot at which the Veniero was lost. Subsequent 
examination of the Capena in dock, revealing traces 
of brass from the submarine’s conning-tower and 
indentations of the plating in several places, put 
beyond dispute, in the opinion of the Naval Autho- 
rities, the question that the loss was due to this 
cause and not to any failure of the equipment of the 
Veniero. We regret that the official report which was 
subsequently published passed unnoticed in our 
columns, and are only too glad to place on record 
the view of the authorities that the unfortunate 
loss of this submarine was in no way due to defective 
construction or equipment. 


HEATING AND VENTILATING LARGE BUILDINGS. 

There are so many variables to be contended with 
by the designers of heating and ventilating systems 
for large buildings that some years ago he would 
have been a bold man indeed who gave any guaran- 
tee of the results that would be obtained with any 
installation. Fortunately, the engineers concerned 
with these problems recognised that progress would 
only be possible as a result of pooling their expe- 
riences, and the Institution of Heating and Venti- 
lating Engineers was founded for that purpose. 
Since the date of its formation, great progress has 
been made in finding solutions for some of the 
difficulties that had to be contended with. One 
uncertainty, which still exists in this work, was 
emphasised by Mr. Oswald Stott in his presidential 
address at the general meeting of the Institution 
in London on Wednesday last, when he stated 
that the conditions that had to be met were 
hardly ever definite. If the materials used in the 
construction of the building were always the same, 
much more consistent results than were obtained 
at present would be produced. As the materials 
varied considerably in their properties, it was much 
more difficult to get definite results, and the expe- 
rience of the designer had, in consequence of this, 
to be of a very extensive nature if a close approach 
to the anticipated conditions were to be secured. 
In a paper presented by Mr. H. G. Cathcart on the 
same occasion, entitled “ Engineering Services in 
Hospitals and Asylums,” the necessity for centrali- 
sing the heating plant was well brought out, by a 
comparison of the costs of operation in different 
institutions. The author advocated the use of the 
low-pressure, hot-water heating system in such 
installations, and called attention to the need for 
keeping careful records of the fuel and water used 





had led Lord Pirrie to put forward the scheme, and 
the enterprise that had induced Lord Kylsant to 


to ensure economical working. At the conclusion 
of the general meeting, the annual dinner of the 








210 


ENGINEERING. 





[FEB. 12, 1926. 








Institution was held, under the chairmanship of 
Mr, Oswald Stott, in the Holborn Restaurant, when 
Mr. William Reavell, president-elect of the Insti- 
tution of Mechanical Engineers, proposed the 
toast of the Institution of Heating and Ventilating 
Engineers. 

Bay RECLAMATION SCHEME. 


THE BomBay Back 


Our readers may recall that in our issues of August 
21 and 28 last, we gave an account of the work of 
reclaiming some 1,145 acres from the sea at Bombay, 
the major portion of the area to be reclaimed being 
on the Back Bay side of the peninsula, with some 
minor areas on the harbour side. The main work 
consisted in the construction of a sea wall in Back 

Bay about four miles long and roughly parallel 
with the peninsula, and the filling up of the reclaimed 
area by suction dredgers with silt obtained from the 
bed of the sea in Back Bay and the harbour. The 
work has proved to be of much greater difficulty 
than was anticipated, and it was thought advisable 
some time ago, by the Advisory Committee of the 
Bombay Development Department, who are respon- 
sible for the scheme, to appoint a sub-committee 
to enquire into its progress. The report of the 
sub-committee has now been published, and has 
been followed by a report issued by the Advisory 
Committee itself. From the two reports it appears 
that, whereas under the original estimate the 
scheme was to have been completed in five years at 
a cost of 2,825,900/., it is now believed that some 
twenty years will be required to carry it to a success- 
ful issue, and that the total cost will be in the 
neighbourhood of 8,000,000/.. An unusual combi- 
nation of adverse circumstances has led to this 
result. The chief difficulty encountered by the 
engineers appears to have been associated with the 
dredging operations, much less silt having been 
obtained from the sea bed than might have been 
anticipated. At the same time, the cost of all classes 
of material required for the work, and also the 
cost of labour, have risen very considerably, while 
a marked slump in land values has taken place 
concurrently with these increases. The main 
committee confirm the report of the sub-committee 
that, for the present, the scope of the work should 
be limited to completing three sections, one of 
which would be purchased by the Government of 
India for military purposes. The Times of India 
states that Sir Alexander Gibbs has been invited to 
give expert advice on the whole scheme, and the 
final decision of the authorities will be awaited with 
great interest. It is improbable that the work can 
stand indefinitely as a partially completed scheme. 
The necessity for reducing congestion in the business 
area of Bombay, and for providing new residential 
accommodation and public buildings, which gave 
rise to the reclamation proposals in the first instance, 
has been felt) with increasing severity for many 
years. It is therefore unlikely that the inhabitants 
of a city of the importance of Bombay will agree 
to a permanent exchange of these advantages for 
what will presumably become a shallow, and possibly 
insanitary, marine lake to the south of the city. 

THE CENTENARY OF MATTHEW Murray. 

On February 20 of this year occurs the centenary 
of the death of Matthew Murray, of Leeds, one of 
the early mechanical engineers who left his mark 
behind him, and of whom the little we know 
only makes us wish to learn more. We are 
vlad, therefore, to hear that the Newcomen 
Society, whose business it is to make us better 
acquainted with the past, will shortly have a paper 
regarding Murray, while at the Science Museum 
a few drawings, letters and models have been 
gathered together to illustrate some of his work. 
Born in Newcastle in 1765, the year Watt made his 
discovery of the separate condenser, Murray began 
life as a blacksmith’s apprentice and then worked 
at Marshall’s flax-spinning mills at Leeds, and 
afterwards himself took out patents in connection 
with that industry. When thirty years of age, he 
found partners in Fenton and Wood, and set up a 
foundry in Leeds for making engines, becoming 
a keen rival of Boulton and Watt. As a maker of 
engines, Murray is generally credited with the 
introduction of the short D slide-valve. It was 


the four first commercially successful locomotives, 
Salamanca, Prince Regent, Lord Wellington and 
Marquis Wellington. In these engines double 
cylinders were used. That same year, 1812, saw 
the little Comet afloat in the Clyde, and it is interest- 
ing to find Murray one of the advocates of steam 
for use in the Navy; in 1815 he wrote to Good- 
rich, of Portsmouth, on the subject. His plans 
however, did not go beyond the general ideas of the 
time. The engine was only to be employed in a 
towing vessel: ‘‘ I do not mean on board a fighting 
man of war, where it will always be objectionable.” 
Murray was the builder of the machinery of the 
steam packet plying between Norwich and Yar- 
mouth, the boiler of which exploded on Good 
Friday, 1817, completely wrecking the boat and 
fatally injuring nine persons. There was some 
evidence that the safety-valve had had additional 
weights placed upon it. This boiler explosion led 
to the House of Commons appointing a Committee 
to inquire into such accidents. One of Murray’s 
letters to Goodrich, dated November 21, 1824, 
addressed from the ‘‘ Steam Engine Manufactory, 
Leeds,” refers to several interesting matters. These 
include Goodrich’s lecture on the steam engine to 
the Portsmouth Philosophical Society ; the steam 
carriage and Perkins’ high-pressure machinery ; 
an explosive engine of Brown, which, however, “ has 
also gone to the ‘Grave of all the Capulets ” ; 
the rotatory or circular engine, “‘a thing to be 
desired’ ; and Brunton’s revolving grate, a form of 
mechanical stoker. Murray also gives some details 
of a large hydraulic testing machine he was con- 
structing for a Mr. Wilson. A firm believer in the 
beam steam engine, Murray wrote: “ We think 
the beam engine the best medium between the 
piston and the crank, it is so very useful and con- 
venient a slave to attach pumps to, or any other 
motion, and exhibits the Engine in all its naked 
principles,” but, he continues, “engines are made 
of all forms, witness some made at London, which 
are cocked up very similar to a ‘ Pagoda Temple’ 
and difficult to understand.” This was, apparently 
Murray’s view of Maudslay’s table engine. 


Moror TAXATION. 


The Ministry of Transport returns of motor- 
vehicle licences covering the period from December 1, 
1924, to November 30, 1925, have just been issued, 
and show a total gross receipt of 17,233,238/. 
After making the necessary deductions for rebates 
on cars fitted with engines built prior to 1913, 
and for other purposes, it appears that the total 
net receipts will not fall far short of 17,000,000/., 
and it is certain that a sum of this magni- 
tude was never contemplated when it was 
agreed that profits from the Road Fund should 
be devoted exclusively to road improvement. 
In replying to a deputation representing various 
local authorities, who approached him recently 
on the question of the future allocation of the 
fund, the Chancellor of the Exchequer stated 
that no decision had been reached on this point 
by the Cabinet, but it seems inevitable that if the 
returns continue to grow at their present rate, 
some portion of the fund must be allocated in the 
near future to purposes other than road improve- 
ment. Mr. Churchill made it perfectly clear that 
the incidence of taxation as it affected the owners 
of various classes of vehicle was receiving careful 
consideration, and he indicated that the heavier 
classes of road traffic are likely to be taxed more 
heavily in the future. In this connection it is 
interesting to note from the returns that, whereas 
cars taxed on horse-power, together with motor- 
cycles, contributed 9.437,168/. to the total, the 
contribution of commercial goods vehicles was 
only 4,697,020]. The next largest contribution 
was 2,270,906/. from motor hackneys, the remainder 
being derived from road locomotives, motor 
ploughs and tractors, tramcars, trade licences, 
and horse-drawn vehicles. The more obvious 
courses open to the Government are to alter the 
incidence of taxation in order to obtain a greater 
return from commercial vehicles, or to institute 
taxation based on the fuel consumed or on unsprung 
weight, both of which would have much the same 
effect. It would appear from the opinions expressed 


with general approval, but in view of the difficulties 
inherent in the collection of such a tax, which we 
discussed on page 140 of our issue of January 30, 
1925, it is hardly likely that a change to this form 
of taxation will be made in the near future. A tax 
on unsprung weight offers certain obvious adyan-. 
tages, but on the whole it seems probable that the 
course selected will be to increase the contribution 
made by commercial-vehicle owners. The ideal 


to the community as a whole. From this point 
of view it would be only just that the private-car 
owner should continue to contribute a relatively 
high proportion of the total. In any case, it is 
hardly to be anticipated that the tax on private 
cars will be reduced, but the opportunity might 
well be taken to afford relief to owners of old cars, 
as the present system of basing this relief on the 
engine being built prior to 1913 will soon render it 
a dead letter. 





THE LATE MAJOR WALTER 
ROWLEY. 


THe death of Major Walter Rowley, D.L., V.p. 
which occurred on the 9th inst., at his home at Leeds, 
after a brief illness, removes a well-known figure from 
Yorkshire mining circles. Major Rowley was born in 
Wakefield in 1843, and became an articled pupil of the 
late Mr. Tolson White, mining engineer, Wakefield, in 
1860. From 1864 to 1867 he was assistant to Mr. John 
Brown, M.Inst.C.E., and to Mr. John Walker, civil 
engineer, Rotherham. He was employed for some 
time in France and Belgium, and reported on several 
of the leading engineering works and mining installa- 
tions. In 1867 he commenced practice as a consulting 
mining engineer, and his long association with the 
Great Northern Railway Company began in 1874. He 
held the appointment of consulting mining engineer to 
this company until the grouping of the railways took 
place; he then retired, and was succeeded by his 
partner, Mr. R. Dinney Wilson. During his period of 
office he was engaged in laying out and conducting 
underground operations in the mining districts traversed 
by the railways and canals of the company. In 
addition to his general practice, he was also consulting 
mining engineer for the West Yorkshire Coal Owners’ 
Association, and, later, held a similar appointment for 
the Duchy of Lancaster. Major Rowley was elected a 
governor and member of the council of the Yorkshire 
College of Science in 1874, and sat on the civil engi- 
neering and mining committees. When 18 years of 
age he joined the Wakefield Rifle Volunteers, and later 
on, removing to Leeds, he was granted a commission 
in the Leeds Engineer Volunteers; he retired with 
the rank of major in 1899. A pioneer of ambulance 
work in Yorkshire, he was appointed a Knight of Grace 
of the Order of St. John in 1893. He became a Deputy 
Lieutenant of the West Riding, and of the City and 
County of York, in August, 1915. Major Rowley was 
elected a member of the Institution of Civil Engineers 
in December, 1884, and was, at one time, President of 
the Yorkshire Association of Students of the Institu 
tion. He became a member of the North of England 
Institute of Mining and Mechanical Engineers in 
August, 1893, and when this association was incor- 
porated with the Institution of Mining Engineers 
he was made a member of the parent body. Major 
Rowley was also a vice-president of the Yorkshire 
Geological Society. 





THE LATE MR. ANDREW FORSTER. 


Tue well-known boiler designer, Mr. Andrew 
Forster, died on Sunday, January 31, while on a visit 
to Norway on behalf of his firm, Messrs. J. Samuel 
White and Co., Limited, of Cowes, Isle of Wight. 
He was the son of the late Mr. Robert Forster, J.P., of 
Jarrow, und was born in 1867. 

His early education was obtained in his native place 
and at the Rutherford College, Newcastle-upon-Tyne. 
In 1882 he was apprenticed to Messrs. Palmers Ship- 
building and Iron Co., Limited, at Jarrow, and, while 
working at the bench, he continued for many years to 
improve his engineering training by attendance at 
evening classes. Five years later he obtained further 
experience as a draughtsman at the works of Messrs. 
Robert Stephenson and Co., Limited, after which he 
returned to the service of his early employers and 
spent five years in their drawing office. During three 
years of this period he was in charge of the evening 
classes in engineering at Jarrow. Two further years 
as a draughtsman at the Naval Construction Works of 
Messrs. Vickers Limited, at Barrow-in-Furness, pre- 
ceded his going to Cowes to join the staff of Messrs. 
J. Samuel White and Co., Limited, as chief draughtsman 
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Furness, he was in charge of the arrangement of the 
machinery and the design and superintendence of 
construction of the boilers for H.M.S. Powerful and a 
number of torpedo-boat destroyers. 

Successful work at Cowes led to his early promotion 
to chief engineer and works manager. He was the 
inventor of the White-Forster water-tube boiler, 
supplied extensively to the British and other navies, 
and the many other steam devices bearing the com- 
bined names of his firm and himself. Mr. Forster 
was elected a member of the Institution of Mechanical 
Engineers in 1913, on transfer from the class of 
Associate Member, which he entered in 1901. 








THE LATE MR. G. H. FRASER. 


We regret to announce the death of Mr. Gordon 
Henry Fraser, which occurred on February 3 last, 
at a nursing home in London, after an operation. 
Mr. Fraser, who was only 49 years of age, was managing 
director of Messrs. the Pearson and Knowles Coal 
and Iron Company, Limited, Warrington. He was 
also a director of Messrs. Rylands Brothers, Limited, 
Warrington, the Partington Steel and Iron Company, 
Limited, Irlam, Manchester, and other colliery and 
engineering companies in the Manchester and Liverpool 
districts. Mr. Fraser was born in Liverpool and 
received his early education in Scotland; he after- 
wards attended the Merchant Taylors’ School. When 
16 years of age he entered a large steamship office, 
and later joined the staff of an old-established firm 
of iron and steel merchants; he eventually became 
the proprietor of this latter concern. His connection 
with the Pearson and Knowles Company dated from 
1920, when Messrs. Sir W. G. Armstrong, Whitworth 
and Co., Limited, acquired a controlling interest in 
the firm. He was then appointed managing director 
of the undertaking. Mr. Fraser, whose home was at 
Winster, Lymm, near Warrington, was well known in 
the Lancashire and Cheshire industrial districts, and 
was associated with many of the local charities. He 
was elected a member of the Iron and Steel Institute 
in 1920. 





Great WESTERN Ports.—A handbook, received from 
the Great Western Railway Docks Department, and 
entitled “ Great Western Ports,” has been recently pub- 
lished by Mr. H. N. Appleby, by arrangement with the 
railway company. This gives information regarding 
the ports onthe South Wales seaboard. It contains large- 
scale maps and full descriptions of the docks at Cardiff, 
Swansea, Newport, Barry, Port Talbot and Penarth. A 
plan and description of the Plymouth Great Western 
docks, and shorter descriptions of other western ports are 
also given. As was stated in an article published in our 
issue of January 8, last page 47, the Great Western 
Railway are modernising the coal-loading and discharging 
equipment at the South Wales ports, and the improve- 
ments carried out during the past year are fully dealt 
with in this handbook. Tables and detailed information 
regarding general trade, imports and exports, other than 
coal, dock accommodation, railway facilities, communi- 
cations and other matters of interest to manufacturers, 
merchants and shipowners, render the book a useful 
and complete work of reference. 


Tria, Tre or tHe S.S. Parris LL.’.—The 335-ft. 
teamer Patris IT, built, for Messrs. the Byron Steamship 
Company, Limited, of London, by Mes Swan, Hunter, 
and Wigham Richardson, Limited, Wallsend-on-Tyne, 
recently completed her sea-trials off the Tyne. The 
vessel has a displacement of 6,000 tons and is equipped 
for 150 first-class passengers, 100 second-class and 150 
third-class. Central heating, electric lighting and ven- 
tilation, and hot and cold water have been installed 
throughout, There are four cargo hatches, and eight 
five-ton derricks on derrick posts, are provided, these 
being worked by eight steam winches ; a further winch 
is titted on the upper deck aft, and steam steering gear 
Is installed in a house on the after end of the ship. 
lhe propelling machinery consists of triple-expansion 
engines, which, together with the boilers, have been 
constructed at the Neptune works of the builders. Two 
of the three boilers provided, are arranged for Howden’s 
forced draught. 





\n OLp Boiter.—Made in 1853, by Messrs. Wilson, 
Boilermakers, Limited, Lilybank Works, London-road, 
Glasgow, a boiler of the Lancashire type is still working 
continuously, night and day, in one of the Clydeside 
lactaries. It is now regularly inspected by a boiler 
insurance company, although none of these companies 
was in existence when the boiler was made. The 
proprietor states that he has never received an adverse 
report on the boiler, and that the latter has never re- 
quired any repair, since it was set to work. The boiler, 
which is now working at a low pressure, is entirely con- 
structed of iron plates, and this fact, no doubt, accounts, 
to some extent, for its long life. The shell was built up 
of some 30 small plates, three to the circle, and the ends 
ot the boiler were flanged in by hand to meet the shell. 
lhe end plate is in two halves, as a sheet of metal large 
enough for the end could not be rolled at the time the 
boiler was constructed, under the supervision of Sir 
Joseph Isherwood. 





LETTERS TO THE EDITOR. 


MOVEMENTS IN THE LONDON TUBES 
UNDER THE THAMES DUE TO TIDAL 
ACTION. 


To tHE Eprror or ENGINEERING. 

Stmr,—In your leading article on the 1924 Address 
of the President of the Institution of Civil Engineers, 
reference was made to the observed movements below 
the Thames in the Underground Tube Railways due 
to tidal influence, and you were good enough to suggest 
that possibly my articles on earth pressure might afford 
a means of calculating the movements in the tubes. 

The matter was of great interest to me, but owing 
to the pressure of other work the question could not 
have attention. 

If the Thames is taken as straight and of uniform 
width, and the wet cross section both at high and low 
water levels as rectangular, then the pressure over the 
bed at any cross section may be taken as uniform at 
any instant at all states of the tide, but differing from 
instant to instant. The effect of the tide can thus be 
represented by a uniform pressure over the bed of the 
river. If the bed of the river is not exposed in any 
part at low water the tidal effect could still be very 
accurately represented by a uniform pressure. 

The movements have been calculated on the assump- 
tion that the material beyond the sides of the river, 
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above the level of the bed, may be neglected. In 
other words, the movements are assumed to be the 
same as those in a semi-infinite solid having a plane 
upper boundary due to uniform loading of a long narrow 
strip with parallel edges. 

Taking axes as shown in the figure nerewith, and 
denote ing the width of the strip by A B= 2a where 
AO=OB=a, AP=7,, BP =n, and angle AP B = 
0, the displacements at any point P in the directions of 
the axes of a and y respectively are :— 


=P D ++? (20 — ¢) y loge (r2/r1) — (1— 20) 2.0 
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— 2(1— o) w loge (re/71) — a y2/r22 — ay2/ry2] . (1) 
where E is Young’s modulus for the material under the 
Thames and ¢ 1s Poisson’s ratio. 

The above result involves what may be termed a 
formal solution and a complementary solution. The 
formal solution when found contained certain terms 
which did not vanish at infinity. It was therefore 
necessary to find a set of movements which contained 
terms, similar at infinity, involving no loading at the 
upper surface. The solution is of interest from the 
theoretical side apart from its practical application 
as the difficulty has arisen before in certain other cases 
and so far as the writer is aware it has not been quite 
met. 

The movements given in the solution are finite and 
continuous, and vanish at infinity and satisfy all the 
conditions.of the problem, and lead to uniform pressure 
over the bed of the river with the exception that at the 
edges of the loaded strip there are line tensions of 
amount P per unit of length, where P denotes the 
pressure per unit of surface. The resultant of the two 
line tensions is insignificant in comparison with the load 
on the width of the strip if the width is large in com- 
parison to unity: This could be put in another way. 
Suppose the width of the Thames is equal to 2a ft., 
but for the purpose of calculating the movements 
let the width be taken as 2(a@-+- 1) ft. and a correc- 
tion made by introducing line tensions at the points 
x= +(a-+ 4), the line tensions introduced would 
equilibrate with the pressure on the extra foot of width 
at the sides and all the requirements could be met in 
respect to the displacements at infinity. This, however, 
is a mere evasion of the mathematical difficulty which 
appears to be bound up with the fact that @ is a one 
valued function everywhere except precisely at the 
points A and B where it is many valued. The angle @ 
has, in fact, any value we please between zero and r+ 
at the two points A and B, depending only on the line 
of approach to either, but it has a perfectly definite 
value at any other point whether situated infinitely 
near to one or other of these points or otherwise. 

The solution assumes that the material under the 
Thames is homogeneous and extends to a great depth. 
If the London clay only extends to a depth of a few 
hundred feet the solution would be considerably modi- 





fied, but it could be solved, for the case of a uniform 
depth, by the method of images. 

If at a depth y= Ah there is hard rock, where / 
is equal to or less than a, then the vertical movement 
under the centre of the river would probably be given 
with fair accuracy by 

‘u=0 | 
(1 +-¢) (l-—26¢) P 


v= — (h 
(l —o) E 


y) | . e (2) 


If in equations (1) we take AB = 1,000 ft. 
EK == 200,000 Ib. per 
square inch. 
o = 0-40 
and P = the weight of 12 ft. 
of water 


then the vertical movement of the axis of y 100 ft. 
below the river bed is 
v =: 0-155 in. 

I have been unable to find that any experiments 
relating to Young’s modulus for clay in compression 
have been made but these, if undertaken, should not 
be difficult. In this connection it would be very in- 
teresting to know if the velocity of sound in the 
London clay has been observed, as this would afford a 
check on the value of E assumed above. 

I am, Sir, yours faithfully, 
L. D. Canoruens. 

Hong Kong, China. 

December 30, 1925. 





THE THEORY OF COLUMNS. 


To tHE Epitor oF ENGINEERING. 

Str,—In Enetneertne of February 5, Professor 
Guest apparently puts forward an attempted “ proof ” 
of Euler’s critical load for long columns without the 
employment of the calculus. But surely he deceives 
himself, for assuming that the axis of the column 
deflects to a true sine curve he practically assumes the 
result of the problem without proof. Given the true 
form of the deflected axis, the value of the numerical 
coefficient for the critical load follows easily in various 
ways, whether the column is uniform in section or not. 
To assume that a series of waves approximate to a 
series of sine waves and hence to draw the conciusion 
involving the coefficient (x?) may be, I fear, really 
misleading to students, and I hope none may think to 
avoid the calculus in this way. In cases other than that 
of a constant section the same assumption that a wave 
curve approximates to a sine curve, would lead to 
quite wrong results. 

If we were to say that from a higher branch of mathe- 
matics we know that a curve having ordinates and 
curvature in exact proportion to one another is a sine 
curve we should frankly be borrowing a result but 
not proving it. 

Yours faithfully, 
Artruuk Morey. 
Purley, Surrey, 
February 6, 1926. 








Tut IsHeERWOOD SysteEM OF SHIP CONSTRUCTION, 
Annual progress returns furnished by Sir J. W. Isherwood, 
4, Lloyd’s-avenue, London, E.C.3, show that 30 ships, 
having a total deadweight carrying capacity of 
241,030 tons, were built on the Isherwood system in 
1925. The corresponding figures for 1924 were 29 and 
234,210 tons, respectively. Among the vessels under 
construction are four Diesel motor-driven oil tankers of 
12,000 tons deadweight capacity, for the Standard Oil 
Company of New Jersey. Three of these are being 
built in Germany and one in Italy. Three high-speed 
passenger and cargo vessels for the Merchants and Miners 
Transportation Company of Philadelphia are now in 
course of construction at the yards of the Newport News 
Shipbuilding and Dry Dock Company, Newport News, 
Va., U.S.A. All three will be built on the Isherwood 
system. Another type of ship for which the Isherwood 
system appears suitable is one at present under con- 
struction in an Italian shipyard, which vessel will be 
used for the transportation of heavy weights. A ship 
structure of great strength is required, not only to carry 
the cargo, which will consist of concrete blocks each 
weighing 450 tons, but also to handle the material when 
in port. For the purpose of slinging and landing each 
block, a fore and aft gantry, over the end of the structure, 
is being provided. Another interesting vessel under 
construction is the oil-carrying ship having a deadweight 
capacity of 10,700 tons, which is being built on the 
‘* bracketless ’’ Isherwood system at the Jarrow yard of 
Messrs. Palmers Shipbuilding and Iron Co., Limited. 
Owing to the simplification of the construction, the 
speed with which the vessel is being built is reported to 
be exceeding expectations. Three vessels of special 
construction, for use in transporting oil from Macaraibo 
to the Carribean Sea, there to be discharged into ocean- 
going ships, are also to be built by Messrs. Palmers, 
under the supervision of Sir John Isherwood. 








ENGINEERING. 





[FEB. 12, 1926. 











LABOUR NOTES. 


In the course of his presentation of the employers’ 
case at the conference on the wages question with 
representatives of the engineering trade unions, on 
January 28, Sir Allan Smith, Chairman of the Manage- 


ment Committee of the Engineering and Allied 
Employers’ National Federation, brought the Federa- 
tion’s figures relating to the industry’s production 
returns as far as possible up to date. It took some 
time, he said, to get these figures out, as many of 
the firms made up their financial years to December 31, 
and although the Federation had been trying as hard 
as it could, it had not been able to get more than 
half the volume necessary for a comparison of 1925 
with 1924 and 1923. In 1923, it would be remembered, 
the figure was 189,000,000/., and in 1924 190,000,0001. 
So far, only 96,000,000/. of output had been collected 
for 1925. He did not suggest for a moment that it 
would be wise to deduce anything from that figure, 
it view of the fact that it would be possibly doubled 
when the full returns were available. Butin 1923, they 
would remember, he had given the net return on 
manufacturing as 2-82 per cent.; in 1924 it was 
1-82 per cent., and in 1925, up to date, it was 3 per 
cent. As he had said, however, that 3 per cent. 
might be much modified later on. He hoped that 
he would have the opportunity of giving further 
information as soon as it could be procured. 


One rather disconcerting feature had been brought 
out, and was confirmed even by the 50 per cent. 
returns which were available for the financial year 
during 1925. That was that whereas, under the 
census of production in 1907, the export percentage 
of our production was about 53 per cent., by 1923 it 
had fallen to 28-36 per cent., and by 1924 to 27-64 
per cent. By 1925 it had decreased still further, 
and on the figures available was only 25 per cent., 
or half the value it had in 1907. Engineering was 
essentially and fundamentally an exporting trade, and 
unless they carried on their exports, they would not 
be able to finance their home consumption. To find 
their exports dwindling away as they were doing, 
was, therefore, a matter which rightly gave them 
serious concern. Taking 1913 as 100, Sir Allan went 
on to say, our engineering production was only 75 per 
cent. in 1923; in 1924 it was 87 per cent., and in 
1925 93 per cent. In the ordinary course of develop- 
ments, having regard to the increase of population 
in this country, that 93 per cent., to be on the same 
basis as 1913, ought, however, to be not less than 110. 
Our machinery exports, in 1925, were actually 75 per 
cent. only of our pre-war exports of that commodity. 


Dealing directly a little later with the application 
for an increase of wages, Sir Allan said: ‘“ Any 
disturbance, of whatever character, which takes place 
now, will have a serious effect on the immediate future 
of industry. When you contemplate the necessity, 
and when you contemplate what is most desirable 
for industry, I think your views will not differ much 
from ours, and if we look at them from a purely 
selfish point of view, each for his own side, curiously 
we will come to the altruistic point of view for the 
same reasons—we want work and you want employ- 
ment. What is the best way to get work, and what 
is the best way to increase employment ? It would 
be an easy matter for you to say, ‘ Well, we are going 
to start off and we are going to compel the employers 
to give an advance to certain sections of labour— 
to advance their wages because for the time being 
there appears to be some justification for it.’ I need 
not follow you in the sourse of that controversy because 
it might be that after all it is an easy thing to light 
a fire; it is a very difficult thing to put it out. But 
I question very much whether it is good for you, 
if I may be so bold as to say so, that at the expense 
of increasing unemployment you should get a sectional 
and temporary advantage. I should have thought 
that what you, as well as the employers, desire, is an 
increase in work and in employment, a security that 
that increase will remain and if possible be further 
increased, and a prosperity induced by stability and 
not overcome by insecurity.” 


‘ 


An award of the Industrial Court on a wages 
reference by members of the Boilermakers’ and Iron 
and Steel Shipbuilders’ Society employed in the 
constructional shops of Messrs. Dorman, Long and Co., 
Middlesbrough, was issued on Saturday. The claim was 
for the inclusion of 9s. war wages in the base rate for 
the purpose of calculating the earnings of lieu workers. 
Under an agreement between the firm and the Boiler- 
makers’ and Iron and Steel Shipbuilders’ Society, the 
112 workpeople concerned—platers and others—are 


women and 36,300 girls. 


to three-eighths, calculated on a basis time rate of 
4ls. 6d. a week. During the war period and since, 
the workpeople concerned have received the same 
advances or reductions in wages as obtained in the 
general engineering trade. A decision of the Com- 
mittee on Production of March 1, 1917, provided that 
the time rates of workpeople employed in the general 
engineering trade should be increased by such an 
amount as would make the total advance on time rates 
since the beginning of the war up to that date 7s. a 
week, That amount has since formed part of the basis 
time rates in that industry. On the North-East coast, 
a special advance of 2s. a week on time rates was 
conceded early in 1917, making, with the 7s. above 
referred to, a total increase of 9s. a week on time rates. 
The decision of the Committee on Production was not 
directly applicable to Messrs. Dorman, Long and Co. 
The Court disallowed the claim that decisions applicable 
to general engineering should have been automatically 
applied by the firm to its workpeople, but decided 
that the basis rates of the workpeople concerned 
should now be increased by the transfer of 9s. a 
week from the amount paid as war wages to the 
basis time rates. The tonnage rates payable under 
the tonnage output agreement of January, 1921, 
should be revised, it was recommended, so as to provide 
that the worth of the tonnage bonus payment should 
not be increased by the Court’s present decision. 


When the workers in power stations represented 
on the Joint Council for the Electricity Supply Industry 
in the London area recently obtained a wages advance 
of 6} per cent. on current rates, the Electrical Trades 
Union applied for the extension of the increase to their 
members employed on the railways. The wages of 
these men always, it was claimed, coincided with those 
paid to men similarly employed at outside generating 
stations. The Railway Staff Conference declined to 
share that view, and the London District of the 
Electrical Trades Union thereupon decided to ballot 
its members for or against a strike in support of the 
claim. The ballot papers are returnable on or before 
February 20. : 


Industrial and Labour Information states that 
during November, 1925, the increases of wages obtained 
in Germany were, with the single exception of mining, 
slight in all cases. The hourly rates of skilled and 
unskilled workers in certain important industries in 
October and November were as follows :— 


Skilled Workers. 
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Industries. SS ee a he Beate Fr 
November.| October. | November, October. 
| | 
ae Pig Ae; ir aeoa Go| lee 
| SRE > pe ee a & 
Mining ..| 102-0 | 95-9 57-7 |) 55-3 
Metal {| 92-7 | 92-5 | 62-5) | O13 
Chemical | 8297 | 84-4 | Fe | Tiss 
Building .| 115-8 115-7 | 94-7 | 94-6 
Wood working..| 98-2. | 98-1 85-4 | 85-4 
Paper working | 67:9 | 67:8 60-1 | 61-1 
Textiles— } | | 
Males. . ..| 62-6 | 62-3 52-3 52-1 
Females oo 90-2 | 49-9 38-8 38-7 
Brewing “} 100-0 «| (99-5 87-7 87-4 
Bakery and Con-| 
fectionery ..| 86-1 | 85 74:3 73°17 
Printing ..| 95-9 | 95-9 83-7 83-7 
Card board mak- | 
ing— | | 
Males. . cf, BOSd. oT S80 68-0 67-9 
Females set 53-1 52-8 43-7 43-6 
Railways 79-9 79-8 61-7 61-6 
Weighted aver- 
age | 94-1 | 92-3 65-8 64-6 











At its meeting in Prague on Saturday last, the 
executive committee of the International Metal Workers’ 
Federation passed a resolution, moved by Mr. J. T. 
Brownlie, and seconded by Herr Dissman, expressing 
satisfaction at the invitation of the British Minister 
of Labour to the Ministries of Labour of the principal 
manufacturing countries to a conference in London 
on the subject of the 48-hour week. The resolution 
called upon all the national metalworkers’ organisations 
affiliated to the Federation to bring all possible pressure 
to bear on their respective Governments to give effect 
to the 48-hour working week as set out in the findings 
of the Washington Convention. Thirty national organ- 
isations of metalworkers, representing over 4,000,000 
workers, are affiliated to the International Metal 
Workers’ Federation. 


The Ministry of Labour states that on February 1, 
1926, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,175,000—917,300 men, 34,000 boys, 187,400 
On January 25, 1926, it was 





entitled to lieu allowances varying from one-eighth 


1,200,827—942,208 men, 35,420 boys, 187,060 women 








and 36,139 girls—and on February 2, 1925, it was 
1,238,287—935,657 men, 37,073 boys, 230,960 women 
and 34,597 girls. 


It is stated that at a meeting on Saturday last of 
representatives of the engineering trade unions in the 
London district, it was decided (1) formally to renew 
the local application for a wages increase of 20s. per 
week ; (2) to ask for a joint conference on the subject 
with the London employers; and (3) to take the view 
that the provisions for avoiding disputes shall have 
been exhausted if a joint conference is not agreed to 
within seven days. Procedure along these lines will 
not, of course, ‘‘ exhaust ” the provisions for avoiding 
disputes, but will, on the contrary, be in direct conflict 
with them. The demand for an increase of 20s. per 
week is still a “‘ national question,” an application for 
a joint conference is not in order while a section of the 
men affected are on strike, and the parties to a local 
conference are never free on “ failure to agree ” to take 
whatever action they deem to be necessary. On 
‘* failure to agree ” locally, differences must be referred 
to a Central Conference. The barrier to a local con- 
ference in this instance is the strike—which continues— 
of Messrs. Hoe’s men. 


The Court of Inquiry into the threatened dispute 
concerning the claims of the National Union of Railway- 
men for the application of Decision No. 728 of the 
Industrial Court to the railway shops of the Great 
Central Section of the London and North Eastern 
Railway and the Cheshire Lines Committee, issued its 
report on Tuesday night. It states that with the rail- 
way companies and the craft unions opposed to its 
application, and in the absence of evidence of a strong 
demand by the shopmen in favour of its application, 
the Court do not deem it advisable that Decision No. 
728 should be adopted in either area. ‘“‘ If, however,” 
the award goes on to say, “after January 1, 1927, 
the position of the railway industry has improved 
and/or the railway companies are not opposed to, 
and/or evidence is forthcoming that there is a demand 
by a substantial proportion ” of the men in the shops 
concerned for the application of the award, “the 
question of the application of the award should,” the 
Court think, ‘‘ be reconsidered, and, in the absence 
of agreement between the National Union of Railway- 
men, the craft unions and the companies . it 
is desirable that the issue should, by consent, 
be referred to the Industrial Court for decision.” 


The report of the General Federation of Trade 
Unions for the final quarter of 1925 shows that the 
total number of affiliated societies is 116, and the 
gross membership 737,378, of whom 423,566 are on 
the higher scale, and 313,812 on the lower scale. ‘ The 
financial position of the Federation continues,” Mr. 
Appleton says, ‘to be satisfactory. The claims for 
benefit have been few in number and not serious in 
character. The only unusual item of expenditure 
arises in connection with obligatory cleaning and 
renovation. Seven-tenths of this cost, as of all rents, 
lighting and rates, is charged to the account of the 
Friendly Society side of the Federation’s activities, and 
will be repaid in due course.” 





In January the home branch membership of the 
Amalgamated Engineering Union decreased from 
208,658 to 207,308, and the Colonial branch member- 
ship increased from 25,665 to 25,738. The number of 
members drawing donation benefit decreased by 303 
to 7,653, but the total number of unemployed members 
increased by 214 to 17,876—or, calculated in the usual 
way, 8-24 per cent. 





Contracts.—Messrs. J. W. Brooke and Co., Limited, 
Adrian Works, Lowestoft, have recently delivered to the 
Sudan Government a batch of ‘“ Brooke ”’ 8-h.p. two- 
cylinder motors, arranged for driving the alternators 
of 14 kw. continuous-wave wireless transmitters. Motors 
of all types have also been shipped to South Africa, 
Holland, India and the British West Indies.—Messrs. 
Sir W. G. Armstrong, Whitworth and Co., Limited, 
have secured a contract from the Mersey Docks and 
Harbour Board for the construction and erection of a 
pair of steel dock gates for the new 80-ft. inner passage 
of the Alfred Dock at Birkenhead. 


Tue LItLe CommerciaL Farr.—The commercial Fair, 
which opened at Lille, France, on April 10, 1925, and 
closed on the 26th of the same month, attracted some 
considerable attention. The function will again be held 
this year, and it is anticipated that the 1926 Fair will 
be or. a much larger scale. Although exhibitors from 
all parts of France and from the neighbouring countries 
are participating, the Fair is primarily interesting for the 
exhibition of local products. Full particulars may be 
obtained from the Comité de la Foire, 73, rue Faidherbe 
Lille (Nord), France, or from the London agent, Mr 





A. Pompa, 10, Laystall-street, E.C.1. 
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THE MEASUREMENT OF CUTTING 
TEMPERATURES.* 


By E. G. HERBERT. 


Most of the operations of the engineer’s workshop 
resolve themselves into cutting or otherwise deforming 
metals with hard steel tools, and all such operations 
generate heat. A knowledge of the actual temperatures 
is of twofold importance. The{temperature may, if 


Fig.1. CALIBRATION CURVE OF N° 
STELLITE AND STEEL TEST 
TUBE COUPLE. 
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Fig.2. CALIBRATION CURVE OF N°2 
STELLITE AND MILD STEEL 
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Fie. 6. CxHrprine Mitp STEEL WITH STELLITE CHISEL. 


high enough, affect the hardness of the tool, and for this 
reason it is important to know both the temperature 
involved and the heat-resisting properties of the tool— 
its hot hardness. The temperature may also affect 
the various physical properties which constitute 
machinability in the work material, whence it is 
important to know the temperatures to. which that 
material is liable to be subjected in working, and its 
properties at those temperatures. 

Owing to the impossibility of introducing a pyrometer 
at the actual point where heat is generated in cutting, 
the plan has been adopted of using the tool itself and 
the work material as the two elements of a thermo- 
couple, and measuring the temperature at their surface 
of contact by the electromotive force generated in this 
“ tool-work thermocouple.” In the experiments to 





Re Paper read before the North Western Branch of 
the Institution of Mechanical Engineers on Thursday, 
February 4, 1925. Abridged. 





Fig.3. TEMPERATURES GENERATED ON TOOL STEEL 
TESTING MACHINE. 
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be described, the tool used when cutting steel was 
generally of stellite, which was chosen for this purpose 
because it is a hard non-ferrous alloy capable of 
withstanding very high temperatures. Ordinary steel 
tools were used when cutting non-ferrous metals, and 
also in some cases when cutting mild steel, the electro- 
motive force generated in a tool-steel mild-steel couple 
being quite sufficient for the purposes of temperature 
measurement, and indeed higher in many cases than 
that given by the stellite and mild-steel couple. The 
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procedure consisted in insulating the tool from the slide 
rest or tool box of the machine tool, strips of mica 
being used for this purpose. One terminal of a unipivot 
millivoltmeter was then connected with the insulated 
tool, and the other terminal with some part of the 
machine. [The apparatus used by Mr. Herbert was 
described on page 185 ante.—Ep.E.] 

In many cases it was desired to reproduce normal 
working conditions in which a cooling liquid is em- 
ployed. No difficulty was experienced when using 
oil, but when the coolant employed was either water, 
or one of the common cutting compounds in aqueous 
solution, a galvanic current was set up. This was 
avoided by smearing the tool thickly with tallow. 
The point of the tool was of course bare, but no 
galvanic effect was produced while the tool was in 
contact with the work. In order to convert the 
readings of the voltmeter into temperatures, it was 
necessary to calibrate a couple composed of the tool 
and a piece of the work material. These were either 





clamped or welded together and placed in a” tubular 
electric furnace with a standard iron-constantan 
thermocouple, the latter being connected with an 
indicator graduated in degrees Centrigrade. Cali- 
bration was made with the actual tool used in cutting, 
a long stellite extension being fixed to it and carried 
into a vessel containing melting ice for the cold junction. 
Two grades of stellite were used in the experiments. 
No. 1 grade, being harder and rather more brittle, 
was used for the light cuts taken on the tool- 
steel testing machine, while No. 2 stellite, less hard 
and less brittle, was used for heavy cutting on the 
lathe, &c. 

Fig. 1 is the calibration curve obtained from No. 1 
stellite and a standard steel test tube as used on the 
tool-steel testing machine, and Fig. 2 that given by the 
No. 2 stellite tool and a piece of the mild-steel bar used 
in the cutting tests. Both the temperature-voltage 
curves are of parabolic form, with reversal of polarity 
at 370 deg. and 600 deg. C., respectively. It might 
at first sight appear unfortunate that the calibration 
curve should take this form on account of a certain 
indefiniteness in the voltage temperature indications 
near the apex of the curve, and because any given 
positive voltage may correspond with either of two 
temperatures. In experience it was found that little 
ambiguity arose, while the parabolic curve has certain 
advantages which will be explained later. It should 
be noted that the temperatures in the diagram are 
differences of temperature between the hot and cold 
junctions of the calibrated couple. The voltages 
obtained in the cutting tests likewise indicate the differ- 
ence between the temperature at the tool point and 
the temperature at the cold junction, which is generally 
room temperature. To obtain the actual temperature 
at the tool point, it is therefore necessary to add the 
room temperature, say 20 deg. C., to the temperature 
obtained from the diagram. 

Fig. 3 is the speed-temperature diagram obtained 
from a No. 1 stellite tool, cutting under standard 
conditions on the tool-steel testing machine, dry, with 
oil, and with water. The cut was made on the end of a 
standard steel tube #in. diameter, $in. bore, the traverse 
of the tube being 0-0012 in. per revolution. The 
tool had no top rake, and 20 deg. clearance. The 
sudden increase of temperature in the water curve at 
about 130 ft. per minute may be due to centrifugal 
action throwing the cooling water off the tube when it 
was running at high speeds. ‘ 

Fig. 4 shows the temperatures generated by a 
No. 2 stellite tool turning a mild-steel bar 24 in. 
diameter on a No. 13 bar lathe by Alfred Herbert, 
Limited. The tensile strength of the mild steel 
was 29°7 tons per square inch. The depth of cut 
was in all cases 3 in. The stellite knife tool 
had top rake 27 deg., clearance 6 deg. Tests 
were made dry, with machine oil, and with water 
containing a soluble cutting compound. The tests 














l second time marks. 490° C. maximum temperature. 
Fie. 8. Five-Currine. 


in Fig. 4 were made with a fixed feed of 43 revolutions 
per inch traverse, and at various speeds. 
Instantaneous and Fluctuating Temperatures.—The 
method of measuring cutting temperatures which has 
been described is easily applicable to any cutting 
process in which the temperature is reasonably 
constant, or subject only to such slow variations as 
may be caused by the gradual heating up of the tool 
and the work as the cutting proceeds. In many of the 
cutting operations of the engineer’s workshop these 
conditions do not apply. The temperature is subject 
to periodic variations, sometimes of a rapid and compli- 
cated character, while in certain classes of operations, 
such as punching and shearing, press work generally, and 
all those processes in which blows are employed, the rise 
and fall of temperature may occupy a very small fraction 
of a second. In such cases the voltage generated by 
the tool-work thermocouple cannot be measured with 
a voltmeter of the ordinary type, owing to the inertia of 
the moving coil and needle. To overcome this difficulty 
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determined rate controlled by an oil dash-pot. A 
cylindrical lens, on which are inscribed graduation 
lines corresponding to those on the screen, serves to 
concentrate the light on the slit, while the graduations 
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recourse was had to the string galvanometer invented by 
Professor Einthoven, of Leiden. In this instrument 
an exceedingly thin fibre of glass, coated with silver 
to render it a conductor, is stretched in the field of a 
powerful electro-magnet, and by suitable optical 
arrangements the vertical shadow of the fibre, mag- 
nified 600 times, is projected on a screen bearing 
a horizonta]) graduated scale. When a small current 
is caused to pass along the fibre. it is deflected by an 
amount depending on the strength of the magnetic 
field, the magnitude of the current, and the tension of 
the fibre. The deflection can be measured by observing 
the movement of the magnified image across the scale, 





10 mm. = I mv. 1 second time marks. 
Fias. 12, 13, 14. SHaprine Mitp STEEL at 20 STROKES, 
38 STROKES, AND 68 SrROKES PER MINUTE. 





‘ 


10-mm. ball 3,000-kg. load. 20mm. = 1mv. 4 second time marks 


in Fig. 23, 1 second in Fig. 24. 


Figs. 23 anp 24. Rise oF TEMPERATURE DvE TO BRINELL TEST. 


and by applying to the fibre a standard voltage, and 
suitably adjusting its tension, an accurate calibration 
can be made. In the experiments to be described 
the diameter of the fibre was 0-007 mm. The standard 
voltage used in calibrating was 2 millivolts, and the 
tension was so adjusted that the image was deflected 
either 1 cm. per millivolt or 2 cm. per millivolt, accord- 
ing to the character or the temperature variation to 
be measured. 

The movements of the fibre are often too rapid to be 
followed by the eye, and in order to remove difficulties 
arising from this source, and at the same time to 
secure a permanent record, a narrow slit is cut in the 
screen on which the image of the fibre is projected, 
and arrangements are made whereby a photographic 
plate can be caused to fall behind the slit, at a pre- 





a chisel when file-cutting by hand. The file blank 


a voltage curve having two peaks. To explain this 


on the lens are reproduced in the form of a series 
of parallel lines on the falling plate, thus constituting a 
voltage scale in the record. Finally, the arm of a 
metronome is caused to pass across and momentarily 
to obscure the beam of light at intervals of 1 second 
or of 4 second, with the result that parallel time lines 
are produced on the photographic plate corresponding 
with the cutting off of the light by the metronome. The 
shadow of the fibre crossing the slit traces an unexposed 
line on the plate, and any movements of the fibre due 
to fluctuations in the current passing through it appear 
as undulations in this line. The whole apparatus 
is stationed in a convenient situation, and is connected 





by a pair of wires and a telephone to any part of the 
works where temperatures are to be measured. The 
combination of the tool-work thermo-couple with the 
string galvanometer is believed to constitute a very 
powerful instrument of research. It is new, and the 
technique of its use is still undergoing development. 
The examples now given are designed to illustrate 
the capabilities of the method and the character of the 
records produced. 

Fig. 6 is the thermograph produced by chipping a 
mild-steel bar with a chisel of No. 2 stellite. The 
temperature rose in 1/160th second to a maximum of 
160 deg. C., and fell in 1/9th second to normal. ; 

Fig. 8 is the thermograph taken from the edge of 


was of the calibrated mild steel and the chisel of stellite. 
It will be observed that in this case each blow produces 





it is necessary to refer to the calibration curve 
given in Fig. 2. 
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It is evident that in order that the voltage may arrive 
at any point on the right-hand or falling branch of the 
calibration curve it must first pass through the maxi- 
mum corresponding to the apex of the parabola. In 
the thermograph, Fig. 8, the left-hand peak indicates 
the passage of the voltage over the apex of the parabola 
(280 deg. C.) and down to the value corresponding with 
the maximum temperature on the falling branch of the 
curve. The lowest point between the two peaks 
indicates the maximum temperature, in this case 
490 deg. C. When the force of the blow is expended, 
the temperature falls, and the voltage retraces its 
course over the apex of the parabola, thus forming the 








20mm. = 1 mv. 1 second time marks. 


Fig. 16. 


Tappine A }-In. Hove 1n Bronze 
BY HAND. 





10 mm. = I mv. 1 second time marks. 


Fias. 21 anp 22. Surractne Mitp SreeE.. 


second peak. The whole of these changes take place 
and are recorded in about 1/25th second. 

Attention is drawn to the third record from the left 
in Fig. 8. In this case the two peaks occur, but the 
maximum and also the minimum voltage between the 
peaks are abnormally low. As the file-cutting was not 
done by an expert, it is not surprising that there should 
be variation in the force and character of the blows, 
but the particular form taken by the variation in the 
voltage curves calls for comment. When‘a thermo- 
couple is placed in a furnace the whole surface of 
contact between the two metals is at approximately 
uniform temperature, and the voltage generated by the 
couple is a measure of that temperature. But when the 
thermocouple consists of the cutting edge of a tool 
and the portion of metal which it is cutting, there 1s 
a possibility of considerable variation of temperature 
at different points in the surface of contact. If, for 
instance, a file-cutting chisel were so held as to cut 
a groove of varying depth, it is evident that the portion 
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of the edge which penetrated deepest would generate 
a higher temperature than that portion which pene- 
trated less deeply. In such a case we should have at 
a given moment different voltages generated at different 
points along the edge of the chisel, and the highest 
voltage would be shunted or partially short-circuited 
by those portions of the couple in which the voltage 
was momentarily less, with the result that current 
would circulate within the couple and the current 
passing through the galvanometer would be reduced. 
This matter of partial short-circuiting is of extreme 
importance in the interpretation of voltage curves 
from cutting tools, different parts of whose cutting edges 
may be at a given instant at different temperatures. 
It is here that the advantage of the parabolic voltage 
curve becomes apparent. A thermograph in which 
the peak voltage is considerably below that obtained 
in calibration should lead to an examination of the 
cutting conditions, and the elimination of any cause 
(such as clogging by chips, rubbing on the tool of any 
portion of the chip which has been separated and 
partially cooled, scraping of the work by any portion 
of the tool edge not engaged in actual cutting, &c.) 


.which might cause a partial short-circuiting of the 


couple. 

Figs. 12, 13 and 14 were produced by shaping a mild- 
steel bar 9% in. long with the stellite tool at 20, 38 and 
68 strokes per minute respectively. In Fig. 12 the 
voltage in the centre of the cutting stroke was slightly 
on the falling side of the peak of the parabola, the 
temperature being 370 deg. C. The shaper has a 


Fig.25.CALIBRATION GURVE OF THERMO- 
COUPLE OF HIGH-SPEED STEEL SAW _ 
5 BL ADE AND MILD STEEL BAR. 
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“quick return”? motion, but the cutting time is seen 
to be actually less than the idle time, which latter 
included not only the whole of the return stroke, but 
also those periods at the beginning and end of the 
cutting stroke when the tool was not in contact with the 
work. In Fig. 13 the voltage passes through the peak 
value as the temperature rises at the beginning of the 
stroke, and again as it falls at theend. The maximum 
temperature, 440 deg. C., occurs in the middle of the 
stroke, when the speed of the tool was greatest. In 
Vig. 14 a very high temperature was generated. The 
plate was not moving fast enough to show the initial 
rise of voltage, but the fall from the peak value jis 
clearly seen, and during the greater part of the cutting 
stroke the voltage was considerably below zero; that 
is to say, there was a reversal of polarity, which, as can 
be seen from the calibration curve, Fig. 2 (from the 
identical tool and bar), occurs at 600 deg. C. Facilities 
were not available for continuing the calibration to 
the value of — 0-4 millivolt, and the maximum 
temperature in Fig. 14 is not known, but it must have 
been above 700 deg. C. 

Fig. 16 gives the thermal history of tapping a }-in. 
hole in aluminium bronze by hand. Starting from the 
left, the rise of temperature due to every movement of 
the tap can be clearly seen, the temperature falling 
after each movement, but showing a general rise as the 
tool and the work became warm. At (a) the tapping 
process was completed and a pause of 74 seconds was 
made, during which the temperature fell somewhat. 
The tap was then backed out and finally removed from 
the hole, where the sudden drop of voltage occurs. The 
tap-bronze couple was calibrated, and the maximum 
temperature found to be 120 deg. C. The temperature 
generated by hand-tapping may not be important. 
Probably it does not often occur that taps are softened 
by overheating when used by hand. But the fact that 
a temperature of 120 deg. C. was generated when 
tapping a }-in. hole by hand has a bearing on the 
subject of hot hardness in screwing dies, which are 
often required to take quite heavy cuts in the bar lathe 
and screwing machine. The tapping diagram illus- 








trates the manner in which the new method of investi- 
gation may be used to record the inner history of a 
series of complicated movements, whether performed 
by hand or in the machine tool, showing the tempera- 
tures to which the tool and work are subjected at every 
stage, and yielding information as to tool efficiency, 
the resistance of metals to working, and doubtless 
many other subjects of interest to the engineer and the 
metallurgist. 

Figs. 21 and 22 illustrate a method of investigating 
machinability whose possibilities are believed to be 
great. A bar or disc of steel or other metal under 
investigation is chucked in the lathe and the end is 
turned quite flat. A surfacing cut is then made, either 
from the centre to the periphery or vice versa, while a 
thermographic record is made of the voltage. Thus 
there is a perfectly uniform increase or decrease of 
cutting speed between zero at the centre and any 
desired speed at the periphery of the specimen, and a 
record of the corresponding increase or decrease of 
temperature. If the metal is uniform, and if its 
machinability is unaffected by any of the temperatures 
generated in cutting, the resulting graph should be a 
smooth curve. On the other hand, any increase or 
decrease in the resistance offered by the metal to the 
cutting tool at any given temperature should be 
revealed by a peak or a depression in the voltage curve. 
Fig. 21 is the thermograph of a surfacing cut com- 
mencing at the periphery of a 2}-in. mild-steel bar, 
and finishing near its periphery. Fig. 22 is from a 
similar cut starting at the centre of a 4-in. bar 





Fig. 24 the load was applied in about 14 seconds. The 
tests were made in the Olsen universal testing machine, 
and the maximum temperature rise recorded was 
32 deg. C. 

Effect of High Intermittent Temperatures on Tool 
Steel.—The experiments have shown that the tempera- 
tures generated by many ordinary cutting operations, 
especially those of a percussive or intermittent charac- 
ter, are surprisingly bigh, so high indeed that any 
tool which was subjected to such temperatures con- 
tinuously, or for even a moderate period of time, would 
inevitably be softened. The fact that tools are able 
to withstand such temperatures and retain their 
hardness, suggests interesting questions as to the 
influence of the time factor and the influence of repeti- 
tion on the softening of tool steel by very high 
temperatures intermittently applied. 

No complete answer can yet be given to these 
questions, but it is possible to state some facts bearing 
upon them. In one set of experiments it was seen that 
the voltage curves of a high-speed steel saw-blade 
cutting a mild steel bar are of parabolic form both in 
heating and cooling. A couple made of this identical 
blade and bar was calibrated by heating it in an electric 
furnace from 20 deg. to 1,125 deg. C., and measuring the 
voltage at successive temperatures. The resulting 
voltage curve was not parabolic. The voltage rose 
continuously with the temperature but showed partial 
arrests at 600 deg. and 900 deg. C. A further cali- 
bration was made with portions of the same blade and 
bar, the couple being immersed at intervals in a lead 





10 mm. = 1 mv. _ 1 second time marks. 


Fias. 26 anp 27. Heating anp CooLine VOLTAGE CuRVES OF HIGH-SPEED STEEL 
Mitp STEEL THERMOCOUPLE. 


and finishing at its periphery. In many of these curves 
there are fluctuations which are attributed to changes 
in the machinability of the steel at particular cutting 
temperatures, but the investigation has not yet gone 
far enough to enable a definite correlation to be made 
between these fluctuations and the changes which are 
known to take place in the vertical force on the tool at 
certain speeds, or with the physical changes, particu- 
larly in the work-hardening capacity and ductility, 
which are known to occur in mild steel and other metals 
when they are heated to certain temperatures. 

Temperatures Generated by Hardness Tests.—Investi- 
gation has been made into the temperatures generated 
by three hardness tests: the pendulum hardness test, 
the Shore scleroscope, and the Brinell test. In the 
case of the pendulum, no sensible rise of temperature 
occurred as a result of either the time, scale, or work- 
hardening tests. Any sliding of the ball over the 
surface of the specimen produced a marked deflection 
of the string galvanometer, but the deflection resulting 
from the slow rolling motion characteristic of these 
tests was barely perceptible. A negative result was 
obtained also with the scleroscope, using a hammer of 
high-speed steel and specimens of soft steel and other 
metals. There is reason to believe that in this case a 
considerable rise of temperature does occur. When 
the hammer was placed in contact with the specimen 
and lightly tapped so as to produce impressions similar 
to those caused by the regular test, there was a decided 
voltage kick, but none could be detected when similar 
impressions were made by the falling hammer. Does 
the rise of temperature take place after the blow, and 
after the circuit has been broken by the rebound of the 
hammer ? 

In the case of the Brinell test, using 10 mm. steel 
ball and 3,000 kg. load, the temperature rise was 
inconsiderable when the load was applied in 5 seconds, 
but when applied in 2 seconds or less there was a 
considerable rise of temperature. In the thermograph, 
Fig. 23, the first hump was caused by the application 
of the main part of the Joad in about 1 second and the 
second hump by the final adjustment of the load. In 





bath which was gradually heated in the furnace. 
The couple was allowed to remain in the bath only 
long enough to obtain a steady reading at each 
temperature and was then quickly withdrawn. The 
voltage curve (Fig. 25) showed an arrest at 730 deg. C.., 
but continued to rise at higher temperatures, the 
parabolic form again being absent. Thus, the voltage 
curve obtained in calibration was totally different in 
form from that obtained in cutting. 

To explain these facts the following hypothesis was 
adopted. The thermo-electric properties of a couple 
made of tool steel and mild steel depend on the difference 
in chemical composition of the two steels. If, as a 
result of heating, the chemical composition of either 
element is changed, a corresponding change may take 
place in the thermo-electric properties of the couple. 
But the chemical changes which take place in steel as a 
result of heating require time for their accomplishment. 
It is therefore possible that changes which take place 
completely when the steel is slowly heated in the 
furnace may take place less completely, or only at 
higher temperatures, when the steel is immersed in a 
lead bath and withdrawn after a few seconds, and that 
these changes may not take place at all when the 
heating and cooling occupy only a fraction of a second 
as in the operation of sawing. It was assumed that a 
chemical change, probably associated with the softening 
of the tool steel, took place at x, Fig. 25, and that if this 
change had not taken place the voltage curve would 
have followed a parabolic coursé as indicated by the 
dotted line. 

To test this theory a thin couple was made of a portion 
of the same blade and bar, and this was plunged into a 
lead bath at 900 deg. C., while a thermographic record 
was made of the voltage. The resulting record is 
reproduced in Fig. 26. The couple entered the lead 
bath at (a). The voltage quickly rose to a maximum 
at (6), and tracing a parabola fell to (c). At this point 
the softening change is believed to have taken place. 
The voltage rose again to (d) and eventually became 
steady. When the couple was removed from the 
bath and allowed to cool, Fig. 27, the voltage fell 
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continuously without fluctuations. It ‘will be seen 
that the assumed softening change at (c), Fig. 26, 
occurred 8 seconds after the couple entered the bath, 
and 5 seconds after the attainment of the peak voltage 
at (b), which probably corresponds to the temperature 
730 deg. C., at which the arrest took place in Fig. 25. 
The peak voltage (b) in the sawing curve referred to 
probably corresponds with the same temperature, 
730 deg. C. But the heating and cooling in this case 
only occupied one-third of a second, which is much less 
than the time required for softening the steel. The 
saw blade was as a matter of fact quite hard after the 
cutting was completed, whereas the tool-steel element 
of the calibrated couple was in every case found to 
have been softened by the calibration. It may be 
inferred that caution is required in the interpretation 
of voltage curves obtained by cutting with steel tools, 
especially if the temperatures rise high enough to 
affect the steel during calibration. It has not yet 
been possible to produce a complete parabolic calibra- 
tion curve corresponding with the curves obtained in 
sawing. It is evident that the maximum temperature 
attained in sawing was very high—probably over 
1,000 deg. C. On the other hand the method illustrated, 
whereby very thin thermo-couples are plunged into 
molten metal at high temperatures and a thermographic 
record is taken of the resulting voltage, promises to 
throw further light on the obscure subject of the resis- 
tance of tools to extremely high temperatures 
intermittently applied. 





STEEL MOULDING SANDS AND THEIR 
BEHAVIOUR UNDER HIGH TEM- 
PERATURE.* 

By A. L. Curtis. 


“Sree, moulding materials may perhaps be divided 
into three groups, namely, (A) steel moulder’s compo- 





Sample 1302 (Steelworks No. 2).—Produced success- 
fully, by the Tropenas process, small and medium steel 
castings from neat St. Erth sand in skin-dried greensand 
moulds. The analysis of this sand was as follows :— 


S102. AlgO3. Fe203. CaO. MgO. K20. Nag0. TiO. Lose on 
89-64 3:55 2-57 0-24 0-29 0-53 0-41 0-32 2:36 

Sample 1303 (Steelworks No. 3).—Produced success- 
fully, by the Tropenas process, small and medium weight 
steel castings from neat St. Erth sand in skin-dried 
greensand moulds. The following was the analysis of 
this sand :— 

Si0p. Alz0s. Fe203. CaO. MgO. Kz0. NagO. Tid. {O%8.00 

88-84 4-75 1-71 0-12 0°35 1-52 0-84 0-22 1-65 y 

Sample 1304 (Steelworks No. 4).—An adverse report 
was received stating St. Erth sand was not so good 
as other moulding sands in use for making small and 
medium weight steel castings from the electric 
furnace. The analysis of this sample was the 
following :— 

SiOz. AlzO3. Fez03. CaO. MgO. Kz0. NagO TiOe, fost on 

87-72 5-38 2:28 0-12 0-16 0-59 0-42 0-62 2-82 

According to analysis, sample No. 1304 should, if 
anything, be the most refractory sand, its total fluxes— 
viz., ferric oxide, lime, magnesia, potash, soda and 
titanium oxide—being only 4-19 per cent. The pro- 
portionately higher alumina (5-38 per cent.), lower 
silica (87-72 per cent.), and higher loss on ignition 
(2-82 per cent.), however, suggest that this sand 
contains an excess of clay substance over and 
above that required for the bond in a steel facing 
mixture: Such an excess might retard permeability 
to gas and be likely to reduce refractoriness. By 
referring to the size dia- 


1302, 1303 and 1304 (Figs. 3 
to 6), which show the per- 
centages of residues re- 30 








sition; (B) natural argillaceous sands; (C) artificial 
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It was, therefore, considered desirable to test the 
refractory and permeability-to-gas qualities of the 
four samples. An examination of the photographs 
of test pieces of steel moulding sand, No. 1301 (Fig. 
218), and 1303 and 1304 (Figs. 228 and 220), 
taken during exposure to heat tests, will show that 
the first two samples resemble each other somewhat 
closely. Sand No. 1303 appears to have suffered 
rather more from heat attack than No. 1301, this being 
possibly due to its higher alkali content. The photo- 
micrograph of sample 1304 (Fig. 51v) indicates 
that this sand was rather more affected by heat at 
1,610 deg. C. than sands 1301, 1302 and 1303, 
Figs. 51 and 651m being typical of this latter 
series. The group photographs (Fig. 22) also show 
that sand 1304 is denser in texture. This density 
no doubt was responsible for the cracking shown, 
caused by an excess of silt and clay substance, viz., 
28-86 per cent. compared with 18-751 per cent., the 
average content of the other three samples. 

If, therefore, sands 1301, 1302, and 1303, possess- 
ing a texture as shown in the group photographs, 
can successfully produce small and medium weight 
steel castings from greensand moulds, and sand 1304. 
gives bad results, it is reasonable to assume that the 
difference in texture between 1304 and the other 
samples is responsible for its failure. On further 
consideration it will also be seen from the group photo- 
graphs of test-pieces (Figs. 21 B and 22 B and 9, that the 
face of No. 1304 sand is too dense to possess a high 
degree of permeability, as it would be difficult for 
steam and gas quickly to find a natural exit from a 
mould constructed entirely from this sand. 

The permeability tests, results of which are given 
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steel facing sands or proprietary mixtures. It is not 
the object of this research to deal with (A) beyond 
making passing references; (B) and (C) will each be 
dealt with separately. 

Natural Argillaceous Sands.—Probably the only, 
and certainly one of the most useful, deposits of 
natural argillaceous sand of Pliocene origin in 
England suitable for use in making moulds for 
casting steel is situated, unfortunately enough, 
near Land’s End, at St. Erth in Cornwall. Similar 
deposits occur in Belgium, South Africa, and the 
United States, the closest resemblance to the Cornish 
deposit being the Belgian sand from Acoz. In 1913 
the author had four samples of St. Erth moulding 
sand tried in different steelworks and tested in the 
laboratory, with the following results. 

Sample 1301 (Steelworks No. 1).—Produced success- 
fully, by the Tropenas process, small steel castings 
from neat St. Erth sand in greensand moulds. This 
sample gave the following analysis :— 

Si02. AlpOs. Fe203. CaO. MgO. Kp0. NaO. TiOe. ipition 

90-24 3-29 2-87 0-20 0-19 0°58 0-44 0-36 1-96 — 





* Carnegie Scholarship Memoir read before the Iron 
and Steel Institute, Birmingham, on September 9, 1925. 
Abridged. 
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mesh inclusive, in units of 10 mesh, it will be 
seen that sample 1304 contains more silt and clay 
substance (28-860 per cent.) than either of the 
three previous sands. This might appear to confirm 
the proportionately higher alumina and lower silica 
shown in the chemical analysis of the sample. If 
the curves in size diagrams No. 1301, 1302 and 1303 
(Figs. 3 to 5) are compared, a close relationship in 
size will be noticed, a change only occurring with 
sample 1304 (Fig. 6), which, in addition to its higher 
silt and clay substance, is more uniformly graded 
than the others. 

On evidence of chemical analysis alone it might 
reasonably be argued that if sands 1301, 1302 and 1303 
(Figs. 3 to 5), possessing the following fluxes, viz., 
4-64, 4-36, and 4-76 per cent. respectively, could 
successfully produce steel castings, then sand 1304 
from the same pit and year, with only 4-19 per cent. 
total fluxes, should give, if anything, better results, 
especially when compared with sand 1303, whose 
alkali content was shown to be 2-36 per cent. compared 
with only 1-01 per cent. in 1304. More information 
is apparently available in the size diagrams than in 
the figures from chemical analysis, but even this 
evidence does not show why sand 1304 was incapable of 
producing results similar to sands 1301, 1302 and 1303. 





50 0050 0020 67 2% 





140 150 160 180 190 200 


70 80 90 110 120 
On Mesh Sieve 


0590 O15 O00 O00 O820 3185 1645 1320 2035 286860 
00 OT: 135 0300 0085 


FHS = FSS 


“ENGINEERING” 


below, show that sample 1304 was considerably less 
permeable to gas than the other three samples, as when 
mixed with an equal quantity of sample 1302 (an 
insvfficient quantity of sample 1304 being available 
for testing alone), it only gave the low figure of 49-8 
as the value for permeability. Below are given the 
values for P (= permeability) of the four samples. 


Sample 1304 
Sample 1301. Sample 1302. Sample 1303. (with 50 per 
cent. 1302). 

P= 62-1 62-74 60-32 49-8 


These values for permeability are in accordance 
with the variations in the samples shown by the washed 
residues and photomicrographs. From the above it 
might be concluded that, of the four deliveries of natural 
argillaceous sand, covering a period of six months 
during 1913, the first three gave satisfactory results 
in three different steel foundries, whilst the last delivery 
was reported unsatisfactory for greensand facing mix- 
tures. There are, however, experienced steel] founders 
who might reasonably object that the sand represented 
by the fourth sample, No. 1304, is too strong, and wants 
breaking down by the addition of silica sand. Such a 
statement is true, but it is impossible by the mere feel 
of a natural argillaceous sand to prescribe the right 
quantity of silica sand to add to a material like sample 
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REFRACTORY QUALITIES OF ENGLISH STEEL MOULDING SANDS. 




















15 secs. at 1,200°C. 15 secs. at 1,300°C. 10 secs. at 1,410°C, 8 sees, at 1,500°C. 6 secs. at 1,610°C. 4 secs. at 1,710°C. 2 secs. at 1,790°C. 
Fie. 218. Exposure to Heat Tests or St. Ertn Sanp, No. 1301. Approx. Fury Size. 














15 secs. at 1,200°C. 15secs. at 1,300°C. 10secs. at 1,410°C. 8 secs. at 1,500°C. 6 secs. at 1,610°C. 4 secs. at 1,710°C. 2 secs. at 1,790°C. 
Fic. 228. Exposure to Herat Tests or St. Erta Sanp, No. 1303. Approx. Foi Size. 








15 secs. at 1,200°.C. 15 secs. at 1,300°C 10 secs. at 1,410°C. 8 secs. at 1,500°C. 6 secs. at 1.610°C. 4 secs, at 1,710°C. 2 secs. at 1,790°C. 
Fic. 22c. Exposurr to Heat Tests or St. Ertu Sanp, No. 1304. Approx. Fort Sizx. 





Fic. 5 I, Sampie 1301. Fic. 5 III, Samete 1303. Fie. 51V, Sampie 1304. 


PHOTOMICROGRAPHS OF St. ErtH Sanps AFTER 6 SECONDS ExPposuRE TO A TEMPERATURE OF 1610 Dec. C. Maenrrication, 10 D1amETERs. 
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1304, unless it is known beforehand what constitutes 
the correct strength, texture, and grain-size of the 
ideal facing sand mixture capable of producing, for 
any length of time, sound clean steel castings of given 
weights. 

Before proceeding with the natura] argillaceous 
steel moulding sands from St. Erth pits, Cornwall, it is 
perhaps desirable to refer to the grain size of artificial 
steel facing mixtures known to produce successful 
results in the foundry. The grain size of such a mix- 
ture as used by the Sivyer Steel Castings Company, 
Milwaukee, U.S.A., viz., sample U.S.A. No. 4, greensand 
facing, is shown on size diagram (Fig. 20). This 
mixture was stated to give very successful results for 
steel castings produced from the electric furnace. The 
author’s objection to the mixture referred to, as com- 
pared with argillaceous greensand facings, was its lack 
of cohesiveness. 

By comparing the chemical] analysis of the American 
mixture with that of a well-known English proprietary 
mixture, like Yorkshire sand (No. 1970), it will be seen 
that the English mixture has higher alumina and lower 
silica, which again suggests that the sand contains 





between the weak sample No. 1314 and the strong 

sample No. 1307. The Cornish argillaceous sands from 
Sample Sample 

1314. 1307. 

Per cent. Per cent. 
Variation in silt and clay sub- 

stance m4 3 -. 17-645 to 54-154 
Variation in crop of grain- 


size (— 30 to + 100 mesh 
sieves) “a st .. 73-115 ,, 34-504 
Variation in silica .. .. 88°40 ,, 81-44 
* alumina os 64GRe gw <O-76 
Ne iron as peroxide 2-71 ,, 3-43 Per cent. 
” a les... -. 2°32 ,, 1-39; sample 1310,.0-52 
loss on ignition 2-08 ,, 3-12; sample 1313, 4-38 


Variation in permeability 
(when mixed with 50 per 
cent. standard 40 x 50 


silica sand) a 6487-0.) SB-1 


St. Erth, therefore, appear to lend themselves for 
division into two classes, one strong and dense, the 
other weak and open. It therefore follows that if steel 
founders are to rely on bulk deliveries of argillaceous 
sands of Pliocene origin, of which the St. Erth variety 
is well representative, as being stable from time to time, 
then steel facing sand mixtures prepared from such 





ENGLISH NATURAL ARGILLACEQUS STEEL MOULDING SAND.....SAMPLE N?1301. 
> a —  aanweerrese wee *o 
ENGLISH ARTIFICIAL STEEL MOULDING SAND. 1970. 
ELLIE c...- FACING MIXTURE... FH. 
S o° 1301,1265,1910 & US.A4.| Loss 
Sample N°1301 
40 
35 
8 30 
&S 25 
KR 
Ry 20 


1-96 3-06 15-674 
0-230 18-144 15-50 2-22 


2:04 1-974 171-434 0-414 2-42 


2-018 3-726 27-088 9-498 


— ——-—— { 9946, 5 F908, 1 27-260. 0-45, 4, 0-78 


(9450.0) vane” ea 


more clay substance, as borne out by the size diagram 
(Fig. 20). 








U.S.A. No. 4 Yorkshire Sand 
Facing Mixture. No. 1970. 

Per cent. Per cent. 
Silica .. oe -. 92-16 Silica .. we -» 91-92 
Alumina : -. 8°33 Alumina ka -- 4°29 
Iron as peroxide... 1-14 Iron as peroxide 1-43 
Lime .. y -. 0-16 Lime .. ee 0-10 
Magnesia ned -.» O-14 Magnesia -06 
Potash aa .. 0-44 Potash 0-15 
Soda .. ee -» 0-18 Soda .. sie 0-05 
Titanium oxide -. 0-58 Titanium oxide 0-20 
Loss on ignition .. 2-26 Loss on ignition 1-96 

100-34 100-16 





Total fluxes .. 2°59 Total fluxes oc ED 


Both the above steel facing mixtures have reputations 
for producing steel cestings in green and dry sand 
moulds from different types of steel furnaces. The 
ideal steel facing sand, however, cannot be arrived at 
without including the Belgian natural argillaceous sand 
of Pliocene origin. Sample No. 1265 represents a 
superior variety of Belgian red steel moulding sand 
from Acoz. It will be seen from the size diagram 
(Fig. 20) that this argillaceous sand is more uniformly 
graded than any of the previous natural argillaceous 
varieties. It is, however, deficient in silt and clay 
substances. 

Belgian Red Sand (Acoz), Sample No. 1265. 


r cent, 

Silica ot ae oh an és -. 93-08 
Alumina .. ei ys we us aa 2-94 
Tron as peroxide .. oa ok 9 aa 1-71 
Lime “s es a sn ys ee 0-28 
Magnesia .. ae a ao we ae 0-21 
Potash .. *< i. os ce an 0-36 
Soda ms ‘- im + = a 0-12 
Titanium oxide 0-07 
Loss on ignition .. 1-18 
99-95 

Total fluxes .. <3 2-75 


Further samples were taken from bulk deliveries 
of St. Erth steel moulding sands in August, Septem- 
ber, October, and November of 1921. These varied 











0-104 24464 1-624 2 
{ 0-904 28 259 


0-196 27: 2.864 
21-224 ~—(O-784 % 195 0 
0-196 0:2%4 42:79 0-50 0-306 0-064 0-264 0.284 0150 0-39 12-996 


1-006 1:316 19-7 
782 0-206 _ al 


2106 0-164 0-798 0-244 0-060 0-004 


0-126 0-39 O42 0-234 0-546 19-350 
8-67 0-596 7-09 0-224 0-05 0-036 

80 0.724 0-390 1-014 14-318 
2-06 0-408 0-144 0-014 
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0-24 O. 
5-97 0-59 


raw materials, without previous chemical and physical 
tests being made, will vary in the same ratio as the raw 
materials themselves, and consequently produce 
from time to time indifferent and unsatisfactory steel] 
castings in the foundry. 

Artisicial Steel Facing Sands or Proprietary Mixtures. 
—Sample U.S.A. No. 4 (Fig. 20), represents an American 
artificial, green sand facing mixture, composed of natural 
silica sand, used sand, and fireclay. The author has 
been informed that, in one steel foundry, such a facing 
mixture has been in use for some years, and that the 
steel castings produced, strip well when poured at:a 
high temperature from an electric furnace. The 
castings vary in character, from 1 |b. to several cwts., 
in weight, and their carbon content varies between 
0-2and0-6 percent. Such details are of great interest 
because they provide information to work on. A point 
of interest was that washing had little effect in reducing 
the grain size of the raw material. Beyond showing a 
loss in alumina and a gain in silica after washing, not 
much was gained from the figures of chemical analysis. 
A slight difference, however, was noticed in the refrac- 
tory qualities of the raw and washed sand, at approxi- 
mately 1,710 deg. C.; the mixture containing the raw 
sand fused to a cemented mass, whereas the mixture 
containing the washed sand was, at the same tempera- 
ture, only reaching the pasty condition. Both the 
above tests were carried out at the same temperature, 
and at the same exposure, namely, I5secs. At a 
higher temperature, approximately 1,790 deg. C., a 
similar difference was noticed. 

The facing mixture is apparently made up by adding, 
to a not over-used heap sand, a small amount of 
fireclay and a small addition of washed silica sand. 
With 2-59 per cent. fluxes, it should be capable of resis- 
ting ‘‘sand stick”? from molten steel, when cast in 
moulds, on account of its high fusing point. 

A certain amount of publicity has been given to the 
statement that hydrated oxide of iron must be present 
in a greensand facing mixture in reasonably high 
quantities to increase bonding effect and enable steel 
castings to strip freely. If the American artificial 


sand mixture No. 4 can be accepted as evidence of a 
successful mixture, the statement would appear a 
fallacy, because the total ferric oxide in No. 4 is only 
approximately 1-14 per cent., and so small an amount 
could hardly exert such an influence as certain authors 
suggest. Another instance of an artificial steel moul- 
ding sand, capable of producing good results without 
high iron oxide is Yorkshire sand, whose Fe,Q, is as 
low as 1-43 per cent. in some of the samples examined 
by the author. Judging from this, it appears by no 
means certain that iron oxide is a necessary adjunct to 
a facing mixture to produce either the necessary bond 
or promote easy stripping of steel castings. re 

As an illustration that an English artificial stee] 
facing sand, capable of producing steel castings success. 
fully, can be made in the steel foundry by mixing 
different strengths of argillaceous sands with old sand 
and silica sand, details are given below of such an 
artificial mixture, sample No. 95. This mixture was 
used successfully for making steel castings from the 
electric furnace in steelworks No. 7, and was com- 
posed of approximately : 

25 per cent. strong argillaceous St. Erth sand. 
25 weak argillaceous St. Erth sand. 


silica sand, Leighton Buzzard. 
old steel foundry used sand. 


3, 

15 ” 

A sample from the resultant mixture gave the 
following figures on analysis : 


Artificial Steel Facing Sand, Sample No. 95. 


Per cent. 

Silica 93-12 
Alumina fa 2-86 
Tron as peroxide .. 1-28 
Lime oy <e 0-20 
Magnesia .. 0-16 
Potash 0-19 
Soda a 0-03 
Titanium oxide 0-70 
Loss on ignition .. 1-7 








Total fluxes .. ss a ae ae 2-56 

It will therefore be seen that artificial facing sands 
can be made and used in the steel foundry with success- 
ful results by using natural argillaceous sands, old sand, 
and silica sand, if the selection of these materials is 
carefully made and the mixture properly controlled. As 
different weights and sections of steel castings require 
different strengths of facing mixtures, any standard 
artificial facing sand in use must be altered to suit 
the work required. 
(To be continued.) 





TRIALS OF THE LOCOMOTIVE-CARRYING MOTORSHIP 
‘** Betnor.’’—Built at the Walker Shipyard of Messrs. 
Sir W. G. Armstrong, Whitworth and Co., Limited. 
to the order of Messrs. Belnor A/S., Oslo, Norway, the 
steel single-screw Diesel-driven cargo and locomotive- 
carrying ship, Belnor, recently completed her official 
sea trials. brief description of this ship was given 
in our issue of September 18 last, page 372. The vessel, 
which is built to the requirements of Lloyd’s and of the 
Norwegian Board of Trade, will carry a deadweight of 
4,155 tons on a mean draught of 19 ft. 9 in. The pro- 
pelling machinery was constructed at the Elswick Works 
of Messrs. Armstrong, Whitworth and Co., and consists 
of a four-cylinder Armstrong-Sulzer engine, with one 
double-acting air pump, and one three-stage air com- 
pressor driven by cranks and connecting rods from an 
extension of the main crankshafts. The vessel is fitted 
with two small Cochrane boilers for supplying steam 
to the deck auxiliaries and the auxiliary air compressors. 
All other auxiliaries, including the steering gear, are 
electrically driven. 





INVESTIGATIONS OF AIRSCREW PERFORMANCE.— 
Reports and Memoranda No. 956, recently issued, is 
entitled ‘‘The Air Flow round a Body as Affecting 
Airscrew Performance,” and has been prepared by 
Messrs. C.N. H. Lock, H. Bateman and H. C. H. Townend. 
The report points out that it is possible to predict the 
performance of an airscrew without a body in position 
with good accuracy on theoretical grounds, but that no 
attempt has hitherto been made to evolve a theory which 
should account, in addition, for the interference of the 
body. It was thought possible that such a theory might 
be deduced from the data of a previous report (R. and M. 
830), supplemented by additional experimental. work 
which forms the subject of the present report. The 
additional experiments comprise measurements of the 
variation of thrust with radius, by measurements ol 
total head on three airscrews with one body, and of the 
actual velocity and direction of the air-stream round one 
airserew and the front of one body by experiments with a 
yawmeter. From the data thus obtained, an aerofoil- 
element theory was suggested which involved a single 
empirical curve representing the effect of the body on the 
axial inflow at each radius of the airscrew; the same 
curve was assumed to apply to screws of any design or 
diameter relative to that body. It is considered that 
the method should be of sufficient accuracy in ordinary 
cases when the effect of the body on the airscrew 1s 
small. In the actual experiments, the body used had a 
much larger effect on the airscrew than is the case 1 
normal practice, and the agreement between observations 
and the theory was only approximate. The report }s 
published by H.M. Stationery Office, and is obtainable 








from any of its branches. 
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CONTROL OF LUBRICATION OF 
STEAM-TURBINE BEARINGS. 


As the oil pumps for supplying the bearings of steam 
turbines are commonly an integral part of the turbine, 
very little oil is delivered to the bearings on starting 
up. Consequently it is the common practice to install 
an auxiliary oil pump fitted with a control system, the 
pump being also used to supply make-up oil when 
necessary. The construction of an oil-pump regu- 
lator suitable for the purpose and already installed 
in many of the largest power stations in this country 
and abroad is shown in the accompanying illustration. 
This regulator, which makes use of a diaphragm 
control system operated by the pressure in the oil 
pipes, is a standard product of the Crosby Valve and 
Engineering Company, Limited, of 41 and 42, Foley- 
street, London, W.1. 

It consists essentially of a diaphragm chamber 
containing a spring-loaded copper diaphragm, re- 
inforced by a suitable plate to which is connected the 
spindle of the steam-throttle valve, located below. The 
oil pressure in the pipe system is put upon the top- 
side of the diaphragm, and consequently, should there 
be any change in this pressure, an alteration in the 
form of the diaphragm will result, accompanied by a 
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movement of the spindle beneath. This is the motion 
which is given to the valve located in the pipe range 
conveying steam to the auxiliary pump to pass more or 
less steam to it, and so adjust the oil pressure until it 
again reaches the normal value. The steam valve, 
being in contact with steam at pressures up to 500 Ib. 
per square inch and superheated to temperatures 
as high as 800 deg. F., is made of a nickel alloy, and 
works on a seat made of the same material, while 
its spindle, which is screwed into the mild steel one 
taking motion from the diaphragm, is of Monel metal. 
The casing for the steam valve being also subjected 
to high-temperature steam, is consequently made 
of steel. The main illustration, Fig. 1, shows the 
complete assembly of the regulator, and it will be 
observed from this view that the steam valve has a 
double opening and conical-seatings. Half of the 
plan of the yoke flange is shown in Fig. 2, while 
Fig. 3 illustrates the construction of the steel cover 
of the valve chest and the joint ring, which is serrated 
on both its top and bottom surfaces. It is possible 
at any time to test the regulator to see that it is 
working freely by the use of a lever-attachment to 
the valve spindle, the construction of which is shown 
in Figs. 4 and 5. The control of the oil pressure by 
this regulator is perfectly automatic and reliable, and 
by the use of the device the requirements during 
starting-up or shutting-down, when the main oil 
pump 1s not running at full speed, are met by the 
supply of the normal amount of oil to the bearings. 








oh tok CARS In CuHrna.—According to the latest 
2 icial figures, quoted in a recent issue of the Chinese 
“conomic Bulletin, there are now 8,508 passenger cars, 
1,130 motor lorries and omnibuses, and 1,100' motor 
cycles in China, : 





PERMANENT MOULDS FOR IRON 
CASTINGS. 


ALTHOUGH used extensively in the non-ferrous indus- 
try for the production of white-metal castings, per- 
manent moulds have, generally speaking, not proved 
a success in iron foundries. The temperature at which 
molten cast iron is poured, the rate of cooling of the 
metal and its influence on the structure of the product, 
are all matters of fundamental importance, which, 
taken collectively, complicate the question of per- 
manent moulds for iron castings. A description of a 
new permanent-mould equipment, given in a recent 
issue of the Jron Trade Review, Cleveland, Ohio, 
will, therefore prove of interest to ironfounders. 
The equipment, which was the invention of Mr. H. A. 
Schwartz, was developed in the shops of the Allyne- 
Ryan Foundry Company, Cleveland, and has been 
placed on the market by the American Foundry 
Equipment Company of New York. 

While the deterioration of a permanent mould is due, 
to some extent, to the high temperatures to which it is 
subjected, it was found by investigation that the 
extreme fluctuations of temperature which take place 
are far more deleterious. The new process, therefore, 
is based upon the fact that the mould must be main- 
tained at a reasonably uniform temperature, and, in 
order to obtain this, each section of the mould is double 
walled and a constant stream of oil is pumped through 
these hollow chambers during the whole of the casting 
operation. The oil used has a flash point of over 
400 deg. F.; water is, of course, useless for the purpose, 
as its vaporising temperature is too low. The cooling 
oil is stored in an elevated tank and is driven through 
the mains and pipes by means of an electrically- 
operated pump. The oil enters and leaves the mould 
through flexible tubing. A return pipe conveys the 
heated oil to cooling chambers maintained at a low 
temperature by water circulation ;._ the cooled oil then 
passes back into the storage tank. A system of thermo- 
static control is employed to regulate automatically 
the flow of oil into the mould, and a similar method is 
used for ascertaining the correct temperature at which 
to remove the casting from the mould. This last 
point is a very important one because a permanent 
mould is a good conductor of heat and exerts a chilling 
action on the metal. In order to obtain a soft, machin- 
able casting, the latter should be removed from the 
mould as soon as possible after solidification. The 
metal is then allowed to cool ncrmally to the critical 
temperature, or the cooling may be rendered more 
gradual by burying the casting in sand. The success 
of the process may be gauged from the statement, 
that many of the moulds at the Allyne-Ryan Foundry 
have been used 25,000 times and are apparently still 
in perfect condition. 





CATALOGUES. 


Electric Motors.—A list of motors in stock for imme- 
diate delivery is to hand from Messrs. Higgs’ Motors, 
Witton, Birmingham. 

Fuel Valves.—An explanation of their replaceable fuel 
valves and seatings for heavy oil engines has been 
issued by Messrs. Plenty and Son, Limited, Kings-road, 
Newbury. 





Draught Gauge.—Messrs. J. Hopkinson and Co., 
Limited, Huddersfield, have sent us a card illustrating 
their all-metal draught gauge for boiler plants and 
for measuring light pressures such as are used in mine 
ventilation, &c. 

Boiler Scaler—The Liverpool Patents Company, 
Limited, 25, Water-street, Liverpool, have sent us a 
catalogue of their electrically-driven tool for removing 
scale from boiler tubes and other surfaces, with notes 
on its application to various types of boilers. 


Asbestos Tiles and Sheets.—A booklet illustrating the 
use of asbestos cement tiles and plain or corrugated 
sheets for roofs and walls of buildings, has come to 
hand from Messrs. Bells Poilite and Everite Company, 
Limited, 594, Southwark-street, London, 8.E.1. 


Ball Bearings.—A circular illustrating ball bearings, 
cast-steel balls and bolts and nuts cut from the bar 
has come to hand from the Auto-Machinery Company, 
Limited, Coventry, who also undertake the manufacture 
of small components for motor-car manufacturers, 


Concrete Roads.—The British Portland Cement Asso- 
ciation, Limited, 20, Dartmouth-street, London, S.W. 1, 
has reprinted, in a small pamphlet, a large amount of 
statistical and other information showing the extent to 
which concrete roads have been adopted in the United 
States. 

Taps and Dies.—A useful list of taps and dies, die nuts, 
die stocks and tap wrenches has been received from 
Messrs. Richard Lloyd and Co., Limited, Steelhouse-lane, 
Birmingham. All the standard threads—ordinary, gas, 
fine, brass, cycle and electric—are dealt with and prices 
are stated. 

Printing Machines.——A further circular relating to 
their high-speed rotary printing machine for newspapers 
is to hand from Messrs. R. W. Crabtree and Sons, Limited, 





Leeds, and 7, Farringdon-road, London, E.C. 1, who 
offer to undertake repairs and overhauls of all types of 
printing machines, 


Bookbinding Machines.—A catalogue of machines 
made by Messrs. Brehmer, of Leipzig, Germany, for 
folding, pasting, wire stitching, thread stitching and 
other bookbinding operations, is to hand from their 
agents Messrs. RK. Hurner, Limited, 123, Rosebery- 
avenue, London, E.C,1. 


Electric-Light Fittings. —A catalogue of electric-light 
fittings—lamps, wires, switches, fuses, &c.—with illus- 
trations and priced lists, is to hand from Messrs. Donovan 
and Co., 47, Cornwall-street, Birmingham, who have 
also sent a special catalogue of shades, bowls, &c., in 
the glassware known as ‘‘ Supastone,”’ 


Insulating Material—Two circulars explaining their 
heat-insulating materials for high- and low-temperature 
work are to hand from Messrs. Newall’s Insulating 
Company, Limited, 4, Mosley-street, Newcastle-on-Tyne. 
Pipe-covering sections with 85 per cent. magnesia and 
smooth asbestos finish are illustrated. 


Weighing Appliance.—The Denison suspended weigher 
is briefly described in a leaflet received from the makers, 
Messrs. Samuel Denison and Sons, Limited, Leeds. 
The appliance has a plain indicator, and is interposed 
between the crane hook and the load; it is made in 
various capacities from 1 ton to 100 tons. 


Explosives.—A booklet explaining the general char- 
acter of the products of their associated companies is to 
hand from Nobel Industries, Limited, Nobel House, 
Buckingham-gate, London, 8.W.1. These products in- 
clude explosives, ammunition, metals, metal powders, 
enamels, welding appliances, &c., on which special 
catalogues are issued. 


Pulverised Coal—A pamphlet giving the results of 
firing with powdered coal has come to hand from Messrs. 
Alfred Herbert, Limited, Coventry, who make the Atritor 
pulverising machine for coal, Data are given of the 
application to two Stirling boilers working together under 
heavily fluctuating loads at Messrs. Thomas Tait and 
Sons’ paper mills, Inverurie, Scotland. 


Aluminium.—One of their useful data compilations 
giving practical notes and tables of sizes, weights and 
safe pressures of aluminium tubes, and another publica- 
tion pointing out the advantages of aluminium alloys 
in dissipating the heat generated in brake and clutch 
drums, are to hand from the British Aluminium Company, 
Limited, 109, Queen Victoria-street, London, E.C. 4. 


Bearings——Messrs. Deleo-Remy and Hyatt, Limited, 
111, Grosvenor-road, London, S.W.1, have sent us 
copies of a series of small leaf catalogues each giving 
brief particulars of the products of the firm, including 
various special bearings, belting, ignition sets and 
thermostats. A more detailed catalogue of their spiral- 
roller bearing, as applied to truck wheels, has also come 
to hand. 


Railway Wagons.—-An interesting catalogue of railway 
wagons to hand from Messrs. W. G. Allen and Sons 
(Tipton), Limited, Princes End, Tiptcn, Staffs, shows 
a large number of designs of the tipping type, as well 
as rack carriers, brick carriers, log and beam carriers, 
box, platform and hopper wagons, a wagon with a 
turntable used in brickworks, and many others adapted 
for special work, 


Chemicals.—We have received a catalogue of over 
900 reagents prepared by the General Chemical Company, 
40, Rector-street, New York, U.S.A., and known as 
‘* Baker and Adamson ”’ reagents. The catalogue gives 
the chemical specification, packing particulars, price 
and order number for each, and also a mark indicating 
whether the preparation can be forwarded by the usual 
goods or postal service. 

Electric Motors.—A circular describing the advantages 
of alternating-current motors is to hand from Messrs. 
T. Harding, Churton and Co., Limited, Water-lane, 
Leeds. The cost of current, power factor, reliability, 
and capacity for taking a temporary overload are the 
chief points discussed, and two characteristic curves are 
given for 24-h.p. and 60-h.p. three-phase induction 
motors made by the firm. 





Two-Stroke CycLte ENGINE DEVELOPMENT.—In the 
early days of its development, the two-stroke cycle 
engine was regarded as only suitable for classes of work 
in which efficiency was unimportant in comparison with 
simplicity and low maintenance charges. More recently 
it has been realised that, by suitable design, the efficiency 
of engines of this type can be made to approach that of 
those operating on the four-stroke cycle. Once this fact 
was realised, the other advantages peculiar to the two- 
stroke engine were given due weight, and progress became 
comparatively rapid. At the present time, engines of 
either type are available for nearly every class of internal- 
combustion work. Almost the only case in which the 
two-stroke engine has failed to establish itself is that of 
motor vehicle propulsion, although even here an excep- 
tion occurs in motor-cycle practice. The reason for the 
almost complete non-success of two-stroke engines in 
touring and commercial cars is not very clear, and it will 
be interesting to see whether this point is adequately 
cleared up as a result of a competition which is being 
inaugurated by Messrs. Petters, Limited, of Yeovil. 
The proprietors of this firm are offering prizes to a total 
value of 1001. for the best essays, of from 2,500 to 3,000 
words in length, on the advantages of the two-stroke 
as compared with the four-stroke cycle. The conditions 
governing the competition can be obtained from Messrs. 
Petters, Limited, Westland Works, Yeovil. 
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** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

| nn ea where none is mentioned the Speci, ‘ion is not 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

of Specifications may be obtained at the Patent Office, Sales 
ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 

The date of advertisement of the acceptance of a Complete 
Specification is, in each case, cape a the abstract, unless the 
Patent has been sealed, when the word “* Sealed” is ~ oy 

—- may, at any time within two months from t date of 





Vos, 4 


advertisement of the of a Comp ipecif . 
ive notice at the tccont Othee of opposition to the grant of a 
‘atent on any of the grounds menti in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


240,516. C. S. H. Snow, Croydon, and N.I.C.E., 
Limited, London. Two-Stroke Cycle Internal- 
Combustion Engines. (4 Figs.) June 4, 1924.—The 
invention relates to two-stroke cycle explosion engines 
of the type in which differential cross-connected cylinders 
are ehaheyed, the pistons serving as pumps for drawing 
in the gas, as compressors for compressing the gas and 
as valves for distributing the gas. According to the inven- 
tion, the pistons c, cl are constructed with closed lower 
or crank-chamber ends and are also provided with a 
reservoir passage or passages extending up into their 
heads and constructed so as to permit of the incoming 
mixture being compressed in and passed through the 
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pistons prior to entering the adjacent working cylinder. 
The transfer passage d between each pair of cylinders is 
common to both and is preferably made of short length. 
The confined hollow space within the piston enables the 
mixture to be transferred at a low pressure, with con- 
sequent elimination of detonation on transfer. Further, 
it enables condensation of the mixture to be reduced to 
a minimum, better vaporisation of the mixture to be 
obtained, and also renders a good piston fit possible, 
due to reduction of the temperature over the whole of 
the piston. The transfer passage d is arranged so as to 
be maintained at an even temperature and to reduce 
condensation therein to a minimum. (Sealed.) 


240,540. F. W. Lanchester, Moseley, Birming- 
ham. Valves and Valve Gear. (4 Figs.) July 2, 
1924.—The invention relates to valves and valve gear 
of internal-combustion engines of the kind in which 
valves and valve mechanism comprising two piston 
valves di, d2, one controlling the induction and the 
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other the exhaust, are arranged to reciprocate in cylin- 
drical housings cl, c®, which open directly into the 
combustion space and in which the valves d!, d? are 
operated by eccentrics or cranks from a second-motion 
shaft or shafts geared to revolve at half the engine speed. 
The induction and exhaust are arranged to take 


respectively, through annular. ports e!, e2 distributed 
circumferentially in the walls of the housings. According 
to the invention, the induction and exhaust valves dl, 
d2 are driven from a single-throw crank or eccentric 
k through the medium of a triangular connecting 
rodh. (Sealed. 


MACHINE AND OTHER TOOLS, 
SHAFTING, &c 


241,242. The British Hele-Shaw Patent Clutch 
Company, Limited, Oldham, and W. Wallace, 
Oldham. Centrifugal Friction Clutches. (4 Jigs.) 
April 17, 1924.—The invention relates to centrifugal 
clutches of the kind in which driving members are moved 
outwardly solely by centrifugal force into engagement 
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with driven members to transmit motion. The invens 
tion consists in the formation of the engaging surfaces 
of the driving members 22 and of the driven member 11 
with a plurality of ridges and grooves 23, 24 and 13, 12 
giving the clutch a large friction surface relatively to its 
diameter. (Sealed. 


241,346. W.and T. Avery, Limited, Birmingham, 
and W.A.Benton, Birmingham. Toothed Gearing. 
(2 Figs.) September 2, 1924.—The invention has 
reference to toothed gearing of the kind wherein tie 
meshing members are provided with pitch-line rolling 
faces. The invention consists of an anti-friction trans- 
mission means of the kind referred to, for use in connection 
with the indicating mechanism of weighing apparatus, 
comprising a pinion 13 mounted on a spindle 14 carrying 
the movable members of the indicating mechanism, 


and adapted to mesh with a toothed segment 106 operat- 
ing in connection with the weighing resistant, the 
pinion 13 being provided with rolling surfaces 15, 16 
adapted to have peripheral contact with rolling surfaces 
10a, 10c provided in conjunction with the toothed 
segment 10b. The rolling surfaces provided in conjunction 
with the pinion have the same centre and radius of 
curvature as the intersecting pitch line of the teeth of 
the pinion and the toothed segment. (Sealed.) 


MINING, METALLURGY AND METAL- 
WORKING 

240,914. J. L. Holman, Camborne, and A. T. 
Holman, Camborne. Rock Drills. (3 Figs.) Jtly 
8, 1924.—The invention relates to tool chucks for roék 
drills. The type of chuck to which the invention relates 
is one which provides at its forward end a chuck-key 
to receive an enlargement on the drill steel, and which 
affords also a bearing, behind the key, to receive that 
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end of the drill steel which lies behind the enlargement. 
The invention comprises a chuck bushing 18 which is 
situated in the rear of the chuck key 12 and has the outer 
surface of its front end or portion tapered forwardly to 
fit within a correspondingly tapered portion of the 
chuck 13. The chuck bushing 18 has a throughway in 
it of such a diameter as to form the bearing for the inner 
end of the drill steel. (Sealed.) 

240, . F. H. Livens, Lincoln, aud Ruston and 
Hornsby, Limited, Lincoln. Excavating Machines. 
(5 Figs.) July 5, 1924.—The invention relates to power 
excavating machines of the drag-line type, as well as to 


tion is to provide means for operating excavating 
machines of the above types whereby the functions of 
tnese.machines may be controlled at will outside and at 
any suitable distance from the machine permitting the 
operator to be situated in the most advantageous position 
for the most efficient control of the operaticns of the 
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machine. According to the invention, all, or any, of the 
mechanically and/or electrically-actuated means pro 
vided for carrying out the several functions, are con 
trolled at any desired stationary or movable point 14 
situated outside and at any suitable distance from the 
machine, by mechanical pot electrical devices at this 
point and flexible or fluid transmissions. (Scaled.) 


PUMPS. 


240,387. C. Day, Mile End, Stockport. Centri- 
fugal Pumps. (2 Figs.) May 12, 1925.—The invention 
relates to centrifugal Spe of the type comprising an 
impeller having a single axial inlet opening into a pat 
extending between diametrally opposed points of the 
eriphery, the impeller being rotatable in a volute casing 
aving a tangential outlet. In the pump of the inven- 
tion, the impeller 2, carried at the end of the spindle 5 
having a bearing in the volute casing 3, is formed with 











a single axial inlet 6 opening into a single port or passage 
7 extending from a point on the periphery through the 
centre of the impeller to a diametrically capone point 
also on the periphery, the halves of the impeller on oppo- 
site sides of such port or passage being symmetrically 
arranged relatively to the axis of rotation, and the port 
or passage being formed so as to be free from obstruc- 
tions or ledges on which solid matter canlodge. (Sealed.) 


MISCELLANEOUS. 


240,258. J. M. T. Johnston, London. Portable 
Wheeled Heaters. (2 Figs.) July 17, 1924.—The 
invention relates to heaters for road-making material of 
the kind which comprises a wheeled frame carrying & 
furnace, a receptacle for bitumen and a pump for deliver- 
ing molten bitumen therefrom, which pump is placed 
within the heater so that it may be maintained at a high 
temperature to prevent the bitumen from solidifying 
in the pump during interruptions in the road-making 








(240,258) 


operations. According to the invention, the pump 6 is 
of the rotary type and the pump body is provided with a 
flange 5 secured to the margin of an aperture 4 in the 
wall 3 of the receptacle. The flange extends transversely 
of the rotor axis so that the driving shaft and the stuffing 
box 9 of the pump are accessible from outside the recep- 
tacle, while the pump-chamber and the delivery pipe are 
wholly within the receptacle and remain always at the 
temperature of the molten bitumen or the like when the 





those of the bucket-arm type. The object of the inven- 





place radially from the cylindrical valve housings, 


apparatus is in use. (Sealed.) 
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HELIUM PRODUCTION. 


Some interesting information on the production 
of helium at Fort Worth, the United States Govern- 
ment station in Texas, and on its storage and trans- 
portation, is given by Commander Wicks, a U.S. 
naval engineer officer formerly in charge of the plant, 
in a recent Quarterly Journal of the American 
Society of Naval Engineers. We briefly noticed 
Commander Wicks’ paper in our issue of January 8, 
but further details will be of interest. The large 
scale production of helium was inaugurated during 
the war to inflate airships and balloons in place of 
the easily inflammable hydrogen. It has since been 
discovered that air, in which the nitrogen has been 
replaced by helium, can be used by divers and 
others, who have to labour in pressures greater than 
atmospheric, with no risk of caisson disease. Its 
employment in searchlights and for cooling electric 
generators and motors has also been suggested and 
is under test. 

The experimental work on the extraction of 
helium from natural gas was completed by Professor 
McLennan of Toronto University in 1916, and a 
small plant was erected and successfully worked 
under his directions. The natural gas of Canada, 
which was utilised by him, is poorer in helium than 
those of the United States, the maximum percen- 
tage content being about 4 and 1 respectively. 
Extraction of the helium is for this reason not so 
difficult and costly with the natural gases of the 
United States, where there is also a far larger 
supply. When America entered the war the Allied 
authorities drew the attention of those of the United 
States to the importance of helium for military 
purposes, and little time was lost in erecting experi- 
mental plants, each employing a different process, 
for extracting helium from the natural gases in 
Texas, which are particularly rich in helium. 

The most successful process was found to be that 
suggested by and utilised in a plant erected by the 
Linde Company. At the armistice two hundred 
thousand cubic feet of helium obtained by the pro- 
cess were awaiting shipment to France. The details 
of this process are not given by Commander Wicks, 
but it is known that it involves the liquefaction of 
some of the constituents of the natural gas by 
compression and refrigeration. The main con- 
stituents of the gas are hydrocarbons and nitrogen, 
and these are liquefied in this order, whilst the 
helium passes over in gaseous form, is purified and 
is then ready for use. 

Although extraction had been started too late 
for use in the Great War, it was decided by the U.S. 
authorities to continue the work at Fort Worth, 
but with a larger plant. In May 1919 a contract 
was signed with the Linde Company for the erection 
of a plant capable of dealing with 5,000,000 cub. ft. 
of natural gas a day, extracting therefrom 40,000 
cub. ft. of helium. This was completed in April, 
1921, and commenced operations under the control 
of a Joint Board of the Navy and War Departments. 
Representatives of the Linde Company were in charge 
of the liquefaction portion of the plant, whilst the 
remainder was operated by naval officers and men. 

During the period covered by Commander Wicks 
account, the natural gas passing through the plant 
was brought from the Petrolia field. by a pipe line 
10 in. in diameter and 95 miles long the pressure 
of delivery at Fort Worth being 200 lb. per square 
inch, This field has since shown signs of exhaus- 
tion, and it has been decided and approved by Con- 
gress to tap the Nacoma field which necessitates 
another 31 miles of pipe line. Although the money 
for this purpose has been voted the work had not 
been completed in June, 1925, when the Com- 
mander’s record ends. The natural gas, after the 
extraction of the helium, is returned to the com- 
pany who own the field. 

Starting in April, 1921, the plant continued 
working until the end of November and had then 
to be closed down for lack of funds. During April 
68,000,000 cub. ft. of natural gas were passed through 
the plant, and 11,000 cub. ft. of helium were ex- 
tracted at a cost of about 3 dols. a cubic foot. As 
experience was obtained in the various operations 
the cost was reduced. In May nearly 100,000 


cub. ft. of helium were extracted at a cost of 505 dols. 
a thousand, whilst in November, the production was 
476,000 at 169 dols. a thousand. 








The necessary money having been voted by 
Congress, work was recommenced in October 
1922, the natural gas treated in that month being 
127,000,000 cub ft. and the helium extracted 
235,000 at a cost of 250 dols. per thousand, but 
in December twice this quantity was produced 
and the cost fell to 116 dols. a thousand. During 
1923 only sufficient natural gas was available 
to work at half capacity and the cost per thousand 
varied between 73 and 143 dols., the lower figure 
being for December, when a larger supply of gas 
was forthcoming, resulting in the extraction of 
733,000 cub. ft. of helium. In January 1924, the 
largest recorded volume of natural gas was treated, 
amounting to nearly 152,000,000 cub. ft.; slightly 
over 1,000,000 cub. ft. of helium were produced, 
and the cost was 65 dols. per thousand. 

The Shenandoah made her first flight in 
September, 1923, and the figures given by Com- 
mander Wicks show that her first inflation required 
the whole output of Fort Worth from April to 
September, The average cost of the helium was 
105 dollars per thousand, and her inflation thus 
involved a sum of 50,000/. ex-transportation and 
also labour at Lakehurst. 

Experience had indicated the direction in which 
improvement might be secured, and modifications 
to the plant were taken in hand. It was found the 
carbon dioxide gas, which was present in the natural 
gas to the extent of 0-15 per cent., solidified during 
the liquefaction process, acted as an insulator, 
and plugged the small diameter tubes through 
which the other gases should have passed. The 
unit so affected had to be closed down, and the 
obstruction thawed until the tubes were clear. To 
overcome this defect it was decided to remove the 
carbon dioxide content from the gas before subjecting 
the latter to the liquefaction process. 

The method of removal first adopted was to scrub 
the natural gas, reduced from the pipe line pressure 
of 200 lb. per square inch to atmospheric by two 
reducing valves, with a milk of lime solution. 
Ten towers each 13 ft. in diameter and 25 ft. in 
height were built for this purpose, the natural 
gas passing through them and being sprayed by the 
solution pumped in by ten 50-h.p. pumps. The 
carbon dioxide content was reduced by this treat- 
ment to one-third its original value, and the thaw- 
ing of the solidified gas in the tubes correspondingly. 

A far more effective method of removal was 
subsequently adopted, the gas being scrubbed at 
pipe-line pressure with a solution of caustic soda, 
sprayed into the gas by an eight-stage centrifugal 
pump running at 3,000 r.p.m. and driven bya 
60-h.p. electric motor. Experience showed that this 
pump was capable of dealing with 12,000,000 cub. ft. 
of gas a day, the carbon dioxide being reduced from 
0°15 to 0:002 per cent. Even this small percentage 
caused obstruction in the tubes of the apparatus, 
but thawing was required only every 10 to 12 days 
in place of 8 to 10 hours previously. To prevent 
damage to soldered joints by the caustic soda 
passing over with the gas, a moisture and vapour 
trap was fitted which effectively removed all traces. 

The success of the modification led to a simplifi- 
cation of the liquefaction process, by which the 
capacity of the plant was trebled, and the extraction 
of helium increased from 50 to over 70 per cent. of 
the original content of the gas. These modifications 
were completed by the end of 1924 and made full 
use of in January, 1925. 97,000,000 cub. ft. of 
natural gas were treated during the month, and 
two-thirds of a million cub. ft. of helium extracted 
at a cost of 514 dols. a thousand. 

The electrical power required for driving the plant 
during the period under review had been obtained 
from the district power company. It was decided 
in 1923 to add natural gas engine driven generators 
to supply the current to the whole of the motors, 
and early in 1925 seven 500-h.p. units using gas 
from which the helium had been extracted, had 
been installed. These reduced the cost of electrical 
power by from 55 to 60 per cent. In March 1925, 
the same volume of gas was dealt with as in January, 
the helium obtained was 810,000 cub. ft. and the 
cost 31°6 dols. per thousand. In June, 1925, the 
last month for which figures are given, 149,000,000 
cub. ft. of gas were treated, 1,250,000 cub. ft. of 
helium obtained and the cost reduced to 24-4 dols. 





per thousand. Commander Wicks gives it as his 
opinion that with sufficient gas available to extract 
2,000,000 cub. ft. of helium a month the cost would 
not exceed 15 dols. a thousand. During the period 
covered by the account the helium content of the 
natural gas varied from 9-8 to 1-06 per cent., the 
average being about 1, and the higher figure being 
for June, 1925. The purity of the helium obtained 
varied from 91-5 to 95-6 per cent., the quantities 
quoted above being measured at the standard of 
94 per cent. 

According to other information, the cost of 
hydrogen in the United States varies from 2 to 5 dols. 
per thousand cubic feet, or, taking the higher figure, 
helium costs at least three times as much as hydro- 
gen. The former gas possesses the advantage that 
it can be withdrawn from airships or balloons and 
after purification re-issued for use. A purification 
plant has been installed at Lakehurst, the naval 
airship base, and large quantities of helium have 
been dealt with at a cost of about 2 dols. a thousand 
cubic feet, 80 per cent. of the helium withdrawn 
from the airships being available for re-issue after 
purification. Commander Wicks states that when 
this is taken into account, the ultimate cost of 
helium is approximately commensurate with that 
of hydrogen. It is not, however, clear that in this 
comparison the cost of transport has been included. 
It is stated that with the comparatively low cost of. 
helium production now reached, it costs more to 
handle and transport the gas than to produce it. 
Helium has the disadvantage that it has to be 
extracted within the immediate vicinity of the 
source of the natural gas, whilst hydrogen can be 
produced at the airship station. 

For storage purposes at Fort Worth, ten steel 
cylinders have been added, each 46 ft. in length 
and 4 ft. in diameter, the pressure of the stored 
gas being 2,500 lb. per square inch, and the amount 
contained in each cylinder being 65,000 cub. ft. 
at atmospheric pressure. Each cylinder was forged 
from a solid steel billet, the ends being closed with 
blank flanges secured by studs screwed into the 
cylinder ends. These storage cylinders are placed 
underground with concrete chambers at both ends 
to allow for inspection and operation of the valves. 

At first the helium was transported from Fort 
Worth to Lakehurst or other districts in small 
cylinders similar to those used for oxygen and 
hydrogen. Each weighed 130 lb. and contained 
2 Ib. of helium at 1,800 lb. pressure per square inch 
corresponding to a volume of 178 cub. ft. at atmos- 
pheric pressure. Thirteen thousand of these flasks 
were required to inflate the rigid airship Shenandoah 
at Lakehurst, and the labour and time required 
for handling and preparing these, together with the 
loss of helium gas during the inflation, estimated at 
10 to 20 per cent., demonstrated the inadequacy of 
this method of transport and the necessity for larger 
storage vessels. 

A helium tank car was designed for the purpose 
of transport, and experience has proved its success. 
The car consists of three large tanks 40 ft. long 
and 57 in. in diameter mounted on a special truck, 
the whole weighing about 90 tons. The cylindrical 
tanks are of special alloy steel, each, made from a 
solid billet, with walls forged 4 in. thick, which are 
machined inside and out to reduce the thickness to 
2 m. The helium is stored in these cylinders at 
2,000 lb. per square inch, éach car containing 
one-fifth million cubic feet when at atmospheric 
pressure. It would appear that due to lack of funds 
only a few of these cars are available. 

Up to the end of last June, 24 million cubic feet 
of helium had been extracted at Fort Worth, and 
used in the airships and balloons of the Navy and 
War Departments. ‘Ihe supply has not, however, 
kept place with the demand, one of the two rigid 
airships having frequently to be deflated, and the 
helium transferred to the other. The Los Angeles 
has not flown since last July, when her gas was used 
for the Shenandoah and lost when she was wrecked 
in September. Commander Wicks estimates that 
in the near future 20 million cubic feet will be 
required annually for the two services, and another 
30 millions for commercial airships. According to 
another account the Fort Worth plant has cost 
70 million dollars. At the end of June, 1925, the 
plant at Forth Worth was transferred from the 
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Navy to the Bureau of Mines a section of the 
Ministry of Commerce, and Commander Wick’s 
connection with the operations ceased. He con- 
siders the successful solution of the extraction of 
helium from natural gas on a commercial scale to be 
one of the greatest engineering achievements of the 
present century, and even if this opinion may be a 
little exaggerated, the foregoing account shows that 
the greatest credit is due to the Commander and his 
staff for the remarkable results which they secured 
during the four years they were in charge at Fort 
Worth. 





THE MACHINERY OF THE P. AND O. 
LINER ‘‘RAWALPINDI.”’ 
(Continued from page 195.) 

To conclude our description of the deck ma- 
chinery of the boat, we may now refer to the 





stud link cable are mounted one on each of the 
main shafts, and when lifting anchors the cable 
holders are engaged with the main wheels by means 
of hand wheels placed outside the side frames. The 
cable holders are fitted with screw band brakes 
for controlling the veering of the cables, and large 
whelped warp ends are fitted on the main shaft, so 
|arranged that they may be run together with or 
independently of the cable holders. 

The engine cylinder are separate castings, and 
the slide valves are easily accessible. These valves 
and the control valve are of the cylindrical type. 
The piston, slide and connecting rods are of forged 
steel accurately machined; the piston rods are 
fitted with adjustable brass bushes for the gudgeon 
pins, and the slippers are also adjustable. The 
connecting rods have the forked ends forged solid 
with the rod, into which the gudgeon pin is firmly 
secured. The crank-pin ends are fitted with 

















Fie. 36. VENTILATING Unit oN Boat 


steam windlass and capstans which were supplied 
by Messrs. Clarke, Chapman and Co., Limited, of 
Gateshead on-Tyne. These appliances are illus- 
trated on the opposite page. The plant consists of 
a windlass arranged at the forward end of the 
forecastle, with two capstans arranged on the port 
and starboard sides of the forecastle deck and two 
aft on the poop. The windlass is fitted to be 
driven if necessary by one of the forward capstans, 
and is also arranged to drive a derrick barrel placed 
aft of the windlass on the middle line. The wind- 


lass, the arrangement of which is shown in detail 
in Figs. 32 and 33, consists of a horizontal steam 
engine with two cylinders each 13 in. diameter by 
14 in, stroke, which drive the intermediate and 
main shafts by means of spur gearing. Two brass- 
bushed cable holders suitable for 3 in. diameter 
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DEcK; 


adjustable brass bushes, secured by wrought steel 
keeps and bolts. 

The windlass is double geared, and the gearing 
is of machine-moulded cast steel, the main 
pinions being fitted on squares on the intermediate 
shaft. The engine pinion clutch is also of cast 
steel. The shafts are of machined forged steel, the 
main shaft being in two pieces. The centre stands, 
side frames, and engine-shaft. brackets are of cast- 
iron box section with adjustable brass bearings ; 
the feet and the bed plate on which they rest are 
machined on their contact faces, and all facings 
to deck frames, &c., are cast solid with the bed plate 
and machined. The chain pipes are flush with the 
bottom of the bedplate, and lugs are cast on the 
bedplate to take the shackle of the devil’s claws. 
Two chain stoppers are provided, suitable for 3 in. 











diameter stud link cable, and fitted with hard steel 
wearing pieces, the bowstopper bridle-pieces being 
1} in. thick. 

The arrangement for driving the windlass in case 
of emergency by the port forward capstan, is 
indicated in Fig. 31, details of the drive being 
given in Figs. 32 to 35. This consists of a 
cast-iron worm wheel with machine-cut teeth, 
driven by a forged-steel machine-cut worm with 
ample gun-metal thrust. The journal bearings are 
carried in a cast-iron bedplate, which is secured to 
the bedplate of the windlass. The worm gear is 
driven by cast-steel mitre wheels with machine- 
moulded teeth, and carried by cast-iron bosses with 
adjustable gun-metal bearings coupled to the 
capstan engine shaft, which is arranged with a 
coupling. The windlass is also arranged to drive 
a derrick barrel placed behind the windlass 
on the middle line as indicated in Fig. 31. This 
auxiliary barrel and gear are constructed to take 
the purchase from a 30-ton derrick. It is driven 
from the starboard side of the windlass-engine 
crank-shaft by means of machine-cut bevel and 
worm gearing, the worm shaft carrying an efficient 
brake to prevent the load running back as shown 
in Figs. 32 and 33. The barrel is 24 in. diameter 
by 7 ft. 3 in. long between the flanges, and is grooved 
to take 2? in. circumference steel wire rope. The 
flange is 6 in. deep clear of the barrel. The pull on 
the wire rope of the barrel is approximately 6 tons 
when lifting 30 tons on the derrick, and has been 
tested to 8 tons. 

The capstans, shown in Figs. 34 and 35, each 
consist of a horizontal engine with two cylinders, 
each 14 in. diameter by 12 in. stroke, arranged 
to drive the capstan barrel by means of worm gear 
mounted on the bedplate, all moving parts being 
enclosed by a cast-iron box, of which the sides 
are cast in one with the bedplate, while the cover 
bolted on. Wrought steel doors at front and sides 
give access to the working parts. Immediately 




















Fie. 37. “Pounkan LOUVRE” VENTILATOR ; 


THE THERMOTANK COMPANY, 


above the cover a cast-iron barrel 33 in. diameter is 
fitted. It has eight wrought steel portable whelps, 
and is keyed to the spindle, the bottom end of 
which runs in a footstep bearing on the deck below. 
The capstan can exert a direct pull off the barrel of 
20 tons at 75 ft. per minute, with a pressure of 
150 lb. per square inch at the cylinders. The two 
cylinders and reversing valve chest are each separate 
iron castings. The slide and reversing valves are 
of the piston type, and the reversing valve is 
controlled by a valve wheel and screwed spindle. 
Ready means of access are provided to both cylin- 
ders and valves. It will be seen that the engine 
shaft can be removed by removing the front cover 
without disturbing the capstan barrel and box cover. 

The pistons are of cast-iron fitted with cast-iron 
rings, and the piston rods are machined steel forgings. 
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The cross-heads are adjustable and the brasses 
secured by keeps and bolts. The piston-rod slippers 
are of brass, and are also adjustable, with locking 
plate to prevent the bolts from turning. The 
connecting rods are machined steel forgings, the 
forked ends being forged solid with the rods. The 
crank-pin brasses are adjustable, and secured by 
keeps and bolts. The slide and reversing rods 
are also of machined wrought steel. The cast-iron 
bedplate, which is ribbed on the underside and 
machined where fitted to deck, has facings for 
cylinders, brackets, motion bars, &c., cast solid 
with the bedplate and machined. A bearing is 
provided on the bedplate to take the capstan 
shaft, which is brass bushed. The engine shaft 
bearings are fitted with brass bushes and lined 
with white metal. The cast-iron bedplate cover 
is ribbed and machined on the under side, and the 
bearing is fitted with a brass bush for the shaft of 
the capstan. The capstan is driven by worm gear- 
ing, both the worm and worm wheel being machine 
cut. The worm wheel is of gun-metal with cast-iron 
centre. The shafts are of forged steel machined, 
and the engine shaft has the worm forged solid 
with it. 

The ventilation of the vessel has been carried 
out by the Thermotank Company, of Glasgow, 
and represents a method that is coming into wide- 
spread use in the ventilation of ships as well as 
for other purposes. It consists essentially in 
canalising every part of the ship that is to be 
ventilated, and supplying this system of air conduits 
with air delivered at relatively high pressure from 
a limited number of central units. 

The ventilating units are driven off the ship’s 
electric installation, and their speed is thus under 
the control of the electrician. But within the 
limits of the speed at which the fans are running 
the volume of air admitted into each space to be 
ventilated, as well as the direction of its flow, 
can be regulated locally by the passenger or other 
actual user. Thus in the present installation the 
ventilation is effected by means of 25 units, each 
consisting of two fans running on independent 
shafts, under the control of a valve, which in its 
mid-position allows air to be drawn simultaneously 
through both fans, and when turned to one side 
or the other causes it to be drawn by one or other 
fan, as may be desirable either when the required 
speed falls to half the full or less, or in the event 
of one fan failing. Of these units, 21 are distributed 
at convenient points on the navigation bridge 
and boat deck, while two are provided for the 
crews’ quarters forwards, and one each for the 
crews’ quarters and the hospital aft. 

A view of one of these units may be seen near 
the centre of Fig. 36, which is a view of the 
boat deck of the ship. The hood through which 
the fans draw the air is fitted with a wire gauze 
filter for mosquitoes, which can be removed at 
any time for cleaning. The velocity of the air in 
the pipes, where its flow is of course entirely silent, 
is normally from 4,000 f.p.m. to 5,000 f.p.m., as 
against 600 f.p.m. to 800 f.p.m. with local fans, 
which usually make a considerable amcunt of 
noise. The high pressure of the air enables 
the ventilation ducts to be reduced to, it may be, 
a third of what would be necessary under pressures 
such as have been usually employed, with corre- 
sponding advantage to appearance as well as to 
cost. The regulation of the speed of the air allows, 
moreover, a wide latitude in the extent of venti- 
lation given, corresponding to the great differences 
of climate through which the vessel has to pass 
and the different circumstances of different parts 
of the ship. Thus in the high temperatures found 
during a large part of the journey the velocity 
of the air immediately below its inlet into the 
space to be ventilated varies from about 1,800 
f.p.m. in the public sitting rooms to 3,000 f.p.m. 
in the cabins, and 4,000 f.p.m. or more in the 
galleys, giving a complete change of atmosphere 
15, 20 to 25, and 30 to 40 times an_ hour. 
In temperate climates and low temperatures, on 
the other hand, the atmosphere need only be 
changed perhaps four or five times an hour, as is 
thought quite good practice in this country. 

That these hitherto unusual pressures and 
velocities should be comfortably possible in what 








may be called domestic circumstances is due to 
the very simple and ingenious device by which 
the delivery of the air from the ducts is controlled. 
This will be best understood by reference to Fig. 37, 
which shows one of the “ punkah louvre” inlets 
fitted at each inlet of air into a space under ventila- 
tion. They can also be observed in many of the 
interior views already given. As will be seen, the 
air passes through a valve in the shape of a cup 
and ball, in which ports are cut away, and is 
delivered through a slightly conical tube carried 
by the ball. By rotating the cup the extent of 
opening of the air inlet can be varied, or it can be 
entirely shut off, and by rotating the ball with its 
conical delivery tube it can be diverted into any 
desired direction. In this way any person who 
has command of one of these fittings can regulate 
the extent to which the air is admitted in his own 
neighbourhood and the direction it shall take. 
The high speed of entry, moreover, sets up the 
mixing effect on the atmosphere which, according 
to the results of recent years, is essential to a healthy 
and comfortable atmosphere. ‘ 


(To be continued.) 





THE ENGINEERING OUTLOOK. 
VIII. Marine ENGINEERING. 


Arter considering the position of the agricultural 
machinery and locomotive industries it might be 
expected that no more depressed branch of British 
engineering could be found still in being. Marine 
engineering provides the mournful refutation of 
that assumption. 

This industry being almost entirely dependent 
for its prosperity upon the state of shipbuilding, 
it is of material interest to note the more important 
indices of shipbuilding activity in recent years. 


TABLE I.—Shipbuilding Activity. 





Effective 





= Tonnage under ane. 
Construction. : $ 
(000 tons.) (000 tons.) 
1918 .. a a oa 1,890 467 
1921— 
Ist quarter se <2 3,302 393 
On ee és As 2,795 69 
rd 5 = me 2,552 51 
4th ,, 1,918 55 
1922— | 
1st | 1,619 51 
2nd ; 134389 39 
3rd ae ae =" 1,198 82 
og unas re He 1,120 231 
egy a te eee 1,311 355 
Cad a i o ee 1,208 241 
Srl Eee iss = 1,029 112 
‘ “a oe oe Pre 1,231 245 
924— 
Ist Soe 6 <9 1,372 228 
Bnd ~ cae Bale | oe 1,464 375 
ord: - (aves Ae AP 1,481 253 
‘ th pill ant ae a 1,236 195 
9°5~ 
Ist E me os of 1,091 202 
i ne Ks = 1,017 189 
3rd a <a aS _ 928 260 
4th a ys =e aie 788 160 











* “ Effective’? tonnage under construction = total tonnage 
under construction less tonnage on which work is suspended. 

From Table 1 it will be seen that the main 
decline from the record shipbuilding production 
during and immediately after the war was checked 
in 1923, and an improvement took place in 1924 to 
about 75 per cent. of the pre-war level. In view of 
the very greatly increased capacity of British ship 
yards to-day as compared with 1913 even this was 
very unsatisfactory. But the year 1925 has seen 
a further progressive decline to the lowest level 
recorded since September 1909. Moreover the 
statistics of tonnage commenced hold out no 
prospect that improvement is yet in sight. It is 
impossible to view these figures without the greatest 
concern. Economically this country has all the 
essential requirements to maintain her traditional 
supremacy in shipbuilding. It is moreover notice- 
able that the other great shipbuilding countries not 
subject to monetary inflation have fared little better 
during the past year. But it is doubtful whether 
these considerations justify the rather light- 
hearted view of the position which has been 
noticeable in some quarters. 

With “tonnage under construction’ at about 
half the 1913 level it is not surprising that marine 





engineering has also reacted unfavourably in 1925. 
As an index of total production employment statis- 
tics obtained from an investigation by sample in the 
principal marine districts are given in the following 
table. 

TaBLe II.—EHmployment in Marine Engineering. 








Numbers Index 
Cate Employed. 1914 = 100. 
S08) «.. ae a oa 20,418 100 
BOIS... as a BS 24,532 122-3 
1920... e a Pe 20,565 102-6 
1923— 
1st half year 9,328 46°5 
2nd 6 7,258 36-2 
1924— 
1st ee tase ¥s ae 10,667 53-4 
On Ls ae 12,364 61-7 
1925— 
1st a te a4 12,206 60-9 
2nd fo te ae 10,158 49-7 











Corroborative evidence is available for recent 
years from the statistics published in the Ministry 
of Labour Gazette in which employment in Marine 
engineering is shown separately. These figures can 
only be given for one date in each year. 


TaBLe III.—National Unemployment Insurance 
Statistics (Marine Engineering). 











y Nos 
Nos whe Nos 
— eae Unem- Ri ae 
Insured. ployed. Employed. 
July 23, 1923 i a 66,870 14,844 52,026 
July 28, 1924 a 334 66,110 10,751 55,359 
July 27, 1925 aie ay 61,720 13,450 48,270 





While corroborating the upward movement in 
1924 and downward movement in 1925 shown in 
Table II, the decline in the “ numbers insured ” 
in the first column of Table III indicates a rapid 
“turnover”? of labour away from the industry. 
This is the counterpart of the increase in numbers 
insured previously noticed in the case of the electri- 
cal and motor industries. 

The exports of British marine engines make a 
hardly less gloomy picture than the figures of total 
production. There can be no question that the most 
serious trouble of the shipbuilding and marine 
engineering industries is the collapse of the home 
market. British shipowners are plentifully supplied 
with tonnage, much of which they are unable to 
keep employed owing to the low level of freights. 
This fact coupled with doubt about whether the 
price of new tonnage has yet reached bottom is 
responsible for reluctance to place orders for new 
ships. But in certain foreign countries the position 
is widely different. Italy is ambitious to effect 
a large increase in her mercantile marine, Germany 
and the Scandinavian countries still have consider- 
able requirements unsatisfied. It must probably 
be ascribed to financial difficulties that more 
extensive orders have not been secured from 
foreign shipowners in recent years than are reflected 
in the following table. 

Tasie IV.—United Kingdom Exports of Marine 

















Engines. 
7 Index r Values 
= Volume 4 Value 
Year. Tons. hay. A £000. al 
= 
1913 ee ats 54,568 100 2,337 42-8 
1919 aie 5,850 10-7 506 86-5 
1920... ..| 61,904 113°4 6,909 116-6 
i. ee --| 64,994 119-1 8,389 129-0 
1922 si + | 82,842 151°8 8,974 108-0 
1923 ay --| 38,622 70-7 3,123 80-9 
1924 at --| 22,421 41-1 1,753 78°6 
1925 is =a | 27,363 50-1 2,003 73°2 
| | 





If the reasons given above for the decline in the 
export of tonnage are correct, the improved finan- 
cial position of many European countries during 
1925, the increasing readiness of American capital 
to flow to Europe as exemplified by the recent loan 
of $10,000,000 to the Hamburg Amerika line, and 
the removal of the embargo in London, all give hopes 
of an improvement in 1926. Progress has also been 
made recently in the negotiations between the 
shipbuilding employers and workpeople which 
offers some prospect of a reduction in the costs of 
production. After making all allowances for the 


| Superior quality of English-built ships, price is, of 


course, a vital factor in the present difficult position 
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of the shipping industry. It is satisfactory to note 
from the “value per ton” column in Table IV 
that prices of marine engines have already made a 
substantial decline during the last three years. 
Moreover, the slight increase in volume exported 
in 1925 over 1924 is entirely due to a large increase 
in the last quarter of 1925, which, it may be hoped, 
will continue in 1926. 

From these indications and on account of the 
fundamental economic assets, which make this 
country naturally the world’s shipbuilders, there is 
legitimate ground for the hope that the worst is 
over for marine engineering. But this is not to 
say that the industry is within sight of prosperity. 
Starting with so much leeway to make up, and faced 
with keen competition and a revolution in the 
types of production, progress can scarcely be other 
than slow and painful. In the meantime, much 
of the present capacity may prove redundant, 
and the painful period of reconstruction may be 
expected to lead to the scrapping of much plant that 
will never be used again. 


IX.—CoNcLUSION. 


There remains a large group of industries 
covered by the term “ general engineering,” which 
on account of the numbers employed and the 
size and world-wide renown of the firms 
engaged in them deserves attention in order to 
complete a summary of the outlook of British 
Engineering. Owing to the miscellaneous charac- 
ter of the products covered by the expression 
“General Engineering,” it is impracticable to 
attempt a detailed analysis on the lines employed 
with other clearly-defined branches. An index 
of output may, however, be gained from employ- 
ment statistics obtained from an investigation by 
sample in the principal engineering districts of the 
U.K., and set out in the following Table :— 


TaBLE I.—EHmployment in General Engineering. 








Numbers Index, 
Employed. 1913 = 100. 
1914.. ie ae es 47,275 100-0 
1918.. Ae ae ae 86,097 182-1 
1920.. ‘cs « ee 57,770 122-2 
1923— 
lst Half year .. we 22,815 48-2 
2nd ,, = ae rae 31,702 67-0 
1924— 
i ae = - ae 28,264 59-0 
2nd ,, i 30,746 65-0 
1925— 
Ist ,, re oe ne 35,342 74°8 
2nd ,, a ie fe 34,331 72 +6 











The classification ‘“‘ General Engineering and 
Tronfounding ” adopted in connection with Unem- 
ployment Insurance statistics is rather wider than 
that upon which the above sample is based, but 
during the last three years the general tendency 
of the Ministry of Labour figures corroborates those 
in Table I. 


TaBLe II.—Unemployment Insurance Statistics, General 
Engineering and Iron Founding. 








. Nos. + 
No. Nos. 
Insured. ered. Employed 
July 23, 1923 age --| 698,700 139,348 559,352 
July 28, 1924 = .-| 651,390 93,657 557,733 
July 27, 1925 oa --| 653,410 80,956 572,454 





With regard to general engineering the con- 
clusion from Table 1 is that there is still much 
progress to be made before the pre-war standard 
of activity is regained. But in both Tables I and 
II a notable improvement can be seen in 1925. 
Attention is drawn in particular to the increase in 
the numbers insured for the first time for many 
years—an indubitable sign of revival. In spite 
of the slight relapse in recent months, there is 
reason to hope that this progress will continue for 
the immediate future. 

From the analysis presented in this and pre- 
ceding articles, it will be seen that the activity, 
the prospects and the problems of the various 
branches of engineering are so widely diverse as 
to render generalisations of limited utility. Subject 
to the special factors affecting particular industries 
for good or evil, the following broad conclusions 
emerge. 





(1) The slow progress of the last three years has 
brought the British engineering industry only 
from extreme depression up to what is still a very 
unsatisfactory condition. 

(2) The present level of prosperity is still far 
from being sufficient to maintain the industry on 
its pre-war scale. Unless the present rate of 
progress is continued, and even accelerated, it is 
to be feared that the resources of many units will 
be exhausted before a satisfactory position emerges. 

(3) The immediate prospect is that the recent 
improvement will continue both at home and 
abroad. The Home market in particular should 
improve if there is any foundation for the pre- 
vailing optimism with regard to British industry 
and trade. 

(4) Progress at Home may, however, be upset 
by increased taxation, and more particularly, as 
far as engineering is concerned, increased taxation 
of motor vehicles, as well as by possible disputes in 
the coal and railway industries, while the export 
position in engineering products is likely to grow 
more difficult in 1926 as American and German 
competition is intensified. 

(5) The engineering export position is already 
relatively unsatisfactory as compared with the 
Home market. Even the least depressed branches 
of the industry can only win to a secure position 
by the progressive reduction of selling prices, 
and, therefore, of ‘‘ gold-production costs,” a 
process which involves the solution of the “ shel- 
tered wages problem.” 

(6) Since the first of this series of articles appeared, 
a further element of uncertainty has arisen in the 
breakdown of the National Wage Negotiations in 
the Engineering Industry. 





MESSRS. T. W. GREENWELL AND 
CO.’S DRY DOCK, SUNDERLAND. 
(Continued from page 136.) 

TURNING now to the construction of the dock, the 
first works undertaken were the dock entrance and 
fitting-out quay. The contract for these was placed 
with Messrs. Sir William Arrol and Co., Limited, 
Glasgow and London, in August, 1922. By adopting 
this procedure it was possible to complete the dock 
entrance and the fitting-out quay for a length of about 
312 ft. in open trench before the old quay wall and 
ground in front at the east side of. the tidal basin 
were removed and the site flooded, thus avoiding the 
use of cofferdams. When the entrance works had been 
constructed, the dock gates were erected and closed, 
and these acted as a cofferdam, together with the fitting- 
out quay, within which the body of the dock was 
carried out, whilst the existing works at the tidal basin 
were in course of removal. A system of well-monolith 
foundations was adopted for 175 ft. of the fitting-out 
quay next the River Wear, instead of open trench, 
as will be described later. 

The excavations for the dock entrance and fitting- 
out quay in trench were made through magnesian 
limestone rock, the surface of which was found to lie 
more or less uniformly about 7 ft. above low-water 
mark, and through sand and shingle, the remains of 
old sea beaches, which overlaid the rock to a depth 
of about 15 ft. All of the foundations rest upon the 
magnesian limestone rock. The method of timbering 
the trenches is shown on Fig. 22, Plate XIX. The 
rock excavation within the trenches was carried out by 
shaking the rock with light charges of high explosives 
and then cutting it away with hand picks. The trenches 
for the fitting-out quay were made 6 ft. wider than 
the wall itself, along the outside face, so as to allow 
for the conveyance of drainage water, of which there 
was a considerable volume, to the temporary sumps, 
and to avoid disturbance of the toe of the wall later 
on, when the rock in the berth was removed by 
dredging. The concrete of the dock entrance and 
fitting-out quay walls was deposited within close 
timber shuttering, rigidly supported against the 
trench timbering, and the concrete, which was 1 to 
6 throughout, deposited from skips of 1 cub. yard 
capacity, no shoots being allowed for concreting 
purposes. The walls were brought up in monolith 
lifts of concrete, about 50 ft. long and 44 ft. high, each 
lift being completed at a single operation, and all 
joints arranged to break bond throughout the work. 

When the side walls of the dock entrance had been 
completed, the dumpling between was removed by a 
steam digger to the full depth of 22 ft. at low water, 
and the bottom levelled for the sill of the dock. The 
sill is 10 ft. thick by 18 ft. wide, with an apron along- 
side the outside face. It was constructed in three 





complete sections, with stepped joints, the centre 
section being completed last, and formed in the shape 
of a dovetail. The meeting sill and hollow quoins for 
the dock gates are of Cornish granite, prepared and 
dressed to template at Messrs. Freeman’s Penrhyn 
quarry, and built in on the site along with the concrete 
work. The bearing surfaces of all the granite stones 
were left } in. full at the quarry, and fine axe dressed 
to the final requirements-with pneumatic tools, after 
having been completely built into position in the work. 
Fig. 39, Plate XX, shows work in progress at the dock 
entrance and sill. 

A section of the fitting-out quay wall, taken close to 
the dock entrance, is given in Fig. 26, Plate XIX. As 
already mentioned, the north or river end of the fitting- 
out quay is founded on well monoliths for a length of 
175 ft. The fitting-out quay here cuts across the old 
beach of the Polka Hole wave basin, and the rock 
plunges steeply towards the river Wear, its surface 
being found at 52 ft. below high water mark at the 
extreme end of the quay, as shown in Fig. 31, page 226. 
The site is exposed on all sides to the action of the 
sea, and in bad weather there is a heavy inrun of swell. 
Apart from the difficulties of construction, a deep 
cofferdam or open trench at this place was liable to 
heavy risks from a combination of heavy seas and 
high tides, which might easily cause serious damage 
to such works, and the engineer decided, therefore, to 
adopt the well monolith type of foundation for this 
part of the wall, by which means risks were largely 
eliminated, and work made possible, independent 
practically of tides and weather. Fig. 25, Plate XIX, 
shows the quay wall section at a point where the 
mass concrete wall terminated and well monolith con- 
struction commenced. 

As a preliminary to building and sinking the mono- 
liths, a bank was first tipped on the line of the wall, 
so as to bring the level of the beach up to a uniform 
height a little above high water mark. This bank, 
shown in Fig. 27, was composed of rock materials from 
the trench excavations, faced with sandbags, and had 
to be refaced and replenished from time to. time 
during the progress of the work to make good damage 
caused by the sea. This work is shown in progress in 
Fig. 33, page 226. On this bank the cutting shoes of 
the monoliths were set, and the concrete superstruc- 
ture shell built up. When the monoliths had been 
sunk to the required depths, the sides of the bank 
next to them were secured by timber or steel runners, 
braced and strutted to form an open trench in which 
the mass concrete superstructure of the wall was built. 
The outside toe of the bank, in front of the quay wall, 
was removed when the berth was dredged out on 
completion of the wall, but the inside, being part of 
the general embankment of the repairing yard, was 
gradually augmented by spoil from the excavations. 

The foundation monoliths, as shown in Figs. 31 and 
32, and also in the sections, Figs. 23 and 24, are gener- 
ally 20 ft. 3 in. long by 12 ft. 3 in. wide at the base, 
with two wells in each, but a larger monolith, 24 ft. 
3 in. long by 14 ft. 3 in. wide at the base is used to form 
the foundation of the extreme end of the wall next to 
the river Wear. 

Each monolith is armed with a mild steel riveted 
shoe, built up of plates and bars, and stiffened with 
gussets and angle bars. At the main points of attach- 
ment to the concrete work, the angle bar stiffeners, 
are carried upwards for a distance of about 5 ft. into 
the concrete, so as to secure reliable bond between 
steel and concrete. At intermediate points hook bars, 
1} in, diameter, are used for the same purpose. Exam- 
ination of the shoes, after the monoliths had been sunk 
to their full depths, showed them to be in sound condi- 
tion and in undisturbed bond with the concrete work. 
Details of the smaller size monolith shoes are shown 
in Figs. 34 to 37, on page 227. Those for the larger 
monoliths were designed on similar lines. 

In building the monoliths, the shoes were set in 
position on the tipped bank, and the first lift of con- 
crete deposited up to the level of the outside splay, 
which latter is introduced to give 14 in. clearance all 
round the base to facilitate sinking. The concrete of 
this lift was deposited within timber moulds, shaped to 
form the inside bevels of the wells, and was completed 
at a single operation. Above the outside splay, the 
shape of the monolith is uniform, and steel shuttering 
was used, 6 ft. high, for concreting the work to the 
full height in successive lifts. Each lift was com- 
pleted in a single operation, so as to preserve through- 
out the monolithic character of the work. The con- 
crete of each lift was allowed to set generally for five 
days before the next was added, but before this was 
done the old surfaces were thoroughly scabbled, and 
well washed with Portland cement mortar, 1 to 2, just 
before the fresh materials were deposited. In addi- 
tion, for bonding purposes, horizontal grooves were 
sunk in the top surfaces of each lift. The steel shutter- 
ing gave a smooth surface to the concrete, which 
materially reduced skin friction. Fig. 38, page 227, 
shows some of the monoliths with steel shuttering in 
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place, the lower parts of the monoliths being sunk in 
the ground. 

When a monolith had been raised to a sufficient 
height by successive lifts of concrete the wells were 
dug out by grabbing. This was carried on until a 
monolith had sunk as a whole to the level of high water 
when new lifts were added. As depth increased cast- 
iron kentledge was used on the walls of the mono- 
liths, leaving the wells free for the grab; the bottoms 
under the cutting shoe were cleaned out periodically 
by divers. Sinking through rock was accomplished 
by divers and grabbing, small charges of high explo- 
sives being used to loosen the materials, but in some 
cases, where hard bands of rock were encountered, the 
remainder of the sinking was done under compressed 
air. In these cases the wells were reduced in size by 
a reinforced concrete lining, suitable for carrying 
3 ft. 9 in, diameter shafts for the air locks, a working 
chamber, 74 ft. high, being left in each well of the 
original moulded dimensions. Sinking by compressed 
air was carried on in shifts of 24 hours, and the average 
rate of sinking was 3 ft. per shift. All the monoliths 
were founded on rock, the minimum depth of entry 
being about 2 ft. at the river end where the rock is 
lowest. When sunk to the required depth,the base inside 
was cleaned out and levelled by divers, and a bottom 
seal of concrete, 1 to 44, and 5 ft. high, was deposited 
at low water in closed skips. The hearting, which was 
of 1 to 8 concrete and 25 per cent. volume stone dis- 
placers, was then deposited up to 3 ft. from the top of 
the wells. After the hearting had set, these spaces 
were filled up flush with the top of the monolith with 
a 1 to 6 concrete seal. The gaps between the mono- 
liths, which are about 15 in. wide, were filled in with 
concrete, 1 to 6, pre-cast lintel blocks bedded over the 
front of the gaps and lintel slabs behind, and the 
monolith formation was then ready for the mass con- 
crete superstructure wall. The mass concrete super- 
structure wall, which begins at 24 ft. above low water 
mark, was deposited within close timber shutters, 
rigidly braced against the trench timbers, and carried 
up in successive monolithic lifts to cope level. Cast 
iron mooring posts, details of which are shown in 
Figs. 28 to 30, Plate XIX, are built into the wall at 
intervals, the wall being strengthened by concrete 
piers at these points, and anchored back by steel tie- 
rods and concrete anchor blocks in every case. Where 
the posts are placed close to the face of the wall, to 
give the necessary clearance for travelling cranes, they 
are reinforced with old steel rails in addition, as shown 
on Figs, 28 and 29. 

The repairing yard, shown in Fig. 2, page 135 ante, 
next the River Wear, was formed by embanking the 
old Polka Hole beach behind the fitting-out quay with 
rock materials from the excavations. Part of this 
embankment is left with a natural slope to the river, 
and the remainder is secured by a timber breastwork, 
abutting the end of the fitting-out quay, so as to 
maintain deep water in the berth at that place. 

The body of the dock, as stated above, was con- 
structed after the dock gates had been erected in place 
and closed to form a cofferdam. The method of 
excavation was entirely an open one, and executed 
without timbering. The soft materials overlying the 
magnesian limestone rock were first removed over the 
whole width and length of the dock, and the side 
trimmed to slopes of 1} to 1. The rock, the surface of 
which was about 2 ft. above low-water mark, was 
excavated in two benches, the top one being kept about 
100 ft. ahead of the bottom, and followed up the surface 
excavations. A view in which the two benches may 
be seen is given in Fig. 40, Plate XX. The excavated 
materials were loaded into contractors’ side-tip wagons 
of about 5 cubic yards capacity, which were lifted bodily 
from the bottom of the dock to the top by travelling 
derrick cranes, fitted with special slings, placed on the 
surface railways, and then run direct to the tips. A 
steam shovel was set to work on each rock bench, and 
dealt with the materials after they had been shaken 
by using charges of dynamite, not exceeding 3 Ib. in 
each hole. When the main body of the excavations 
had been removed, the sides of the rock were trimmed 
by hand to the sectional dimensions of the concrete 
work. For dealing with the leakage water, a temporary 
sump was sunk near the dock\entrance on the north 
side, clear of the permanenv works, and about 3 ft. 
below the level of the dock floor. A temporary drain of 
fireclay pipes, with side branches, was laid longitudinally 
under the dock floor, and connected to the temporary 
sump by tunnelling through the rock at the side of the 
dock. The whole of the leakage water was dealt with 
by a 10-in. electric centrifugal pump, placed in the 
sump. On completion of the work the temporary 
drains were grouted up under air pressure, but vent 
holes with non-return flap valves are formed at intervals 
in the side walls of the dock to prevent undue accumu- 
lation of water behind them. 

As the work of excavation was completed, it was 
immediately followed up by the concrete work of the 
dock floor, which was kept about 100 ft. behind the 








working face of the lower rock bench. . The concreting 
of the floor was done in strips, 124 ft. wide, extending 
completely across the dock to the back of the altar 
walls, and each strip was completed in a single opera- 
tion. The floor strips were formed side by side without 
gaps, and keyed together by strong continuous concrete 
keys of blunt wedge shape. Each strip was allowed to 
set for three to four days, and the joining face was well 
scabbled and washed with Portland cement mortar 
1 to 2, immediately before a fresh strip was deposited 





and washed with cement mortar in the same manner as 
the dock floor. The shutters were made rigid in 
themselves, and, where necessary, were anchored with 
temporary bolts and steel wiring. Two sets were used 
for the altars, and the work so arranged that when 
concreting was in progress on one side of the dock, the 
shutters on the other were in course of erection, thus 
permitting the mixing and depositing of concrete to go 
on continuously. The treads of all the altars, the cope, 
and the dock floor surface were smoothed with floats 


Fig.31. PART ELEVATION OF WELL MONOLITH WALL 


Post 











et eee 
ean neccemane EF'G” 









“ENGINEERING” 




















Fia. 


alongside it. This method of construction ensured that 
the floor was continuous from side to side of the dock, 
the only joints in the work being those between con- 
tiguous floor strips. When a section of about 100 ft. 
of the dock floor had been completed, the altar walls 
were formed upon it, the first lift of concrete being 
carried up to the level of the gutter steps, which were 
included in it. 

The mass concrete of the altar walls and altars was 
deposited within close timber shutters, constructed to 
include the full height of each individual altar, as 
shown in Fig. 41, Plate XX. The lifts of concrete were 
generally about 40 ft. long, and were completed in a 
single operation. All joints of the walls were arranged to 
break bond throughout the work, and keyed, scabbled, 
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until the concrete had set within the shuttering. The 
whole of the concrete in the dock floor and the altar 
walls is 1 to 6, and was deposited from skips of 1 cubic 
yard capacity, no shoots being permitted for con- 
creting. A view of the completed dock is given in 
Fig. 42, Plate XX. 

The dock gates are of the horizontal swing type, in 
two leaves, constructed of mild steel, and operated 
by electric winches. Each gate is straight on the 
inside, and curved on the outside in plan, and is built 
up of horizontal ribs and vertical bulkheads, over 
which the shell plating is riveted. .A buoyancy chamber 
is provided in the lower part of each gate, so that it is 
semi-buoyant, and rollers and paths are dispensed 
with. The heel posts, mitre posts, and meeting sills 
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MESSRS. T. W. GREENWELL AND CO.S DRY 
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SIMPSON, 


DOCK, SUNDERLAND. 


M.INST.C.E., CONSULTING ENGINEER, SUNDERLAND. 


(For Description, see Page 225.) 
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are of greenheart, secured by bolts to the steel structure 
of the gates. The distance between the centres of the 
heel posts is 80 ft., the total height to cope level 
34 ft. 9 in., and the rise 16 ft., measured from the 
centres of the heel posts to the centres of the mitre 
posts. Each gate is surmounted by a footbridge, 
4 ft. wide, constructed of mild-steel standards and 
framing, and with a_ timber deck. As a protection 
against extra high tides, a plate bulwark, 2 ft. 6 in. 
high, is carried along the inside face of the footbridge 
standards, and riveted to the top of the gate. The 
total weight of each gate complete is 90 tons. The 
contractors for the dock gates were Messrs. Sir William 
Arrol and Co., Limited, and they were made at that 





Fig. 34. MONOLITH CUTTING SHOES 


reaction on the gate pivot of about 7 tons against lifting 
on the highest tide. To prevent any surplus buoyancy, 
over that of the buoyancy chamber itself, scupper 
pipes, 4 in. in diameter, are fitted on the outside of the 
shell at the top of the buoyancy chamber, which permit 
a rising tide to flood the inside of the gate above that 
level, and drain it again on a falling tide. One of the 
gates is shown in course of installation in Fig. 43, 
Plate XXI. 

The greenheart heel post of each gate, which is 
2 ft. diameter, is constructed in halves, fitted to the 
end plate of the gate itself, and to a special vertical 
tail plate, and secured to these by 1} in. diameter 
galvanised bolts. The bolts are bedded on oakum 





to it by four steel rag bolts, 2 in. in diameter. The pivot 
cap, Figs. 45 and 47, is of cast steel, with a horizontal 
flange which bears upon a strong-built steel cantilever 
bracket riveted to the steel work of the gate bottom. 
The casting is secured to the bracket and to the under- 
side of the gate heel post by screw pins and fitted bolts, 
and the bearing strips on the top side are machined. 
The cap casting at the top of the heel post is of steel, 
with a horizontal flange by which it is secured to the 
top of the gate by turned and fitted bolts. The 
bearing surface of the casting on the gate is machined, 
and also the exterior of the ring part. The top of the 
gate under the cap casting is stiffened by a doubling 
plate, and by a strong built steel cantilever bracket 
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firm’s Dalmarnock Works, Glasgow. The horizontal 
ribs of each gate are constructed with braced webs, 
except the top and bottom of the gate, and the first 
bottom rib, which are of the plate web type. Each 
leaf is divided into four vertical compartments by 
three bulkheads, extending from top to bottom, the 
bulkheads being riveted to the ribs and shell. The 
whole of the ribs and the bulkheads are non-water- 
tight, except the rib forming the top of the buoyancy 
chamber, which is watertight. The whole of the shell, 
and top and bottom of the gate, are made watertight. 
Two watertight vertical trunks are provided for access 
to the buoyancy chamber, and manholes formed in the 
ribs and bulkheads for easy access to any part of the 
interior of the gate. The inside of the gate is drained 
of leakage water by means of drainage plugs, one to 
-— vertical compartment, placed above the meeting 
sill. 

The displacement of the buoyancy chamber is de- 
termined, so that there is a minimum downward 
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grummets soaked in white lead, and the bolt holes 
plugged with 3-in. diameter greenheart dowels, coated 
with white lead, and dressed off flush with the heel 
post. These details will be followed by reference to 
Fig. 54, Plate XXI. The bottom of the heel post is 
fitted in a socket formed of a 1-in. thick flanged steel 
plate, bearing upon and bolted to the steel pivot cap 
casting. Details of these parts are shown in Figs. 45 
to 50. The top of the heel post, Figs. 55 and 56, is 
fitted with a cast-steel cap, which is bolted to the top 
of the gate. The mitre post, Fig. 53, is made up of 
two logs of greenheart, 12 in. deep, fitted close together, 
and fitted and bolted to the end plates and angle bars 
of the gate. The meeting sill, Figs. 51 and 52, is of 
greenheart, 13 in. deep and 7 in. wide, fitted and bolted 
to the steel bearing plate and angle bars at the bottom 
of the gate. 

The pivot, Figs. 47 and 48, is of cast-steel 12 in. dia- 
meter, and the base of this casting bears upon a granite 
pivot stone, 5 ft. square by 24 ft. thick, and is secured 





extending the full length of the casting, carried down 
to the nearest rib. The cap ring is 11 in. deep, and has 
an outside radius of 19 in. The top end of the green- 
heart heel post, and the vertical plates and angle bars 
of the gate, to which it is bolted, are all carried up 
and fitted into the ring, thus binding the timber and 
steel work of the heel post together at this point where 
the gate anchorage attachment is made. 

The anchorage arrangements shown in Figs, 57 and 58 
consist of a cast steel collar, having a solid horizontal 
flange, 34 in. thick, to which latter are attached two 
sets of mild steel machined links, connected by turned 
and fitted pins to the anchor rods. The collar is 
machined an easy fit for the ring of the cap casting, 
over which it is slipped. Each gate has two forged 
steel anchor rods, 44 in. diameter, but the screwed 
ends are 5 in. diameter, worked out of the solid. 
One anchor rod is straight, but the other is bent, so 
as to lie well into the concrete mass of the dock 
entrance wall. The bent rod bears upon a cast iron 
saddle, bolted to vertical steel joists, to give a proper 
support at the knuckle. Each anchor rod is in two 
lengths, which are connected together by means of a 
forged steel coupling screw for adjusting the gate, as 
shown in Fig. 59. The long length of the anchor rod is 
built into the concrete, and ends at a cast iron washer 
plate, 2 ft. 6 in. diameter. The concrete immediately 
in front of the washer plate is reinforced with a grid 
of old rails, and the whole of the wall between the two 
anchor rods has a heavy reinforcement of the same 
kind. The short length of the anchor rod has a solid 
forged eye by means of which it is secured to the links 
of the anchor collar with a turned and fitted pin. The 
anchor collar, eye rods, links, and screw couplings 
are placed in short tunnels through the concrete of the 
dock wall, and a small covered pit is built over the 
screw couplings for easy access to them. The screw 
couplings are the only means of adjustment provided 
for the gates, and are simple in design and effective in 
practical use. 

For transit purposes from Glasgow, each gate was 
divided into three vertical sections, field joints being 
provided for erection on the site. The heel and mitre 
posts were delivered on the site first, and the steel 
work riveted up complete to the field joints, and the 
central parts of the ribs, the shell plating, and the 
bulkheads in full lengths to the nearest field joints. 
In erecting the gates, the heel post sections were first 
up-ended in place in the hollow quoins, followed by the 
mitre post sections, after which the ribs were fitted in 
between these sections, together with the bulkheads. 
The erection of the ribs and the shell plating was com- 
menced from the bottom, and when completed the 








228 





[FEB. 19, 1926. 











parts were finally riveted up. On completion of the 
erection and riveting up, and before water was admitted 
to the site, the gates were tested by swinging them with 
their full dead weight on the pivots and anchorages. 
Tests were also carried out at the same time for water- 
tightness by filling the buoyancy chamber and the 
trunks of each gate with water to a height of 29 ft., 
and on completion of these tests, by emptying the 
buoyancy chamber and trunks, and filling the inside 
of the gate above the buoyancy chamber with water 
right up to the top. External tests were also made 
after the site had been flooded. On the satisfactory 
completion of these tests, the steel work of the bottom of 
the gate and the top of the buoyancy chamber was 
covered with concrete, laid with drainage falls to the 
drainage plug holes and the scupper pipes respectively. 

The gates are opened and closed by chains, shackled 
to steel lugs, which are riveted to the shell of the gates 
close to the mitre posts. The opening chain is | in. 
diameter, and the closing 1} in. diameter, open link. 
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pole, self-resetting limit switches are placed alongside 
the horizontal screw, and these are automatically 
tripped by the sliding nut as clutching and declutching 
are respectively performed, so that when one drum is 
hauling the other is free. Each sprocket drum is con- 
trolled by a brake with cast iron drum on the same 
shaft, which is operated by hand through a vertical 
screwed spindle, with squared end for a hand key. 
The motor is also interlocked with the brake, so that 
the latter must be released before the motor can be 
started. In case of overwinding, a slipping clutch is 
provided between the motor and the worm gear, and 
in event of failure of the electric power, each winch 
can be operated by a hand capstan, in gear with the 
hauling shaft through bevel wheels and the spur gear. 
Each gate is opened or closed in 24 min. by the electric 
machinery, and in 13 min. by the hand capstan. The 
gate winch is built up on a strong cast-iron bed plate, 
anchored to the concrete foundation by long bolts. 
To contain the slack of the gate chains when hauled 





The free ends of the chains are guided on pulleys in 


in, a concrete locker or chain pit is provided under 
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the chainways, and on rollers in chambers on the quay 
to the gate winches. There are two eléctrically-driven 
gate winches, one on each side of the entrance, placed 
in pits 3 ft. 9 in. below cope level, the control panel 
controller and resistance boxes being fitted up in the 
same pits. The winches and control gear are illustrated 
in Figs. 60 to 66, Plate XXII. Each winch has two 
sprocket drums, one for the opening and the other for 
the closing chain, driven through gearing by a 15 brake 
horse-power motor, 440 volts, 50 periods, 3-phase, 
and 700 r. p.m. The speed reduction is made through 
worm gear, and the ratio is 20} to 1. Power is trans- 
mitted from the worm wheel shaft to the drum shaft by 
a single pinion and spur wheel gear. The two sprocket 
drums are of cast steel, with pockets suited to the res- 
pective dimensions of the opening and closing chains, 
and are thrown in and out of gear by two sliding 
claw couplings placed between them on the same shaft. 
Clutching and declutching is done by hand through 
a vertical screw spindle, shown in Figs. 60 and 66, 
operating through linkage. The drums are electrically 
interlocked (Figs. 64 and 65), through the clutch gear 
by a horizontal square thread screw, operated through 
bevel gear from the vertical clutch spindle. The hori- 
zontal screw is fitted with a sliding nut, which travels 
in or out in accordance with the direction of motion 
given to the clutch spindle. Two Ellison single 





each drum, which is easily accessible from the surface 
by way of a concrete shaft. The whole of the gate 
operating machinery foundations and pits are con- 
structed of 1 to 6 concrete, in one mass. The con- 
tractors for, and makers of, the gate winches and 
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440 volts, 50 cycles, supplied from a power-house at 
the dock, the cable being led round the end of the 
dock. The underframe rests upon four bogies with 
knuckle joints, each bogie having four wheels with 
central flange tyres. The maximum wheel-load on 
each bogie is 120 tons, the wheelbase being 9 t., 
and the gauge of the track is 23 ft., measured to the 
centres of the wheel flanges. This dock crane was 
supplied by Messrs. Samuel Butler and Co., Limited, 
Stanningley, Leeds. 

The crane track on the north side of the dock is 
illustrated in Fig. 67 below. The inside rails are placed 
just behind the dock cope, and are carried on concrete 
piers, formed along with the altar wall, at intervals 
of 11 ft. 8 in., the spans being bridged over with rolled 
steel joists. The outside rails are carried upon a 
continuous concrete foundation, with which is moulded 
the trench for carrying the flexible live wires of the 
electric power supply to the crane. The permanent 
way of the track consists of two flat-bottom steel rails, 
weighing 95 lb. per yard, fitted together longitudinally, 
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and with a space of 3} in. between for the central flange 
of the crane wheel. The double rails, in each line, 
rest upon pitch-pine longitudinal sleepers, 14 in. by 
14 in., to which they are secured by through bolts 
at the outside flanges and steel-plate clips in the 
central space. The upper part of the electric collector 
trench, shown in detail in Fig. 68, is formed of two 
longitudinal channel bars, anchored to the concrete 
base, and covered on top by two flat steel plates 
with a longitudinal slot between, 3 in. wide, for the 
crane-collector bar. To prevent materials and surface 
water from getting into the trench, a continuous flap 
plate is used to cover it. Details of this are given in 
Figs. 69 to 71. The flap is made up of lengths, each 
6 ft. 9 in. long, hinged on one side, and free to open 
and shut. For raising and lowering the flaps when the 
crane is travelling, a bent steel bar, or ‘“ ploughshare,” 
in the form of a hand pick (Fig. 72), and having a 
bevelled edge of varying width, is attached to the 
crane collector bar. When the crane is in motion, 
the small end of the “ ploughshare” picks up the 
nearest hinged flap and lifts it in advance clear of the 
collector bar. The flap rides up the bevelled edge of 
the “ ploughshare,” attaining its maximum swing when 
in the centre, and is gradually lowered again into the 
closed position as it rides down the trailing edge of the 
“ ploughshare ’’ and loses contact with it. The next 
flap is opened and closed in the same way, the opera- 
tion being entirely automatic. This arrangement of 
flap has been found in practice to be an effective safe- 
guard against short-circuiting, and eliminates trouble 
arising from dirt and water lying in the bottom of the 





machinery were Messrs. Sir William Arro] and Co., 
Limited, Glasgow. 

The dock and fitting-out quay are served by a new 
electric travelling crane, working on the north side of 
the dock. This position was selected as being that 
nearest to the principal blocks of workshops, and about 
the middle of the fitting-out quay. This crane, which 
is shown in Fig. 44, Plate XXI, is capable of lifting a 
load of 50 tons at a radius of 40 ft., at a speed of 10 ft. 
per minute, 25 tons at a radius of 65 ft. (which corre- 
sponds to the centre of the dock), at a speed of 15 ft. 
per minute, 10 tons at a radius of 90 ft., at a speed 
of 40 ft. per minute, and 6 tons at a radius of 117 ft. 
(the opposite side of the dock), at a speed of 80 ft. 
per minute. The slewing speed is 1 revolution in 
two minutes, and the travelling speed 50 ft. per minute. 
The machinery is electrically driven throughout, and 
the current is taken by a collector bar from three 
flexible live wires, carried in a concrete trench, as 
described below. For operating the crane, there are 
three motors of 40 brake horse-power, and one 20 
brake horse-power, three-phase; the current is 





trench. We understand that this device was first 
introduced at the Wear shipyard of Messrs. William 
Gray and Co., Limited, Sunderland. 


(To be continued.) 





AvuToMaATIC TELEPHONE MANUFACTURE.—During the 
year 1925, Strowger automatic telephone equipments 
have been manufactured by Messrs. Automatic Tele- 
phone Manufacturing Company, Limited, Milton-road, 
Edge-lane, Liverpool, and have been installed by them 
for the Post Office, at York, Leeds, Chapeltown, Torquay, 
Paignton, Newport, Cwmbran and Risca. In addition, 
manual telephone switchboards and equipment, for 
certain areas which are not yet ready for conversion to 
automatic working, have been manufactured and installed 
at Weston-super-Mare, Accrington, Cardiff, Maidenhead, 
Worthing and Blackburn. Within the last twelve months, 
shipments of Strowger equipment have been made to 
Tokyo, Buenos Aires, Sydney, N.S.W., Rosario, Santa Fe 
and Cordoba. It is yy further interest to record that 
Strowger automatic telephone equipments, still in the 
course of manufacture and installation, total 150, of 
various capacities, aggregating 136,000 subscribers’ lines. 
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VERY HIGH-FREQUENCY RADIATIONS 
OF COSMIC ORIGIN. 


As early as 1903, McLennan, Rutherford and others 
observed independently that an electroscope mounted 
in a closed vessel lost its charge more rapidly 
than it should do if the conductivity of the air or 
vas inside the vessel were limited to the few ions 
venerally assumed to be present in the volume. The 
apparent leak was attributed, not to defective insula- 
tion, but to an infiltration into the vessel of some 
radiation of high penetrating power. Shielding the 
electroscope with heavy metals certainly diminished 
the leakage, which was therefore ascribed to 8 or 
7 rays from the radium in the earth. But there 
seemed to be something in addition to the radium 
radiations, which should decrease at higher altitudes 
above sea-level. Sending up balloons, Gockel found, 
in 1913, that there was a decrease in the leak for the 
first 3 km., but at higher elevations the leak increased 
again, attaining eight times the sea-level value at 
9 km. The investigations were resumed after the war. 
Experimenting on the glaciers of the Jungfrau, 
Kolhérster concluded that the unknown radiations were 
at least ten times harder than y rays and of cosmic 
origin; moreover, they seemed to come from certain 
portions of the sky as they showed a diurnal variation. 
The latter variation was questioned by G. Hoffmann, 
who pointed out that the ionisation of the walls of 
the instrument complicated the quantitative determina- 
tion of the radiation which he was unable to absorb 
completely by 12 cm. of lead. 

The cosmic character of the radiation has been 
further confirmed by several observers, notably by 
Professor R. A. Millikan, director of the Norman 
Bridge Laboratory of Physics in the Californian 
Institute of Technology, Pasadena (Proceedings, 
National Academy of Science of the United States, 
January, 1926). Millikan first sent up balloons fitted 
with registering instruments from Kelly Field, Texas, 
to a height of 15-6 km. The instruments com- 
prised an electroscope of 300 cub. cm. volume, filled 
with air at 10 atmospheres, and three sets of photo- 
yraphic films, and yet weighed only 7 oz. The 
increased leak at great heights was again observed, 
but it was much smaller than assumed. Millikan 
then ascended Pike’s Peak, taking a cubical 6-ft. 
water tank and 3001b. of lead as part of his equipment. 
At the altitude reached, where only one-tenth of the 
weight of the atmosphere was above the observers, the 
increased leak was again confirmed, but there was also 
a soft y radiation ; moreover, a snow-storm decreased 
the leak ; this pointed to a local, not cosmic, cause. To 
settle the question, Millikan and Cameron, last summer, 
spent 10 days on Lake Muir, situated 11,800 ft. 
above sea level, near Mount Whitney. The lake was 
selected because the water of snow-fed Jakes, not con- 
taminated with the radioactive water seepages through 
the earth, seemed to be the only suitable absorbing 
material available in the immense quantity needed. 
As the electroscope was lowered into the lake 
water, finally to a depth of 45 ft., the electroscope 
leak decreased more and more. The atmosphere 
above the lake level was equivalent in absorbing 
power to 23 ft. of water ; thus the rays had penetrated 

5 ft. + 23 ft. = 68 ft. of water, equivalent to 6 ft. 
of lead, before being completely absorbed. Experi- 
ments in Arrowhead Lake, 300 miles away and 
7,000 ft. lower, were in agreement. The most pene- 
trating X-rays used in hospitals are stopped by $ in. 
of lead, while the rays coming from somewhere in 
Space were a hundred times more penetrating. They 
would appear to traverse space in all directions, and 
not to be connected with any particular portion of 
the sky; they were as strong at noon as at midnight, 
and fluctuated little in intensity. The radiations 
were apparently not all of the same wave-length, but 
covered about an octave, ranging from 0-0007 to 
0004 Angstrém unit. The wave-length would, 
therefore, go down to one-fiftieth of that of the shortest 
y tays, and to one ten-millionth that of visible light 
waves. The frequency would be one thousand times 
that of average X-rays. . 

How are such infinitesimal waves produced, and 
— can they reach the earth ? The y rays are believed 
0 be the products of some transformations taking place 
within the nucleus of the radioactive atom. “ We 
can searcely avoid the conclusion then that nuclear 
changes having an energy value perhaps fifty times 
as great as the energy changes involved in observed 
radio-active processes are taking place all through 
Space, and that signals of these changes are being 
sent to us in these high-frequency waves,” is Millikan’s 
Ph he in his own words. The process responsible 
= penetrating rays should be sought in the 
reson ay | rai woe by positively-charged nuclei, 
The pelle - formation of helium from hydrogen, 
high-fre y of Imagining space to be traversed by 

sh-trequency vibrations travelling in all directions 


with the velocity of light, was not so insuperable as 








might be thought. It was now believed that some spiral 
nebule were at least a hundred million light years 
away; yet their light reached the earth. The centres 
at which these nuclear changes took place would have 
to be only very widely scattered to produce the inten- 
sity observed at Lake Muir. But why the softer y-rays 
on Pike’s Peak ? They might be due to the fact that 
the hardest rays impinging upon matter were scattered 
and softened by the Compton effect ; these, however, 
are highly speculative matters. In any case we owe 
to Professor Millikan exact measurements of the 
shortest X-rays known, and the probability of a 
further great extension of the spectrum. 





THE DEVELOPMENT OF ROAD 
TRANSPORT. 


OprortTUNItIE£s for an exchange of views between 
the members of the leading engineering institutions 
are comparatively rare, but the popularity of occasions 
when this is possible is indicated by the large attend- 
ance which is a feature of the annual joint meeting of 
the Midland branches of the Institutions of Civil, 
Mechanical, and Electrical Engineers. At the meet- 
ing which was held at Birmingham on Friday last, 
the Council chamber, placed at the disposal of the 
Institutions by the Mayor and Corporation, was filled 
to overflowing. The subject selected for discus- 
sion was ‘“ Road Transport and its Possible Develop- 
ments,’ and the choice was especially felicitous as the 
members of each body taking part in the meeting have 
an almost equal interest in the question—either from 
the point of view of the construction of the road or the 
use to which it is put. The interest of the civil 
engineer, as the constructor, is not infrequently opposed 
to that of the mechanical and electrical engineer, as 
the user. The former endeavours to design a road 
which will be suitable from the point of view of 
gradient, surface, and so on, to all the demands of 
existing traffic; but as this generally results in a road 
which is superior to those previously available, there is 
a tendency to take advantage of the better conditions 
created by designing vehicles of increased carrying 
capacity or of higher speed capabilities. As a result, 
the new road is apt to fail under destructive forces 
which were not contemplated by its designer. It has 
been suggested on more than one occasion that the best 
way to meet this difficulty is by the establishment of a 
liaison similar to that which exists between the locomo- 
tive and permanent-way officials of a railway. It 
would have been appropriate if the possibilities in this 
direction had been investigated at the meeting, and 
from this point of view it is to be regretted that the three 
chief speakers dealt with divergent, rather than con- 
vergent, aspects of the road transport question. 

Sir John E. Thornycroft, representing the Institution 
of Mechanical Engineers, touched upon the point that 
we have raised ; but dealt mainly with the design of 
petrol vehicles of various types from a technical stand- 
point. Major F. C. Cooke, who represented the 
Institution of Civil Engineers, devoted his contribu- 
tion chiefly to the economies of road construction ; 
while Mr. C. Owen Silvers, representing the Institution 
of Electrical Engineers, spoke largely upon the relative 
merits of different types of vehicle from the standpoint 
of passenger transport. The ground covered by the 
three speakers was exceedingly wide, and the subjects 
touched upon have formed the basis of a large number 
of papers read before the Institution of Automobile 
Engineers, the Institute of Transport, and other bodies. 
In these circumstances, it is only possible to touch 
upon one or two of the points that were raised which 
are of more particular interest. 

In view of the heavy losses which are made by tram- 
ways in London, some figures given by Mr. Silvers 
on the comparative costs of trams, trolley ’buses, and 
petrol *buses operated by the Wolverhampton Cor- 
poration are of interest. The total cost per 100 seat- 
miles for the year 1924-25 was 39-56d. for the trams, 
37-34d. for the trolley vehicles, and 44-56d. for the 
motor *buses. Mr. Silvers expressed the opinion that 
each type of vehicle had its own particular sphere, 
depending on the number of passengers to be dealt 
with, and that although tramway systems suffered 
under statutory disabilities, they were likely to hold 
their own, under suitable conditions, for many years to 
come. He was of opinion that they were the best type 
of vehicle for large industrial areas, in which the popu- 
lation was sufficient to liquidate the cost of the per- 
manent way. The best results were obtainable when 
the conditions justified the employment of vehicles 
having a high seating capacity. In the past, routes 
had been laid where the number of passengers to be 
carried did not justify the step, and it was in cases of 
that sort that authorities were changing over to the 
trolley or petrol ’bus. Generally, if the conditions 
only justified the employment of a single-line system, 
the traffic could be dealt with more efficiently by one 
of the alternative systems, The conditions under which 








the trolley system was most successful were those in 
which a moderate number of passengers had to be 
handled with frequent stops. In such cases, the capacity 
for rapid acceleration and retardation, which was a 
feature of the trolley ’bus, gave it an advantage over 
the petrol *bus. The most economical size of trolley 
vehicle was probably one having a capacity for about 
sixty passengers. The economical nature of a tramway 
system where the conditions were favourable was further 
illustrated by the figures for the Edinburgh system, 
where the total cost per 100 seat-miles worked out at 
30-7d., as against 55-247d. for the motor ’ buses. 

Among the points dealt with by Sir John E. Thorny- 
croft, the development of long-distance, high-speed 
road passenger services under suitable conditions is of 
interest. Considerable developments in this direction 
have already taken place in America, where many 
new concrete roads have been laid down and are so 
carefully graded that a vehicle clearance of less than 
6 in. has proved sufficient. A type of vehicle of 
which the chassis is not greatly different from that 
of the modern London omnibus, but is fitted with 
an engine of from 100 to 150 brake horse-power and 
a low body, has been developed for long-distance 
services on these roads, and in some cases the schedule 
time for the journey is less than that of the competing 
train. An example is the service between San Fran- 
cisco and Los Angeles, a distance about equal to that 
between London and Glasgow. In this case, the 
scheduled time gives an average speed of about 
35 m.p.h., including stops. It may be said that the 
necessity for services of this type hardly arises in the 
British Isles, in which the railways have reached a 
high stage of efficiency. Even the best British roads 
follow, in the main, the routes originally laid down for 
slow-moving vehicles, and include many grades and 
curves which render them unsuitable for such traffic. 
They also pass through many villages where a slow 
speed is essential, and it therefore seems doubtful 
whether higher speeds than those already in use are 
either necessary or desirable. 

Reference was made by all three speakers to the 
sources from which the funds for road construction 
and maintenance were derived. Sir John stated that 
the usual assumption that it was the heavier vehicles 
which were responsible for the greater part of the 
wear and tear on the roads required qualification, as 
the speed at which the vehicle ran was an important 
factor. He laid considerable stress on the importance 
of a low ratio of tare to gross weight, and pointed out 
that the War Office subsidy scheme had had a favour- 
able influence in reducing this figure. As an example, 
he mentioned that the 30-cwt. subsidy vehicle, in 
which the gross weight is 43 ewt., has a ratio of 0-59, 
as against 0-8 for some private cars of the heavier 
class. It may be mentioned, in this connection, that 
developments in car design and in the materials utilised 
in their construction are likely to lead to much lower 
ratios in the future. As mentioned by Sir John, heat- 
treated alloy steels are already in use which have 
an ultimate strength of 100 tons per sq. in., and a 
yield-point of 90 tons per sq. in., and a new development 
in the direction of weight reduction is the employment 
of magnesium castings. Very little has been donc 
in this direction up to the present, and there is a very 
general impression that the cost of such castings is too 
high to permit of their extensive use. Sir John stated, 
however, that castings in this material were no more 
costly than in aluminium, and as it is equally strong, 
and only about two-thirds of the weight of the latter, 
it seems reasonable to suppose that it will displace it 
to a great extent in the future. It is very doubtful 
whether manufacturers, even at the present time, pay 
sufficient attention to design from the point of view 
of eliminating needless weight, other than by the use 
of light materials. Private cars appear to be particu- 
larly faulty in this respect, and, in some cases, the 
difference in weight of two vehicles of equal power and 
capacity is over 50 per cent. 

The three papers were followed by a short discussion. 
In closing the meeting, Mr. Lanchester, the chairman, 
referred to the fact that a great deal of valuable 
knowledge relating to the roads has been lost since they 
ceased to be turnpikes. Referring to some remarks 
made by Sir John E. Thornycroft on the question of 
four-wheel brakes on goods vehicles, Mr. Lanchester 
pointed out that the proportion of the total weight 
thrown on to each axle on a gradient was an important 
factor, and that one of the outstanding advantages of 
the system was the reduced liability to skid when the 
brakes were applied, and the general increased ability 
of the vehicle to hold the road. 








TRIALS OF THE M.S. “ OLIVEBANK.’’—A further vessel of 
the fleet of motorships, which Messrs. Harland and Wolff 
Limited, Govan, Glasgow, are building for Messrs. 
Andrew Weir and Co. (Bank Line), Limited, was recently 
delivered to her owners after undergoing successful trials. 
This vessel, the Olivebank, is a sister ship of the Oakbank, 
which was described in our last issue, on page 202, 
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THE BRITISH INDUSTRIES FAIR 
AT BIRMINGHAM. 

In commenting on the Birmingham section of the 
British Industries Fair in previous years, we have 
more than once expressed the opinion that the 
impression made on foreign visitors must be some- 
what misleading, as the exhibits have not been 
by any means representative of the engineering 
industry as a whole, or even of that of the Birming- 
ham district in particular. This year there is a 
very noticeable improvement in this respect ; but 
in spite of the fact that the engineering exhibits 
occupy at least three times the space covered in 
former years, it cannot be said that they give a 
balanced reflex of our leading industry. The almost 
entire absence of such important products as 
machine tools is, of course. no fault of the organisers, 
but it is none the less to be regretted. Were the 
Fair comparable in character with the various other 
exhibitions which are held in different places through- 
out the year, the point would be of no importance, 
as the average visitor to these exhibitions is quite 
au fait with the fact that they represent a particular 
branch of industry. In the case of the British 
Industries Fair, however, every effort is made to 
attract foreign buyers, and it is a matter for regret 
that such visitors may receive the impression that 
the British engineering industry is, more or less, 
synonymous with the manufacture of aluminium 
saucepans. In common with the larger section at 
the White City, the Fair at Castle Bromwich may 
be regarded, to some extent, as a national effort 
to advertise British goods, since not only have the 
resources of the Department of Overseas Trade 
been freely utilised in circularising possible buyers 
throughout the world, but the Government have 
given substantial monetary assistance to the 
organisers. The greater part of the 25,000. granted 
by the Treasury for this purpose has been utilised in 
advertising the Fair abroad, and full particulars 
have been sent to each of the 50,000 persons or 
firms on the register of foreign buyers, which is 
compiled by the Department of Overseas Trade. 
The total number of invitations issued to buyers in 
tngland and abroad is in the neighbourhood of 
150,000. 

The Midlands branch of the Fair, which is 
organised by the Birmingham Chamber of Com- 
merce, opened at Castle Bromwich on Monday last. 
Neither the location of the buildings some six miles 
out of Birmingham, nor their actual construction, 
are by any means ideal for exhibition purposes, 
but we have previously commented on the admirable 
manner in which any defects arising from these 
causes are minimised by the organisers, and the 
present Fair offers no exception in this respect. 
Among other points making for the convenience of 
visitors, an augmented train service from New Street 
offers an alternative to a special *bus_ service, 
the exhibits are carefully grouped, and the cata- 
logue, which is again printed in three languages, 
afiords every facility for locating any particular 
exhibit. A special feature that should make a 
strong appeal to foreign visitors is that arrangements 
are made for visiting works in the neighbourhood. 
Several of the exhibiting firms have private cars 
waiting in the Exhibition grounds at the disposal 
of buyers for this purpose. 

The display of gas and oil engines has formed a 
strong feature of the Fair for several years, and we 
may commence our detailed description of the 
exhibits with a reference to some of the more 
interesting examples of this class of product. 

The horizontal cold-starting type of heavy oil 
engine is well represented. An example of this class 
of machine is shown on the stand of Messrs. Ruston 
and Hornsby, Limited, of Lincoln. As is well 
known, this firm were among the early pioneers 
in the development of this type of engine, but, in 
order to meet the conditions for which vertical 
engines are more suitable, they also manufacture a 
range of vertical models which retain the special 
characteristics of their horizontal design. The 
horizontal engine, shown running at the Fair, is of 
130 brake horse-power, and does not differ in any 
essential feature, other than the number of cylinders, 
from the 260 brake horse-power engine which we 
described in our issue of July 2, 1920, page 8. We 
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have also dealt on several occasions with the 
vertical engines made by this firm. These engines 
range from 15 to 1,000 brake horse-power, and the 
example on Messrs. Ruston and Hornsby’s stand 
at the Fair develops 45 brake horse-power. We 
illustrate this engine in Fig. i, on this page, from 
which it will be seen that it is a three-cylinder model 
operating on the four-stroke cycle. All the engines 
in this range are of the solid-injection type, and will 
run on a wide range of fuel oils, including the 
cheaper varieties with a specific gravity as high as 
0-95. Both inlet and exhaust valves are horizontal, 
and are operated by separate eccentrics in con- 
junction with roller levers, the latter being cased 
in and lubricated by oil under pressure. The 
valve-operating rods can be clearly seen in the 
illustration, from which it will be noticed that the 
rods operating the exhaust valves are vertical, 
while those operating the inlet valves are inclined 
to, bring them to the other side of the engine. A 





single fuel pump, is}employed on this engine, the 











Fic. 2. 3-Kw. Evectric-GENERATING Set; THe Nationa Gas Engine Company, Limrrep. 


supply to the three cylinders being through a dis- 
tributor. Both the fuel pump and _ distributor 
are mounted vertically, and are driven from a cross- 
shaft, which, in turn, is driven from the crank- 
shaft. The governor is mounted directly on the 
end of the latter, and regulates the fuel supply by 
by-passing a varying proportion back to the tank. 
The air is drawn in through filters, which can be 
seen at the top of the engine in the illustration. 
The engine is started on compressed air, no lamp 
or other preliminary heating device being required. 
These units have proved particularly useful for 
electric power station duty. 

The same firm are also showing an example of 
their Thermax boiler, which we illustrated and 
described in our issue of November 27 last, page 678, 
and also a two-stage air compressor. The air com- 
pressor is designed for charging self-starter al 
receivers, and is suitable for working pressures UP 
to 300 Ib. per square inch. The speed is 350 r.p.™-, 
and at this speed the compressor is capable of 
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delivering 10-8 cub. ft. per minute against) the 
stated pressure. The machine is water-jacketed, 
and the lubrication is entirely automatic. As 
shown on the stand, the compressor is driven 
by belt from an auxiliary engine, which is adapt- 
able to run on paraffin or petrol as required. 

The National Gas Engine Company, Limited, of 
Ashton-under-Lyne, are showing one of their latest 
horizontal heavy oil engines of the “CX” type, 
developing 66 brake horse-power. As this does not 
differ materially from a similar engine which we 
described fully in our issue of April 25, 1924, page 
532, we may at once pass on to another of their 
exhibits. This consists of two small electrical sets 
arranged to demonstrate the operation of an auto- 
matic sub-station, with internal-combustion engine 
plant, to improve and facilitate direct-current 
distribution. A 3-kw. set, illustrated in Fig. 2, 
page 230, represents the main power station. A 
larger set, of 6 kw., represents the sub-station. The 
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latter set is arranged to start up automatically when 
the potential drop on the feeder has reached a certain 
limit. This is effected on the “ Austinlite” prin- 
ciple. The current from the set representing the 
main power station passes through a coil in a 
master control instrument. As the temperature of 
the coil increases, it heats up a thermo-couple in the 
form of a spiral, one end of which is fixed, while the 
other is attached to a spindle. A rod on the end of 
the latter swings between two contact points, and 
when it makes contact with one or the other a circuit 
is completed through a small control motor, which 
runs in either direction according to the contact 
made. The control motor drives a screwed shaft 
through worm gearing, and as the shaft rotates 
copper contact brushes through which it is threaded 
slide over a series of blocks. As successive contacts 
are completed between the blocks by the appropriate 
brush or contact arm, a circuit is completed from a 





battery to a starting motor coupled to the set 


jrepresenting the sub-station: a second circuit is 
completed through a solenoid controlling the fuel or 
gas valve, and, finally, the sub-station set is put on 
to the *bus bars. If the demand from the sub- 
station set falls off, the thermo-couple in the master 
controller will cool down, the rod will swing over on 
to the opposite contact point, and the whole series 
of operations will be reversed. 

Both sets are exhibited by the National Company 
in conjunction with the Austin Lighting Company, 
Limited, of 479-483, Oxford-street, W.1. The set 
representing the sub-station was exhibited at the 
Royal Agricultural Show the year before last, 
and was described in our issue of July 4, 1924. 
The set representing the main station, shown in 
Fig. 2, has a single-cylinder petrol engine, and, 
as will be seen from the figure, the inlet valve 
is of the overhead variety, with the exhaust valve 
directly below it. The magneto is arranged -in 
an exceptionally convenient position. The en- 
gine speed is controlled by a _totally-enclosed 
governor, mounted directly on the crank-shaft, 
and connected by an outside lever and rod to 
the throttle. The dynamo is provided with self- 
lubricating or ball bearings, the design, in general, 
being worked out to give a high degree of reliability 
with a minimum of attention. The set is of the 
type used for country-house lighting and similar 
purposes, and the electric equipment may be auto- 
matic, semi-automatic, or hand controlled. Various 
sizes are manufactured from 14 kw. upwards, and 
they may be arranged for running on petrol, as shown 
in the illustration, or on paraffin or town gas. As 
an alternative to the direct drive, belt-driven sets 
can be supplied. 

Another electric lighting set is shown on the stand 
of Messrs. Crossley Bros., Limited, of Openshaw, 
Manchester. This is an entirely new design, a 
3 brake horse-power horizontal paraffin engine being 
employed for the power unit. We illustrate the set in 
Fig. 6, annexed. The engine has a cylinder of 4} in. 
bore, a piston stroke of 5 in., and is of the four- 
stroke type with the valves in the top of the head. 
No fuel pump is fitted, the paraffin being drawn in by 
the suction on the outward stroke of the piston. It 
passes through a passage in the cylinder head, and is 
vaporised by the heat of the latter. The engine is 
started up on petrol. Lubrication is effected by a 
disc on the crankshaft which carries up the oil to a 
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recess on the top of the crank-case, from which it is 
fed to the various bearings. The piston and small 
end are lubricated by splash and the big end by an 
oilring. A governor, mounted behind the flywheel, 
is driven from the timing-gear shaft, and operates a 
butterfly throttle in the induction pipe. Only one 
tappet rod is employed, as the rocker shaft is fitted 
with a double-ended rocker arm which bears on the 
upper and lower valves, respectively. The engine is 
water cooled on the thermo-syphon system, the 
radiator being cooled by a fan mounted on the water 
jacket and driven by a Whittle belt. The main 
drive is by flat belt to a 50-75-volt dynamo manu- 
factured by the General Electric Company. The 
switchboard is mounted on a bracket bolted to the 
dynamo. The set can be supplied in four sizes, 
ranging from } kw. to 1} kw. 

Messrs. Crossley are also showing an example 
of their well-known cold-starting horizontal oil 
engines, which are built in sizes varying from 20 to 
1,000 b.h.p. The engine exhibited develops 31 b.h.p. 
at normal working load, and operates, if required, 
on the cheapest grades of fuel oil. The fuel admis- 
sion is by pump through a spray nozzle, the governor 
controlling the amount of fuel supplied according 
to the load. Another interesting exhibit by the 
same firm is a new design of crude-oil engine, 
operating on the two-stroke cycle. We illustrate 
this engine in Figs. 3 to 5, on page 231, and it 
will be seen that some novel features are incorpora- 
ted in the design. Perhaps the most important 
of these is that instead of crank-case compression, 
a separate scavenge air pump, driven by a small 
crank formed on the main crankshaft, is employed 
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to compress the charge. The scavenge air valve 
is coupled to the pump piston, and is therefore 
mechanically operated. The suction valve can 
be seen in Fig. 4, located on the left-hand side of 
the air-pump piston. It slides in a guide in the 
latter, and is actuated by a short rod connected 
to a bar which projects from, and is rigidly fixed 
in, the air-pump connecting rod. The motion of 
the connecting rod results in the suction valve being 
opened on the descent of the air-pump piston, and 
closed on its ascent. The air enters the space 
below the piston through a silencing orifice, shown 
on the left of the air-pump casing in Fig. 4. 

An eccentric on the crankshaft drives a rocker 
shaft, which operates both the fuel and lubricating 
pump, as shown in Fig. 4. The lubricating pump 
is located in the sump below the air-pump, as shown 
more clearly in Fig. 5, and forces the oil under 
pressure to all the bearings, including the small end. 
The oiling is on the flood principle, the returned oil 
passing back into the sump, where it is filtered before 
being returned to the system. The fuel pump is 
operated by a roller‘on the end of the pump rod, 
just visible in Fig. 4 above the rocker shaft. From 
the fuel tank the fuel passes through a chamber, 
jacketed by the exhaust gas, to the suction valve 
of the fuel pump, through which it passes into the 
pump bayrel and is delivered to the spray valve in 
the combustion head by the plunger. The quantity 
of oil delivered at each stroke is regulated by a 
wedge piece, introduced below the operating rod 
of a by-pass valve. The position of the wedge 
piece is regulated by the governor, which can be 
seen in Fig. 5 at the left-hand end of the crank- 
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shaft, from which it is driven by a link. ‘Ihe 
spray valve is of the spring-loaded type, and opens 
when the pressure of the fuel oil reaches a pre- 
dc termined value. 

The engine will run on paraffin, gas or Diesel 
oil, and even on some furnace oils. In the case 
of the heavier oils, starting up is effected on 
paraffin. A blow lamp is provided for supplying 
the initial heat, and a hand lever, seen to the right 
of the fuel pump in Fig. 4, is provided for injecting 
the priming charge when starting up. The fuel 
consumption at full load is 0-57 Ib. per brake horse- 
power-hour on furnace oil, and 0°53 lb. per brake 
horse-power on gas oil. 

Messrs. Blackstone and Co., Limited, of Stam- 
ford, are exhibiting a 100-b.h.p. horizontal cold- 
s.arting oil engine working on their spring-injection 
principle. These engines are made in sizes up to 
900 brake horse-power, and we have described them 
from time to time in our columns. A detailed 
description of the spring-injection gear was given 
in our issue of July 11, 1924, page 60, and full 
particulars of a 300-brake horse-power engine 
will be found on page 638 of our issue of November % 
of the same year. As the engine exhibited does not 
differ from the larger engine, except in size, It will 
not be necessary to repeat the description. Another 
exhibit on the stand of Messrs. Blackstone 1s a new 
model 5-brake horse-power petrol engine driving a 
two-stage air compressor, the set being ence 
for charging air containers for starting high- poweret 
engines. The larger Blackstone engines of the single- 
cylinder type are fitted with arrangements for 
charging the air containers driven from the main 
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engine, but for multi-cylinder engines, or as a stand- 
by if the attendant has neglected to charge the 
containers in the case of the single-cylinder units, 
the set should prove very useful. The 5-brake- 
horse-power petrol engine can also be supplied as 
a separate unit, suitable for agricultural work and 
similar purposes. It is of the four-stroke type, 
with thermo-syphon cooling and high-tension 
ignition. Two flywheels are fitted as standar‘d. 
The engine is fitted with a governor, and is supplied 
complete with fuel and water tanks, silencer, etc., 
as a stationary or semi-portable unit. 

Other examples of oil engines are shown on he 
stands of Messrs. Tangyes, Limited, of Cornwall 
Works, Birmingham; Messrs. Petters Limited, of 
Yeovil ; Messrs. Fielding and Platt, Limited, of the 
Atlas Iron Works, Gloucester ; and Messrs. Babcock 
and Wilcox, Limited, Farringdon-street, E.C.4. 
Most of these exhibits have been previously described 
in our columns, and it is therefore unnecessary to 
referto them at anylength. Messrs. Tangye are show- 
ing two further cold-starting, heavy-oil engines of the 
horizontal type, of 18 and 47 b.h.p., respectively. 
Chey will run satisfactorily and economically on the 
lower-grade oils, and have provision for enabling 
‘ar and similar oils to be employed. They operate 
on the four-stroke cycle, and governing is effected by 
varying the stroke of the pump and thus regulating 
the quantity of fuel delivered to the spray valve. 
lhe engines are started up on compressed air, running 
for the first few minutes on paraffin or refined oil. 
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If required, the engines can be started up with a 
blow lamp. Messrs. Tangye are also showing 
examples of their vertical single-ram pumps, which 
we described in our issue of July 17 last. page 72, 
and pumps of other types, together with lifting 
tackle, such as blocks and jacks. 

Messrs. Petters are exhibiting a 16-20 b.h.p. twin- 
cylinder, marine engine and reverse gear; a 12-14 
b.h.p. stationary ““S” type, cold-starting, crude-oil 
engine ; a 5 b.h.p. Handyman agricultural engine ; 
and an electric-lighting set. As we dealt with the 
exhibits as recently as November last, in connection 
with the Shipping, Engineering, and Machinery 
Exhibition at Olympia, we need not describe them 
again here. 

Messrs. Babcock and Wilcox are showing one of 
their 15 b.h.p. semi-Diesel crude-oil engines of the 
two-stroke, horizontal type, together with a new 
design of cold-starting heavy oil-engine which also 
operates on the two-stroke cycle. We hope to deal 
with this engine fully in a later issue, and it will be 
sufficient to state, at this point, that the engine 
employs a high compression and will start from cold 
without the application of any external heat, either 
from a blow lamp, cartridge or electric plug. 

Turning now to the general exhibits, an analysis 
of the list of firms exhibiting reveals that about 75 
per cent. are located in the Birmingham district. 
The result is seen in a marked preponderance of 

3irmingham goods, chiefly representing the light 


when it is remembered that the Fair is organized 
by the Birmingham Chamber of Commerce, but 
gives point to our earlier comment that the foreigner 
may be misled as to the scope of the engineering 
industry as a whole. Exhibits in the nature of 
hollow-ware, and so on, are somewhat outside our 
province, but, nevertheless, a considerable number 
of appliances shown on the different stands are 
likely to be of interest to engineers. 

The firm of Messrs. W. and C. Pantin, of 147, 
Upper Thames-street, E.C. 4, will be familiar to our 
readers in connection with the manufacture of 
conveying machinery, and an example of one of 
their latest products is shown at the Fair. This 
consists of an installation comprising a gravity- 
roller conveyor feeding on to a vertical swing-tray 
elevator, and its particular interest lies in the 
patented automatic loading device provided for 
synchronising the two appliances. The apparatus 
is illustrated in Figs. 7 to 12, page 232. The last: 
length of the gravity conveyor is shown on the left 
in Fig. 7, and it will be observed that this length 
is hinged at the end remote from the elevator. In 
the upper of the two positions shown, the length of 
runway is in line with a short slat conveyor, which 
serves to feed the goods being handled on to the 
cradle of the elevator. When in the lower position, 
the cases or other goods passing along the conveyor 
are brought to rest by coming into contact with a sill 
in front of the slat conveyor, and it will be obvious 
that it is only necessary to synchronise the rise and 
fall of the last length of the conveyor with the 
position of the elevator cradles to ensure that the 
goods are fed on to the latter at the right moment. 
Synchronism is effected through the system of levers 
and rods shown in the figures. Kach cradle on the 
elevator carries a wheel at the point where it is 
suspended, and these wheels, as they rise succes- 
sively, make contact with the cam attached to a 
vertical bar. This bar is mounted on shackles at 
each end, the lower shackle forming one arm of the 
bell-crank lever, which can be clearly seen in 
Fig. 7, mounted on the elevator structure some 
distance above the platform. It will be noticed 
that the other arm of the lever is connected by a 
rod to a short lever pivoted under the hinged length 
of the conveyor. A roller on the lower lever bears 
against the underside of the hinged length, the 
return motion being effected by gravity. The short 
slat conveyor is driven by chain from the elevator 
mechanism, as shown in the illustrations. A further 
point of interest in the apparatus is that means are 
provided for automatically centring the cases on 
the cradles, thus making it possible to dispense 
entirely with an attendant at this point in the 
conveyor system. The centring is performed by 
means of stops which bring the case to rest in the 
required position. For standard cases, these stops 
are fixed on the roller table below the case, but 
when the elevator is required to handle 10-in. crates. 
the stop is formed by the end of a hinged lever 
which comes into contact with the upper part of the 
crate. When the latter rises, it automatically 
throws the stop clear, the lever returning to its 
normal position by gravity after the crate has 
cleared the end. 

A particularly interesting item in the exhibit 
of the English Electric Company, Limited, Queen’s 
House, Kingsway, W.C.2, is a steel transformer 
tank, weighing 114 tons and intended to contain 
a 12,500 kv.-a., 110,000-volt transformer, 12 of 
which have recently been constructed by the 
company for a large power-transmission scheme in 
India. Fig. 13, on this page, shows one of the tanks 
as exhibited at Birmingham with the actual trans- 
former beside it, this illustration having been 
reproduced from a photograph taken in the com- 
pany’s Stafford works. It is greatly to be regretted, 
of course, that one of the transformers could not 
be shown at Birmingham, on account of the tran- 
sport difficulties arising from its size and weight, 
as they certainly form excellent examples of the 
products of the British electrical industry. Each 
single-phase unit is of the water-cooled core type, 
and the 12,500 kv.-a. capacity mentioned is at the 
British Engineering Standards Association rating 
of 65 deg. C. temperature rise as obtained by 
resistance measurements corrected to the instant of 
shut-down. Thetransformers will be used forstepping 





metal trades. This, of course, is only natural 
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down ‘fromj110,000 volts to 23,000 volts, and the 
primary windings will be connected in delta and the 
secondary windings in star. The specification 
called for a test-pressure of 240,000 volts to be 
applied between the primary and secondary wind- 
ings, and between the windings and the core, so 
that the primary winding had to be insulated for 
this pressure; the test conditions, it may be 
mentioned, have been satisfactorily complied with. 

Owing to the large size of the transformers, 
several special features were incorporated in their 
design, of which we may mention the provision of 
internal cooling ducts throughout the magnetic 
circuit, and the employment of welded boiler- 
plate frames. Another point of interest is the 
adoption of the firm’s “ key-bolt”’ construction 
for the cores. This construction has now been 
standardised for all transformers, but is particu- 
larly advantageous for high-voltage units in that 
its use eliminates the need for any vertical tie 
bolts. The high-tension bushings shown in Fig. 13 
are of the condenser type, and are provided with 
porcelain shields to give the necessary creepage 
distance under wet conditions. They will actually 
withstand a pressure ‘of 250,000 volts without 
flashing over while wet, and of more than double 
that voltage in the dry condition. 

The demands upon our space prevent us from 
dealing fully with the other items exhibited by the 
English Electric Company, but we may say that 
they include a 375-kw. rotary converter, an iron- 
clad truck-type switchboard and switch pillars, 
various standard motors for alternating and con- 
tinuous currents, and a selection of small tools. 
One of the motors exhibited was of the pipe-ventila- 
ted type, but was fitted with loose covers to enable 
it to be converted to a totally-enclosed machine. 


(To be continued.) 











Bustness Erriciency Exursrrion.——The office 
deserves as much consideration in the elimination of 
wasted time as any other part of an industrial organisa- 
tion and it is for this reason that the modern equipment 
for saving time on the routine processes of office work 
must be regarded as a considerable contribution to 
progress. When the introduction of such appliances 
means not only improved efliciency but also a reduction 
of drudgery and fatigue, their claims to recognition 
must be obvious. The manufacturers in this sphere have 
formed an organisation for the general propaganda 
work which is essential to their continued development, 
and it is’ this concern, The Office Appliance Trades 
Association, which arranges for an annual exhibition of 
the products of its members in London. ‘The display, 
at the Central Hall, Westminster, which covers all the 


many and varied requirements of large and small 
oftices, was opened to the business public on Wednesday, 
February 10, and will close to-morrow night (Saturday, 


February 20). 

LIVERPOOL ENGINEERING Sociery.—lIf the success of 
an annual dinner may be taken in evidence, there can 
be few of our engineering institutions, provincial or 
otherwise, in a more flourishing condition than the 
Liverpool Engineering Society, the annual dinner of 
which was held at the Midland Adelphi Hotel, on the 4th 
inst. 'The evening was mest enjoyable, and a raciness 
which, unfortunately, is not too usual, was attained in 
the majority of the speeches, ‘The chair was taken by 
Mr. T. R. Wilton, M.Inst.C.E., the President, and the 
speakers included Sir Henry Fowler, who represented 
the Institution of Mechanical Engineers, Lieut.-General 
Sir Richard Butler, Major-General H. de Pree and 
Mr. Stuart Deacon, the Stipendary Magistrate of Liver- 
pool. The toast of the Guests was proposed by Lieut.- 
Colonel J. R. Davidson, M.Inst.C.E. The Lord Mayor 
of Liverpool and Mr. Thomas Rome, the chairman of the 
Mersey Docks and Harbour Board, also spoke. Mr. G. 
Kenyon Bell, M.Inst.C.E., the hon. secretary, is to be 
congratulated on the great success of the function. 

ContTrRacts.—The directors of the La Guaira and 
Caracas Railway Company, Limited, Venezuela, have 
placed an order with Messrs. Mirrlees, Bickerton and 
Day, Limited, Hazel Grovs, near Stockport, for three 
750 brake horse-power Diesel engines to drive generators, 
for the electrification .of the line connecting the cities of 
Caracas and La Guaira. A supply of electricity pro- 
duced hydraulically is available, but the directors have 
decided to make their source of energy secure by installing 
a Diesel-engine power station.— Messrs. The Mirrlees 
Watson Company, Limited, Scotland-street, Glasgow, 
C.5, have received an order for a sextuple-effect distilling 
plant for the port of Jidda, on the Red Sea. The plant is 
capable of producing 150 tons of fresh water from sea 
water in 24 hours; it is the second installation to be 


supplied for Jidda and is also the fourteenth set to be 
erected at various places on the coasts of the Red Sea.— 
The Westinghouse Brake and Saxby Signal Company, 
Limited, 82, York-road, London, N.1, have received an 
order for 25 complete sets of air-brake apparatus for tram- 
way cars of the Edinburgh Corporation. 
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Pyrometers. By Ezsr Gruirriras, D.Sc. London: 
Sir Isaac Pitman and Sons, Limited. [Price 7s. 6d. 
net.] 

Some Points forjConsideration in Connection with the 
Supply of Cheap Electricity. Coventry: Caldicott and 


Feltham, 
“ Hiitte”? Taschenbuch der Stoffkunde. Edited by 
Akademischen Verein Hiitte, E.V., and Dr. Ina. A. 


Stavcw. Berlin: Wilhelm Ernst and Sohn. [Price 
22.80 marks. } 

Elektrometallurgie. By Prof. Dr. K. Arnpt. Berlin 
and Leipzig: Walter de Gruyter and Co. [Price 
1°25 marks. 


Elementary Engineering Principles. By E. Hatt, B.Sc. 
London: Sir Isaac Pitman and Sons, Limited. [Price 
2s. 6d. net.] 

Tool Engineering. Punches, Dies and Gauges. By 
AtBERT A. Dowp and Frank W. Curtis. London: 
McGraw Hill Publishing Company, Limited. [Price 
17s. 6d. net.] 

Die Grundlagen der Hochfrequenztechnik. Hine Einftthrung 
in die Theorie. By Dr. Ina FRANZ OLLENDORFF, 
Berlin: Julius Springer. [Price 36 marks.] 

Lehrbuch der Technischen Physik fir Fortgeschrittene 
Studenten und Ingenieure. Vol. II. Optik/Elektrik. 
By Dr. GrorG GEHLHOFF. Leipzig: Johann Am- 
brosius Barth. 

Self-Instruction for Students in Gas Supply. Advanced. 
By “Mentor.” Third Edition. London: Ernest 
Benn, Limited. [Price 10s. 6d. net.] 

United States Bureau of Standards. Circular No. 288. 
United States Government Master Specification for 
Tender Hose (Corrugated). No. 290 Gas Hose No. 291 
Water and Wash Deck Hose. No. 29%. Water-Suction 
Hose (Smooth Bore). No. 293. United States Govern- 
ment General Specification for Textile Materials 
(Methods of Physi and Chemical Tests). [Price 
5 cents each. ] echnologic Paper. No. 298. Radio- 
Frequency Resistance and Induction of Coils used in 
Broadcast Recepti By A. Hunp and H. B. DE 
Groot. [Price 10 cents.] Washington Government 
Printing Office. 

Practical Surveying. A Text-book for Students. By 
GeorcEe Wa. Usitzu. Revised by Gzo. LionEL LESTON. 
Thirteenth Edition, Revised. London: Crosby Lock- 
wood and Son. [Price 7s. 6d. net.] 

The Smoke Problem of Great Cities. By Sir Napier 
Suaw, LL.D., D.Sc., and Joun 8. Owens, M.D. 
London: Constable and Co., Limited. [Price 22s. 6d. 
net.] 

Modern Harbours. Conservancy and Operation. By 
Commander E. C. SHANKLAND, R.N.R. Glasgow: 
James Brown and Son. [Price 2ls. net.] 

Crystalline Form and Chemical Construction. By A. E. H. 
Turron, D.Sc. London: Macmillan and Co., Limited. 
[Price 10s. 6d, net.] 

The English Brass and Copper Industries to 1800. By 
Henry Haminton, M.A. London: Longmans, 
Green and Co., Limited. [Price 1s. net.] 

Department of Overseas Trade. Report on the Finance 
Industry and Commerce of the United States of America, 
September, 1925. By J. Joyok Broperick. London: 
His Majesty’s Stationery Office.. [Price 3s. 6d. net.] 














Tue Junior INstrITuTION OF ENGINEERS.—The annual 
honorary member’s lecture was delivered to the Junior 
Institution of Engineers, on February 12 last, by Mr. W. 
H. Patchell, M.Inst.C.E., M.I.Mech.E. The lecture, 
which was illustrated by lantern slides, was entitled, 
‘*A Visit to Some Power Stations in the United States, 
in 1925.” Mr. Patchell described the stations at Trenton 
Channel, Philo, Lake Shore, Crawford Avenue, Boston, 
Hudson Avenue, and Muscle Shoals, all of which em- 
ployed steam turbines, with the exception of the last- 
named which used water power from the ‘Tennessee 
River. The lecturer also discussed the general industrial 
outlook in America, with regard to electricity, and com- 
pared British and American electricity prices. 





Tue Instirution oF ELEcTrRicaAL ENGINEERS.—The 
annual dinner of the Institution of Electrical Engineers 
has for many years proved one of the best-attended of 
the engineering dinners in London, and the standing in 
this respect was well maintained on Thursday of last 
week, when some 580 members and guests were present 
at this year’s function. The President, Mr. R. A. 
Chattock, was in the chair, and the evening proved very 
successful and enjoyable. The toast of the Institution 
was appropriately proposed by the Minister of Health, 
the Rt. Hon. Neville Chamberlain, whose connection 
with Birmingham enabled him to pay a genuine tribute 
to Mr. Chattock’s work in that city. Other speakers 
included Mr. W. B. Woodhouse, the Rt. Hon. Sir Arthur 
Steel-Maitland and Sir Lynden Macassay. 


PERSONAL.—Mr, W. Littlejohn Philip, who started the 
business now known as Messrs. Spencer (Melksham), 
Limited, Melksham, Wilts., some 40 years ago, retired 
in February, 1922. Recently, however, he was 
approached and requested to resume his connection 
with the firm. He acceded to this request and his 
return to activity was celebrated at a social meeting of 
all the employees, held on February 6 last at the Town 
Hall, Trowbridge.—Messrs. Wallis-Jones and Dent have 
removed their offices from 50, Queen Anne’s-gate, to 
9, Old Queen-street, Westminster, London, S.W.1.— 
Messrs. The Lancashire Dynamo and Motor Company, 
Limited, Trafford Park, Manchester, desire to announce 
that Mr. G. E. Whitehead does not now act as their 
agent in South Wales, and that they will shortly be 
opening an office at Cardiff, to deal with both Lancashire 
and Crypto machinery. 








NOTES FROM SOUTH YORKSHIRE, 


SHEFFIELD, Wednesday. 


Iron and Steel.—The further application of improved 
stain resisting materials to cutlery manufacture and 
engineering purposes has created a demand for machines 
of new design which is satisfactorily being met by local 
engineers. The biggest development of this kind relates 
to the production of wafer blades for safety razors, 
Several Eeoteels of small machines have been installed 
for rolling these blades, the rolls themselves also being 
made of stainless steel. Through this medium, output 
of safety razor blades has reached an unprecedented 
volume, and promises further substantial expansion. 
Arrangements are being made for the application of 
cobalt high-speed steel to the mass production of long 
razors, pocket knives, kitchen knives and practically 
the whole range of domestic cutlery. Special plant, 
also manufactured in Sheffield, is being laid down, and 
the first products are expected to be available in the 
early part of the coming summer. Another interesting 
development in stainless steel application is to receive 
experimental test. Tramcars are to be equipped with 
stainless steel fittings which, although more costly 
than those of brass, allow of a considerable economy 
in maintenance costs by dispensing with the necessity 
for frequent cleaning. As the number of articles on 
each tramcar for which stainless steel is believed to be 
suitable is in the neighbourhood of 100, the experiment, 
if proved by practical tests to be satisfactory, should 
open a further considerable avenue for stainless steel 
consumption. It is difficult to determine what, if any, 
measure of progress is being made in the heavy trades, 
One satisfactory feature is that the largest iron works 
in the district have booked sufficient orders to enable 
them to operate virtually on fulltime. There is also an 
increased amount of melting plant in operation. Pro- 
duction of shovels, spades, files and saws is maintained at 
a high level, but there is some falling off in the demand for 
engineer’s small tools. 


South Yorkshire Coal Trade.—Conditions generally 
have eased during the past week. A fall in the demand 
for household from London and country consumers 
has resulted in an increase of stocks at depots. Prices 
are maintained, but there is increased competition for new 
business, especially as regards secondary grades. The 
strength of the home demand is having a beneficial 
effect on steam coal production, though export business 
is limited on forward account. A fairly brisk inquiry, 
is reported for washed fuel. Business in coke is patchy 
with here and there a shading of values. Quotations: 
Best branch handpicked, 31s. to 34s.; Barnsley best 
Silkstone, 28s. to 30s.; Derbyshire best brights, 26s. to 
28s.; Derbyshire best house, 248. to 25s.; Derbyshire 
best large nuts, 17s. to 20s. ; Derbyshire best small nuts, 
12s. 6d. to 14s.; Yorkshire hards, 17s. to 19s. 6d.; 
Derbyshire hards, 16s. to 19s.; Rough slacks, 10s. to 
12s. 6d.; Nutty slacks, 7s. 6d. to 9s.; Smalls, 3s. 6d. 
to 6s, 


NOTES FROM CLEVELAND AND THE 
' NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Continued acute shortage 
of Cleveland pig iron is still causing inconvenience to 
customers who have not made full provision for their 
early requirements, but there are persistent rumours 
that the situation may be relieved shortly by the re- 
kindling of one or two idle blastfurnaces. Output is 
promptly taken up as it is produced, chiefly by home 
consumers, but customers abroad are taking more 
interest in this market, and increased supply would 
probably be followed by expansion of export trade. 
That there is continued confidence in the future 1s 
displayed by the desire of buyers to place forward 
orders at round about current quotations. At least one 
contract has been entered into for delivery over the 
second half of the year at a figure above the price at 
which early business can be put through. For home 
purposes No. 1 is 72s. 6d.; No. 3 g.m.b., 70s.; No. 4, 
foundry, 69s.; and No. 4, forge, 68s. 6d.; and for 
shipment to destinations abroad quotations are sixpence 
above these figures. 

Hematite.—Supply of East coast hematite is insufficient 
for current needs, but in this branch also enlargement of 
make is expected. Inquiries from overseas are quite 
good, and there is no diminution in home requirements. 
Producers are sold well into next month, and they adhere 
to last week’s quotations. Both for home use and for 
export Nos. 1, 2 and 3 command 78s. ; and No. 1 is at 
a premium of sixpence. 


Foreign Ore.—Imports of ore so far this year are heavy, 
but they are in fulfilment of old contracts. Values are 
well maintained, though new business matures very 
slowly. Best rubio is 21s. 6d. c.i.f. Tees. 


Blastfurnace Coke-——Durham blastfurnace coke is in 
only moderate request, local consumers being fairly 
well bought. Good average qualities are in the neigh- 
bourhood of 20s., delivered to users in this district. 


Manufactured Iron and Steel.—Rather better ogee 
are given of several branches of finished iron and steel, 
and the report that foreign competition is diminishing is 
gratifying and encouraging. Values of one or two 
commodities are inclined to stiffen. Departments 
producing shipbuilding requisites, though still far from 
well employed, have more work on hand. Rail makers 
have moderate contracts running. Producers of con- 
structural steel are fairly busy, and sheet manufacturers 
are heavily sold. Quotations, all round, are steady. 
Common iron bars are 11. 5s.; iron rivets, 121. poe 
packing (parallel), 8/.; packing (tapered), 111,; stee 
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billets (soft), 7/.; steel billets (medium), 7/. 10s. ; stee 
billets (hard), 8. 2s. 6d.; steel ship, bridge and ‘tank 
plates, 71. 7s. 6d. ; steel angles, 71. ; steel rivets, 12/. 10s. ; 
steel joists, 7/.; heavy steel rails, 81.; fish plates, 
121.; and galvanised corrugated sheets (24 gauge, in 
bundles), 162. 5s. 








NOTES FROM THE NORTH. 
“” Guaseow, Wednesday. 

Scottish Steel Trade.—There has been little change in 
the prevailing conditions in the Scottish steel trade 
during the past week, and improvement at the works is 
negligible. Industry in general shows signs of expansion 
and that should have an effect on the steel trade. The 
receipt of a few more orders by Clyde and other ship- 
builders has made the outlook better, and although 
some Continental material will more than likely be used 
the home makers will certainly benefit also to a con- 
siderable extent. Meantime the current demand, both 
for plates and sections is of a limited nature, but the 
general inquiry is such that consumers would seem to 
be contemplating future requirements and considering 
some forward buying. Little in that direction has been 
reported so far, however. Prices are not too steady at 
present, but show no actual change. In the black sheet 
trade, the conditions continue good, especially for the 
lighter gauges and galvanised sorts. Home buyers have 
been rather more in evidence, and export business has 
again increased in volume. The demand for the heavier 
gauges is also better, and the position overall is fairly 
healthy. The following are the market quotations :— 
Boiler plates, 11/. 5s, per ton; ship plates, 11/. per ton ; 
sections, 7/, per ton; and sheets, under # in. to ¢ in., 
91. per ton, all delivered Glasgow stations. 

Malleable Iron Trade—In the West of Scotland 
malleable iron trade, a slight improvement has been 
noticeable, but the amount of new business is not very 
heavy overall. Makers are still experiencing some 
difficulty in keeping plant running, and the immediate 
future still gives cause for concern. The steel re-rolling 
departments are moving more satisfactorily at the 
moment. Prices are unchanged, with ‘‘Crown”’ bar 
quoted at 11/, 5s. per ton, delivered Glasgow stations, 


Scottish Pig-Iron Trade.—The Scottish pig-iron makers 
are still quiet, and the market is dull. Demand is not 
increasing and stocks are large. Inquiries are not 
encouraging. Prices have an easier tendency, and are 
as follow :—Hematite, 77s. per ton delivered at the 
steel works; foundry iron, No. 1, 79s. to 81s. 6d. per 
ton; and No. 3, 76s. 6d. to 79s. per ton, both on trucks 
at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, February 13, amounted to 2,117 tons. Of 
the total, 2,073 tons went overseas, and 44 tons went 
coastwise. For the corresponding week of last year the 
figures were 6963 tons to foreign ports and 37 tons 
coastwise, making a total shipment of 733 tons. 


Shipbuilding —Several new shipbuilding contracts 
have been reported during the past week, and a notable 
feature is that four of them are for motor vessels. The 
latter are to be cargo vessels, and are to be built by 
Messrs. Archibald M’Millan and Co. (Limited), Dumbar- 
ton, for the British and African Steam Navigation 
Company (Limited), Liverpool. These vessels will be 
355 ft. in length, and will be propelled by internal- 
combustion engines of the Burmeister-Wain four-cycle 
type, to be supplied by Messrs. Harland and Wolff, 
Limited, Finnieston, Glasgow. This order makes the 
number of motor vessels placed with Clyde firms no 
fewer than 16 during the past three weeks. Messrs. 
Alexander Hall and Co., Aberdeen, have contracted to 
build a screw tug for service on the River Thames. This 
vessel will be 80 ft. in length, 214 ft. in breadth, and 
103 ft. in depth.—Messrs. Henry Robb, Limited, Leith, 
have secured an order for two large self-propelled hopper 
barges for the L.M. & S. Railway Company. They will 
have a hopper capacity of 600 tons, and will be fitted with 
triple-expansion engines. They are for service at Gar- 
ston. It is worthy of note that British materials are 
psd be used exclusively in the construction of these two 

rges, 





Launcu OF THE M.S. ‘“ Betray.’”—The motorship 
Belray, a single-screw cargo vessel, built for Captain 
Christen Smith, of Oslo, by Messrs. Sir W. G. Armstrong, 
Whitworth and Co., Limited, was recently launched 
from the Walker Yard of the builders. The vessel is 
built to Lloyd’s highest class and is of the single-deck 
type with poop, bridge and forecastle ; she has a length, 
between perpendiculars, of 318 ft. 2 in., a breadth 
moulded of 46 ft., and a depth moulded to upper deck 
of 23 ft. 3in, She is designed to carry about 4,280 tons 
on a mean draught of 19 ft. 8 in., and is fitted with two 
large cargo holds and specially arranged cargo hatches 
for the carriage of locomotives. The double bottom is 
arranged for feed water, oil fuel and water ballast. A 
horizontal direct-acting steam windless capable of work- 
ing a bower cable and bower anchors is installed on the 
forecastle head, There are six winches, four on the upper 
deck and two on the poop for general cargo; a warping 
capstan is also fitted on the poop. The steering gear is 
of the Donkin-Scott electric type. The propelling 
machinery, which has been constructed by Messrs, Arm- 
strong, Whitworth at their marine engine department, 
Neweastle-on-Tyne, consists of an Armstrong-Sulzer 
Z iesel engine of the two-cycle type, having four cylinders 

00 mm, in diameter with a piston stroke of 1,060 mm., 
and capable of developing 1,350 brake horse-power at 
110 r.p.m. Two donkey boilers installed in the engine 
room are arranged for oil burning. : 








NOTICES OF MEETINGS. 





THe DigseL ENGINE Users’ Assocration.—To-night 
at Caxton Hall, Westminster, S.W.1. ‘‘ Heavy-Oil 
Engine Installations: Choice of Site and Lay-out of 
Plant,’’ by Mr. Geoffrey Porter. 


THE INstITUTION oF MECHANICAL ENGINEERS.— 
To-night at 6 p.m., at Storey’s-gate, S.W.1. Annual 
General Meeting. ‘“‘The Measurement of Cutting 
Temperatures,” by Mr. E. G. Herbert. 


THe Ratway Crius.—To-night at 7.30 p.m., at 
65, Belgrave-road, S.W.1. Annual General Meeting. 
Presidential Address by Mr. Cecil J. Allen. Monday, 
February 22, at 8.15 p.m., Fourth Special Centenary 
Lecture, “‘Development of the Railway Carriage,” 
by Mr. B. M. Bazley. 


THe Junior InstiruTion oF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. ‘‘ Coal- 
Cutting Machinery,” by Mr. 8. Reilly. Friday, February 
26, at 7.30 p.m., Lecture, “Seven Thousand Years of 
Shipping,” by Mr. J. F. Petree, 


$ Tue Institure or British FOUNDRYMEN: LANCA- 
SHIRE Brancu, JUNIOR SEcTION.—Saturday, February 
20, at 7 p.m., at the College of Technology, Sackville- 
street, Manchester. ‘‘ Foundry Materials under the 
Microscope,” by Mr. C. F. Brereton. 


THE FarapAy Socitety.—Monday, February 22, at 
5.30 p.m., at the Chemical Society, Burlington House, 
Piccadilly, W.1. ‘‘'The Influence of Alternating Currents 
on the Electrolytic Corrosion of Ion,” by, Mr. A, J. 
Allmand and Mr. R. H. D. Barklie. ‘The Direct 
Oxidation of Manganous Ion to Permanganate,’’ by 
Mr. A. N. Campbell. ‘The Elasticity of Jellies of 
Cellulose Acetate in Relation to their Physical Structure 
and Chemical Equilibria,” by Mr. J. Poole. 
‘“* Adsorption II. The Adsorption by a Coconut Charcoal 
of Saturated Vapours of some Pure Liquids,” by 
Mr. F. G. Tryhorn and Mr, W. F. Wyatt. ‘‘ Adsorption 
III. Stages in the Adsorption by a Coconut Charcoal from 
the Saturated Vapour over Liquid Mixtures of Alcohol 
and Benzene, and of Acetone and Benzene,” by Mr. 
F. G. Tryhorn and Mr. W. F. Wyatt. ‘‘A Device for 
Circulating Fluids under High Pressure,” by Mr. J. R. 
McHafiie. 

Tse Institution oF ELECTRICAL ENGINEERS.— 
Monday, February 22, at 7 p.m., at Savoy-place, 
Victoria-embankment, W.C.2. Informal Meeting. Dis- 
cussion on ‘“‘Some Changing Characteristics in the 
Application of Electricity to Public Supply,’ opened 
by Mr. A. F, Harmer. 

THe Institution “or ELxcrricaL ENGINEERS: 
NortH-EastERN CENTRE.—Monday, February 22, at 
7 p.m., at the Armstrong College, Newcastle-upon-Tyne. 
“Notes on the Testing of Static Transformers,” by 
Mr. J. L. Thompson, M.Se., and Mr. H. Walmsley. 


THe BraprorD ENGINEERING Socrety.—Monday, 
February 22, at 7.30 p.m., at the Technical College, 
Great Horton-road, Bradford. Lecture: ‘‘ Recent Im- 
provements in Measuring Apparatus as Used by 
Mechanical Engineers,” by Mr. T. H. Armstrong. 


Tue Royat Society or Arts.—Monday, February 22, 
at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture: ‘‘'The Production and Measurement of High 
Vacua ”’ (Lecture II), by Dr. G. W. C. Kaye. Wednesday, 
February 24, at 8 p.m., Ordinary Meeting. ‘‘ Domestic 
Heating,” by Dr. Margaret Fishenden, 


Tue InstituTION oF CIVIL ENGINEERS.—Tuesday, 
February 23, at 6 p.m., at Great George-street, S.W.1. 
Ordinary Meeting. Paper to be submitted for discussion. 
“The Khyber Railway,” by Mr. Victor Bayley, 
M.Inst.C.E. ‘‘The Survey and Construction of the 
Khyber Railway,” by Col. Gordon Risley Hearn, R.E. 


Tue InstitTuTE OF MARINE ENGINEERS.—Tuesday, 
February 23, at 6.30 p.m., at 85-88, The Minories, Tower 
Hill, E.1. ‘‘The Principles and Practice of Automatic 
Steering,” by Mr. F. 8. Clifford. 


THE NEWCOMEN SocieTy.—Wednesday, February 24, 
at 5.30 p.m., at the Science Museum, South Kensington, 
S.W.7. ‘‘Matthew Murray—A Centenary Apprecia- 
tion,” by Mr. G. F. Tyas. 


THE MANCHESTER METALLURGICAL SocreTy.—Wed- 
nesday, February 24, at 7 p.m., at the College of Tech- 
nology, Manchester. ‘Condenser Tube Manufacture,” 
by Mr. A. Spittle. 

Tue InstiruTION oF MECHANICAL ENGINEERS: 
YorxKsHIRE Brancu.—Wednesday, February 24, at 
7.30 p.m., at the bibenaesm: 7 Sheffield. Informal 
Discussion : ‘‘ What is wrong with Industrial England ? ”’ 


Tue ELEcTRICAL PowreER ENGINEERS’ ASSOCIATION : 
Mipianp Drvision.—Wednesday, February 24, at 
7.30 p.m., at the Grand Hotel, Birmingham, Lecture : 
‘* Protective Gear,” by Mr. G. L. Porter. 


Tue Royat InstiruT1on.—Thursday, February 25, at 
5.15 p.m., at 21, Albemarle-street, W.1. Lecture: 
“The Atom of Light and the Atom of Electricity ” 
(Lecture I), by Dr. C. D. Ellis. 

Tue INSTITUTION OF MINING AND METALLURGY,— 
Thursday, February 25, at 5.30 p.m., at the Geological 
Society, Burlington House, Piccadilly, W.1. “An 
Oceurrence of Zinc Silicate Ore of Supposed Primary 
Origin,” by Mr. 8. J. y sor ‘** Liquidation in Molten 
Alloys and its Possible Geological Significance,” by Mr. 
Sydney W. Smith, 


Tue InstTiTuUTION OF MECHANICAL ENGINEERS: 
MIDLAND Brancu.—Thursday, February 25, at 6.30 p.m., 
at the Queen’s Hotel, Birmingham. ‘‘ The Measurement 
of Cutting Temperatures,” by Mr. E. G, Herbert. 


Tue Roya AERONAUTICAL Soctery.—Thursday, 
February 25, at 6.30 p.m., at 7, Albemarle-street, W.1. 
**On Landing Aeroplanes in Fog,”’ by Flight-Lieutenant 
H. Cooch. 

THE Optica, Sociery.—Thursday, February 25, at 
7.30 p.m., at the Imperial College of Science, Imperial 
Institute-road, South Kensington, S.W.7. ‘“* Notes on 
the Significance and Detection of Low Errors of Refrac- 
tion,” by Mr. O. Aves. ‘* Vertex Power and its Measure- 
ment,” by Mr. W. H. A. Fincham. 


THe InstrruTE or TRANSPORT: NORTH WESTERN 
Loca Srction,—Friday, February 26, at 6.30 p.m., 
at the Midland Hotel, Manchester. ‘‘Some Financial 
and Political Aspects of Highway Development,” by 
Mr, A. Hacking. 

Tue InstiruTion oF LocomotTIvE ENGINEERS.— 
Friday, February 26, at 7 p.m., at the Engineer’s Club, 
Coventry-street, W.1l. “Signalling from a Driver’s 
Point of View,” by Mr. W. J. Thorrowgood. 


Tue InsTITUTE OF LOCOMOTIVE ENGINEERS (LONDON) : 
MANCHESTER CENTRE.—Friday, February 26, at 7 p.m., 
at the College of Technology, Sackville-street, Manchester. 
** Locomotive Built-up Cranks,” by Mr. G. N. Shawcross. 


THE MANCHESTER ASSOCIATION OF ENGINEERS.— 
Friday, February 26, at 7.15 p.m., at the Engineers’ Club, 
Albert-square, Manchester. ‘“‘ Manufacture of a Sheet 
of Newspaper,” by Mr. Sydney Richardson. 


Tue Norts-East Coast InstITUuTION OF ENGINEERS 
AND SHIPBUILDERS,—Friday, February 26, at 7.30 p.m., 
at the Literary and Philosophical Society, Newcastle- 
upon-Tyne. ‘‘ Hydro-Mechanical Gearing,” by Mr. 
James Richardson, B.Sc. 

THE INsTITUTION OF PRODUCTION ENGINEERS.— 
Friday, February 26, at 7.30 p.m., at the Society of Motor 
Manufacturers Limited, 83, Pall Mall, 8.W.1. Debate 
on “Payment by Results,” introduced by Mr. R. H. 
Hutchinson. 

THE UNIVERSITY COLLEGE ENGINEERING SOCIETY.— 
Friday, February 26, at the Refectory of the College, 
Gower-street, W.C.1. Annual Dinner. , 

Tue Hut Association or ENGINEERS.—Saturday, 
February 27, at 7.15 p.m., at the Technical College, 
Park-street, Hull. Lecture: ‘‘ High Frequency Cur- 
rents,”’ by Mr. C. H. Nicholson. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


The Coal Trade.—Delay in the arrival of expected 
shipping has created irregularity in prices, and buyers 
in @ position to take immediate delivery can secure 
concessions. Few prospective buyers are, however, in 
a position to take advantage of the opportunity, and 
consequently business is quiet. The dislocation caused 
by tonnage difficulties has also caused forward buyers 
to hesitate in the hope of securing their requirements 
at lower prices. Most of the collieries are covered on 
paper, but with shipping scarce are compelled to seek 
fresh outlets for production, which they are unable to 
ship because of the inability of exporters to take 
delivery. Quotations are on the basis of 23s. 6d. to 24s. 
for best Admiralty large, 21s. 6d. to 22s. 6d. for seconds, 
20s. to 21s. 6d. for Monmouthshires, and 19s. to 22s. 
for dry large, with smalls from 10s, 6d. to 13s. 6d., 
but for prompt delivery supplies are available at 6d. 
less. The settlement of the American strike of anthracite 
miners is not expected to influence the steam coal 
trade, neither is it expected to have an appreciable 
effect on the Welsh anthracite market, as shipments 
for Canada will start in the next few weeks, and in the 
meantime supplies are still going to the United States. 
Exports of coal as cargo foreign in the past week 
amounted to 535,210 tons, despite shipping difficulties, 
compared with 527,380 tons in the previous week and 
456,190 tons in the corresponding period of last year. 
The shipments from the different ports were as follows :— 

Week ended Week ended 
February 9. February 16. 


From— Tons. Tons, 
Cardiff... ae 341,470 313,710 
Newport sae abe 73,150 115,720 
Port Talbot ... na 49,950 34,910 
Swansea ‘ 61,780 68,360 
Llanelly 1,030 2,510 


Shipments to France were increased from 127,720 
tons to 147,190 tons, to Egypt from 48,900 tons to 
53,630 tons, to Italy from 72,360 tons to 97,050 tons 
to Las Palmas from 16,100 tons to 18,820 tons, and 
to Spain from 11,000 tons to 22,070 tons; but to the 
Argentine were reduced from 48,450 tons to 43,450 
tons, to Brazil from 41,400 tons to 19,600 tons, and 
to the United States from 33,020 tons to 32,550 tons. 
Exports of coal, coke and patent fuel in January 
amounted to 2,460,407 tons compared with 2,539,244 
tons in December, a decrease of 78,837 tons. This 
reduction was chiefly created by stormy weather 
conditions delaying the arrival of shipping, and the 
consequent bag, amd idleness of a number of collieries 
which, though booked up with orders, were unable to 
work regularly because of the absence of an outlet 





for coal sold. 
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THE OPTICAL SOCIETY. 


At the annual general meeting of the Optical Society, 
held at the Imperial College of Science, South Kensing- 
ton, on Thursday, the 11th instant, the officers and 
members of Council were elected for the session 1926-27. 
The President of the Optical Society of America was 
elected an ex-officio fellow of the Society. 

At the ordinary meeting of the Society, held at the 
conclusion of the annual general meeting, a paper by 
Mr. W. M. Hampton, B.Sc., A.L.C., on “* The Annealing 
and Re-annealing of Glass,’ Parts If and IV, was read 
and discussed. Part III deals with the determination 
of annealing temperatures. The formule deduced in 
Parts I and II are applied to the case of heating glass 
under constant gradient and the temperature at which 
strain disappears is obtained, the effect of the known 
change in the coefficient of expansion on this tempera- 
ture being discussed. The calculated and experimental 
curves are compared, and the effect of changes in the 
rate of heating and in the size of the specimens is 
considered... Part IV relates to the annealing of glass 
at low temperatures. The annealing equation is 





considered from the point of view of dimensions. The 
agreement between theory and experiment is discussed, 
and an explanation of the discrepancies at low tem- 
peratures is advanced, A general expression to cover 
all cases is deduced which, when applied, agrees well 
with the results of experiment. 

The next paper, on ‘‘ The Nature of the Polishing 
Operation,” was by Mr. F. W. Preston. The status of 
the “flowed” layer on glass, quartz, and similar 
materials which have been ground or polished, is 
unsatisfactory. The present paper calls attention to a 
number of phenomena that seem to bear on this subject, 
and might serve as starting points for interesting 
researches. The evidence of the existence of a surface 
layer on polished glass, differing from the underlying 
material and from the surface layers of ground, or fire- 
glazed glass, or crystalline-surface layers in the case of 
quartz, is slight or negative. Tests on the interfacial 
tension, solubility, electric properties, refractive index, 
or microscopic properties, provide no satisfactory 
evidence of any distinctive flowed layer, while a study 
of the rates of abrasion, properties of abrasives used, 
and defects of polishing, suggests that the process is 
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principally one of ultra-microscopic abrasion, It may 
be a process of abrasion complicated by the fact that the 
fissures produced by one grain of the abrasive lie in the 
territory of its neighbour, and that the abrading efforts 
of the several grains tend to neutralise one another. 





An Otp BoILeR: Erratum.-—By an unaccountable 
insertion made at the last minute by our printers, two 
unfortunate mistakes occurred on page 211 of our last 
issue. At the end of the paragraph on “An Old 
Boiler,” the statement was added that this boiler was 
constructed under the supervision of Sir Joseph Isherwood. 
The absurdity of this will be so apparent to all who know 
Sir Joseph that it may hardly seem necessary to point 
out that the words had properly no connection with the 
paragraph in question. Sir Joseph Isherwood was not 
born for 17 years after the boiler was built, and has, we 
hope, many more active years with us than the paragraph 
would suggest. Actually the words in question pertained 
to the last paragraph on the page where they were 
duplicated, save for the fact that Sir J. W. Isherwood’s 
name was given incorrectly as Sir John. Our printers, 
Messrs. Harrison and Sons, join with us in offering 
apologies for these mistakes. 
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PROGRESS IN POWER-STATION 
PRACTICE. 
Very remarkable advances in power-station 


practice have been made in America during recent 
years. The conditions there have, no doubt, been 
highly favourable. The demand for electric power 
has been very large and is still rapidly growing. 
Cheap distribution lines have been permitted, thus 
favouring the establishment of super-power stations 
in which economies are practicable which it would 
be most injudicious to attempt in the case of small 
plants. The high wage rate is another factor 
favouring the large station, since the relative cost 
of labour per unit generated is less the larger the 
establishment. American companies have, more- 
over, been very prosperous, and where profits rule 
high there is less hesitation in sanctioning, possibly 
promising, but certainly expensive, departures 
from traditional practice. This consideration has 
probably been no unimportant factor in the success 
with which firing with pulverised fuel has been 
developed in America. The essential conditions 
seem to have been very fairly realised in the pioneer- 
ing work of Mr. Bettington, who was one of the 
victims of the war which the erudite but uninspired 
German general staff forced upon a, for the most 
part, astonished and peace ensuing world. Mr. 
Bettington had realised the necessity for a roomy 
and water-lined combustion chamber, which is now 
known to be indispensable to the obtaining of the 
best results with powdered fuel. With merely air- 
cooled walls refractories are likely to be fluxed unless 
the CO, in the spent gases is kept below 13 per cent. 
Mr. Bettington’s ideas found scant acceptance here, 
and, no doubt, the boilers which have been so 
markedly successful in the United States have 
developed new details in their design, though we 
think they are based on the same principles as Mr. 
Bettington’s. It is, however, always a long and 
expensive matter to practicalise even sound sugges- 
tions, and American engineers deserve every credit 
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for the way in which the troubles which are the 
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almost inevitable accompaniment of departures 
from traditional practice have been successively 
surmounted. For years past it has been very 
evident that drastic improvements in boiler practice 
were long overdue. Efficiencies generally ruled 
low, though at the Dunston Power-station, Gates- 
head, a year-in-and-year-out boiler efficiency of 
over 84 per cent. was long ago attained. It was 
not, however, in the matter of efficiency only 
that the boiler department of a power station had 
lagged behind. In the engine-room extraordinary 
progress had been made. The new 20,000-kw. 
turbine installed by the English Electric Company 


5|at Bradford, for example, generates 35 kw. per 


square foot of floor space as compared with the 
1-72-kw. per square foot which was all the old 
reciprocators were capable of. At the same time, 
thermal efficiencies have been remarkably improved, 
and installation costs reduced. Both achievements 
were strikingly illustrated in a paper read in 1916 
before a meeting of the American Society of Mecha- 
nical Engineers, in which Mr. F. Hodgkinson 
described the tests of a 30,000-kw. turbo-generator 
erected at a power station of the Interborough 
Company, New York. The cost of this turbine 
inclusive of pumps and condensers was 9 dols. per 
kilowatt, whilst the reciprocators it replaced had 
cost just about five times as much. These engines 
had, moreover, a steam rate of 17 Ib. per kw.-hour. 


45 | whilst that of the turbine was 11-26 lb. per kw.-hour 


The pressure and superheat, it should be added, 
were moderate, and to-day the figures given could 
be very materially bettered. 

It would seem, however, that in the future the 
practice of specifying steam rates is likely to fall into 
disuse, since the introduction of stage feed heating 
will increase such steam rates very considerably, 
although the overall thermal efficiency of the plant 
will be markedly improved. 

The steady but rapid advance which is now being 
made in this direction is capitally illustrated by the 
records of the Colfax station of the Duquesne 
Light Company, as described by Mr. C. W. E. Clarke 
in one of a number of highly interesting and valuable 
papers on power-plant design and operation which 
were discussed at the December meeting of the 
American Society of Mechanical Engineers, held at 
New York. The Colfax station was started up in 
December, 1920, with a ‘three element” turbo- 
alternator generating 60,000 kw., operated with 
steam supplied at a pressure of 275 lb. per square 
inch and at a temperature of 600 deg. F. A second 
similar set was put to work in 1922, and air pre- 
heaters were then provided for some of the boilers. 
Further extensions being necessary in 1923, it was 
decided to install pulverised-fuel plant, to raise the 
steam temperature to 650 deg. F., and to bleed the 
turbines for progressive feed heating. These new 
units are each capable of developing 30,000 kw. 
At this load the heat consumption, reckoned from 
coal. to switchboard, amounts to 12,752 B.Th.U. 
per kw.-hour; the corresponding figure at  half- 
load is 14,200. The thermal efficiency attained is 
excellent, but, owing to the fact that more than 
one-fifth of the total steam is bled from. the turbine 
for progressive feed heating, the steam rate is no 
better than 12-84. lb. per kw.-hour. At the most 
economical load, viz., 22,400 kw., on the other hand, 
the steam rate (with a back pressure of 1 in. of 
Hg in place of the 1-22 in. at the full-load tests) 
is 12-63 lb. per kw.-hour, but the heat consumption 
per unit generated is 13,020 B.Th.U., so that the 
better steam rate corresponds to a lower overall 
thermal efficiency. 

Mr. Clarke included in his paper some interesting 
data upon the reliability of the plant. The first 
unit installed has, it appears, been wholly or partially 
unfit for service for 30 per cent. of its working life. 
The main trouble has been with blade and dummy 
rubbing. The second unit has done better, the 
corresponding figure being 18 per cent. Here again 
the main troubles have been with the blades and 
dummies, which were responsible for 950 of the 
1,788 hours spent on repairs and alterations. The 
third unit has shown a further marked improvement. 
The boilers have proved satisfactory, but to 
some extent preheated air and brick-lined furnaces 
have proved incompatible. With the water-lined 
furnaces of the newer boilers, however, there has 
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been no difficulty in running with high percentages 
of CO,. 4 4 

The installation costs when the station is com- 
pleted by the addition of the 80,000-kw. unit now 
under construction will amount to about 107} dols. 
per kilowatt. Of this total the boilers account 
for 16-1 per cent., the turbines and generators for 
15-9 per cent., the condensers and auxiliaries for 
6-8 per cent., and the switchboards, transformers, 
conduits, and wiring for 14-4 per cent. 

In another paper read at the same meeting, Mr. 
B. N. Broido discussed the value of radiation in 
boiler furnaces. Many years ago the late Professor 
J. T. Nicolson advocated the practice of working 
boilers with high gas velocities. At that time the 
importance of radiation was little understood ; 
indeed, the very term itself was commonly mis- 
applied. To-day we have to distinguish sharply 
between heat transfer by radiation and by con- 
vection. The former operation is ruled by Stefan’s 
law, according to which the net heat transfer 
depends upon the fourth power of the absolute 
temperatures of the two bodies between which the 
interchange takes place. In the case of convec- 
tion, the main factor is the speed of the gas current, 
and if this be kept constant the rate is proportional 
merely to the temperature difference. Hence, 
where temperatures are high, as in a boiler furnace, 
the heat transfer is mainly effected by radiation, 
and the speed of the gases is a minor consideration. 
As the temperature of these falls, however, convec- 
tion becomes more and more important. It follows 
therefore that Professor Nicolson’s proposal finds its 
natural field in cases where steam is raised by waste 
heat. Mr. Broido quotes the results of some 
experiments made in this connection which are 
instructive. He selected two positions in a boiler 
in which the gas temperatures were 1,400 deg. F. 
and, 800 deg. F. respectively, the surrounding metal 
surfaces being at a temperature of about 406 deg. F. 
The total heat transmitted per square foot per hour 
was 7,660 B.Th.U. in the first case and 2,620 in the 
second. Of the first total, however, 1,817 B.Th.U. 
were transmitted by radiation and 5,843 by con- 
vection, whilst in the second the corresponding 
figures were 387 and 2,233. Furnace temperatures 
may rise to 2,500 deg. F., and as the intensity of 
the radiation varies as the fourth power of the 
absolute temperature it would be about seven 
times as intense at this temperature as at 1,400 
deg. I’. It is this fact which has caused difficulties 
in the preheating of the air supply to furnaces. 
No refractories seem capable of withstanding the 
temperatures then attained. All of them are bad 
conductors, so that their surfaces are raised to 
very high temperatures with resultant fluxing and 
waste. With water-cooled walls, on the other 
hand, the temperature of the exposed surface is 
very little more than that of the steam. The 
cooling effect of such surfaces is very noticeable. 
Mr. Broido has recorded the temperatures in a 
combustion chamber at various distances from 
a waier-cooled wall. At 6 in. from the wall the 
temperature averaged 1,450 deg. F., whilst at 
4 ft. away it was 1,894 deg. F. In another experi- 
ment in which the same boiler was worked at a 
66 per cent. greater output, the corresponding 
temperatures were 1,680 deg. F’. and 2,080 deg. F. 

Where the heat is transmitted by radiation, the 
rate of heat transfer may be as much as 77,000 
B.Th.U. per square foot of the ‘projected ” area 
of the exposed surface. Hence where furnace 
temperatures are high the total heating surface 
can be reduced. It is not many years since an 
evaporation of some 3 lb. per square foot of tube 
surface was considered a good normal average, 
and the amount of fuel burnt per square foot of 
grate area seldom exceeded some 25 Ib. To-day 
much higher rates are obtained in both regards. 

In fact, engineers are beginning now to estimate 
the fuel consumption in terms ot the volume of the 
furnace rather than of its grate area, and as much as 
30 Ib. per cub. ft. of furnace volume was burnt in 
some of Mr. Broido’s experiments. By extending 
the furnaces in height rather than in area the gross 
cost of boiler plants is being reduced, since less 
ground area is occupied and smaller buildings 
suffice. At the same time there has been a very 
substantial reduction in the amount of heating 
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surface which used to be thought necessary only 
a few years ago. Average boiler efficiencies are, 
moreover, being materially improved. This is in 
part due to a wider diffusion of knowledge, but the 
growth in the size of installations has also helped 
matters, as with large plants greater specialisation of 
departments is practicable than can ever be the case 
with small ones. 

A trend towards greater boiler pressures is very 
marked to-day. It would seem that boilermakers 
are at present prepared to go further in this direc- 
tion than are turbine builders. A summary of 
present-day limitations in this regard was given by 
Mr. W. F. Ryan in another paper read at the 
American meeting already mentioned. His in- 
guiries show that in America makers are prepared 
to supply boilers of any capacity, to work at a 
pressure of 1,200 lb. per square inch. Valve manu- 
facturers are equally ready to tackle these pres- 
sures. Most turbine builders on the other hand, 
are reluctant to quote for turbines to work at more 
than 600 Ib. per square inch. This caution is 
probably well justified, since static problems are 
notoriously simpler than kinetic ones. A boiler is 
as stationary as a bridge, but a steam turbine has 
rapidly moving parts. Stresses are already high, 
and there is as yet little experience in the reliability 
of our materials when subjected to a combination 
of high temperatures and extreme heavy stresses. 

Mr. Ryan indicates that the cost of a boiler 
plant to work at 1,000 lb. per square inch will be 
about twice as great as if designed for a pressure of 
200 Ib. 

The boiler pressure at the new Crawford-avenue 
Power Station, Chicago, is 600 lb. per square inch, 
and the total temperature 750 deg. F. As yet no 
British station is working with a boiler pressure of 
more than 500 lb. per square inch, but from the paper 
read by Sir James Kemnal on February 9 betore the 
Institution of Engineers and Shipbuilders in Scot- 
land it would seem that our own boiler makers are 
as ready as their American colleagues to provide 
high pressure boilers if required. 

Great care will, of course, be required in the 
design of all the fittings, and Sir James suggested 
that steam drums will be solid drawn in place of 
riveted. With the materials at present available 
he considered that a total temperature of 750 deg. F. 
was as high as it was desirable to go. In this con- 
nection attention may perhaps be drawn to a 
recent investigation carried out by Mr. J. Porter 
at the Royal Technical College, Glasgow, which 
showed that up to this temperature there was no 
reaction between steam and steel. Beyond 900 
deg. F., however, water was decomposed and 
hydrogen liberated. Presumably this reaction 
would be checked by an increase of pressure, but 
we have here also a further limitation to possible 
temperatures, in addition to those arising from 
considerations of tensile strength. 








THE INDUSTRIAL PROGRESS OF 
FRANCE. 


THERE are occasionally convalescents who puzzle 
their medical attendants by erratic and unaccount- 
able variations in temperature, though they may be 
at the same time making steady progress towards 
complete recovery. To a patient of this class 
our neighbour, France, might well be likened ; for 
the fluctuations of the franc and her feverish 
political activity appear to be directly contra- 
dictory to the rapid strides she has made from 
the wounds and exhaustion of war, to physical 
well-being. Indeed, in many ways her losses seem 
to have imparted greater vigour. An unbiassed 
account of her present condition, such as is to be 
found in one of the recent reports issued by the 
Department of Overseas Trade, makes illuminating 
reading. This is entitled, “ Report on the Economic 
and Industrial Conditions in France,”* and is by 
Mr. J. R. Cahill. It is revised to July, 1925. It 
-may be contended that the present remarkable 
industrial activity of the country is based upon 
an insecure financial foundation. This is a 
question with which we are not for the moment 
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concerned. Whatever the foundation that activity 
is of very direct interest to this country and to 
British manufacturers. . 

One of France’s serious industrial handicaps 
has been a shortage of potential motive power, 
In the case of coal, this shortage was physical ; 
but, in the case of water power, has been rather 
due to lack of development. In 1913, France 
—not, of course, including Alsace-Lorraine—con- 
sumed 64 million tons of coal. Of this nearly 
41 million tons were produced in the country, 
Alsace-Lorraine, though a producer, is relatively 
a greater consumer, and the total consumption 
for the whole area for 1924 is set at 75 million 
tons, Alsace-Lorraine production being placed at 
5} million tons. The difference of about 29 million 
tons between total production and total consumption 
was made up by importations, in which Great Britain 
shared to the extent of 11-4 million tons in 1913. 

The present rapid industrial expansion in France 
does not, necessarily involve a greater consump- 
tion of coal, for the use of oil and of water 
as sources of power is rapidly extending. Again, 
the collieries damaged by war are being re-started 
under greatly improved conditions, and though 
all are not yet in full operation, it is evident that 
their output has been considerably increased, and 
is capable of still further expansion. It would 
seem possible that the national output can be 
raised, if desired, by from 8 to 10 million tons 
over the 1913 figure, certainly, under normal 
conditions a further 5 million tons are obtainable. 
It is thus very doubtful whether the British imports 
of that year will be exceeded in the future, even 
if they be maintained. In this connection it may 
be noted that in the first six months of 1925 these 
imports only amounted to 5 million tons. The 
effect of France’s increased home production has 
additional force because of the decreased demand 
due to recent developments. Of these, examples 
may be found in the spread of electrification on the 
French railways. The Midi Railway has already 
about 630 miles of line under hydro-electric power, 
and in the near future the Paris-Orleans Railway 
will be opening water-power stations which will 
dispense with the use of coal for two busy stretches 
totalling nearly 600 miles. This work was dealt 
with in M. Parodi’s paper, read before a joint 
meeting of the Institution of Electrical Engineersand 
the British Section of the French Society of Civil 
Engineers last night, and which we hope to deal with 
more fully at a later date. These electrifications 
involve, as a rule, the whole district through which 
the line passes, so that private and public lighting, 
heating and power plants near the line, at present 
operated by coal, will also cease to be customers. 
The mines, ‘especially those damaged during the 
war, have been equipped in the most modern and 
effective manner, including improved plant capable 
of a more rapid production of patent fuels, coke 
and by-products. With the increase in the area 
in which metallurgical industries are carried on, 
coke has become a more important factor. In 
1924 5-4 million tons of coke were imported, as 
compared with 3 million tons in 1913, in spite of 
developing home production. Great Britain only 
provided 53,000 tons of this, and the first six 
months of 1925 show a decline, our contribution 
for that period being only 19,800 tons. 

The advances made in the output of iron and 
steel have been very great. In 1924, France exceeded 
the British output of pig-iron, the monthly averages 
being 625,000 and 610,000 tons respectively. In the 
first six months of 1925, both the pig-iron and steel 
figures show a further increase, and at the end of 
this period they had passed the combined output 
of France and Alsace-Lorraine for 1913. The export 
trade has kept pace with production. For the first 
six months of 1925, pig-iron and castings were ex- 
ported to the amount of 332,000 tons, a very great 
increase on previous figures. Rolled or billet steel 
was exported in the same period to the amount of 
923,000 tons, of which Great Britain took 184,500 
tons. It is estimated that France must export at 
least half of her normal production of iron and steel. 
A cheap and regular supply of good metallurgical 
coke is therefore essential to success. ‘ 

The engineering trades have all prospered in 





recent years. This is particularly the case as 
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regards the motor-car and electrical industries. If 
there was any disappointment in this period of pros- 
perity it was with the locomotive builders, who have 
not been so fully occupied as they might otherwise 
have been, due to deliveries of engines from Germany 
and to the adoption of electrification schemes. 
Apparently, however, this industry is building up a 
good export trade with the East. Shipbuilding and 
ship-repairing yards have been so busy that occas- 
ionally a labour shortage has been experienced. The 
work in hand has included vessels for the French 
Navy. On March 31, 1925, thirty-seven steamers 
were being built in France for the mercantile 
marine. The foreign orders secured were important 
in 1924 and 1925, both in quantity and size, Holland, 
Finland, Norway, Brazil, U.S.A., and others being 
customers. The French shipping companies have 
been adding to their fleets and converting coal- 
firing steamers to oil fuel. In this connection it may 
be noted that the oil-carrying fleet of France has 
increased ten-fold since 1918, and now amounts to 
about 250,000 tons. The total French tonnage is 
at present 70 per cent. greater than in 1914, and she 
occupies fourth place in the world’s mercantile 
marine, Great Britain leading with 19 million tons, 
then the United States with 12 millions, Japan 
3-7 millions, and France 3°4 millions. 

As with the mining industries, the engineering 
trades seem to be in a better position technically 
than before the war. Re-equipment with modern 
machine tools and appliances has been carried out 
in a very lavish manner, while standardisation and 
mass production have been largely developed. New 
and larger factories have replaced those destroyed, 
in some instances this having been facilitated by 
combinations between former business rivals. This 
has somewhat reduced competition and improved 
production by lowering overhead charges on more 
fully-occupied works. In the sugar industry, for 
instance, 148 factories were destroyed and it has 
been possible to replace 110 of these with only 51, 
having a greater combined total capacity. 

The industrial position of France has been further 
changed since the war in two ways: one, by the 
more careful study of the manufacturing methods 
of other countries, the other by attracting branches 
of well-established industries from such countries 
to her own land. The interchange of knowledge 
between allied countries gave an impetus to the 
production in France of high-speed and other special 
steels. Now, with her great water power resources 
providing cheap current, she is one of the foremost 
producers of electric steels. Her chemical industry 
is capable of producing about 600 synthetic dyes, 
nearly all the subject of German secrets before the 
war, and she is not by any means behindhand with 
other chemical processes. The high customs 
tariffs have resulted in the settlement in the country 
of many large manufacturing firms, among them 
being British, American, and Scandinavian busi- 
nesses, covering a wide variety of industries, while 
larger imports of finished parts for assembly in 
France, are to be traced to the same cause. The 
low rate of exchange at present obtaining may, of 
course, play some part in attracting foreign capital. 
Progress is steadily being made in the direction of 
both consolidation and combination of firms engaged 
in the same business, and these changes are at work 
in the “vertical” direction also. The electrical 
firms afford interesting examples of the tendency 
to amalgamate among companies, which previously 
competed with each other. 

France is engaged on far-reaching schemes as 
regards her inland water-ways. The Marseilles- 
Rhone canal, with its 7 km. tunnel is expected 
to be in use in the coming summer, and industrial 
progress will no doubt be rapid along its course. 
The Alsace grand canal which is to run parallel 
with the Rhine for some 70 miles has now reached 
the stage of approval of the final plans. An impor- 
tant scheme for rendering the Rhéne navigable as 
far up as Geneva is also receiving consideration. 
This scheme combines with navigation the produc- 
tion of about one million horse-power and the 
urigation of considerable parts of Provence. It 
1S easily understood therefore, that preliminary 
organisation is a lengthy task. Nearly every 


harbour in France is the subject of improve- 
ments of one kind or another. Rouen is now one 


of the best equipped ports for coal handling in 
Europe, and fresh docks are contemplated for 
the exclusive use of oil traffic. Grain handling 
facilities have been greatly increased and a new 
quay is in hand. Marseilles has a programme of 
40 to 50 years’ work in front of her, chiefly in 
connection with breakwaters and moles. Work to 
be immediately taken in hand at Bordeaux con- 
sists of the construction of a large warehouse, and 
the completion of, what it is claimed will be, the 
largest transporter bridge in the world. Electrifica- 
tion of port equipment is also contemplated. St. 
Nazaire is to have extensions made to its dry docks, 
and a new one is to be constructed, 1,740 ft. long. 
Activity is also evident at Havre, Boulogne, and 
other ports. 

The most outstanding developments in French 
railways apart from electrification lie in the direc- 
tion of communication with other countries. Thus 
there are three Transpyrenean schemes afoot to 
couple French railways with those in Spain, 
and one is mooted for a new Franco-Italian line. 
Though now part of France, important improve- 
ments are being carried out in improving traffic 
facilities with the formerly relatively inaccessible 
territory of Alsace. As regards oil, boring in French 
territory is being actively pursued, and a deter- 
mined effort is being made to reduce the dependence 
of the country on foreign supplies. Importers 
of oils are compelled by law to purchase annually 
a certain quantity of home-produced industrial 
alcohol for blending purposes, the quantity of this 
spirit produced at present being beyond the capa- 
city of consumers. Apart from this, great attention 
is being paid to such questions as the possibility 
of producing synthetic petrol on a commercial 
basis, great quantities of peat and lignite being 
available. The output of minerals other than 
coal and iron ore shows a large increase over 1913, 
potash salts from the added territories being respon- 
sible for much of this. 





NOTES. 


THE SULPHUR COMPOUNDS OF THE KIMMERIDGE 
SHALE OIL. 


THE Kimmeridge oil shales of Dorset and Somer- 
set have so far occupied the chemist and geologist 
more than the miner and the petroleum technologist. 
Vast stores of these fuels are available in those 
grounds ; but their mining is difficult. The oil is 
partly spoiled by its sulphur content, ranging from 
2 up to 5 per cent., and even to 8 per cent., and this 
sulphur is very difficult to remove. In most of the 
American petroleums, sulphur gives little trouble ; 
the percentage is small and the oils consist mostly 
of saturated hydrocarbons, stable towards sulphuric 
acid. The sulphur compounds also pass into the 
sulphuric acid, to a large extent without decomposi- 
tion, and can be recovered from the sludge. Shale 
oils contain more unsaturated compounds soluble 
in sulphuric acid, and their sulphur compounds are, 
by this treatment, partly converted into acid or 
neutral esters (dialkyl sulphates), which may remain 
in the oil and thus actually increase the sulphur 
content of the oil. Recent papers on the Somerset 
oil shales have been noticed in our columns, on 
page 714 of our issue of May 30, 1924, when 
Dr. Forbes Leslie dealt with the subject, and on 
page 777 of our issue of December 5, 1924, when 
Messrs. H. G. Shatwell, A. W. Nash and J. I. 
Graham described the shalés and their oils before 
the Institution of Petroleum Technologists. “‘ The 
Sulphur Compounds of Kimmeridge Shale Oils” 
formed the subject of another paper read on 
February 9 before the same Institution, by Messrs. 
Frederick Challenger, J. Haslam, R. J. Bramhall and 
J. Walkden. As in a paper, read a year ago before 
the Chemical Society, the authors discussed chiefly 
the chemical nature of the sulphur compounds, on 
which there is an extensive, largely German, 
literature. A very laborious research has been 
carried out in the University of Manchester. In 
confirmation of the work of other investigators, 
it is found that the presence of thiophen, or its 
derivatives, may be expected in all shale oils which 
contain sulphur, whilst naphthalene and _thio- 
naphthene could not be detected in Derbyshire 








shale oil. The desulphurisation of Dorset shale oil 
has not yet been attempted by Mr. Challenger and 
his collaborators, even on a laboratory scale, the 
problem being still considered to be too complex. 


THE MANCHESTER ASSOCIATION OF ENGINEERS. 


James Nasmyth, the inventor of the steam 
hammer, once said that free trade in ability was 
more important than free trade in commodities. 
Taking this as his theme, Mr. R. Onions, the presi- 
dent of the Manchester Association of Engineers, 
in replying to the toast of ‘“‘ The Association,” at 
the annual dinner on Friday, February 12, spoke 
of the valuable service rendered to the engineer- 
ing profession by the interchange of opinions at 
the meetings of the various institutions. In Man- 
chester they had great traditions to maintain, in 
engineering and scientific work, as it was the 
home of Whitworth, Dalton, Joule, Nasmyth and 
Adamson. If the engineers of to-day did not meet 
for the discussion of their problems with other 
authorities, progress would be arrested, and it was 
therefore a matter of satisfaction that the Man- 
chester. Association of Engineers, which was now 
in the seventieth year of its usefulness, continued 
to make good progress. Only by the maintenance 
of such clearing houses for information could 
engineering be maintained in the position of being 
the greatest factor in the growth of civilisation. 
The position of the engineer in modern life was also 
referred to by Mr. Daniel Adamson when pro- 
posing the toast of “The Port and Trade of Man- 
chester.” Engineering, he said, was the poorest 
paid but the most efficient amongst all the types 
of work of mankind. Because of the fact that 
every industry was dependent for its welfare on the 
provision of suitable plant, the engineering industry 
must be one of the earliest to benefit by any im- 
provement of trade. They had, therefore, reason 
to take heart, for they would soon reap some 
reward for their patience during the last five years. 
The importance of cheap transport in facilitating 
the export of manufactured goods was well exem- 
plified by the results obtained since the cutting 
of the Manchester Ship Canal. Not merely had 
the construction of the canal resulted in the pro- 
vision of cheap transport to all the ports of the 
world, but, through the competition in transport 
services which resulted from its use, it had been 
the means of reducing considerably the charges 
exacted in other services for the carriage of goods. 


ELECTRICAL RESEARCH. 


Among the bodies which operate in association 
with the Department of Scientific and Industrial 
Research, the British Electrical and Allied Indus- 
tries Research Association must certainly be 
counted among the more active and successful. 
This may partly be attributed to the fact that it 
is concerned with one of the prosperous branches 
ot engineering manufacture, but much must be 
allowed to the facts that it is supported by two 
such energetic bodies as the Institution of Electrical 
Engineers and the British Electrical and Allied 
Manufacturers’ Association. The Research Asso- 
ciation has recently issued its annual report up 
to September 30, 1925, while the annual luncheon 
was held at the Savoy Hotel on the 12th inst. 
The report shows a remarkable series of investiga- 
tions and researches to be in operation covering 
various kinds of insulating materials, conductors, 
control apparatus, condensers, tubing, &c. Mr. 
Ll. B. Atkinson, the new president, in the course of 
his speech at the luncheon, referred to the fact that 
the Department of Scientific and Industrial Research 
had agreed to give financial support to the Associa- 
tion for a further period of five years, the annual 
contribution to be of gradually decreasing amount 
in accordance with the general policy of the depart- 
ment. There can be but little doubt that the 
Association from its own resources will be able to 
make up for this falling-off in State contributions. 
The sum required to be raised by the Association 
itself will amount to 14,400]. in the year 1930, 
the State contribution in that year falling to 
1,6007. Mr. Atkinson made a most eloquent plea 
for research in his address at the luncheon, pointing 
out to what a remarkable extent modern material 





civilisation had been built up on original work and 
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research carried out by our countrymen in the past. 
Admittedly, much, or most, of this research was 
made without outside financial assistance, but the 
growing complexity of modern civilization and 
modern manufacture tended to carry many research 
problems beyond the possibility of treatment by 
individual workers. There can be no question 
about the truth of Mr. Atkinson's contention in 
this matter. The case of low temperature carbonisa- 
tion for instance which is of such importance to 
this country, cannot be solved by the individual 
worker with private resources, no matter of what 
quality his genius. 








THE PRODUCTION AND MEASURE- 
MENT OF HIGH VACUA. 

IN introducing the first of three Cantor lectures 
on “The Production and Measurement of High 
Vacua,” delivered at the Royal Society of Arts 
last Monday, Dr. G. W. C. Kaye, M.A., Super- 
intendent of the Physics Department of the National 
Physical Laboratory, dwelt upon the importance of 
vacuum researches. Torricelli made the _ first 
vacuum studies in 1643; at present, Dr. Kaye 
stated, the American public purchased, according 
to Dr. Whiney, Director of the General Electric 
Company’s research laboratory, over a million 
dollars worth of glass vacua a week. If the history 
of scientific discovery was, to a great extent, the 
history of scientific instruments, important dis- 
coveries had certainly followed every advance in 
vacuum technique. Those advances had _ been 
momentous during the last twenty years, chiefly 
owing to the work of Gaede, who might fairly be 
styled the father of the high-vacuum pump, of 
Langmuir and Dushman, of Knudsen in Denmark, 
and of Dewar and N. R. Campbell in this country. 
The two fundamental problems of the physicist 
to-day were the structure of matter and the nature 
of radiation. The discovery of Rontgen rays, 
Coolidge tubes, of hafnium (of which several pounds 
had now been prepared and were being tested for 
use as lamp and cathode-ray filaments), of elec- 
trons, protons and isotopes, X-ray and positive-ray 
analysis, the cathode ray oscillograph, thermionic 
valves, radio communication, photoelectric cells, 
Dewar flasks, and even ordinary glow lamps would 
have been impossible without the improvement of 
vacua, 

Otto von Guericke constructed the first mechani- 
cal air pump of the piston type in 1650, redis- 
covered with it the Torricellian vacuum and 
observed the air-pressure fluctuations. | Robert 
Boyle introduced the word barometer and the 
compression pump in 1661, and many anticipations 
of modern pumps date from that period, e.g., 
Prince Rupert's water-bolt (Wasserriegel) of 1682, 
a pump of the eccentric scraping-vane type, which 
bears a remarkable resemblance to Gaede’s rotary 
oil pump of 1907. Afterwards, Dr. Kaye continued, 
mercury pumps, mostly of the barometric type, 
predominated until the middle of the last century ; 
their development was reviewed in Silvanus 'Thomp- 
son’s Cantor lectures of 1887. Much of the great 
work of Crookes, Kayleigh, and J. J. Thomson was 
done with the aid of the pumps of Geissler, 1838 
and 1855, Tépler 1862, and Sprengel 1865, and 
their modifications in which movable mercury 
reservoirs and fall tubes were utilised. Neesen, 
in 1878, fitted the Topler pump with an air trap 
in which the fine air bubbles could accumulate until 
large enough for expulsion. Those pumps, which 
Dr. Kaye described, gave vacua of 10-4 mm. of 
mercury, but were very slow in working. Recent 
improvements of Sprengel pumps were described 
by Waran and by Manley at the Physical Society, 
in 1922. 

Passing to electric discharge tubes,* Dr. Kaye 
called attention to the almost forgotten experiments 
of the versatile Haukesbee, 1705, who observed 
the glow in the Torricellian vacuum, electrified an 
exhausted glass jar by friction, observed the 


* For further particulars of early pumps and discharge 
tubes we may also refer to the Royal Institution lectures 
of Professor Andrade (Evolution of Scientific Instruments, 
ENGINEERING, April 3, 1925, page 407), and of Professor 
Whiddington (Passage of Electricity through Vacaum 
‘Tubes, ENGINEERING, July 3, 1925, page 20), 





purple glow in this “electric egg,” and drew sparks 
from it by his fingers, probably the first record of 
sparks; the term “electric egg’ was used by 
Nollet, who repeated Haukesbee’s experiments in 
1740. Pliicker, in 1849, systematically studied the 
green glow in Geissler tubes and observed the 
striations and other discharge phenomena subse- 
quently investigated by Grove, Hittorf, Goldstein, 
Puluj and Crookes. Diseharge tubes have thus 
been studied for 200 years, but the complexity 
of the phenomena has not yet been cleared up 
completely. The width of the dark Crookes space 
—the dark space between the thin film of glow 
immediately covering the cathode and the negative 
glow farther out— had been used as a rough 
measure of the vacuum. For large cylindrical 
tubes with plane cathodes the width, or thickness, 
of this dark space, which was somewhat larger than 
the mean free path of an electron through the gas, 
was d = A/p + B/ Vv. i, where p was the gas pressure 
and ¢ the current density ; A and B were constants, 
A depending upon the gas, and B varying but little 
as long as 7 was measured at the surface of the 
cathode. When d was measured in centimetres, 
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p in millimetres of mercury, and 7 in milliamperes 
per square centimetre of cathode, A was 0-26 for 
hydrogen, for nitrogen 0-068, and for oxygen 0-057, 
while B had a value of 0:4 or 0-5. The curve 
Fig. 1 (determined in the National Physical 
Laboratory) was the calibration curve for a tube 
1} in. (or also 1% in.) in diameter, with closely 
fitting aluminium electrodes excited by 2 or 3 
milliamperes in air. With higher rarefaction, of 
about 0-1 mm. or 0-01 mm., the Crookes space, 
which was very sharp in oxygen, grew at the 
expense of all the others, and where it reached the 
walls, they began to fluoresce green. The minimum 
fluorescence pressure varied with the size and 
shape of the tube, becoming higher as the tubes 
became narrower. Dr. Kaye showed some beautiful 
fluorescences, including flowers and butterflies made 
up of different fluorescent materials. 

The highest measured vacua obtainable were of 
the order of 10-° mm. (or 10-!! atmosphere). As 
air at normal temperature and pressure contained 
3 x 10'8 molecules per cubic centimetre, there 
would still be left 1.000 million molecules per 
cubic centimeter at a pressure of 10-§ mm., so 
that the perfect vacuum was still a long way 
off. The mean free path at normal pressure 
and temperature was about 10-° cm. for mole- 
cules of air, oxygen, nitrogen, water vapour 
and carbon monoxide, for hydrogen 2 x 10-° cm., 
for helium 3 < 10-° cm., while at gas pressures of 
10-2 and 10-® mm. the free path lengths for air 
became 7 mm. and 7 km., respectively. Those 
figures were important for modern methods of 
evacuation by the aid of charcoal (Dewar), the 
molecular pump of Gaede (1913), the diffusion 
pumps of Gaede and Langmuir, and also in con- 
nection with the so-called ‘‘ getters,” 7.e., materials 
like phosphorus which bind certain gases as 
solid compounds. The speed of a high-vacuum 
pump was restricted by the width of the connection 
which should be short and wide, not less than 
2 cm. diameter. Dr. Kaye—who was assisted by 








Mr. W. H. Sewell—exemplified this by showing 
two glass bulbs, connected by a short 15 mm, 
tube and a long 5 mm. tube, each provided with 
a tap. When only the fine tube connection was 
open, the lower bulb could be evacuated to green 
fluorescence, while the upper bulb and the fine 
tube gave only a pink discharge. The taps should, 
of course, be as large as the connections, and 
should have bores of 15 mm. 

The gases absorbed and adsorbed by the materials 
of the apparatus (glass, silica and metals), were 
gradually given off again and deteriorated the vacua. 
Large volumes of gases were absorbed by the liquid 
materials during manufacture, and layers a few 
molecules in thickness were adsorbed on the surface. 
The adsorbed layer of soda or lead glass was liberated 
at about 200 deg. C., and that of borosilicate at 
about 300 deg. ‘The evolution of absorbed gas 
became rapid above 400 deg. and continued to 
the softening point of the glass and beyond, as 
Sherwood’s curves given in Fig. 2,show. The glass 
bulbs of 40-watt lamps, between 0 deg. C. and 
200 deg. C., gave up 200 cub. mm. of water vapour, 
5 cub. mm. of carbon dioxide, and 2 cub. mm. of 
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hydrogen, nitrogen and carbon monoxide, &c.. while 
between 0 deg. and 500 deg., the corresponding 
figures were 450, 30 and 5 cub. mm. respectively. 
These figures of Langmuir were the totals of three 
hours’ heating in each case, but the main evolution 
took place during the first half hour. To obtain a 
high vacuum, the apparatus should accordingly 
be heated during pumping to the highest safe 
temperature, which was 400 deg. for lead glass, 
500 deg. for soda glass, and 700 deg. for pyrex 
glass. In the case of X-ray tubes and valves 
the heating was prolonged into a thorough baking 
in an electric oven, and silica tubes and valves 
were baked at 1,000 deg. C. Metals took up 
several times their volume of gases when fused ; 
filaments had therefore to be out-gassed ; and X-ray 
targets and valve grids and plates were heated 
directly or by eddy currents or submitted to ray 
bombardment. After vacuum heating, metals might 
be left exposed to the air for several days without 
re-absorbing gas; but copper, however, released its 
gas (mostly CO) very reluctantly. L. Bircumshaw 
(in the National Physical Laboratory) had quite 
recently observed that molten aluminium continued 
to evolve gas (altogether about half its volume) after 
being heated to 800 deg. for 114 hours in vacuo, 
the gas being mostly hydrogen (80 per cent.) and 
nitrogen. 

The trouble due to grease became pronounced in 
high-vacuum apparatus, where grease, and also 
sealing wax, were inadmissible. The grease 
might be removed from glass and silica with 
the help of tissue paper and, in the interior, by 
potassium bichromate and sulphuric acid or, better 
still, by adding a few drops of methylated spirit 
in situ to strong nitric acid ; the fumes evolved were 
effective for cleaning intricate and capillary appara- 
tus. In either case, washing with hot water and 
drying had to follow. Vapours could be frozen 
out by liquid-air traps. The vapour pressure 0! 
water was 15 mm. at ordinary temperatures : 
the pressures of other vapours to be avoided 
were low. ‘That of mercury was 0-001 mm. ; of 
vacuum pump oil from 0-001 mm. to 0-0001 mm. ; 
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and of tap greases still smaller. With the exception 
of the molecular pump, which was costly and not 
convenient for handling large volumes, all the 
pumps introduced either oil or mercury vapour ; 
even the diffusion pump left a trace of mercury 
vapour. 4 

Traps of liquid air (— 183 deg. C.) or oxygen, 
as illustrated in the diagrams, Fig. 3, would remove 
all these vapours. For grease and oil vapours, 
solid carbon dioxide and ether (— 78 deg.) would 
suffice, and phosphorus pentoxide for water vapour, 
though this oxide was best used only as a supple- 
mentary absorbing agent. As liquid air seemed 
to deteriorate glass in the long run, the traps were 
recently made of a chromium-iron (with 25 per cent. 
of Cr) which could be restored to its gas-free state 
by being heated to 1,000 deg. Traps of sodium or 
potassium, recommended by A. L. Hughes and 
F. Poindexter (Philosophical Magazine, August, 
1925), were prepared as indicated in Fig. 4. About 
4 ozs. of clean potassium (which is generally stored 
under oil) were heated in the pyrex glass tube A 
in which the adhering oil was burnt off. The metal 
was then distilled and decanted into B, most of 
the oxide and impurities remaining in A. Tube B 
was joined to a pumping system C in the position B,, 
and the metal was distilled, or fused, successively 
into the small containers D,, D,, &c., which were 
sealed off in turn. When the interior of a trap was 
to be lined with potassium, one of the tubes D was 
inserted mouth downward into the annex E, which 
was then sealed up, and the metal, by distillation, 
was distributed over the walls. These alkali-metal 
traps only absorbed mercury vapour. 

Dr. Kaye finally described the devices by means 
of which apparatus are temporarily isolated from 
other parts. Glass taps with grease were objection- 
able and costly and were liable to seize if the grease 
were omitted. The ordinary cut-offs were mercury 
seals or electro-magnetic devices, which could be 
operated from a distance. In industrial exhaust- 
ing operations the apparatus, eg., a large valve, 
could be connected up on an exhaust table almost 
without any preliminary treatment. The valve was 
joined to a mercury-vapour pump through a cut-off 
and a liquid-air trap. The outgassing began with the 
heating of the filament, which gave off much gas; a 
10-kw. valve would liberate several cubic centi- 
metres. Then the grid and plate were bombarded, 
during which operation many kilowatts might be 
dissipated, and finally the absorbed and adsorbed 
gases were expelled by baking for an hour or so. 
The bombardment should not develop into the 
“blue-discharge glow” which seemed to be detri- 
mental to the life of the valve. A small auxiliary 
trap was used in the early stages in which the water 
vapour and CO, from oil, &c., solidified to ice. An 
ionisation gauge served for controlling the opera- 
tions. Klectric lamps were exhausted to 0-1 mm. 
by a rotary oil pump while the lamp was baked in a 
yas-heated muffle. The exhaustion was com- 
pleted by “ flashing” a “ getter’? of red phos- 
phorous (magnesium was used for small valves) near 
the filament. The whole process only took a few 
seconds. Much of this high-vacuum technique 
had been developed in the United States and in 
Holland, but English products were now at least 
equal to those of other countries. 








THE LATE SIR GEORGE HOLMES. 

To the naval architects and marine engineers 
all over the world the news of the death of Sir 
George Charles Vincent Holmes, who was for 23 
years Secretary of the Institution of Naval Archi- 
tects, will mean the loss of a man of great ability, 
and an enthusiastic worker. Sir George was born in 
1848, and thus at the time of his death, which 
occurred after an operation on Saturday, February 
13, was in his 78th year. 

He was the son of Mr. Robert Holmes, of Moy- 
caskel, County Westmeath, and the nephew of the 
“reat shipbuilder, John Scott-Russell, who built 
the Great Eastern. He served his apprenticeship 
in the Crewe locomotive works of the London and 
North Western Railway Company, and obtaining 
un entrance scholarship in 1870 and a Whitworth 
scholarship in 1871, he became a scholar of Downing 





College, Cambridge. In 1873, his uncle, John Scott- 


Russell, was engaged to build the great iron rotunda 
at the Vienna International Exhibition, and, in 
this work, Sir George served as resident engineer. 
This was not his only connection with this great 
exhibition, for he served on the International Jury, 
dealing with the section relating to motive-power 
engineering. On the resignation of Mr. Woolley, in 
1879, from the office of Secretary of the Institution 
of Naval Architects, he was selected from a great 
number of applicants as successor. At that time 
the Institution, the parent of all societies of its class, 
was but 18 years old, and much of the enthusiasm 
which led to its formation had then passed away. 
Sir George brought great energy to his post, and 
soon a new spirit was evident in the Institution. In 
these years of his service to the cause of progress 
in naval architecture, Sir George served under the 
presidency of the Earl of Ravensworth, Lord 
Brassey, and the Earl of Hopetoun, and that his 
work was to the benefit of the profession was evident 
by the presentation to him of an illuminated address, 
a silver fazza and a cheque for 1,000/. by the mem- 
bers of the Institution on his resignation in 1901. 
On his passing from his office to take up a new 
post in Ireland, his native land, Sir George was also 
made an Honorary Member of the Institution. It 
may be stated that it was the result of one of the 
many visits of the Institution to shipbuilding centres 
abroad, organised by Sir George and attended by 
the ex-Kaiser Wilhelm II, viz., that at Hamburg in 
1896, which led to the founding of a similar German 
society. 

In 1901, Sir George Holmes started in his new 
work as Chairman of the Board of Public Works in 
Treland. Here again his character and energy were 
the foundations of successful work and before long 
honours, thoroughly well merited, were accorded 
him. He was given the C.V.O. in 1903 and the 
C.B. in 1904. Two years later he was promoted 
K.C.V.O., and in 1911, on retiring from office, he 
received the K.C.B. He then returned to London. 

Sir George had literary abilities which he was 
able to exercise in the editing of the Transactions 
of the Institution of Naval Architects, and which 
he also employed in the preparation of his 
‘“Text Book of the Steam Engine,” and in the 
writing of handbooks for the South Kensing- 
ton Museum on ‘“ Marine Engines and Boilers ” 
and on “ Ancient and Modern Ships.” He also 
wrote reports for the Royal British Commission 
of the International Exhibition on the engines 
exhibited at Vienna. In his later years he always 
kept up a keen interest in naval architectural 
and engineering developments, and preserved the 
enthusiasm which was the characteristic of his 
earlier days. Throughout his life he had the 
Irishman’s faculty for seeing the humorous side of 
things, and this helped him greatly in getting over 
difficulties which a man without this characteristic 
as a part of his nature might have regarded as 
insurmountable. His many friends throughout the 
world of shipbuilding and engineering will regret 
his loss, as that of a man who exercised his talents 
for the improvement of naval architecture and the 
establishment of the supremacy of the shipbuilders 
of his country among those of the rest of the world. 








PORTABLE AIR COMPRESSOR FOR 
TRAMWAY-TRACK REPAIRS. 


Tue use of concrete breakers in dealing with road 
repairs has so much to recommend it, on account of 
economy and speed of working, that tramway engineers 
have sought for a portable air-compressor plant for 
the purpose, which could be driven by an electric 
motor taking its supply from the overhead trolley 
wires. One of the London tramway concerns made 
early demands for such an equipment, and to meet 
their needs a design was produced by Messrs. Reavell 
and Co., Limited, of Ranelagh Works, Ipswich, the 
features of which are shown in Figs. 1 to 4 on 
page 236. The success of this machine has resulted 
in many others having been supplied to the same 
organisation, and other tramways have also obtained 
similar equipment. As originally designed, this port- 
able set was intended to supply air for a_ single 
concrete breaker, used to free the tramway rails from 
the concrete in which they were embedded. In this 
way defective lengths of rail can be removed and 
replaced, and sunken portions of track may be raised 
and levelled, with despatch and with but little inter- 





ference with the running of the cars. This is obviously 
of considerable importance under modern conditions 
of working. 

In this machine use is made of a totally-enclosed 
motor, wound to suit the pressures usual in tramway 
practice; to drive a two-cylinder air compressor 
through suitable gearing. As a reserve of air is 
always necessary when dealing with the supply to 
concrete breakers, an air receiver is mounted in the 
brackets which serve to support the plant and to carry 
the axles of the road wheels. The common arrangement 
used to obtain the electrical supply from the trolley 
wire is to have a bamboo pole mounted upright on the 
frame of the machine and supporting another, which 
is hinged to the vertical one, at some intermediate 
point in its length. At the end of the upper pole 
there is mounted a curved copper plate, which makes 
contact with the trolley wire, from which the current 
is conducted to the motor by cable. At the end of the 
upper pole remote from the trolley wire, a chain, 
which has a strong spring inserted in its length, is used 
to give the pressure necessary to keep the copper plate 
and trolley wire in contact. The return from the motor 
is, of course, taken to the nearest suitable part of the 
tramway rail. The equipment may also be used where 
the live conductor is in a conduit between the rails, 
and equipment is available for connecting up in that 
case. 

The motor, shown in section in Fig. 3, is of the totally 
enclosed type. It is of 13 brake horse-power capacity 
and is series-wound and can be switched directly on 
to the line by means of an ordinary tramway-type 
switch. It will be observed from the illustration that 
the armature is mounted on the end of the shaft, 
two bearings being provided towards the end where the 
gearing is located. Though the armature is overhung 
there is little or no tendency to whipping of the shaft, 
because of the great length these bearings have. 
Efficient ventilation is provided by means of a direct- 
coupled fan, the air from which is circulated through 
a number of pipes on the outside of the frame. Since 
this air-cooling system is available the motor is kept 
down in size and weight, below what would be possible 
with an ordinary totally-enclosed motor. On the end 
of the armature shaft there is a pinion made of nickel- 
chrome steel, having machine-cut teeth of fine pitch 
engaging with those of a cast-iron internal gear wheel 
fitted on the inside of the rim of the flywheel of the 
air compressor. As the foot of the gear case is con- 
nected to the oil sump in the crank-case of the com- 
pressor, an oil bath is available for the gears and ensures 
their easy running. The compressor is a vertical 
two-cylinder unit, the diameter of each cylinder being 
6 in., while the stroke is 4 in. It runs at 575 r.p.m. 
and is suitable for a working pressure of 80 lb. per square 
inch. 

It will be observed from Figs. 3 and 4, that there is 
no provision of a water jacket, and thus the necessity 
for obtaining a supply of water is eliminated. Were a 
water jacket installed, the use of the plant would be 
restricted to places where water was available, and yet 
no increase in efficiency for the entire plant, compressor 
and concrete breakers, would be obtained, as the air 
is conducted to the concrete breakers, being and used 
immediately it is produced. No air-cooling trouble 
is experienced, and the absence of water-jackets 
removes the risk of cracked cylinders in frosty weather. 
The air is drawn in through a filter and silencer, and is 
conducted to the inlet valves, which, with those for 
delivery, are mounted on the cylinder heads. 

The compressed air produced is taken to the air 
receiver below, which is built up of mild-steel plates 
with welded joints, and has two connections for the 
pneumatic hose to the concrete breakers. Under heavy 
conditions it is intended for the machine to be 
used for a single concrete breaker, but for work in 
comparatively soft material the plant is of ample 
capacity to supply two breakers. An unloading device 
forms part of the pipe system and acts, as soon as the 
demand for air falls off and the pressure rises, to take 
the load off the compressor and allow it to run light 
until there is a further demand for air, when compression 
is immediately restarted. The wheels are made of steel 
and have wide treads. Those at the rear are on a 
fixed axle and are of 18-in. diameter, while the front 
ones are mounted on a swivel axle and are 12 in. 
diameter. 

As the complete plant only weighs 15 ewt., it will be 
obvious that it can easily be moved about or hoisted on 
to a lorry for conveyance to'the place where it is to 
be used. For work under normal conditions it is 
possible with this portable set to open up a length of 
track each day and make everything good by nightfall, 
which would be quite impossible if hand working were 
employed for the breaking of the concrete. In the 
design of the plant the endeavour was make to produce 
a fool-proof unit which, though it could be operated 
by the navvy using the concrete breaker, would: be 
thoroughly reliable and efficient. 
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LETTERS TO THE EDITOR. 
THE TOPLIS LEVEL-LUFFING 
CRANE. 

To THE Eprror oF ENGINEERING. ~ 
. Str,—On reading an article in your journal, on the 
subject of ‘‘ The Toplis Level-Luffing Crane,’’ in your 
issue of February 12, I was rather doubtful about a 
statement made about one-third of the way down the 
right-hand column, page 201, i.e., ‘‘ The variation in 
length of the straight line joining A and D is directly 
proportional to the vertical rise or fall of the jib head 
during luffing.” On investigation, I have come to the 

conclusion that the statement is not justified. 
Consider this figure— 
Put AB =z =constant; BD = y = constant ; 


and AD =z. 
@ = angle with horizontal, and DB C = 90°. 








(3485) C 


ENGINEBRING 
Consider a small movement of A B— 
A moves 2. 6 a at right angles to A B. 
Hence, the vertical movement = 2.da.cosa_ (1) 
Now AD? = DB2 + A B2 —-2DB.AB. cos (90 — a), 


or 22 == 2 + y2—2Q.x.y.sina. 
Let z change by 6z when a changes by 6 a . other 


quantities are constant, 


or 2262 = — 2xy.cosa.da, 
4 ~ 
or gu — 7 (x. cosa. 6a) 
4 ‘ 
= — ¥. (vertical movement of A) . (2) 


Hence, the change in z, or A D, varies directly as 
vertical movement of A, and inversely as z itself, which 
will havea different value for each position of a. Of 
course, if D B be small compared with A B, the state- 
ment is approximately true. 

I am, Sir, yours faithfully, 
W. L. Reitiy. 

25, Roxborough Park, Harrow, February 13, 1926. 





THAMES FLOODS. 
To tHe Epitok or ENGINEERING. 

Sir,—Recent events have called forth remedies for 
the serious flooding of low-lying land in the Thames 
Valley without any very definite result. It must be 
fairly obvious that more ample means of carrying off 
the flood water should be found, and that the carrying 
off must be in the only feasible direction, viz., down 
stream. In other words, the Thames channel must 
be improved. Now it is the nature of all crooked 
streams to become more crooked unless the bends are 
artificially fortified by means of substantial embank- 
ments to take the onset of the stream which impinges 
upon the concave side of a bend. In such a river as 
the Mississippi, which in some parts flows, or did flow, 
through tracts of country where such protective works 
were not possible, the bends continually became more 
and more pronounced until the horns of the horseshoe 
gave way and a “cut-off” occurred and temporarily 
straightened that part of the river. In our river 
such cut-offs have long been prevented by the building 
of embankments, revetments, &c., but such have not 
been constructed in such a way as to induce the river 
as a whole to preserve anything approaching a straight 
course. Consequently we have a very considerable 
waste of energy in the river’s power of delivering 
water to the sea, i.e., « large part of the stream’s 
momentum is expended by reason of the mass of 
water impinging on the outer or concave sides of 
the bends. This leads one to wonder whether any 
suggested alterations on these lines are not too large 
an order, but at any rate should be examined. 

In the first place it is obvious that the state of 
affairs in the lower Thames should be examined, and 
it may be contended that if the outgoing tide could 
be accelerated by work carried out below Gravesend 
only, a definite improvement in the higher reaches 
would result. As an illustration, take Blyth Spit 
on the south shore, a few miles below Gravesend. 
This promontory, with its outlying mud flat, is partly 
the cause and partly the effect of the two sharp turns 
in the river forming the short Lower Hope Reach 








running north and south from the Mucking Light 
to The Ovens. If this were straightened out it would 
go to abolish the sharp turns at both points, and 
incidentally would effect a great improvement in 
navigation. As to ways and means to effect this 
it is, of course, useless to put forward forecasts without 
careful surveys and estimates, but it can hardly be 
doubted that the course of the stream could be 
deflected in some measure, and possibly by degrees, 
in such a way as to force it to assist in the way 
required. Imagine the sea wall immediately below 
Gravesend thrown out with a slightly more northerly 
curve than the present bank, so that the outgoing 
tide impinged first on The Ovens bank, and secondly 
on Hope Point and Blyth Spit, the latter points 
would be scoured away until their sea walls could be 
moved back to a nearer approach to the straight. 
The action of the incoming tide could be also utilised 
by constructing a similar sea wall along the South 
Shore of Canvey Island to direct the flow on to the 
projection (Blyth Spit) instead of its present tendency 
to bore into the bay at Mucking. A glance at the 
chart will show still more obvious spots where promon- 
tories and bays could be discouraged, e.g., between 
Northfleet and Greenhithe, at West Thurrock and 
Cold Harbour, opposite Erith, while the great horse- 
shoe at Greenwich could be dealt with (at some little 
expense in the matter of negotiation with the P.L.A.) 
by opening out the West India Docks, at any rate, 
during times of flood. For some miles above this 
point the idea of straightening the river to any great 
extent appears difficult, but something could be done 
on the same lines by directing the greater flow towards 
the usual muddy shoal on the near side, instead of 
to the deeper channel on the off-side of each bend, 
so that the bulk of water tends on the whole to take 
a straighter course down stream. , Higher up still 
something can be done in the way of actually cutting 
off ‘“‘tow heads,” and in some cases where riparian 
rights must be taken into account, large bore pipes 
might be buried at the water level and provided 
with sluices to be cpened at times of flood. At first 
sight it may seem that any improvements in the 
velocity of the ebb must produce a countervailing 
acceleration of the flood tide, but this is not so, as 
in times of flood the fresh water overruns the salt water 
according to its momentum, and so long as the job 
is tackled at the right end, viz., The Nore, the effect 
of any straightening of the trajectory must be to 
increase the delivery of water in a given time. 
Yours truly, 
R. G. TYLER. 
London, February 10, 1926. 





LONG-BURNING SIGNAL LAMPS.* 
By H. E. Morean and F. J. Hooxuam. 

SIGNALLING aspects during the hours of darkness 
necessitate some form of illumination. In the early 
days of railways a bucket of glowing coals hoisted 
to the top of a mast was considered to be sufficiently 
clear to be seen by the drivers of the trams. But 
nowadays we need something more distinctive to 
enable drivers of present-day trains to pick up their 
signals with ease and certainty, amongst the maze of 
lights on and near the railways in the vicinity of 
large towns. It therefore follows that a signal lamp 
should be something more than a light; it should 
be an optical lantern capable of projecting a beam of 
high penetrative value. 

This object is fairly easy to attain if we use electricity 
for the illuminant, but the difficulties of obtaining a 
supply of current over a scattered system has given 
rise to the development of the long-burning oil lamp, 
and it is therefore proposed to confine the paper to 
this type of lamp. It may be mentioned that the 
acetylene lamp has been tried in this country as a 
flashing lamp, but has never formed a rival to the 
oil lamp. 

It would perhaps be well to set forth, at this point, 
the considerations which are leading to the adoption 
of the long-burning lamp in place of the daily-trimmed 
lamp, on most of our railways. Since the war the 
cost of labour has risen very greatly, so much so that 
it is found that the cost of the extra consumption 
of oil in a continuously-burning lamp is less than the 
cost of extinguishing and lighting it night and morning. 
This led signal engineers to increase the size of the 
oil cistern in an attempt to lengthen the duration of 
the light, but difficulties then arose with the ventilation 
of the lamp and charring of the wick. The size of 
the flame was then reduced, and trouble was experienced 
with the lenses. Eventually it was recognised that in 
order to produce an efficient long-burning lamp, the 
whole problem had to be tackled from the start, and 
a new lamp evolved to meet the more exacting 
conditions. 





* Paper read before the Institution of Railway Signal 
Engineers, on December 9, 1925. Abridged. 


Lamp manufacturers have spent much time and 
money in experiments, with the result that there 
are many excellent types of long-burning lamps on 
the market to-day which burn from a week to ten 
days without attention. It is computed that there 
are over 20,000 long-burning lamps in use in this 
country to-day. On the Midland Division of the 
L.M. and S. Railway, where they were first intro. 
duced in 1905, there are about 5,000 of the Adlake 
pattern, and the original lamps are still in use after 
twenty years. 

To get the best service, it is essential that care be 
taken in the handling of the oil to preventcontamination, 
by keeping oil founts and all vessels perfectly clean, 
and trouble must be taken to see that wicks are 
properly dried, trimmed, and of the correct length. 
Great care is taken by the suppliers to ascertain that 
barrels and drums containing the oil are clean and 
free from traces of sediment, heavy oil or water, but 
this is rendered useless if the care is not continued by 
the user. The importance of seeing that oil is kept 
perfectly free from any possible cause of pollution 
cannot be over-emphasised, as the success of the 
long-burning lamp depends entirely upon care in this 
respect. 

It is not proposed to describe all the different forms 
of long-burning lamps which are on the market, but the 
authors think it sufficient to call attention to various 
differences in detail, and point out the advantages 
and disadvantages in each case. 

Outer Cases.—These are sometimes made of cast-iron 
which stands the weather much better than any other 
material. XXXX tin, however, is very durable and is 
much cheaper than copper, which was formerly used 
for this purpose. The tops should be hinged or remoy- 
able, as also should be the cones or chimneys, in order 
to enable the lampmen to clean them properly. Some 
manufacturers provide a slide and others a hinged 
door to give access to the interior. One make has an 
inner door, through which the wick winder projects ; 
this allows the light to be adjusted on the signal without 
fear of the lamp blowing out. Unless the lamp bracket 
is adjustable, the front and back lights should be 
capable of being moved to suit curves on the railway. 
Movable lenses, however, are not as suitable as fixed 
ones, because the lamps are not interchangeable, and 
it is therefore necessary to see that the same lamp is 
replaced on the signal for which it has been “ sighted.” 
If the lamp is fitted with a light indicating contact it 
is desirable that the electrical connection should be 
completed automatically by placing the lamp on the 
bracket, otherwise it is possible for the lampmen to 
forget to connect the electrical apparatus. 

Inner Cases.—As a rule these are considered un- 
necessary nowadays, the burners being fitted with glass 
chimneys instead. 

Cisterns.—These should be made in such a way that 
they cannot be misplaced in the lamp by a careless 
lampman, or by the vibration of the signal. They 
should hold sufficient oil to burn for at least seven days 
and allow for expansion of the oil, due to heat, without 
overflowing. The horizontal cross-section should be as 
large as possible to avoid undue depth, from which the 
oil has to be lifted by the wick when the cistern is nearly 





empty. An aic vent should be provided in the filler 
orifice. 
Burners.—Some makers prefer a metal body with a 





china or porcelain covered mouth for the flame, to 
reduce conduction of heat to the wick. Others make 
the whole body of metal having an air ventilated cup 
for the flame. 

Various manufacturers nave different opinions upon 
the shape of the flame, and this is, of course, dependent 
upon the design of the burner. A round cup will 
produce a rat-tail flame, whereas a bird-mouth opening 
will give a flat flame, varying in shape as regards width 
and height, according to the shape of the mouth. 
Pilot wicks have been tried with success, but the only 
advantage, so far as the authors are aware, is that the 
burning wicks can be used until they get quite short, 
instead of having to be thrown away when about half 
used. The design of the burner has animportant bearing 
upon the question of carbonisation due to cracking of 
the oil, as will be explained later, and in this con- 
nection it may be mentioned that very little is known 
regarding flame temperatures in signal lamps. Perfect 
combustion has been aimed at with success, but perfect 
combustion does not necessarily mean a perfect light. 
It is possible to introduce sufficient air into the flame 
to make the flame blue and almost invisible. Under 
these conditions great heat is given off. It is sug- 
gested that the design of a suitable burner offers a field 
for research which could well be undertaken by the 
institution. 

Examples are not lacking of inventions aiming at 
overcoming wick carbonisation trouble by making 
burners self-trimming. All these arrangements are very 
ingenious, but add materially to the cost of the lamp and 
increase maintenance cost, and on general grounds 





complications of all kinds are to be avoided. 
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Wicks.—About ,%, in. flat or round plaited cotton 
or jute wick is largely used. Some round wicks consist 
of a strip of felt around a core of loosely twisted wool. 
This core increases greatly the capillary attraction of 
the wick, and at the same time burns faster than the 
felt covering, consequently the top of the wick forms 
a cup which the oil feeds while burning. There is 
therefore a small well of oil at the base of the flame, and 
this assists in pre venting incrustation. 

Lenses.—Some railways still adhere to the old 
bull’s-eye, whilst others prefer the toric lenses. The 
former absorbs a large proportion of the light, and the 
latter is undoubtedly superior in every way. 

The natural shape of the flame will govern the hori- 
zontal and vertical spread of the beam, and therefore it 
is possible to use an inefficient lens by increasing the 
dimensions of the flame until the desired spread of beam 
is attained. This, of course, is an extravagant method 
of reaching the desired object, but appears to be a 
fairly general practice amongst those who use the 
bulls-eye lens. The flame of the long-burning lamp 
ives rather less light than the daily trimmed lamp, 
and therefore it becomes necessary to use the very 
best lens that is available, in order to use the smaller 
amount of light to the best advantage. 

Reflectors.—A silvered metal reflector or a prism glass 
reflector may be used. Silvered metal has the dis- 
advantage that it tarnishes and, after constant cleaning, 
the silver wears off. The prism glass type is very 
efficient, increasing the intensity of the beam from the 
lens by over 25 per cent.; it also stands a great deal 
of knocking about, but it only collects a limited amount 
of light rays, approximately 100 deg. as against 150 deg. 
or more with a deep parabolic metal reflector. On the 
other hand it is practically impossible to manufacture 
a parabolic reflector which is optically correct, and 
furthermore this type is unsuitable for use with a lens 
as it reflects and corrects the rays into a parallel beam. 

Sighting. —If the lamp is fixed properly, and the 
bracket adjusted so that the driver’s eye is within 
the full range of spread of the beam, he will get a full 
illumination of the lens whilst the flame is the correct 
height, but directly the flame diminishes, the driver 
loses the light, because the effect of the lens inverts 
the image of the flame; consequently it affects the 
vertical spreading, and therefore the first part to be 
affected is that below the axis of the beam. 

Oil.—The question of setting up a standard by which 
to judge the oil is a very difficult one, owing to the 
complex nature of the material, and the absence of 

knowledge of the value of the different factors in the 
mechanism of continuous flame production. We are led 
back to the burning property as the only criterion of 
oil, which in turn requires a standard lamp if results are 
to be given a scale of values. 

If progress is to be made, either in the direction of 
producing better equipment and better oil, or merely 
in arriving at a commercial standard by which to judge 
existing materials, it appears to the authors that the 
line of action to be followed is to set up an arbitrary 
standard test lamp to which results with different oils 
could be referred, as well as results of modifications, 
one at a time, of various items constituting the burner. 
In this way alone can scientific data of value be 
established. We can hardly yet look to the chemist 
to give us a chemical formula by which oil can 
be evaluated. It is impossible commercially to 
make a chemical analysis of petroleum burning oil 
as would be done with, say, copper, and one has 
to rely, as a guide to quality, upon a set of physical 
tests, which, from past experience, indicate that 
certain characteristics will be fulfilled and certain dis- 
advantages absent. Those commonly applied are :— 

(1) Colour.—An indication of the removal of objec- 
tionable impurities. Measured by comparison with 
standard colour glasses. 

(2) Specific Gravity or weight compared with an equal 
volume of water. As this varies, for an equally good 
burning oil, with the nature of the crude, it has no 
intrinsic value, but it is quickly taken, and if the 
origin is known, is a quick indication of quality, the 
heavier specific gravity denoting an inferior grade. 

(3) Flash Point.—This is taken as a precautionary 
test, for if much below 100 deg. F. closed flash point 
is recorded, the oil is too volatile and liable to give 
rise to explosions in the lamp. An unduly high flash 

point is a sign of a heavy fraction unsuitable for long 
burning lamps. 

(4) Distillation.—A direct check upon the closeness 
and accuracy with which the manufacturing process 
has been carried out. 

(5) Cloud Test.—A freezing test to indicate the 
absence of paraffin wax in solution (present in some 
crudes), 

There are also three readily applied chemical tests 
to denote that compounds other than hydrocarbons 
are absent, viz., floc, sulphur and doctor tests. 

Turning now to the mechanism of flamé production, 
when equilibrium is reached, the following functions 
would be carried out, and if nothing happened to 





disturb the equilibrium the flame would continue 
indefinitely :—The top portion of the wick acquires a 
fixed temperature, the resultant of the heat gained 
by radiation from the flame, and the heat lost by 
radiation and carried away by the air feeding 
the flame and by the oil as it vaporises. A steady 
flow of oil reaches it, regulated by the capillary value 
of the wick, and as its temperature is raised, evaporates, 
giving a steady flow of vapour, which, with the air 
stream, makes the flame and produces the constant 
heat radiation. 

The balance is disturbed by any of the following :— 

Change of temperature of top of wick caused by 
movement of flame centre (draught) or by change of 
air temperature or quantity of air. 

Change of feed caused by change of capillarity of 
wick (clogging with water or dirt, or formation of 
gummy deposits at hot end, due to chemical impurities 
in the oil or even accumulation of undistilled fractions 
through insufficient temperature); by change of lift 
or head (emptying of cistern); or by variation in oil 
viscosity due to change in oil temperature. If the 
wick deteriorates under heat, this may also change 
capillarity. Finally, granting the temperature at the 
top of the wick is high enough to distil off the whole 
of the oil fed to it, should that oil be “‘ cracked ”’ while 
awaiting evaporation, as we have seen, there will be a 
tendency for heavy materials to be formed which being 
of a lower fraction would not vaporise at the tempera- 
ture provided, thus clogging the feed gradually. More- 
over, the resulting drop in flame temperature would 
probably add to the congestion of unconsumed products. 
In the authors’ opinion we have here the explanation 
of the char formed by even the best oil in time. 

Tending to coxfirm this by showing what little part 
the wick plays, under fair conditions, in char formation 
trials have been made with wicks of asbestos, mica, 
and other non-inflammable material, and also with 
cotton wicks treated with picric acid and potassium 
nitrate (advocated it is believed in Germany), without 
obtaining any improvement in burning time. A trial 
confirming this result was carried out by the authors. 
The only detail changed in the second trial was the 
wick, and to endeavour to magnify any possible advan- 
tage of treating the wick a low grade paraffin was used. 
No improvement however, can be detected. 

On the other hand, as showing the importance of the 
oil, we produced a very clean oil having a narrow 
distillation range, which burnt with a steady flame for 
14 days in a L.N.W.R. half-gallon lamp fitted with a 
** Lynlight ’’ porcelain flat-flame burner, and for 6} 
days in an Adlake lamp, the cistern being perfectly 
dry at the end of each trial, and the char on wick being 
very little more than methylated spirits would have 
produced. This was a case of equilibrium in the burner, 
but it is indicative of the fickle nature of oil that the 
same oil in a L.N.W. lamp failed after two to four days 
through encrusted wick, after it had been kept for a 
couple of months of hot summer weather, although 
the physical tests were practically unaltered. Possibly 
this is explained by polymerisation. 

The authors thought at one time that a narrow distil - 
lation range might be the index to a good long burning 
oil. Subsequent experiments show, however, that 
neither this nor any other physical test can be regarded 
as a means of final selection in judging oil, although it 
is probable that a narrow distillation range is a favour- 
able characteristic. 

We are therefore thrown back finally on a burning 
test as a means of selecting a suitable oil. In the course 
of experiments we found that the depth of oil below 
the burner (head of feed) definitely affects the length 
of even burning, all other conditions being equal. 
Consequently, when the Institution of Petroleum 
Technologists appointed a Committee to deal with the 
standardisation of methods of testing petroleum 
products in 1921, this point was brought to their notice, 
with a plea that their tentative burning tests should 
be more closely defined as to the test lamp. 

In adopting a burning test, the Committee will 
probably work on the general lines put before them by 
the authors, which cover a specification of the impor- 
tant features of both the Welch and the Adlake lamps, 
as modified for test purposes, introducing a device 
for maintaining a constant level of oil during the trial ; 
and also the procedure to be followed in carrying out a 
trial and recording readings. It will be noted that the 
burning test is still the subject of consideration by the 
Committee of the Institution of Petroleum Technolo- 
gists, and, as previously hinted, when dealing with the 
question of burners, it is thought a field of investigation 
is suggested here, in which our own Institution might 
well take part. 

Among the collateral details about which information 
of use to our members might be sought are : the volume 
of heat available from different oils and different burners 
for operating “ light indicators,” and the means required 
if any, to restrict variation in the flame colour under 
practical conditions. Such investigation would teach 
us a great deal regarding the causes of char, and might 





result in our being able to use a cheaper grade of oil 
without impairing efficiency of the lamp, or on the 
other hand improve the reliability of the present 
lamp and extend its safe period of burning without 
refilling or attention. 





EXPLOSION OF A BOILER AT 
WEST HAM. 


Unper the provision of the Boiler Explosions Acts 
of 1882 and 1890, a preliminary inquiry has been 
conducted by the Board of Trade in connection with 
an explosion of a water-tube boiler, which occurred 
on April 29 last, at the West Ham generating station, 
Canning Town, London, E.16. The report of the 
inquiry, which was published recently, states that the 
boiler is of the Stirling ‘‘ Tridrum” type, comprising 
a lower water drum and two steam drums, front and 
rear. The various drums are connected by means of 
series of solid-drawn steel tubes each having an external 
diameter of 3} in., and a thickness equivalent to 
No. 10 I.W.G. One of these tubes, situated in the 
front row, burst at a spot some 3} ft. above the lower 
drum. The aperture formed was 13} in. in length, 
and had a maximum width of 74 in.; the contents of 
the boiler escaped through the opening thus formed. 
The boiler was made by the Stirling Boiler Company, 
Limited, at their Oldbury works in 1920; it was not, 
however, put on commercial load at West Ham until 
October, 1922, and had thus been in service for some 
24 years at the time the explosion took place. Twenty- 
one tubes were renewed at various times between 
October, 1922, and April, 1925, and the tube which 
failed had only been replaced some ten weeks before 
the accident occurred. It was one of a batch manu- 
factured by Messrs. Babcock and Wilcox, Limited, 
by the Mannesman process at their Dumbarton 
works, and was tested hydraulically at a pressure of 
1,000 lb. per square inch. The material from which 
the tube was made was also tested at the National 
Physical Laboratory. No trace of oil or grease was 
found in the boiler water by tHe station chemist, and 
the thin scale deposited in the tube was shown, by 
analysis, to consist of almost pure sulphate of lime. 
It was ascertained by measurement, however, that the 
circumference of the tube had become enlarged, not 
only at the zone of fracture, but also in the adjacent 
unbroken portions of the tube. In the opinion of the 
Engineer Surveyor-in-Chief, this bulging, in view 
of the fact that the internal pressure was only that of 
the ordinary working pressure of the boiler, showed 
that the material must have been in a highly over- 
heated condition when failure took place. 





LiverRPooL UNIvEeRsITy Lonpon Socrery.—This 
society, which held its second annual dinner in London 
on the 23rd ult., would be glad to hear from old students 
of the Liverpool University who may be domiciled 
in London and neighbourhood. The hon, secretary is 
Mr. Harold Lloyd, 16, Blackheath-park, S.E.3. 


TENDERS.—In connection with the call for tenders for 
generating sets and pumping plant for the North Western 
Railway of India, referred to in our issue of February 5, last, 
page 170, it is now announced that the closing date for 
the receipt of tenders has been postponed from March 2 
to March 9.—The Public Works Department, Wellinyton, 
New Zealand, is calling for tenders for the supply of 
11,000-volt metering equipment and switchgear, and 
20 kv.-a. and 100 kv.-a. substation transformers, for 
use in connection with the hydro-electric development 
schemes. Tenders will be received by the Secretary, 
Public Works Supplies and Tender Board, Government 
Buildings, Wellington, until April 23, 1926. Further 
particulars may be obtained from the Department of 
Overseas Trade or from the New Zealand High Commis- 
sioner, 415, Strand, London, W.C.2.—The Commercial 
Secretary at Santiago, Chile, has forwarded to the Depart- 
ment of Overseas Trade a further set of booklets, printed 
in Spanish, issued by the authorities of the Chilean State 
Railway. These contain details of requirements of 
materials and stores for the current year, and refer to oils, 
paints and varnishes, wire and wire netting, cables and 
chains, clamps, bolts, &c., metal ingots, tools, machinery, 
iron and steel, piping, electrical material, pneumatic tools, 
illuminating material for locomotives and rolling stock. 
The latest dates for the receipt of tenders vary from 
April 12 to July 9, 1926. Local representation in Chile 
is desirable. Copies of the booklets will be forwarded, 
on loan, to British firms in order of application.—With 
reference to the call for tenders, on the part of the 
Chilean State Railways, for the supply of some 10,000 
tons of rails and accessories, mentioned in our issue of 
January 29 last, page 139, the Department of Overseas 
Trade announce that they are now in possession of the 
necessary drawings. These will be sent, on loan, to 
British firms in order of application. Copies of the draw- 
ings may also be purchased from Messrs. Hodges, Bennett 
and Co.,.Limited, 16, Queen Victoria-street, London, 
S8.W.1.—-H.M. Consul at Lisbon has reported a possible 
opening for the sale of motor cars for use as taxi-cabs 
in Lisbon. Further particulars regarding any of the 
above tenders or inquiries may be obtained from the 
Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1. 
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LABOUR NOTES. 


Mr. Hirt is frankness itself in some comments 
which he makes on the wages negotiations in the 
latest issue of the Monthly Report of the United 
Society of Boiler Makers and Iron and Steel Ship- 
builders, At the beginning of the negotiations, 
he says, almost every union had made a separate 
claim. Some had asked for a pound, some for 10s., 
some for 7s. 6d., and some for nothing, but the 
employers’ federation asked all to come together and 
make a common claim. ‘‘ They asked us all,” he 
says, ‘“‘to claim the same amount. They asked us 
to make one united claim for a pound advance per 
week for all. Seeing that they wanted to create 
unity and solidarity amongst the workers, we all 
agreed, and so we made a united demand. In the 
middle of these negotiations we held gréat mass 
meetings of all workmen concerned, and the joint 
demand for the pound was approved. Personally, 
I never approved of the pound claim, and at the 
mass meetings I attended I said so, and gave good 
reasons for immediate success in a claim for 10s, 
per week. Mind, I never thought that a pound 
was too much, I knew it was more than we would 
get. I knew it was more than the unions were 
prepared to fight for, and as the employers also knew 
this our negotiations degenerated into an organised 
hypocrisy.” As the clear significance of the figures 
submitted by the employers for the consideration of 
the unions was that the industry could not stand any 
addition at all to its costs, it does not seem to matter 
very much what the actual demand was. 


According to Mr. Hill, the employers at the final 
conference said: ‘* You cannot end the negotiations 
on the wages claim unless you withdraw your claim.” 
“To withdraw our claim,” he goes on to say, ‘‘ would 
have been represented in the Press as an admission 
that we now recognised that our claim was not 
justified, and that it took two years’ argument to 
convince us of our mistake.’”’ On the other hand, 
not to withdraw it, obviously left Mr. Hill and his 
associates without an alternative to a ballot of their 
members for or against a strike in enforcement of 
a demand for an advance of 20s. per week—a claim 
of which Mr. Hill, at any rate, never approved. What 
was in the minds of the employers when they said 
what Mr. Hill says they did, was not in the least degree 
obscure. The decision of the men’s representatives 
at the conference was ‘to inform the Engineering 
and Allied Employers’ National Federation that in 
the event of no advance being conceded, negotiations 
are now terminated,” and the part of the employers’ 
statement bearing on that point was: ‘* The employers 
will continue to regard these negotiations as national 
so long as the application for advance is in existence.” 
To any ordinary man that is perfectly clear. Whether 
the unions are balloted on the question of a strike 
on the 20s. issue, or whether the unions decide 
separately or collectively to proceed locally for an 
increase of wages, the matter will be a national one 
so far as the employers are concerned. As it was 
really the unions, and not the employers, who first 
mooted the idea of national negotiations, their repre- 
sentatives cannot now reasonably complain. 





At. the end of January, 23,309 members of the 
Boilermakers’ Society were “ signing the books,” as 
compared with 23,818 a month earlier. Five weeks’ 
expenses fell to be charged against January. The 
expenditure was, therefore, 123,280/. 15s. Id. as 
compared with 97,380. 15s. 5d. in December. Mr. John 
Barker has been re-elected assistant general secretary, 
by a clear majority of 2,114 votes over the total votes 
cast for four opponents. 


Mr. Findlay, the general secretary of the United 
Patternmakers’ Association states, in his latest official 
report, that the slight improvement in the unemploy- 
ment figure manifested last month has continued. 
‘Nine hundred and sixty-six without work is, how- 
ever,” he says, ‘‘ more than enough, and we hope that 
every member inside the gates is doing all he can to 
see that his less fortunate brother is having every 
chance that comes along. Overtime should be reduced 
to the minimum,” it is added, “ while there is one 
member unemployed.” The excess of income over 
expenditure in the final quarter of 1925 was, it is 
reported, 1,618/. 17s. 7d., bringing the total gain for 
the year up to, approximately, 9,200/. “‘ Under all 
the circumstances,”” Mr. Findlay says, ** we think that 
is very satisfactory. There have been requests and 
proposals from several branches (not many) that con- 
tributions should be lowered and benefits as per rule 
re-established. It is only right,” he proceeds, ** that 
members should know that E.C. have had this matter 
always in mind, and no one will be better pleased or 
happier than themselves when they can feel justified 
in acceding to these requests. Meantime, they have 





decided, after further consideration of the present 
position and possible contingencies, to defer any 
alteration.” 





Easton Lodge has been presented by Lady Warwick 
to the Trades Union Congress, which intends to develop 
it as “‘a great Trade Union University, where genera- 
tions of trade union leaders, administrators and workers 
will be trained for service in the industrially-organised 
movement.” It is estimated that to give the under- 
taking a fair start, a sum of 50,000/. is needed, and an 
appeal is now being made for contributions to such a 
fund. ‘It is the General Council’s intention,” says 
a writer in The Labour Press Service, “‘ to organise the 
College as a genuine residential educational centre for 
trade unionists, adopting the methods of the older 
universities, so far as these are suitable to that purpose, 
with an adequate staff of teachers, and all the equip- 
ment necessary for real educational work. On the 
Kaston Lodge estate, much of the food required by 
the College will be produced from farm and field ; the 
park will be the students’ playing fields for games and 
recreations ; the lawn and flower gardens, the house 
itself, the quadrangle, will not be less beautiful nor less 
well-cared for than those of the older universities. Here, 
for the first time, the able and ambitious young trade 
unionist, who is eager to learn in order to serve, will 
be taught and trained for future work, under ideal 
conditions, without losing touch with his class, and 
without being exposed to the temptation of becoming 
a snob or a hanger-on of the richer class. He will 
enjoy the benefits of a working-class education provided 
by the trade unions in a university of their own 


” 


making. ‘ 





Representatives of the General Council of the Trades 
Union Congress had a meeting last week with Sir Arthur 
Steel-Maitland, the Minister of Labour. The interview, 
which was private, had reference, it is understood, to 
the Washington Conference and the suggested intro- 
duction of a Bill to secure a 48-hour working week, in 
accordance with the Washington resolutions. No 
official statement was issued afterwards. 

The Industrial Court has issued its award in the 
reference relating to the pay of executive and assistant 
engineers in the employment of the Post Office. The 
claim was that the wages should be on the general 
level of those of municipal engineers. The Court 
decided that the basic annual salaries of the officers 
concerned should be: Executive engineers, London, 
450/.-201.-5501.; executive engineers, Provinces, 
4201.-201.-520].; assistant engineers, London, 2001.— 
240/.-151.-420/. ; assistant engineers, Provinces, 180/.— 
2201.-151.4001. The lower minima awarded to 
assistant engineers relate to probationers. The salaries 
on the readjusted scale will be subject to the current 
cost of living bonus, and the decision is to be deemed 
to have become operative on January | last. 





ec ee Ss 

The Berlin correspondent of The Times states that 
the total number of persons in receipt of unemployment 
relief in Germany three weeks ago, was 2,030,000. 
It had increased during the second half of January from 
1,767,000. The increase in the number of men in 
receipt of relief was from 1,555,000 to 1,773,000, and of 
women from 212,000 to 257,000. It is officially pointed 
out, however, that although unemployment usually 
reaches its height at the end of January, the official 
unemployment relief returns represent on this occasion 
even less accurately than usual the actual fluctuation 
in employment. During the period covered by these 
figures new regulations have been brought into force in 
many districts, owing to the seriousness of the crisis, 
extending the benefits of unemployment relief to office 
employees normally earning more than workers 
hitherto entitled to relief, and also extending the period 
for which relief is payable. The comparetive value of 
the figures is thus impaired, and there is no reason to 
suppose that unemployment generally has increased to 
the extent they indicate. 





The trouble in the building trades over the re- 
muneration to be paid to workmen engaged in the 
construction of Weir steel houses is likely to become 
acute during the next week or two. Smoke screens 
of varying densities have been put up to obscure the 
real issue, but in spite of them trade unionists in other 
industries appear to be quite clear in their minds as 
to the question which has to be decided. The conten- 
tion of the building trades is that in the construction 
of every type of house, no matter what the method of 
production or the material is, building trade wages 
and conditions should rule. It will be odd, indeed, 
if, when the crucial test comes, trade unionists generally 
agree to that proposition. The construction and erec- 
tion of steel houses are, obviously, metal-working 
operations. Moreover, metal workers engaged in the 
production of them under a system of payment by 
results can earn as much as, if not more than, building 





trades wages. If the wages and conditions in force 
satisfy metal workers, as is known that they do, other 
trade unionists will surely find it difficult to take sides 
with the building trades operatives against them. 





In the House of Commons on February 10, the 
Minister of Labour stated in reply to a question that 
arrangements had been made to classify the unem- 
ployment returns into casual and non-casual occupa- 
tions, and further to divide the non-casual occupations 
so as to show those wholly unemployed and those 
temporarily stopped, respectively. There would be, it 
was explained, three groups, viz., wholly unemployed, 
temporarily stopped and casuals. Such a classification 
was not easy to make, he said, as there were a large 
number of border-line cases, but he was advised that 
the grouping could be carried out with sufficient 
accuracy for practical purposes. The new classification, 
it was added, would not affect in any way the total of 
the live register under the existing headings of men, 
women, boys and girls. That total, as well as the total 
given monthly in the Labour Gazette, would be computed 
in precisely the same manner as heretofore. The 
earliest return of the new form to be circulated relates 
to the weeks ending February 1 and 8 respectively. On 
February 8, 1926, the total number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,164,900—942,500 males and 
222,400 females—on February 1, 1926, 1,174,978— 
951,338 males and 223,640 females; and on February 9, 
1925, 1,242,959—976,935 males and 266,024 females. 
The new information is given in the appended table :— 


























Persons Normally in 
Regular Employment. Persons 
Normally 
ial in Casual 
Wholly Temporarily |Employment 
Unemployed. Stopped. 
Feb. 8, 1926-—— ¥s 
Males .. rv 743,900 134,600 64,000 
Females a 137,300 83,900 1,2009 
Total .. ~ 881,200 218,500 | 65,200 _ 
Feb. 1, 1926— 7 ae oe peor 
Males .. = 754,972 132,659 | 63,707 
Females 138,796 83,714 | 1.130 
Total .. | 893,768 216,373 | 64,837 








The totals given for males, for females, and for males 
and females together, are computed on the same basis 
as the weekly figures previously issued. The details 
with regard to persons ‘“‘ wholly unemployed,” * tem- 
porarily stopped,” and “‘ casual” are in future to be 
given weekly. 

At a meeting in York on Wednesday of the Federa- 
tion of Engineering and Shipbuilding Trades the result 
was announced of the ballot for or against the new 
procedure for the avoidance of disputes. The figures 
revealed, it was stated, a majority equal to four to one 
in favour of the agreement on a total vote of about 
12,000. The United Society of Boiler Makers and 
Iron and Steel Shipbuilders and one or two other 
organisations. not aftiliated to the Federation are not, 
of course, parties to the agreement; but the negotia- 
ting machinery which is now set up for the industry 
will be available to them. 





The federated engineering employers in the London 
area have refused to discuss the wages question with 
local representatives of the men until the position is 
regularised by the ending of the various unofficial 
disputes which are in progress. At a meeting on 
Monday of representatives of all the unions involved, 
it was decided to call a conference of district com- 
mittees, branch secretaries, and shop stewards for 
March 7 to discuss the situation and formulate a joint 
policy. There is talk of seeking the authority of 
executive councils to take a strike ballot; but if the 
unofficial disputes are not ended matters may con- 
ceivably reach a highly critical stage before March 7. 





The trouble with the electrical workers employed in 
the London railway power-generating stations was 
adjusted at a conference at the Ministry of Labour on 
Tuesday. Some time ago the Electrical Trades Union 
obtained, through the Joint Council for the Electricity 
Supply Industry, an advance of 6} per cent. on current 
rates for workers employed by general electricity 
undertakings. The Railway Staff Conference declined 
to extend the concession to the men employed at railway 
power stations, and the London District of the E.T.U. 
decided, as a consequence, to take a ballot for or against 
a strike. The terms of Tuesday's settlement were not 


officially disclosed, but it is understood that the railway 
companies agreed to concede temporarily the advance 
demanded, leaving it to the Industrial Court to decide 


whether it should, or should not, be continued. 
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THE BROCK PROCESS OF MAKING 
TOPOGRAPHIC SURVEYS FROM 
THE AIR. 

By F. E. Weymoutn, M.Am.Soc. of C.E. 
ENGINEERING projects in the United States are 
frequently delayed by lack of suitable topographic maps. 

Less than half of the continental area of the country 

is represented on contour maps for general purposes, 

















“ENGINEERING” 


Numerous North American concerns offer air pictures 
for purposes of illustration. A smaller number make 
mosaic maps or composite pictures by piecing to- 
gether photographs taken with the axis of the camera 
lens pointing downward from the aeroplane. These 
mosaics are subject to scale variety which is severe in 
cases of marked ground relief, but they are useful in giving 
a vivid conception of a large area, such as the culture, 
vegetation and other features of a drainage basin. A 
few agencies, particularly Governmental, use photo- 
graphs, or some derivatives of these, as plane-table 
sheets on which to record contour locations and other 
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war the Arthur Brock, Jr., Company, of Philadelphia, 
makers of optical instruments and precision machinery, 
designed and manufactured aerial film cameras. 
Mosaics of air pictures made with these were produced 
as early as 1915. Hundreds of the cameras were used 
by the Allies. The close of the war left the company’s 
works with a technical staff and facilities for research 
in further use of aerial photography. Years of experi- 
ment followed, finally leading to the Brock process as 
now commercially used in topographic mapping. The 
process rests on an analysis of the properties of aerial 
photographs, the design of precise instruments for their 
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Fie. 5. THe Camera Mountep In THE AEROPLANE. 
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Fie. 6. THe STEREOMETER. 


with small scales, such as an inch to the mile or half-; data secured by instrumental measurements on the 


| 


taking, and for conversion of the data they record in 
perspective to a contour map of desired accuracy, scale 
and form, free of perspective. 

The same optical laws control aerial photographs as 
any others. Objects are foreshortened under the same 
rules in both. Lack of visible foreground in the aerial 
view, due to the great distance from the camera to the 
objects photographed, makes the perspective effect less 
noticeable to the naked eye, but it is none the less 
present, and for the same reason the photographic scale 
is correspondingly affected, so that a small displacement 
in the picture, if scaled, may be equivalent to hundreds 
of feet on the ground. There is no magic way by which 
aerial photographs may be taken without perspective 
and used directly as true-scale maps. 

The field of view embraced by any camera lens 
expands from the lens in the form of a cone. Pencils 
of light rays pass through the lens and focus at the 
plane of the negative. The axial rays form another 
cone behind the lens. The ground or objects that 
present themselves in the cone of vision and the extent 
to which the negative cuts the cone behind the lens 


determine the contents of the photograph. A section 
through the common axis of the two cones may be 


— Topographic maps on such engineering scales| ground. The engineering firm with which the author | simply represented by straight lines, as in Fig. 1. 
a8 Irom 200 ft. to 1,000 ft. per inch are made by private | is connected, by special instruments and methods known 


concerns for individual projects. 


——— maps are greatly needed and in both aerial | aerial photographs themselves, and translates the 
c otography has been resorted to in increasing measure | photographic data to the form of engineering maps with 
of Supplement or cheapen the familiar processes of | constant scale. 

tes topographic data by transit, plane-table and 
’ , neans, 





genesis goes back to the Western Front. 


In both these fields, | as the Brock process, determines contour location from 


This necessarily exaggerates greatly the relative 
magnitude of the focal length f and its cone for the 
case of an aerial exposure, but this does not affect the 
geometrical relations. 
the cone of vision is photographed on a level plate on 


Any level surface or line in 


The Brock process is a post-war development, but its | a scale inversely proportional to the distance from the 
Thus, 





During the | object to the lens measured along the lens axis. 
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if the lens is at an elevation H, above level ground, 
the light rays from points A, and C, on such ground 
plane strike the plate at a and c, the triangles 
A,C,L and acL are similar and corresponding sides are 
proportional. In other words, ac represents A,C, to 
the scale ratio f/H,. For a lens height H,, the same 
plate dimension ac represents the greater horizontal 
distance A,Cg, #.e., the smaller scale ratio f/H, obtains, 
while for a third ground level, such as A,C, at a distance 
H, below the lens, the photographic scale ratio is 
f/H,. In general, the photographic scale for aerials 
is the ratio of focal length to lens height, f/H. H is 





Fie. 9. 


affected by the elevation of the aeroplane, which is 
constant for any one exposure, but is also affected by 
the ground elevation, which commonly varies through- 
out a single aerial view. Thus, for ground sloping 
from A, to B, the photograph would vary in scale 
from f/H, to f/H,. Fiying at 5,000 ft. above sea level 
with a 12-in. lens, the sea-shore is photographed to a 
scale of 1: 5,000, while distances along the 500-ft. 
contour show at a scale of 1: 4,500. This departure 
from scale is illustrated in Fig. 1 by the effect in dis- 
placing particular points on the slope A,B,. The 
centre point C, may be taken as the origin from which 
to measure such displacements. In terms of the scale 
of a datum plane through C, the image ot E is displaced 
outward and that of M inward. The displacements 
FG and NO in each case = h tan a, in which expression 
a is the lens angle from the vertical, and h is the plus 
or minus elevation of the puvint, measured from the 





datum. Such scale derangement of the aerial photo- 
graph is as varied in direction and amount as the 
distribution of ground elevations within the view. 

In practice the point displacements are complicated 
by the fact that the motion of the aeroplane tilts the 
camera slightly. Then not even a level surface will 
photograph to scale, as illustrated in Fig. 2, which 
for convenience shows an exaggerated angle of tilt; 
but this again does not vitiate the geometrical relations. 
The tilted plate cuts the vertical cone of light rays 
obliquely, having the effect of elongating some rays 





and shortening others as compared with a horizontal 


plate over the same lens position, causing corresponding 
displacements of their image points outward and 
inward. A ray Lm cutting the trace of the two planes 
of projection is unaffected, and the image it forms, 
m, is therefore a convenient point from which to 
consider the resulting displacements. This ‘‘ mid- 
point’”’ is approximately half-way between points 
c and » formed by rays in the lens axis and the vertical. 
The outward displacement of an image point, a, 
formed by any elongated ray above m, making an 
angle a with the vertical, is 


ma—ma’ =(ca—cm) — (mv’ + v’a’) 
= [ Jtan (0 + a) — ftan 4 _ [J tan $ +f tena |, 


which for practical purposes 





= f [tan (a + 6) — tan a—tan 4), 





since for the slight angles of tilt which occur ° virtually 


> 
equals $ tan @. 

By similar derivation, the inward displacement for 
any point formed by a shortened ray cutting the tilted 
plate below m is 

f [tan a — tan 6 — tan (a — @)] 

These relations of Fig. 2 apply in the case of tilted 

plate and level ground, while Fig. 1 deals with leve} 


plate and tilted ground. The common case encoun. 
tered in practice is a combination of ground slopes 
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A Mosaic But up oF SEVERAL ViEws, INCLUDING THAT SHOWN IN Fias. 7 AND 8. 


and tilted plate, so that the resulting scale derangement 
is a mixed effect of both. The effects of tilt variously 
enhance or lessen those of conic projection throughout 
the photograph. 

A series of aerial photographs covering an extended 
area is an aggregation of such scale varieties, and the 
members of the series differ further because the factors 
of tilt and lens height are liable to variations between 
exposures. The plane cannot be kept at constant 
elevation, and its motions tilt or rock the camer 
slightly in one direction and another. Nor is it possible 
to fly the plane in straight lines. This adds a problem 
of orienting the successive views in fitting them together 
as a mosaic, or taking the data from the pictures 
more accurate map-making. This orientation 1s aide 
by making more frequent exposures, and producing 
a generous overlap between successive photogra phe: 





Some overlap is essential for the simple avoidance of 4 
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in picturing an extended area. Objects, lines; 
and points in the overlapping zone have conjugate 
images on the two photographs. Such points differ 
in direction and lens angle from the two positions of the 
lens when photographed. Hence, the displacements 
from other conjugate points due to conic projection 
is different in the two views and the overlapping 
pictures are subject to parallax, as illustrated in Fig. 3. 
The elevated point A is projected to the two photo- 
graphs as if at points A, and A, in a datum plane 
through the foot point O of the first lens position, 
and the horizontal distance from O to A has conjugate 
images of different magnitude on the two plates. Its 
image oa on the first. plate represents OA, in the scale 
of the datum plane, while the conjugate image 0’ a’ 
represents OA, to the same scale. The difference is 
the parallax, p. From the proportion of similar 
triangles. 


gap 





A,A; = =. in which B is the base or distance 
between lens positions, If the base be measured on 
Fig.10. 
A Cc 
o 
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suitable magnification and precise measurements of 
the photographs these disclosed qualities inherent in 
films precluding their use for exact work. They shrink 
in development. The shrinkage is uneven in different 
directions. Local contractions cause displacements that 
defy analysis. The use of film was abandoned. Other 
media were likewise eliminated for one reason or 
another in favour of glass plates. Ordinary glass 
plates may have considerable curvature, but optically 
flat glass plates may readily be obtained by simple 
devices of manufacture and selection, and it is these 
that are used for the survey photographs. After 
many trials, plates combining the desired flatness, fast 
panchromatic emulsion and other essential qualities, 
are now readily secured. 


A vital part of any camera is the lens. For aerial 


work meeting the standards set for this process it is 





















to be covered usually divides into irregular branches 
following drainage courses and watersheds. The 
flying program is laid out to cover the area by over- 
lapping or connected strips, each along a straight line 
so as to avoid exposures while the camera is tilted 
when the aeroplane banks in turning. 
Quick banking tends to rock the camera. The dash- 
pots visible in Fig. 4, prevent such motion continuing 
after the aeroplane is righted for the next photographic 
strip. Atmospheric disturbances prevent perfectly 
straight flights and cause slight tilt, whichis minimised 
by the gimbal suspension of the camera, shown in Fig. 5. 
The adoption of this followed on elaborate trials of 
different forms of suspension, gyroscopic controls and 
other devices, which led to the conclusion that tilt 
could not be entirely prevented, but at best confined 
to very small angles. This was accomplished by the 
antifriction suspension. But, regarding tilt, the most 
distinctive feature of the process is a sort of mechanical 
determination of the direction and degree affecting 
each original exposure, followed by reprojection of 
the photographic plates in a way to give the equivalent 
of horizontal originals. For the first step an instrument 
known as the stereometer has been perfected. This 
instrument of precision, shown in Fig. 6, makes mecha- 
nical measurements of parallax values within a thou- 
sandth of an inch. Such values for a few points of 
known elevation are computed from the relations 
shown in Fig. 3. The discrepancies between the 
computed and stereometer values are due to tilt and 
furnish an accurate clue to its direction and amount. 
With this information the plates are re-projected in 





another special apparatus. The product is a new set 
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the photographs, in terms of the photographic scale of 

h 
H-h’ 
Thus, for a given pair of photographs (B and H con- 
stant) the parallax is a measure of ground elevation. 
To permit such measurements on the photographs the 
two lens foot-points must have conjugate images, 
which means that an overlap of more than 50 per cent. 
1s necessary. To use such measurements for elevation 
determinations of satisfactory accuracy, the photo- 
graphs must have been so taken as to constitute 
records of high accuracy, and to make the measurements 
sufficiently exact calls for instruments of precision. 

To summarise, aerial photographs give a series of 
overlapping views, slightly tilted, with the lens height, 
H, the tilt angle, 6, and the base length, B, as un- 
known variables. With these quantities determined, 
we have a photographic traverse in which each lens 
position at exposure corresponds with a transit station 
or planetable set-up, and with precise instruments 
it Is possible to measure the various factors before 
mentioned and to produce from the photographic 
record an accurate engineering map. 

All measurements are liable to errors, however small. 
We cannot eliminate, but we can minimise, balance and 
distribute them. Each material and operation used 
in making measurements or representing them to scale 
affects the net error. Hence, in considering the ac- 
curacy of aerial photography, attention naturally turns 
first to the instrument and materiais used in making 
the original record—the camera and photographic 
negatives, 

The research work of the writer’s firm began with the 
use of films, but as instruments were developed for 


the datum plane, then, to the same scale, p = B 








imperative to have lenses as near perfection as is 
humanly possible. Lenses have been secured that 
show freedom from distortion and other qualities of 
remarkable excellence. To meet requirements for 
certain classes of work, arrangements have been made 
for the grinding and matching of special lenses. Before 
sending the camera on location, the utmost care is 
taken to get a perfect adjustment so as to ensure that 
the focal plane will be normal to the lens axis and at 
the correct distance from the lens. 

The use of plates fixed the general type of the 
Brock aerial camera, which is illustrated in Fig. 4. 
To facilitate changing the plates, with any desired 
exposure interval and overlap, the camera is of the 
semi-automatic, magazine type, whilst to permit of 
an unbroken strip of pictures of considerable length 
the magazine is of 50-plate capacity. To photograph 
as large an area on a single flight as is permitted by the 
duration of suitable sunlight and other factors, the 
camera and its magazines are designed so as to permit 
of rapid daylight loading. A number of magazines 
are carried and the process of reloading takes less than 
two minutes. For rigidity the camera box and nearly 
all its parts are of metal. To keep down weight, 
aluminium and its various alloys are largely used. 
The camera, with full magazine weighs less than 100 
lb.; additional magazines, loaded, about 35 Ib. each. 
The shutters are of the high-speed, between-lens type, 
the plates measure 6} in. by 84 in. Thus, with the 
focal length and flying height chosen to give a scale 
of 600 ft. to the inch, a single magazine can produce a 
strip of photographs overlapped 60 per cent. and extend- 
ing about 18 miles. Commonly, other considerations 





will limit the strips to shorter lengths. Thus, for power 
developments and other engineering projects the area 
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of plates virtually identical with what would have*beer 
secured originally had the lens axis been exactly vertical. 
In practice, with skilful flying, the anti-friction sus- 
pension will limit the tilt to very small angles, which 
can be determined only by highly refined means, such as 
are provided by the stereometer. A tilt of 15 minutes, 
for example, is quite unnoticeable to the naked eye, 
but is readily indicated by the precise measurements: 
effected by the stereometer. 

The “horizontalised”’ plates are returned to the 
stereometer, Fig. 6, and their correctness verified by 
fresh parallax readings for the known points. Other 
readings then serve to determine elevations throughout 
the overlapping area of a pair of plates. The machine 
can be set for a given parallax and operated so that the 
corresponding contour line is quickly located on one of 
the plates. It is first marked lightly with pencil 
and then by etching the emulsion with a needle. 

The ground surface can be contoured in spite of a 
considerable growth of timber or brush. Fig. 7 is a 
fair sample of the individual photograph in a survey 
by this process, in the mountainous country of the South- 
Eastern United States. In the single picture the foliage 
obscures much of the ground, but two views from differ 
ent angles when lined up in the stereometer fuse into 
one in which it is possible to see between the trees to 
the ground, which stands out in bold relief before the 
eyes of the operator. The same plate, with ground con- 
tours on it for the over-lapping area, is shown in Fig. 8. 
An aggregation of such fragments covers the area for 
which topography is desired. Prints from such plates 
can be pieced together as a contoured mosaic, an inter 
mediate product useful for some purposes. 

Fig. 9 is a- piece of contoured mosaic and includes. 
the plate shown in Figs.7 and 8. The refusal of the 
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contour lines to join due to parallex, illustrates the scale 
variation inherent in photographs or mosaics. To 
produce an engineering map it is ncessary to free this 
record of perspective and bring the data to uniform 
scale. In the subsequent processes by which that is 
done there is constantly recurring evidence of the 
remarkable degree of accuracy with which the contours 
are located. Obviously, if any mistake has been made 
in contouring a fragment, it will refuse to fit with other 
pieces, but the experience is that in the final assembly 
of the data the contour lines run together with well- 
nigh perfection, and this is so whether the original work 
on the stereometer is done by one or a number of opera- 
tives. In other words, the process is by nature mechani- 
cal and self-checking. 

The stereometer is a new instrument of precision 
for topographic mapping. The pairs of plates are 
mounted on turntables for stereoscopic examination 
through lens systems above, causing the ground relief 
to stand out clearly. This is coupled with the required 
precise measurements by means of cross hairs in 
the optical parts and various controlled movements 
of the plates below, singly or jointly. 

In reducing the photographic record to map form, 
a graphic traverse is first laid down on tracing linen, 
and the topographic details are then brought to scale 
about the plot. To secure the traverse, the first step 
is to locate the optical centre on each individual picture. 
The aperture plate of the camera carries pinholes 
carefully set so that their image points indicate the 
location of the centre. This makes it-possible to centre 
the plates on the stereometer. The next step is to 
determine the direction between seccessive centres 
so as to orient adjoining plates. The stereometer 
makes this possible and, together with the re-projection, 
gives the exact location of vertical footpoints for tilted 
plates, which are similarly marked. We have then 
on each plate its own centre or footpoint, and the con- 
jugate points for any adjoining or overlapping plates. 
Due to the perspective these courses will not be to 
scale and the conjugate images of the same course 
will differ, but the directions will be correct, just as 
azimuths measured by the transit are independent of 
elevations. The same thing is true of lines from 
centres to other points, and such lines are drawn to 
conjugate images of a number of sharply defined points 
in the common area of overlapping plates. We then 
have for each pair of plates information such as is 
indicated in Fig. 10. 

A single linear measurement on the ground between 
two suitable points, visible in two or more of the 
photographs, is all that is essential for tying together 
these fragments of the plot and giving it the desired 
scale. If, for example, the length BD has been 
measured, it is laid off to scale and the remainder 
of the plots for plates 1 and 2, Fig. 10, can then be 
fixed because there is only one position satisfying 
the requirements that the B and D rays go through 
those points and the direction lines between centres 
coincide. This plots the positions of both centre 
points and by ray intersections various other points 
as well. A number of these points such as C and D 
will also show on plate 3, and serve to add it to the 
plot, which is similarly extended to the end. Numerous 
office methods, detailed but important, have been 
developed to enhance the accuracy of this work. 
As a safeguard and further check, it is the usual 
practice to measure ground lines near each end of an 
enclosed traverse, and every 15 or 20 miles in an 
extended one. A check measurement on the ground 
at the end gives to the photographic traverse in a 
degree the effect of a closure. The measurement 
gives a check on the scale of the plot at the end, and 
if it agrees with the scale at the start it is safe to 
say that any intermediate errors are small. Large 
errors or blunders do not have the habit of compen- 
sating. In fact, an error of that character, in scale 
or azimuth, is well-nigh impossible because it will 
make itself manifest at once in a failure of the ray 
lines to intersect as they should. Six or more of 
these at times come together at a point, representing 
conjugate images on as many overlapping plates, as 
indicated in Fig. 11. Thus, in considerable measure, 
the plotting is self-checking throughout. 

The same attribute azplies to the contour location 
on the stereometer. After the traverse and network 
of salient points have been plotted the contour lines 
and adjacent details are successively brought to scale 
and traced. Here another special instrument is used 
which gives to this operation a mechanical nature like 
the others. The mechanical accuracy of this contour 
location is a feature of the Brock process which has 
brought expressions of highest satisfaction from 
engineers using the resulting maps. An engineer 
familiar with the tedium of contouring a large area 
of wooded, mountainous country, knowing the unsatis- 
factory results often produced by sketching or interpola- 
tion, readily appreciates a means by which he secures, 
in a small fraction of the time, at a fraction of the 
cost, a map showing with unusual faithfulness the 





telief of the ground; a map from which he can read 
the elevation of any point with confidence of a high 
degree of accuracy, with every contour correctly 
located throughout, subject only to the mechanical 
limit of precise instruments and their equivalents in 
terms of the photographic scale. 

Such results can be produced in spite of a considerable 
growth of timber or brush. A map of 40 square miles 
of the country illustrated in Figs. 7 to 9 was made 
for a power company, which thus gained years of 
time and numerous other advantages. The compre- 
hensive nature of the information supplied by the map, 
coupled with a mosaic, disclosed economies in planning 
one development representing probably three-quarters 
of a million dollars in its cost, which very likely would 
have precluded its construction. Fig. 12 is a small 
piece of the resulting map. 

To attain such results—to correct and interpret 
the photographic record—some ground surface data 
are needed, but even where these are not already 
available a minimum of instrument work on the ground 
is required. For horizontal control a small number 
of distance measurements at most are needed, as 
already stated. For vertical control the requirement is 
even more elastic. The elevations of a few points 
visible in the overlapping area of two photographs 
can serve to horizontalise the pair, which can be 
used in turn for other pairs, but for most accurate 
work, avoiding the risk of small cumulative errors, 
it is desirable to have points for the independent 
correction of each pair of plates. The maximum 
information in this regard calls for a level traverse 
giving the elevations of a few points per square mile. 
This is, of course, a small fraction of the instrument 
work required for ground surveys, and can be performed 
in a fraction of the time. The speed with which an 
accurate map of considerable area can be produced 
is one of the marked advantages of the process. It 
spbstitutes months for years, and weeks for months, 
in topographic mapping. It maps with the same 
facility gentle or bold relief, rough or smooth surface, 
ground that is clear or ground that carries substantial 
growth of vegetation. The resulting maps are used 
for the preliminary location of railroads, transmission 
lines, canals, tunnels and pipe lines, for the location 
of flow lines of reservoir sites and determination of 
their capacities. The combination of speed and wealth 
of detail are most helpful in the better planning of large 
engineering projects, the avoidance of mistakes in a 
choice of first units and order of development that some- 
times result from efforts to reach a productive stage 
without the interest accumulation and delay involved 
in mapping a large area by old methods. Combinations 
of maps, mosaics and individual photographs are most 
useful in studies and negotiations for rights of way. 

For all these purposes maps can be furnished with 
such scales as 1 in. to 400 ft., 600 ft. or 800 ft., and 
contour intervals of 5 ft., 10 ft., 20 ft. or more. Special 
lenses are designed to facilitate and cheapen mapping 
for more general purposes on small scales, such as 
l in. to the half-mile or more. Thus, the Brock process 
applies to a broad field of topographic mapping and 
the making of maps of other types between such 
extremes as the geographic map of very small scale 
at one end, and at the other maps of very large scales, 
such as a cadastral survey of a small property and 
the engineer’s plans for detailed locations and quantities 
in local constructions. 





STEEL MOULDING SANDS AND THEIR 
BEHAVIOUR UNDER HIGH TEM- 
PERATURE.* 

By A. L. Curtis. 
(Concluded from page 218.) 

Method Adopted and Apparatus Used for Testing 
Steel Moulding Sands under High Temperatures.— 
After trying many methods for examining miscro- 
scopically mineral substances when heated to a high 
temperature, it was found necessary to design fresh 
apparatus, on the principle of Messrs. F. Davidson 
and Company’s micro-telescopes. The stand of a 
microscope was employed to carry on its under- 
stage a tube holding a telescope object glass, which 
would bring into a definite field any brilliantly illu- 
minated object, and project its air image. In order 
that the projected image should be presented with 
the utmost crispness of definition, the interior of the 
tube was fitted with a series of graduated diaphragms. 
In place of the body tube common to all microscopes, a 
wooden front, carrying a metal fitting was substituted ; 
the function of this was to form part of the camera 
used. The metal fitting carried a microscopic objec- 
tive. By using a microscopic objective in the metal 
fitting in this manner, it became a photographic 


objective, and any air image projected by the telescopic 
objective became magnified by it. 

At first, experiments were confined to long-distance 
observations, separating the telescopic objective from 
the heated test-piece. Owing to the poor results 
obtained, however, even with specially constructed 
lenses, these distances had to be very considerably 
shortened, each range of distance necessitating the 
use of fresh lenses. If apparatus is to have a practical 
value in the laboratory, it is necessary for one 
individual to contro] it completely. This involved, 
in this case, smaJl size and fixed dimensions. As a 
camera provided with suitable extension was imperative, 
both camera and miscroscope-carrying telescopic 
attachment were mounted on a flat board, which in 
turn was attached to a vertical wooden stand, arrange- 
ments being made to provide the necessary adjust- 
ments. Two cameras with optical apparatus attached 
were made for the author by Messrs. F. Davidson and 
Company. The first apparatus, comprising a quarter- 
plate camera gave a magnification up to 35 diameters; 
the second, comprising a half-plate camera, gave a 
magnification up to 50 diameters. 

As both sets of apparatus had to be built up over 
oxygen blowpipe flame conditions, easily controlled, 
this called for the greatest care to protect the lenses 
from damage. After practical demonstration the firm 
produced, on the designs of the author, special lenses 
which allowed experimental work to be carried out, 
at distances of 24 in. and under, from lens to heated 
test-piece. Fresh lenses designed from data obtained 
from the above experiments, and fitted with various 
protective caps, enabled the above working distances 
to be ultimately shortened to 7 in., without danger to 
the optical system. 

The next important step in the research was to 
design a blowpipe stand, capable of adjustment in 
any direction, which would carry a blowpipe so that 
the latter would give a very steady and hot flame. 
As the acetylene blowpipe, when used with oxygen, 
was capable of producing the greatest heat, this was 
first tried. On trial, however, acetylene was found to 
take too much oxygen, the pressure of which blew 
out of the field of view small mineral test-pieces during 
examination. When the pressure of oxygen was 
lowered the temperature of the flame suffered, so 
acetylene was abandoned. After a good deal of 
experimental work, the author approached the British 
Oxygen Company, London, who constructed an 
oxygen coal-gas blowpipe to fit in with his designs and 
and stands. This blowpipe was capable of melting 
platinum wire in a few seconds with 20-lb. pressure 
of oxygen when using a size of nozzle easily under 
control by the operator. As it was important that a 
high temperature should be obtained by the use of a 
small blowpipe flame, this was a great advantage, 
without the disadvantage of the high oxygen pressure 
necessary for the acetylene one. 

Permeabilities of Steel Moulding Sands.—Owing to 
the absence of figures in various research workers’ 
papers on the permeabilities of steel moulding sands, 
it was decided to work out in simple fashion some data 
relating to the permeability to gas of those sands 
referred to in previous parts of the memoir. For calcu- 
lating the degree of permeability the following formula 
was employed: Permeability equals cubic centimetres 
of air forced through the test-piece, multiplied by the 
height of test-piece in centimetres, divided by the 
pressure on manometer in grammes, multiplied by 
the area of face of test-piece in square centimetres, 
divided by time in minutes, or ; 


Pa ©Ms.3 of air x height of test-piece in centimetres 


pressure of manometre x area of face of test- 
in grammes piece in cms. 


+ time in mins. 





The object of the permeability-to-gas test was to 
determine the rate of flow of air per unit pressure 
through standard test-pieces, of those sands pre- 
viously referred to, when compressed at uniform 
pressures. The American Foundrymen’s Association 
method of ramming sand by using a drop sand- 
rammer* was first tried, but abandoned in favour 
of a more simple apparatus in which 25 grammes 0 
moistened sand could, after mixing, be compressed in 
a brass container 3 in. long x 0-995 in. inside diameter, 
to any desired pressure (5 to 75 lbs. per square inch) 
The brass container had then only to be connected 
up to the permeability apparatus by a rubber tube for 
the test to be carried out. After making numerous 
determinations it was found that 50 Ibs. per square 
inch was a good pressure to ram all test-pieces for 
conducting permeability tests. ; 
Having obtained a degree of accuracy which rb 
fairly comparable results on standard test-pieces W it 
the apparatus, the value of P for sample No. 1970, = 
artificial steel moulaing sand, was determined on el¢ 





* Carnegie Schelarship Memoir read before the Iron 
and Steel Institute, Birmingham, on September 9, 1925. 
Abridged. 


* Report of Joint Committee on Moulding Sand 





Research, American Foundrymen’s Association, June 1, 
1924, page 44, 
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25-gramme test-pieces under the same conditions of 
ramming and mixing, with 5 per cent. water added. 
The average value obtained for P, together with the 
crushing strength values were as follows :—Sample 
1970, average value for P, 62-8; average crushing 
strength, 26-5 lb. per cubic inch. U.S.A. greonsand 
facing mixture No. 4 (Sivyer Steel Castings Company) 
was next tested for permeability and compression 
strength. The average values obtained were: P, 104-8; 
average crushing strength, 26-78 lb. per cubic inch. 
It will be seen that although there is little difference 
between the crushing strengths of the American green- 
sand facing mixture No. 4 and English artificial stee] 
moulding sand No. 1970, yet a wide difference occurs 
in permeability, U.S.A. No. 4 showing P = 104-8, and 
English sand No. 1970 P = 62-8. This difference of 
42 in the value of P might be accounted for by taking 
into consideration the spherical shape of the grains 
of the American silica sand used in the mixture, 
compared with sub-angular grains of the English Lower 


Fig.67 


were selected from facing sands in use in ten steel 
foundries situated in different parts of England. The 
preceding table shows the results of these tests. 

1t will be seen from the figures given that these steel 
facing sand mixtures had a value for P = permeability 
varying between 29-5 and 134-6, a very large margin 
of difference, possibly responsible for some of the 
troubles occurring in the steel foundry. It is obviously 
impossible in a memoir of this character to give details 
of the steel foundries using the above facing mixtures, 
but the inference might be drawn that steel facing 
sand mixtures with a lower permeability than 50, or a 
higher value for P than 100, could be greatly im- 
proved upon. Certain of these steel facing mixtures 
were analysed, and gave results as shown in the Table 
below. When comparing these analyses with the 
permeability figures and crushing strengths, it is curious 
to note that sample 1419 took 65-54 lb. per cubic inch 
to crush, whereas sample 1100, the next strongest 





test-piece, broke at 49-40 lb. per cubic inch, both 


PERMEABILITY & CRUSHING STRENGTH DIAGRAM. 


TESTS MADE WITH 50 PER CENT CORNISH SAND SAMPLES PLUS 50 PER CENT 
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Number. } 1301 1302 1303 1305 1319 1306 1307 1309 1310 131 1312 1313 1314 1315 1320 1321 1322 1323 13% 
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Strength HID 3139 F419 F623 24-50 W032 429 29H 5S 2H 28-01 4868 2735 37-65 3292 2372 23-09 3287 3212 
uv Lbs per CubIn. 
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Sample Sample Sample Sample Sample Sample Sample 

No. 95. | No. 1565. | No. 1419. | No. 1965. | No. 1971. | No. 1970. | No. 1100. 
Silica. 93-12 91-74 87-54 92-40 90-12 91-92 88-52 
Alumina 2-86 3°72 6-19 2-44 5-24 4-29 4:92 
Iron as peroxide 1-28 1-28 2-14 2-28 1-14 1-43 2-86 
Lime . ; 0-20 0-20 0-22 0-10 0-20 0-10 0-12 
Magnesia 0-16 0-21 0-19 0-09 0-12 0-06 0-07 
Potash 0-19 0°85 0-63 0-19 0-26 0-15 0-34 
Soda +: 0-03 0-41 0-26 0-12 0-27 0-05 0-19 
Titanium oxide 0-7 0-38 0-29 0-28 0-32 0-20 0-30 
Loss on ignition 1-70 1-50 2-65 2-28 2°35 1-96 3-00 

100-24 100-29 100-11 | 100-18 100 -02 100-16 100-32 





Greensands, which would make the U.S.A. facing sand 
mixture far more permeable to gas without necessarily 
sacrificing strength. 


Permeability and Crushing Strengths. 
Steel Facing Sand Mixtures in Use in English Steel 








Foundries. 
| Crushing 
aa —_— in > 
Sample Perme.| Per cubic inch. Water . 
No. ability.) rues 
| Wet. | Dry. 
Per 
pe 78 ae cent. 
ssee 93-4 7-65 | 30-63 | 5-0 | Coarse face. Damp. 
965 63-0 | 10-72 | 30-36 | 5-0] Close face. Correct 
1419 | ie water content. 
lage | a3°7 | 14-21 | 65-54 | 6-0 | Close face. 
jen | 29-5 | 7-54 | 28-48 | 5-0 | Very close face. Dry. 
971 | 57-55) 11-58 | 30-00 | 5-0 | Good face. 
12654 103-1 | 13-14 | 39-43 4-5 » 
1970 62-8 8-93 | 26-50 5-0 29 
1100 | 66-3 | 16-55 | 49-40 5-0 . 
coos | 75-05) 10-22 | 23-11 | 5-0 | Close face. 
530 134-6 8-40 | 31-64 5-0 | Coarse face. Damp. 

















Ih order to determine and compare the relative 
values of permeability and crushing strengths for steel 





facing sand mixtures used in current practice, samples 


these samples being considerably stronger than the 
other steel facing sand mixtures. The contributing 
factors in sample 1419, which could be associated with 
this strength, are apparently the high alumina and loss 
on ignition, which are 6-19 per cent. and 2-65 per 
cent respectively. Sample 1100 also shows high figures 
for alumina and loss on ignition, viz. 4-92 per cent. 
and 3-00 percent. On the other hand, sample No. 1971, 
with 5-24 per cent. alumina, and 2-35 per cent. loss 
on ignition, only showed a crushing strength of 30-00 
lb. per cubic in. It does not, thus, necessarily follow 
that the high figures for alumina and loss are entirely 
responsible for strength. The strength of an air-dried 
sand is therefore probably more a question of its 
physical state than its chemical composition. On com- 
paring the permeability of these facing mixtures with 
the figures obtained on analysis, there does not appear 
to be any definite relationship between the value for P 
and the figures given for the different elements. 

A large number of Cornish sands from St. Erth pits 
were tested in order to compare the variation in per- 
meability of this argillaceous sand. Each sample was 
mixed with an equal weight of 40 x 50 standard silica 
sand, in order that all samples might be tested under 
the same conditions. In addition, crushing tests were 
made on each of the test-pieces after air drying, with a 
view of seeing whether any relationship existed 
between permeability and crushing strength. The 
figures obtained are given in diagram (Fig. 57). 


THE SOCIETY OF GLASS 
TECHNOLOGY. 


Tue January meeting of the Society of Glass Tech- 
nology was held in Manchester, and extended over 
two days. Two sessions for meetings were held in the 
College of Technology—the first on Wednesday, 
January 20, and the second on the fcllcwing day. 

The first session was devoted to a general discussion 
on “ Refractory Materials for Glass Making,” intro- 
duced by Mr. E. A. Coad-Pryor with a paper entitled 
“The Use of Refractories in the Glass Industry.” He 
suggested that a meeting of manufacturers might well 
be held annually to discuss failures and new proposals. 
He referred to the making and firing of tank blocks 
which were used in the building of three different 
furnaces. In two furnaces the blocks were failures ; 
in the third they were quite satisfactory. In other 
tests, blocks made from mixtures containing widely 
different percentages of grog, and built into one 
furnace, exhibited not the slightest difference when a 
post-mortem examination of the tank was made. 
Great differences were observed in blocks from different 
makers, but having the same porosity, refractoriness, 
and nearly the same firing temperatures. The mode of 
operation of a furnace and the kind of clay used seemed 
to be very important factors in the behaviour of a 
refractory material. Failures due to underfiring were 
not so common as formerly, but flaws due to faulty 
moulding still occurred. The X-ray examination of 
blocks was advocated as a means of detecting flaws, 
the cost of a suitable equipment being given as 3501. 
to 5001. He thought that users would pay 10s. per 
ton more for blocks examined in this way, and a central 
testing station might well be instituted. Mr. Coad- 
Pryor also suggested that makers of blocks should 
supply some of a standard size to be built into a number 
of furnaces for trialruns. Again, a small experimental 
tank might be built, and when it was put out, a special 
committee might hold an examination of the various 
blocks employed in it. 

Papers were then presented. The first, entitled 
“Some Experiments upon the Development of Silli- 
manite Refractories for Glass,” by W. Angus McIntyre, 
stated that careful selection of bond clay was found 
necessary, the choice finally resting upon a Stourbridge 
old mine clay which developed a good crystalline 
bonding of secondary sillimanite after two hours’ 
firing at 1,420 deg. Specimens were immersed in 
soda-ash, salt-cake, potash-lead and fluorspar batches, 
and were seen to be much more resistant than ordinary 
tank blocks, fine-grained sillimanite showing the best 
results. A selected mixture when made up into small 
pots for melting special soda-lime glasses at tempera- 
tures of over 1,500 deg. C. showed very little signs 
of attack. 

In the second paper, also by Mr. McIntyre, on 
“The Manufacture of some Experimental Tank Blocks 
and their Behaviour in Service,’ the author described 
experiments with a small tank furnace built entirely 
of the blocks to be compared. The chief defects to be 
overcome were bad size and shape, laminations, feeble 
bonding, under-firing and black-coring, suggesting the 
desirability of using a high grog content, new moulding 
methods, and thoroughly controlled firing. In the 
author’s tests two fireclays were used and two groups 
of blocks were made, siliceous and sillimanite, the 
former being further subdivided into two series with 
graded and ungraded grog. The furnace was run on an 
ordinary soda-lime batch for about six weeks. The 
sillimanite blocks were practically unattacked, whilst 
the remainder, the more siliceous blocks, were generally 
superior to the others. 

At the second session two papers were presented. 
The first described ‘‘ Some Tests on Bottle Glasses with 
the View to Prescribing Standards of Composition,” and 
was contributed by H. S. Blackmore and Professor 
W. E. S. Turner. In presenting the paper, Professor 
Turner observed that it was desirable to fix upon a 
rapid test which could be applied under works condi- 
tions by a person not particularly expert. The present 
paper was an interim report on the results of tests of 
five sets of bottles of different compositions. Three 
tests were employed :—(A) Boiling in the bottle a 
0-1 per cent. solution in pure water of narcotine hydro- 
chloride, and examining the solution every two or three 
minutes to ascertain if there was deposit of narcotine. 
(B) Boiling the bottle for six hours and noting (1) the 
amount of alkali extracted ; (2) the appearance of the 
bottle. (C) Colour test. 500 H,S0,, 
with a coloured indicator such as phenol red or bromo- 
thymol blue, was added to the bottle and boiled. In 
the case of bottles containing less than 8 per cent. of 
lime, test A definitely picked out unsatisfactory bottles. 
In the case of the boiling-water tests there appeared to 
be some differences in the results obtained. The 
importance of temperature in carrying out durability 
tests was emphasised, and it was remarked that indi- 
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vidual bottles, though treated in the same way, appeared 
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often to have characteristics of their own. Examina- 
tion of the bottles after boiling for six hours was 
suggested as a rapid works test, those which were 
satisfactory developing no pitting, the unsatisfactory 
ones showing such pittings more or less extensively. 

The final paper was entitled ‘‘ The Homogeneity of 
Glasses melted in Pots under Manufacturing Conditions,” 
and was by Miss Edith M. Firth and Professor W. E. 8. 
Turner. Professor Turner, who presented this paper, 
directed attention at the outset to several factors which 
operated against homogeneity, e.g., the varying grain 
size of the raw materials used, their different melting- 
points, and their varying decomposition temperatures. 
Reference was made to Faraday’s observation in 1829, 
that there was a noteworthy difference in density 
between the top and bottom layers ina pot. Again in 
1900, Jackson and Rich concluded that there were 
lighter and denser parts to all glasses, The present 
investigation was concerned with tests on glasses melted 
under fairly well specified commercial conditions, 
without stirring. Several types of glasses were obtained 
from a number of factories and were tested—namely : 
(1) alkali-lead-oxide glasses, (2) soda-lime-silica glasses, 
(3) potash-lime-silica glasses, (4) potash-lime-baryta- 
alumina-boric-oxide glass. Of these glasses samples 
were taken as follows: (a) from the top of the pot 
when the glass was just ready for working; (b) from 
the middle of the pot; (c) from the bottom layer 
worked, i.e., about 4 in. from the bottom of the pot. 
The general conclusion reached was that non-stirred, 
commercially produced glass had a surprising homo- 
geneity of composition throughout the pot in which 
it was melted. 





THE KHYBER RAILWAY.* 
By Victor Bay ey, C.1.E., M.Inst.C.E. 


Tuis paper describes the construction of 273 miles 
of 5-ft. 6-in. gauge railway through the Khyber Pass 
from Jamrud to the Afghan frontier. A brief historical 
summary is given of the events leading to the decision 
to use this route for a railway through the mountain 
barrier between Peshawar and Dakka. 

Location.—The maximum gradient from Jamrud to 
the summit at Landi Kotal is 3 per cent., and from the 
latter place to the frontier 4 per cent. There are 34 
tunnels, having an aggregate length of 3 miles, and 92 
bridges and culverts. Banks and cuttings amount to 
3,000,000 cub. yards of earthworks. The railway 
rises from 1,496 ft. above sea level at Jamrud to 3,494 
ft. above sea level at Landi Kotal in a distance of 21 
miles, and descends to 2,622 ft. at Landi Khana in a 
further distance of 44 miles. There are four reversing 
stations, two below the jaws of the Jamrud end of the 
Pass, one beyond the point where the line passes from 
the main valley to the Tora Tigga valley by a tunnel ; 
and the fourth at Landi Khana, 2 miles from the 
frontier. 

Tribal Territory—The Pass lies outside British 
India, and is the home of savage and warlike tribes. 
Though this land is nominally under the care of the 
political agent of the Khyber, there is no law but tribal 
custom, and human life and property are lightly 
esteemed. The virility and intelligence of the tribes- 
men, however, invited the hope that, by tactful handling 
they could be led to take part in the work of construc- 
tion. Although it was anticipated that rates of pay 
would have to exceed an economic limit, the continued 
activities of the political agent and the engineers re- 
sulted in the establishment of such friendly relation with 
the various tribes that the cost of earthworks and tun- 
nelling compared favourably with that experienced 15 
years previously on the Loi Shilman Railway. 

Labour.—Piecework was considered to be the essen- 
tial basis of bargaining with the tribes, and a system of 
allotting petty contracts was devised, the contractors 
being selected by the political agent. Unskilled coolie 
labour was provided by the seasonal influx of coolies 
from Ningrahar, Mohmand country, and Kashmir ; 
the tribesmen had the sole management of this labour 
force, and though they opposed any importation of 
coolies by rail, they were reasonable as to the employ- 
ment of skilled labour. 

Security.—Existing military stations became the 
headquarters of division: and sub-divisions, the staff 
being distributed and collected daily by motor-lorry. 
To ensure security on works, the political agent devised 
a successful scheme of enlisting railway khassadars 
from all sections of the various tribes, who could be 
trusted to abide honourably by an agreement. Since 
the climate is unusually severe, particular atten- 
tion was paid to sanitation, medical services, and to 
the provision of as much comfort and recreation as 
possible. 

Plan of Operations.—Importation of all fuel and 
plant of most materials was unavoidable. In view of 
the heaviness of the work, construction by pushing 


railhead out and carrying out works as railhead 
approached was impracticable. It was therefore 
decided to advance railhead rapidly over easy country 
to Bagiari, to press on with all works up to 14 mile 
beyond Landi Kotal, and to start earthworks and 
minor works beyond that point, but not to advance 
them rapidly until the arrival of railhead at Landi 
Kotal. 

Water.—A military pumping installation near Landi 
Kotal was extended to supply nearly all the railway 
works, while springs served the remainder. 

Materials.—Limestone formations encountered were 
generally irregular and badly fissured, and building 
stone had to be imported. The limestone, when 
burnt in continuous kilns with slack coal, gave a quick- 
lime which slaked vigorously. This lime, when mixed 
with 1 to 1} parts of finely-crushed brickdust (surkhi) 
gave a good mortar for minor works. Brick clay was 
found near Jamrud and Landi Kotal, where kilns 
were installed and worked by tribal contractors. 
For works near railhead at Jamrud, sand imported 
by rail and broken limestone were used as aggregate 
for concrete. On other parts of the work gravel from 
the bed of the Khyber nullah was employed for a 4 to 
1 Portland cement concrete, which was largely used 
for important works. Mortar was generally of a 2 to 1 
sand and Portland cement mixture, while a 3 to 1 
mixture was used for minor works. When sand was 
unobtainable, a 2 to 1 mixture of surkhi and cement 
was used, which proved to be of equal strength to a 
3 to 1 sand and cement mixture. 

Earthworks.—After lengthy trial and bargaining, a 
fixed schedule of rates was agreed upon with the tribal 
contractors, ranging from Rs. 20 per 1,000 cub. ft. 
for earth to Rs. 120 for limestone, including lift. The 
average cost of earthworks was Rs. 58 per 1,000 cub. 
ft., or Rs. 70, allowing for overhead charges due to 
protection, sanitation, and distribution of staff by 
lorry. 

Tunnels.—Roof portions of all tunnels are lined, ex- 
cept in one case, through hard limestone. Sides are 
unlined in limestone and hard shale. Brick lining was 
generally employed, but concrete was used in lime- 
stone, when there was no urgency for lining closely 
to followexcavation. Headings were driven from each 
end, and, if possible, from intermediate adits, in order 
to verify the centre line and to explore the nature of the 
strata. Many shale tunnels were wet; and, since the 
shale usually lies with steep dip and strike, and since 
there are numerous faults, pockets are liable to fall 
out of an apparently solid mass. This tendency, which 
was apparent from cracks in the hillside above the 
tunnel, produced a state of longitudinal tension in the 
tunnel lining, which cracked circumferentially near the 
mouth. The remedy was to build massive portals 
well clear of the hillside, which served to prevent the 
lining from being pushed outwards. One tunnel appar- 
ently passed through an underground reservoir, and 
in another successive roof falls resulted in the formation 
of a shaft leading to the ground surface 70 ft. above. 
Petrol-driven air-compressors were employed with 
marked success; but, owing to the number of faces 
in progress at a time, it was not practicable to use 
mechanical drills throughout the work. There was, 
however, little to choose between the costs of hand- 
and machine-drilled tunnels. Costs ranged from 
Rs. 300 to Rs. 788 per linear ft. 

Bridges.—The largest bridge consists of four 40-ft. 
spans and one 80-ft. span on piers 80 ft. high. The 
main Khyber nullah is crossed seven times by bridges 
of two or three 40-ft. spans. Foundations are carried 
to below apparent scour level, and the openings are 
floored with 9 in. of concrete, with deep drop walls up- 
stream and downstream. Special consideration was 
given to forces due to the braking of trains on high 
bridges. These are likely to be heavy owing to the 
steep gradients. In one instance these forces are trans- 
mitted from girder to girder, and finally to the solid 
rock abutment. When the approaches are on banks, 
there is some uncertainty as to the actual disposal of 
these forces. Waterways were calculated by the 
method evolved by Colonel G. R. Hearn, Assoc.Inst. 
C.E.,* and passed satisfactorily the exceptional floods 
of July, 1925, when a rainfall of 3} in. in two hours 
was recorded. 

Permanent Way.—The rails are 90 lb. per yard 
British standard section, laid on deodar sleepers up to 
Landi Kotal and on lines cast-iron sleepers on the 1 in 
25 gradient thence to Landi Khana, there being 13 
per 36-ft. rail on straights and 14 on curves. Curves 
are generally 7 deg., super-elevated 3} in., and 
approached by cubic parabola transitions 105 ft. long. 

Motor Transport.—Twenty 1}4-ton pneumatic-tyred 
lorries gave satisfactory service in distributing staff ; 
but 3}-ton lorries would not stand the Khyber roads. 
Twenty steam wagons, of both 5-ton and 6-ton type, 
carried 23,000 ton-miles per month at an average cost, 
including repairs, of 15 annas per ton-mile. 





* Abstract of a paper to be read before the Institution 
of Civil Engineers on Tuesday, February 23, 1926. 





* Minutes of Proceedings, Inst.C.E., vol. ccxvii, 
page 267, 





CATALOGUES. 


Machine Tools.—The United Machine Tool Company, 
Limited, Holborn Hall, Gray’s Inn-road, London, W.C.], 
have sent us a copy of a periodical catalogue relating to 
the German machine tools, for which they are agents, 
The machines dealt with include vertical millers, horj- 
zontal boring machines, and thread-milling machines, 
A circular dealing with the machine tools shown at the 
recent Shipping, Machinery and a ag ens | Exhibition 
at Olympia, London, has also come to hand. 

Lifting Gear—A number of catalogues to hand from 
Messrs. Herbert Morris, Limited, Loughborough, give 
particulars of electric hoisting blocks for stationary 
work or for use on runways, and also deal with stacking 
lifts and gravity conveyors, the latter being fully 
described and illustrated in a new booklet. A list, 
with dimensions, &c., of the firm’s vertical cross-tube 
steam boilers made in 16 standard sizes, ranging from 
l-h.p. to 20-h.p., has also been received. 


Boilers.—Messrs. Joseph Adamson & Co., Hyde, 
Cheshire, have issued a descriptive catalogue of waste- 
heat boilers of the horizontal flame-tube type, fitted with 
a steam jet for cleaning the tubes without interrupting the 
operation of the boiler. Considerable economies of fuel 
are possible where furnaces are used from which very 
hot gases must be allowed to escape. This matter is 
discussed in the catalogue and some test particulars are 
given. 

Surveying Instruments.—Messrs. Cook, Troughton and 
Simms, Limited, 3, Broadway, Westminster, S.W. 1, 
have issued a pamphlet containing a large number of 
testimonials from surveyors who have used the firm’s 
instruments, some of the testimonials describing the 
difficulties of surveying work in foreign lands. A few 
pages describing recent improvements in the instruments 
are included, and these are followed by a chapter of 
historical data dealing with the principal inventions and 
alterations. 

Safety Appliances.—Messrs. Wallach Brothers, Limited, 
49, Tabernacle-street, London, E.C.2, have issued a 
catalogue of safety appliances for the protection of 
workers in factories, mines, sewers, &c. Helmets, 
gloves and eye-protectors are the most important 
items and these are made in several special forms. We 
also noticed a belt mounter, a lifting appliance for 
rescuing from a sewer a man who has been overcome 
by gas, a circular-saw guard, an acid-carboy pouring 
stand, boiler gauge-glass protectors, and other appliances, 
as well as a variety of first-aid outfits. 

Packing Valve Glands under Pressure.—The difficulty 
of repacking valve glands under pressure has been met 
by constructing an auxiliary gland under the valve cover 
and arranged so as to be opposed to the main gland. The 
auxiliary gland is normally held under easy pressure by 
retaining screws, but when it is necessary to re-pack 
the main gland the former is tightened up by a collar 
on the spindle, or by a boss'on the valve. The patentees 
and makers are Messrs. H. W. Dennis and Co., Notting- 
ham and 143, Cannon-street, London, E.C, 4, from whom 
we have received a descriptive catalogue. 

Electrical Instruments.—The Stonebridge Electrical 

Company, Limited, Victoria-road, North Acton, London, 
W. 3, have sent us a binding case containing a number of 
their loose-leaf catalogues dealing with moving-iron, 
moving-coil, and induction-type measuring instruments, 
power-factor meters, synchronoscopes and frequency 
meters, all of which are for switchboard mounting. A 
catalogue of recording instruments for switchboard and 
portable use has also come to hand. The catalogues are 
well illustrated, and lists of dimensions, prices, &c., are 
given in all cases. 
# Drying Machines.—A catalogue of machines for drying 
sugar, meal, cotton-seed and many other materials, 
including minerals, has been received from Messrs. 
Manlove, Alliott and Co., Limited, Nottingham. The 
rotary machines dealt with consist of a long barrel, with 
internal fins for turning over the material as the barrel 
rotates. The heat is supplied by a current of hot air, 
an internal steam-heated drum, or a steam jacket 
according to the material being dealt with. A folded 
sheet illustrating ten different types of drying machines, 
accompanied the catalogue. 





VACANCIES FOR AIRCRAFT APPRENTICES.—The Air 
Ministry announce that 500 aircraft apprentices, 
between the ages of 15 and 16}, are required by the 
Royal Air Force for entry into the School of Tech- 
nical Training, Halton, Bucks, They will be enlisted 
as the result of an open competition and of a limited 
competition held by the Civil Service Commissioners 
and the Air Ministry respectively. Successful candi- 
dates will be required to complete a period of twelve 
years’ service from the age of 18, in addition to the train- 
ing period. At the age of 30 they may return to civil 
life or may be allowed to re-engage to complete time 
for pension. Full information regarding the apprentice 
scheme may be obtained on application to the Royal Air 
Force, Apprentice Department, 4, Henrietta-street, 
London, W.C.2. In the case of the open competition 
completed application forms must reach the Civil Service 
Commission not later than March 4, 1926. In the 
case of the limited competition, nominations mae 
reach the Air Ministry not later than May 4, 1920. 
The principal trades open to boys are carpenter-rigext, 
aero engine fitter, and wireless operator mechanic. in 
addition to the technical instruction received, the 
apprentices continue their general education under 
civilian schoolmasters. A few boys of special promise 
proceed to the Royal Air Force Cadet College for 
training as commissioned officers. 
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THE INDIAN MARKET FOR ENGINEER- 
ING MANUFACTURES. 


Tue valuable report* on Indian trade by Mr. 
T. M. Ainscough at the instance of the Depart- 
ment of Overseas Trade, to which we have already 
drawn attention (see page 48 ante), includes many 
topics besides that of the railway service, with 
which our previous notice was mainly concerned. 
Some of these are of capital importance to British 
engineers, and attention may be called usefully to 
some of them. 

The imports of iron and steel for the year have 
increased to 869,000 tons, while some 250,000 tons of 
finished steel have been made by the Tataworks. The 
very heavy fall of prices in Belgian sections and 
the prospect of protective duties in June, 1924, 
flooded the market with low-priced steel, which 
for the time being will make local supplies cheaper 
than even the low prices quoted on the Continent. 
Taken as a whole, the British share of the iron and 
steel trade is just over half the total, as against 
about 60 per cent. in 1913-14, while the Belgian 
has risen from 17 per cent. to 31 per cent. Part of 
the gap between British and Continental prices is 
attributed to falls in exchange, and, in addition, 
freight from the United Kingdom is said to be about 
7s. a ton more than from Antwerp. Whatever 
may have been the cause, the result has been that 
even engineering firms in India were compelled in 
1923 to begin using Continental steel, and will have 
to do so in increasing quantities if the difference in 
price is maintained. The worst position was in 
wrought-steel bars, of which only about 8 per cent. 
in weight and 10 per cent. in value came from this 
country; in black plates, beams, girders, &c., and 
wrought-iron tubes also the British position was 
worse than before. The largest import was galva- 
nised sheets and plates, the total value of which 
was over 4,000,000/., and within 2 per cent. came all 
from this country. It is observed elsewhere in the 
report that some of this material is used in loca] 
manufactures, such as buckets. The Indian steel 
manufacture has been all absorbed, but has required 
still heavier protection than it received under the 
tariff. In addition, in fact, to the tariff rates, 
which on many lines amount to 25 per cent. ad 
valorem or more, it has had a special bounty on 
rails and a further bounty of 30s. a ton on finished 
steel, taken as 70 per cent. of the weight of ingots. 
The profit of the works before allowing depreciation 
on fixed capital expenditure appears to have been a 
little over 3 per cent., and was less than the amount 
of the direct subsidy, apart from the large amount 
paid under the general tariff. The circumstances 
of the trade that have led to this highly unecono- 
mical result are said to be described in the Indian 
Tariff Board’s report of November 8, 1924, on the 
Tata Company’s application for further State assis- 
tance, which also gives a lucid .account of the 


The report can be seen at the Department of 
Overseas Trade. 


mainly on imports, at least for a considerable time. 


limited rather by considerations of finance than by 


fear of extravagance. They include irrigation and| position, attributed largely to the same cause. 
harbour works, hydro-electric schemes, railway | Practically all the leading makers employ highly- 
electrification, the Grand Trunk Canal scheme for | trained engineers in India, either acting as direct 
Bengal, and probably the Howrah Bridge. In a] representatives, or attached to firms of mercantile 
sense the most important of these may be the irriga- | agents. 
tion works, which, apart from immediate orders of | oil engines seem to have gained in popularity as 
‘ome consequence for plant, will have the effect of | against steam, and in them some slight competition 
adding substantially to the productivity of the | is offered by the United States, Italy and Sweden. 


country and its purchasing power, and ultimately of 
increasing the demand for agricultural machinery. 





* Report on the Conditions and Prospects of British 


the Grand Trunk Canal for providing a shorter route 
for inland steam vessels between Calcutta and 


which is over 2,000,0002., will have to be constructed 
before long, and makers of dredging plant, cranes 
and other plant likely to be wanted are recom- 
mended to keep in close touch with the Public Works 
Department of the Government of Bengal, Calcutta. 


in 1923-24 had been about 14,000,0007. in value, 
fell in 1924-25 to about 11,000,000/. 
decrease, some 2,250,0001. was seen in cotton textile 
machinery, which is largely a British monopoly ; 
but, nevertheless, the British share of the imports of 
machinery and mill work in 1924-25 (84-1 per cent.) 
was under | per cent. less than in the previous vear, 
and the fair inference is drawn that British exporters 
position of British as contrasted with Indian steel. | had improved their position in the more competitive 
branches of the trade. 
While the Tata works intend] British manufacturers of electrical machinery have 
making some further developments—as, for instance, | supplied just on 90 per cent. of the imports, reducing 
the production of 15,000 tons or 18,000 tons of| the already small shares of the United States and 
galvanised sheet during the next two years, and | Sweden. 
ultimately of 36,000 tons a year—it is obvious that | service given by the Indian branches and agencies of 
the steel market will continue to depend largely or} the leading home concerns, for most of whom 
highly qualified engineers and salesmen continually 
Another branch of work, which should be of | tour the country and keep touch with every project, 
capital importance to engineers, is found in the| the competition among them, though giving rise to 
important development works undertaken by|a good deal of price-cutting, preventing foreign 
provincial governments and other authorities. Like | competition from becoming really serious. The 
the railways, they are regarded as productive invest-| impending development of railway electrification 
ments, and the expenditure on these seems to be| should provide them with an increasing market. 


the report is the relatively trivial amount (about 
60,0002.) of agricultural machinery, though both 
British and American firms are said to have made 


Government, irrigation works in the Punjab and the 


30,000,0007. The report gives an account of these, 
and in particular of the state of progress of the 
Lloyd Barrage and the plant to be purchased during 
1925-26. Harbour works are proceeding at Cal- 
cutta to an estimated value of some 5,000,000/., 
of which about half has been spent; others on a 
smaller scale at Bombay ; an improvement scheme 
at Karachi port to the value of about 2,000,000/. ; 
and in the Madras Presidency harbours are being 
constructed at Cochin and Tuticorin, and steps have 
been taken for constructing one at Vizagapatam at 
a cost of about 1,700,000/. It is expected that 
on detailed sanction being issued by the Government 
of India for the Vizagapatam works, the Engineer- 
in-chief, Colonel Cartwright-Reid, C.B., will proceed 
to England to buy dredging and other plant. 

The first stage of the Mandi hydro-electric scheme 
on the Uhl River, undertaken by the Punjab 
Government simultaneously with a metre-gauge 
tramway, is estimated to cost upwards of 4,000,000/., 


provide some 36,000 kw. at an all-round price of a 
little over 3d. per unit, including distribution to 
houses and mills in some twenty towns, and some 
assistance to mill-owners on the first cost of installa- 
tion. British manufacturers of suitable plant are 
recommended to forward the fullest details of their 
productions to Lieut.-Colonel B. C. Battye, D.S.O., 
R.E., Chief Engineer, Hydro-Electric Circle, Punjab 
Government, Benmore, Simla. 
Electrification of railways is proceeding on parts of 
the B.B. and C.I., and under consideration for sub- 
urban lines on the East Indian and Eastern Bengal 
Railways. British manufacturers are said to have 
secured a strong position through the excellence of 
material supplied under the first contracts, and 
railway electrification in India is thought likely to 
be much extended in the future. It is expected that 


Eastern Bengal and Assam, the estimated cost of 


The imports of machinery and mill work, which 
Of the 


Among individual items 


This result is attributed to the splendid 


Makers of boilers and prime movers are in a similar 


It is remarked that in the past three years 


One of the most remarkable results recorded in 


Apart from the great Lloyd (Sukkur) Barrage and | stimulate the trade. 
Canals scheme . progressing under the Bombay | holdings and lack of capital and enterprise ; but it 


and to be completed by 1929. It is expected to} 


This is attributed to small 


seems surprising that the gains to agriculture to be 


Bombay Presidency are proceeding, or under serious | obtained by the use of suitable machinery have not 
consideration, to the estimated value of some] attracted the practical attention of the vigorous 


and intelligent co-operative movement in India, and 
almost incredible that the use of machinery will not 
ultimately enter ifto the agricultural practice of 
the country, and create a market in some sort of 
proportion to the enormous and increasing areas 
under cultivation. In this connection it will not 
be forgotten that in some overseas markets— 
Australia and New Zealand, for instance—a large 
amount of business has been secured by local makers 
through their having produced designs more suitable 
to local soils and circumstances than the standard 
patterns of either British or American firms. The 
existing conditions of Indian agriculture—its enor- 
mous present extent, the great extensions that must 
arise from impending irrigation movements, the 
present infinitesimal use of machinery—seem to 
indicate an unusual opportunity for makers of 
agricultural machinery who are willing to study the 
requirements of local soils and conditions, and design 
accordingly. 

The report notes with satisfaction that British 
manufacturers of motor vehicles “are securing a 
much greater share of the trade”; but the figures 
seem hardly to support this statement. In 1913-14 
about the same number of cars were imported from 
this country as in 1924-25, but in the former year 
they were more than a half of the total imports of 
cars, as against less than a fifth in the latter. In 
motor cycles, on the other hand, though at present 
the trade is small, British makers seem to be 
increasing it by reduction in prices, and in 1924-25 
supplied over four-fifths of the total imports. In 
pedal cycles, too, the imports of which seem to have 
increased at an extraordinary rate in the past 
three years, British makers are in much the same 
position. 

From an appendix dealing with the first quarter of 
the statistical years 1925-26, which ended June, 1925, 
it appears that, while aggregate imports are down 
by some 10 per cent., the reduction in machinery 
and mill work is less than in the previous period. 
The United Kingdom is said to be on the whole 
holding her own as against the United States, but 
Germany more than doubled her supplies of miscel- 
laneous industrial] machinery. Iron and steel 
imports as a whole fell by a fourth, but the increase 
in galvanised sheets continued, and this country 
maintained its proportion. In the changes under 
most other headings the British share improved, 
though as a rule the aggregate imports were less. 
With a slight total reduction in imports of motor 
cars those of British make increased, and the 
imports of pecal bicycles increased by more than a 
third, all from this country. 





THE VIBRO CONCRETE-PILING 
SYSTEM. 


Tr has long been recognised that if concrete could 
be deposited in cavities formed in the ground by 
temporarily-driven tubes and the possibility of 
the encroachment or admixture of the surrounding 
earth could be precluded, a particularly simple and 
effective means of forming foundations would be 
produced. Experience has shown, however, that 
to prevent such encroachment it is necessary, in 
depositing the concrete, to employ, at the outlet of 
the tube, a pressure exceeding the earth pressure 
acting on any part of the fresh concrete. The tube 
has, of course, to be withdrawn when the concrete 
has been deposited, and, until recently, rope pur- 
chases have been employed for the purpose, involving 
the use of a heavy and cumbrous framing of sufficient 
strength to support the reaction of the pull which 
may amount to, or even exceed, 60 tons. This 
disadvantage can, however, be avoided by employing 
a hammer blow instead of a steady pull for extracting 
the tube; the hammer blow, moreover, can be 
utilised in effectively consolidating the concrete, as 
will be seen later. : 

Considerable attention has been given to this 


method of forming foundations by Mr. A. Hiley, 








Trade in India (1924-25). H.M. Stationery Office. 





strenuous efforts during the last twenty years to 





A.M. Inst.C.E., of the British Steel Piling Company, 
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Limited, 54a, Parliament-street, S.W.1, and_ his 
system, known as the Vibro concrete-piling system, 
has now been successfully established by that 
firm and used in a number of important con- 
tracts in this country and abroad. Briefly the 
process involves the driving into the ground of 
a plain steel tube with a cast-iron conical shoe, 
placing suitable reinforcement in the tube and 
filling it with concrete, subsequently withdrawing 
the tube, leaving the concrete and the shoe 
behind in the ground. The operations of driving 
and withdrawing the tube are both performed by the 
same steam hammer, so that only a comparatively 
light frame is required. By this means, however, 
concrete piles which have been rammed and conso- 
lidated in situ can be produced easily and quickly, 
and at a cost considerably lower than that of pre- 
cast piles. We may here remark that in developing 
the system and applying it to the practical problems 
of foundation work, full use has been made of the 
rational pile-driving formula explained by Mr. 
Hiley in our columns on pages 673, 711, and 745 
of vol. cxiii, and on pages 657 and 721 of vol. cxix. 
Another feature which has facilitated its development 
is the utilisation of arc welding for the construction 
of the extracting links, piling tube and other parts. 

The frame now used for forming Vibro piles is 
illustrated in Figs. 1, 2,3 and 4; several features of 
its design, it may be mentioned, have been patented. 
Its total height is 50ft., and piles up to 32 ft. in length 
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can be put down with the frame as illustrated ; it can, 
however, be extended as required up to 64 ft. for 
making piles up to 45 ft.long. It is constructed mainly 
of timber, but a stiff structural-steel frame-work is 
incorporated in the lower portion of the vertical 
frame as shown in the bottom right-hand corner of 
Fig. 2. This framework, which forms a triangulated 
unit separate from the chassis, supports the 8 in. by 
6 in. leaders for guiding the pile tube and hammer, 
and is itself secured in its working position by two 
hinges situated at the rear of the leaders 
and spread out at the base of the steel frame- 
work, to give stability and stiffness. The leaders 
can be extended considerably below the level 
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of the chassis, as is often necessary when driving 
ordinary piles in the construction of wharves and 
quays. The hinges, moreover, enable the frame to 
be kept vertical on sloping ground, adjustable 
wedges then being placed between the rear legs and 
the chassis frame. In a similar manner piles cat 
be put in at large angles of rake from the vertical, by 
suitably tilting the frame. The chassis, which 1s 
mounted on tubular rollers running on ground logs; 
carries the usual boiler and winch for raising and 
lowering the hammer, the boiler, of course, also 
supplying steam for operating the hammer. Mov . 
ment of the chassis on the rollers is greatly facilitate: 
by the ratchet gear fitted into the ends of the 
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Fig. 13. 


rollers, and illustrated in Figs. 5 and 6. A separate 
casting, in the form of a stepped tube, carries a 
pawl which engages with the teeth of a ratchet 
welded on to the inner surface of the roller. A 
part of the casting projects beyond the end of the 
roller, and, by inserting a tommy bar into holes in 
this projecting part, the roller can be turned in 
either direction at will. With the pawl in the posi- 
tion shown in Fig. 6, the roller can be turned in a 
clockwise direction, but by first turning the separate 
casting through 135 degs. in an anti-clockwise 
direction, the opposite end of the pawl will be 
brought into engagement with the ratchet and the 
roller can then be turned in an anti-clockwise 
direction. The arrangement is very convenient 
for}bringing the frame into the exact position in 
which a pile has to be put down, enabling it to be 





VIBRO CONCRETE-PILING 


SYSTEM, 











>> 


S 









WEE, 





SSS 





SS 











TIN 






= 
Y, 


















PBVBQ 





Uy: 
Ss 
——+{ 


Vo 





SSS 





Ss 








Midd 


























KY 


ENGINEERING 








ENGINEERING” 





Fig. 14. 


moved backwards or forwards as required without 
removing the rather heavy tommy bars from the 
holes. 

All the parts of the piling frame can be trans- 
ported by road, a special three-point suspension 
lorry being employed for the purpose. In erecting 
it on arrival at the site, the hinges of the vertical 
frame, then lying on the ground, are placed into 
the castings provided for them on the chassis and 
tackle operated by the winch is used to bring the 
frame into the vertical position. The tackle, when 


not in use, is stored in the rear portion of the frame. 
Actually the frame could be used for driving any 
kind of piling, but as fitted with a 2-ton single- 
acting double-duty steam hammer, it is particularly 
suitable for putting in Vibro concrete piles. The 
latter, it is claimed, are more economical and also 
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have a higher bearing power than driven piles of 
‘| equal length and section. 
In putting down a pile, the cast-iron shoe is 


E | first placed on the ground in the correct position 


and the frame, with the pile tube suspended from it, 
is then brought into place so that the tube fits on 
to the shoe, a watertight joint being secured by 
inserting strands of packing material. This stage 
of the process is illustrated in Fig 1. The pile 
tube is then driven down to the required depth, 
which, of course, depends upon the nature of the 
subsoil. The hammer blow is transmitted to the 
tube through a metal-covered wooden driving cap 
which fits into a cast-steel helmet, while the latter 
fits into the upper part of a steel casting forced 
on to the tube and secured by are welding. Lugs 
on this casting, which is the lower of the two shown 
in Figs. 7 and 8, permit the attachment of the links 
for extracting the tube, and an opening is provided 
to enable the concrete to be poured in. This is done 
by means of a portable skip holding about 7 cub. ft. 
and fitted with a small spout, the skip being raised 
to the necessary height for pouring by means of a 
l1-ton derrick fitted on the head of the piling frame. 
When reinforcement is needed for the piles, it usually 
consists of 4 or 6 vertical rods, ? in. in diameter, 
with }-in. stirrups spaced 10 in. apart. The 
reinforcement, made up into the form of a cage, is 
placed in position in the tube after driving, but 
before pouring in the concrete. To enable this to be 
done, lugs are provided on the sides of the helmet, 
as shown in Figs. 7 and 8, and the extraction links 
are fitted over these lugs so that the hammer and 
helmet can be raised together by the winch clear 
of the tube. The reinforcement can then be 
lowered through the open end of the steel casting, 
which is permanently attached to the upper end of 
the tube. About one minute is usually occupied 
in placing the reinforcement, and 3 or 4 minutes 
are taken in pouring each skipful of concrete, one 
of which is sufficient for a 4 ft. length of the finished 
pile; the diameter of the latter is 17} in. in all 
cases. When making piles of over 30 ft. in length, 

two loading skips with 2-ft. gauge wheels are 
employed to expedite the supplies from the concrete 
mixer to the piling tube. 

The most interesting and important part of the 
process is the extraction of the tube, advantage 
being taken of this operation to consolidate the 
concrete and force it into intimate contact with the 
surrounding strata. The two extraction links, 

previously referred to and clearly shown in Figs. 

2, 3 and 4, are first placed in position on the lugs 

of the tube end casting, this being done while the 

concrete is being filled into the tube. Near the 

upper ends of the links, steel anvils are fitted to 

receive the blows delivered by the square shoulders 

of the cast-steel cover of the cylinder of the hammer, 

and the latter is arranged to function automatically 

at the rate of 80 strokes per minute. With a 15-in. 

stroke, the energy of the blow delivered is over 

30 inch-tons, and this is found sufficient to raise 

the tube a distance of 1 in. against a resistance of 

15 tons. The upward acceleration imparted to the 

tube by the blow is sufficient to free it entirely of 

the concrete it contains, so that, when completely 





withdrawn, the interior is quite clean. The hammer 
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by which these useful effects are secured, it may be 
added, is of a special design by the British Steel 
Piling Company. 

To follow the consolidating effect which takes 
place during the extraction of the tube, reference 
should be made to Figs. 9 to 12, on page 253. In 
Fig. 9 the tube is at rest, while Fig. 10 shows it 
when it has been moved upwards for 1} in. by the 
hammer blow. During the movement of the tube, 
the concrete remains almost stationary, and some of 
it spreads out into the space below the lower edge 
of the tube, as shown. At the end of the blow the 
Belleville washers, through which the weight of 
the extraction links, &c., is carried, relax and allow 
the tube to descend again so as to ram the éoncrete 
under the lower end of the tube. The position is 
then as represented in Fig. 11, but the action of 
the hammer is adjusted so that, at the end of its 
return stroke, it gives a residual downward blow 
on the end of the tube similar to, but very much 
lighter than, that used in driving the tube. This 
blow is sufficient to overcome the frictional resis- 
tance offered ky the ground to the downward 
movement of the tube, and also to compress the 
concrete under the edge of the tube and force it 
outwards into the adjacent strata. It will also 
be understood that the vibratory compression of the 
concrete extends well into the centre of the pile, so 
that any voids are filled and intimate contact with 
the reinforcement is ensured. Fig. 12 illustrates this, 
the final, stage of the cycle of operations involved 
in the course of extyacting the tube, and that the 
effect is much as described is shown by Fig. 13, which 
illustrates a group of three Vibro piles exposed 
by excavating the surrounding soil. The external 
surface of one of these piles is shown to a larger 
scale in Fig. 14, and from this it will be seen that a 
series of corrugations has been formed by the action 
described above. These corrugations certainly tend 
to increase the bearing power of the pile. 

In the case of the piles illustrated in Figs. 13 
and 14, the surrounding soil was clay and gravel. 
The 2-ton hammer used would be capable of extract- 
ing tubes up to 60 ft. or 70 ft. in length, the earth 
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resistance on such tubes being of the order of 
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Fig. 17. 


$ ton per foot length in the ground, as was shown 
in the earlier of the two previous articles above 
referred to. Tubes can be driven by the same 
hammer into firm ground against a resistance of 
150 tons encountered by the pile shoe. 

For average work, the pile tubes are 33 ft. in 
length, and with them piles up to 32 ft. long can 
be put down. The bearing power in average ground 
of a Vibro pile of this length would be of the order 
of 150 tons. It will be readily understood, however, 
that in certain cases, when the bearing power of the 
ground varies considerably from place to place, it 
is necessary to drive the tube to a greater depth 
than originally intended, in order to obtain sufficient 
bearing power. To meet such contingencies, the 
form of coupling illustrated in Figs. 15 and 16 
has been devised. With these couplings, 10-ft. 
lengths of tubing can be added to the main section 
of tubing to increase its length to any extent, as 
may be found necessary ; the maximum length that 
would be practicable, however, would be about 
80 ft. As shown in the illustrations referred to, 
the coupling consists of three forged-steel rings, 
two of which are fitted to the ends of the tubes to 
be joined and secured by arc welding, while the other 
is loose. The loose ring is slipped over the free end 
of the additional length of tubing and screwed on 
to the ring attached to the upper end of the main 
tube, the screw thread being of the buttress type, 
as indicated in Fig. 15. As shown in that figure, an 
internal flange on the loose ring engages with the 
end of the ring on the additional length of tubing, 
so that, when the loose ring is screwed up, the two 
fixed rings are drawn together and a tight joint is 
thus secured. The loose ring is prevented from 
slacking off by a stud passed through the fixed ring 
on the.added length of tube, while rectangular 
projections and recesses formed on the abutting 
edges of the two tubes, as shown in Fig. 15, prevent 
the whole joint from becoming unscrewed by the 
hammer blows in driving and extracting the tube. 
Tarred string is caulked into the interstices at the 
upper and lower edges of the loose ring to prevent 
earth and water from entering, and the space between 
the ring and the tube is also filled with grease. One 











of these joints, we understand, has been driven 
and extracted over 800 times without damage, and 
no difficulty was afterwards experienced in taking 
it apart. It will be noticed from the section given 
in Fig. 15 that the joint has no internal projections 
to impede the insertion of the reinforcement, and 
that the external projection has been kept down to 
a minimum, so that it does not materially increase 
the resistance to driving. 

Under ordinary working conditions, piles 30 ft. in 
length can be put down at the rate of 10 a day. 
An interesting example of the contracts for which 
the system has been employed in this country is the 
reinforced-concrete viaduct carrying the London 
North Circular Road across the Lea Valley Marshes, 
near Edmonton. The viaduct, which is now 
approaching completion, was designed by Sir 
Evan Owen Williams for the Ministry of Trans- 
port, and the main contractors are Sir William 
Prescott and Sons, Limited, while Messrs. John 
Gill Contractors, Limited, 3, Victoria-street, West- 
minster, S.W.1, were sub-contractors for the piling 
work with which we are now concerned. The 
viaduct has a width of 60 ft. between the 
parapets, giving a carriage-way 40 ft. wide and 
two footways each 10 ft. wide. Its total length 
is 1,880 ft., and the greater part of this length 
is carried, at about 12 ft. above the ground level 
of the marshes, on 85 spans of reinforced con- 
crete beams, supported on columns of the same 
material spaced on 16 ft. 9 in. centres longitudinally. 
The columns are 15 in. square above the ground 
level, and are arranged in six rows across the width 
of the viaduct, as can be seen in Fig. 17, above, 
which shows the work in progress. The columns, 
in turn, rest on reinforced-concrete cappings at the 
ground level, while the foundations on which the 
cappings are supported consist of Vibro piles. 
There are 16 of these piles to each span of the 
viaduct, three piles being used for each of the 
four central rows of columns and two each for the 
outer rows. Fig. 13, previously referred to, shows 
a group of three piles driven experimentally 1 
connection with this contract to determine whether 
a pile, before the concrete had set and hardened, 








Sts @ © = & © @ G&G. tte o& oh w nha wt ic 


a 


fe 





‘iven 
and 
king 
iven 
ions 
and 
n to 
ease 


t. in 
day. 
hich 
3 the 
idon 
shes, 
now 
Sir 
‘ans- 
liam 
John 
Jest- 
iling 
The 
the 
and 
nett 
n 
oi 
con- 
ame 
ally. 
yund 
idth 
ove, 
mns, 
; the 
the 
viles. 
the 
the 
the 
\ows 
y in 
ther 
ned, 


FEB. 26, 1926.] 


ENGINEERING. 


255 














would be injured by putting down another pile 
in close proximity to it. No detrimental effect 
was detected, however, by digging out the piles as 
shown. Some 60 spans are supported on Vibro 
piles, and 828 of these with an average length of 
15 ft., and made with 1:1}: 3 concrete. were put 
down altogether. A total period of three months 
was occupied in the piling work, but, in the best 
days’ working, as many as 20 piles were driven 
in 10 hours. Pre-cast reinforced-concrete piles were 
used for foundations of the 60-ft. span bridges 
carrying the viaduct over the river Lea and other 
waterways. 

Several other contracts for foundation work 
with Vibro concrete piles have been carried out 
or are now in hand, among the latter being the 
foundations for the new switchhouse at Barking 
power station, where 337 piles, 40 ft. long, and 
intended to carry loads of 50 tons each, are now 
being put down. The system has also been adopted 
for the foundations of a new cathedral now being 
constructed in Cairo. About 400 piles will be 
required in this case, but this number will be 
greatly exceeded in works about to be proceeded 
with in India and foreign countries. 





TENTATIVE STANDARDS. 


Ir is a long step from the earliest testing of 
materials to present-day work of this kind, with 
present-day formulation of precise requirements, 
and the drafting of standards which shall be accepted 
as authoritative. 

It is probable that with materials of construction, 
tests were first made to determine whether a 
particular piece would bear the usage proposed for 
it, and this form of test dates in all likelihood from 
the earliest times. Deduced, it may be supposed, 
from such isolated tests, inferences would be 
made to apply more or less correctly to other pieces, 
but it was not till the eighteenth century that an 
attempt was made to ascertain with any sort of 
accuracy the resistance of materials, as materials, 
to bending, to tension, or to compression. 

The names of Galileo, Marriotte, Parent, Belidor, 
Perronet, Bernoulli, may be recalled as pioneers in 
this study in the sixteenth and seventeenth centuries, 
and later Tredgold, Barlow, Fairbairn, Hodgkinson, 
further advanced knowledge of the strength of 
materials by much useful experimental work. At 
the outset where so little was known, and so much 
to be learned, results which were informative 
in the then state of knowledge were secured by 
different experimenters with no sort of uniformity 
as to method, and with no assurance that the 
conclusions reached were comparable. For example, 
tests on the compressive resistance of granite made 
by George Rennie more than one hundred years 
ago with a small lever machine, giving imperfect 
axial loading and using a leather pad to distribute 
pressure, show results very. much below those 
secured by present-day methods on large pieces, 
with more uniform distribution, and with contact 
faces carefully prepared and strickled over with 
plaster of Paris. Again, in the case of iron and 
steel, for many years percentage elongation was 
dealt with in a very perfunctory manner, with no 
accepted understanding about gauge length, and 
without regard to the form of the cross-section. 
In timber testing there was no systematic regard 
to moisture content or sufficient importance 
attached to the size or condition of the test pieces. 
But the needs of modern work demand the greatest 
care to insure products of definite properties, and, 
with this demand, the specifying of precise require- 
ments. It was not indeed till well on in the nine- 
teenth century that investigations as to strengths 
acquired any kind of precision. Since then there 
has been a continuous advance in method, in 
accuracy and in the recognition of the need for 
uniformity in procedure, so that testing for practical 
purposes shall be acceptable both to buyer and 
seller. The importance of the last-named con- 
sideration is self-evident when it is remembered 
that large sums of money may on occasion be 
involved in the determination of quality. 

The American Society for Testing Materials, in 
devoting itself to the development of well-con- 
sidered specifications, has formulated a scheme of 





considerable ambition involving the publication 
from year to year of proposed or “ tentative” 
standards, till, taking advantage of approved 
suggestions—if any—the specification finally appears 
as ‘‘ standard.” The method, peculiarly American, 
has the advantage of anticipating criticism of the 
final product. Those who take the efforts of the 
Society seriously, having been given the oppor- 
tunity of offering amendments or additions, may 
with little grace find fault at a later stage. The 
procedure adopted must tend to the stabilisation 
of the accepted standards, but to make this effective 
it is necessary that those interested in particular 
matters should communicate to the society their 
proposals as soon as may be, in order that the 
growing standard shall the sooner reach maturity. 
The work of the society already accounts for over 
250 accepted standard specifications and methods of 
test relating to a variety of materials, those first 
dealt with being those in most urgent demand. 
The latest issue of the society, ‘ Tentative Stan- 
dards, 1925,’’* of nearly 900 pages, includes 194 
standards in process of development, relating to 
such diverse matters as steel, ferro-alloys, wrought- 
iron, non-ferrous metals, cement, lime, gypsum, 
clay products, preservative coatings, petroleum 
products, road materials, pulverised coal, coke, 
timber, waterproofing, insulating materials, shipping 
containers, rubber products, textile materials, slate, 
and some others. 

To give a slight idea of the thoroughness with 
which the work is done, a few items in this issue 
may be referred to, that relating to ‘‘ Carbon 
tool steel” being first taken as being of general 
interest. This specification, in its original form 
published in 1917, has reappeared in revised form in 
1920, 1921 and 1924, now being again issued. The 
specification defines the manufacturing process and 
condition as to annealing, states the chemical 
properties and tests, and how samples for analyses 
shall be taken from any piece. Manufacturing 
tolerances in dimension are given. “ Finish” is 
indicated, and “ marking” explained, with final 
comments on inspection and rejection. As an 
appendix is given the practice in heat treatment of 
plain carbon tool steel and carbon steel for other 
uses. Normalising treatment for all tool steels is 
recommended, with the object of ensuring a uniform 
grain structure precedent to operations of heating 
and quenching for hardening. The information 
appears to be complete. An instructive diagram 
is shown relating to the “ critical range ’’ for iron- 
carbon alloys—connecting temperature with carbon 
content. ; 

Following this is a specification first issued 
in 1924, dealing with “ High-speed Tool Steel.” 
In this, apart from general clauses, the only 
special case dealt with is that of 18 per cent. 
tungsten high-speed steel, but, as this specification 
appears to be in the initial stage, it may be supposed 
that particulars relating to other steels of the class 
will later appear. Another specification, “‘ Carbon 
Steel Castings for Railroads,” was first issued in 
1922. This covers all carbon-steel castings for 
locomotives and car equipment and for miscella- 
neous purposes, classified as Grade A and Grade B— 
the last-named being used for cases in which high 
stress may be expected. The process of manufac- 
ture is defined and requirements as to specimen lugs 
on castings are stated. The chemical and physical 
properties are given, the yield-point, elongation and 
reduction of area, whether for annealed or un- 
annealed material, being specified in detail, but 
with no stated limits about tensile strength, though 
this is to be given as information. Workmanship 
and finish are described, with requirements with 
regard to marking, and conditions of inspection and 
rejection are set forth. A tentative specification for 
structural silicon steel is in the present issue given 
for the first time, as also are specifications for ferro- 
manganese, ferro-silicon, ferro-chromium, and ferro- 
vanadium. 

The section relating to non-ferrous alloys gives 
proposed standards for various alloys used in 
castings, trolley wires, and tube plates, bearings, 
and ingots for re-melting. There are twelve 
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* American Society for Testing Materials, A.S.T.M. 
Tentative Standards. 1925. Philadelphia, Pa., Offices 
of the Society. [Price 7 dols.] 





specifications relating to such matters as Portland 
cement mortars, sewer-pipe strengths, quicklime, 
concrete aggregates and concrete building blocks, 
and tentative methods of dealing with such questions 
as the analysis and sampling of lime products, and 
one of some interest indicating a method of securing 
specimens of hardened concrete from a finished 
structure for test purposes. Tentative rules are 
advanced for the inspection of concrete and 
reinforced concrete work, consisting largely of 
insistence on the status and capabilities of the 
inspector and urgent advice as to his duties. Road 
materials are treated at great length under various 
headings, covering the different kinds of aggregate 
used in concrete, asphalt, tar, bitumen, road oils 
and also the mechanical analysis of soils. 

Much space is devoted to questions relating to 
timbers and conditions with regard to quality 
which they should satisfy. So large a use has 
been made in America of timber for structural 
purposes that the accumulated experience of 
many years with close study of the whole matter 
re8ults in the production of specifications and 
methods of test of as great precision as the nature 
of the material permits. 

Faults and defects are described with clearness, 
instructive photogravures being given of typical 
cases. Methods of testing, with details of apparatus 
used, are given in such detail as to constitute a 
treatise on the subject well worth study, and may 
be considered of value from this point of view 
alone. Supplementary to specifications as such, 
there are put forward for criticism proposals with 
respect to testing metallic pieces in tension, in 
compression, and for hardness, with a view to 
bettering such methods if that prove to be desirable. 

There is besides the matter indicated and 
relating to the strength properties of materials, 
much that is of interest chiefly to the chemist, 
the metallurgist or the electrician, in connection 
with standards in the conduct of laboratory work. 

Having given some account of the work of this 
American Society, it may be well to refer to 
efforts made in this country with much the same 
object in view. A great amount of good work has, 
of course, been done here, and perhaps with less 
loss of time than by the more democratic 
procedure in America, where opinions are col- 
lected over a number of years before the accepted 
standard is issued. Our Government Departments 
also have specifications for various materials and 
products which represent a great amount of well- 
considered effort, but these are probably rather 
less representative of general knowledge than are 
those constituting the result of the work of 
the British Engineering Standards Association. 
Our own procedure does not contemplate ‘ tenta- 
tive” efforts, but specifications are at once issued 
as of authority, though liable to revision as time 
goeson. Criticism is indeed not unknown. Perhaps 
the two methods are not so dissimilar as may 
at first appear. It would hardly be fitting to 
close this effort to describe the work of the 
American society without an expression of admira- 
tion for the results accomplished, and for the 
unity of purpose which evidently dominates the 
members of the society ; it is indeed a fine example 
of “ team work.” 





THE BARTON POWER STATION OF 
THE MANCHESTER CORPORATION. 
(Continued from page 193.) 

In our previous article we referred briefly, on 
page 192 ante, to the weighbridge and tank used 
in connection with the tests of the No. 1 turbo- 
generator set, and we now propose to give some 
further particulars of this before dealing with the 
turbine auxiliaries which form the main subject 
of the present article. The weighing tank and its 
accessories are illustrated in detail in Figs. 22, 23 
and 24, on page 256, while its location in the 
boiler-house basement is indicated in the upper part 
of Fig. 26, on page 257; this latter illustration gives 
a plan of the various auxiliaries in the turbine- 
Toom basement. 

The apparatus, which is used for steam-consump- 
tion tests of the turbines, as well as for checking 
meters, &c., comprises a storage tank, weighing 
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Fig.27. SECTION ON C-D. 





F 


Figs. 7 and 8, on Plate II, published with our issue 
of January 1 last. The outlet culvert, which is 
similar in construction to the inlet culvert, is 
1,428 ft. in length, and communicates with a closed 
outlet chamber on the bank of the Ship Canal some 
150 yards below the Barton bridge. It may here 
be mentioned that the syphon effect of the discharge 
pipes can be used, with a connection between this 
pipe and the steam side of the condenser, to give 
a vacuum of 23 in. of mercury in the condensers 
before the extraction plant is actually started up. 
Three auxiliary circulating pumps, also by Messrs. 
Mather and Platt, are provided to supply water to 
the oil coolers of the main transformers and the 
air coolers of the house-service turbo-generators. 


Barton Power Station—Tests of Condensing Plant. 








Set number .. °* ae | 1 2 3 
Date of test .. a ..| 16°1-24 | 20-12-23 | 8-5-24 | 
Duration, hours... + 2 2 | 2} 
Loading, Ib. per hour (net) 

condensate) sp + 248,408 
Circulating water, gallons per} 

hour 


249,828 | 246,797 | 





230,000 | 247,200 | 241,000 


Circulating water, inlet tem-| | 
perature, deg. F. .. ..| 42-65 46-337 | 50-55 

Circulating water, outlet tem-| | 
perature, deg. F. .. ° 53-48 56-320 | 60-85 


Mean vactum, top of con-| 
denser, inches of mercury,| | 
(barometer 30 in.) -| 29°412 29-348 | 29-278 


The air-extraction plant, which was supplied by 
Messrs. Richarasons, Westgarth, is in duplicate, 
one unit being of the kinetic rotary type, with two 
steam jets in series in addition to the water jet, 
while the other unit comprises a three-stage steam- 
ejector pump. The connections can all be followed | 
in Fig. 31, but it should perhaps be mentioned that 
both units are cross connected, so that either can be 
used independently or both can be operated together. | 
Each plant is designed to handle 230 lb. of air per | 
hour, this figure beiig considerably in excess of | 
normal requirements. The condensate is taken 
from the condenser by an extraction pump, which 
delivers it to a force pump, the latter passing it 
on to a tubular heater supplied with steam from the 
primary air-extractor jets. It next passes through | 
a second tubular heater, which serves as a con-| 
denser for the steam from the secondary jets, and 
then on to the bleeder heater of the main turbine. 
This raises the temperature to 150 deg. F. at full 
load. From the bleeder heater, the water is passed 
on to the condenser of the house-service set which, 
as previously stated, are of the back-pressure type, 














| running at 1,475 r.p.m., and both types are capable 
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Fig. 28. SECTION ON E-F. 





being heated in this condenser to about 200 deg. F., | 
and passing on through a Venturi meter to the 
feed pumps which deliver it through the economisers 
and feed regulators into the boilers. From Fig. 31 
the course of the condensate through the various 
pumps and heaters can be followed without difficulty, 
and it will also be noticed that the condensate 
pumps are all duplicated. They are of the centri- 
fugal type by Messrs. W. H. Allen, Son and Co., 
Limited, of Bedford, and each set is driven by a 
single motor. 

Six boiler-feed pumps are installed and of these 
three, by Messrs. G. and J. Weir, Limited, are 
driven by steam turbines, while the other three, 
by Messrs. Mather and Platt, are electrically driven. 
The former are of the single-stage type running at 
4,700 r.p.m. and the latter of the eight-stage type 


of delivering 600.gallons per minute against a head of 
1,070 ft. ; the motors and turbines driving the pumps 
are rated at 300 brake horse-power. Feed make up, 
as stated on page 68 ante, is normally supplied by 
the cooling water from the bearings of the induced- 
draught fans, although a connection with the town 
mains is also provided. Usually about 3 per cent. 
of the total feed is required for make-up, and this is 
delivered into the condenser through the deaerator 
tank shown in Fig. 31. The deaerator, being 
in communication with the vacuum in the con- 
denser, serves to remove any gases dissolved in the 
make-up water, which mixes with the condensate 
and passes on through the heaters as described 
above, the gases being dealt with by the air-extrac- 
tion plant. A buffer tank will be noticed in Fig. 31, 
connected to the condensate range between the 
bleeder heater and the house-service condenser. 
The object of this is, of course, to take up any 
temporary surplus or supply any deficiency between 
the quantity of condensate and the feed require- 
ments of the boilers. The Dionic recording water 
tester, referred to on page 191 ante, is connected in 
the condensate pipe at the inlet to the bleeder 
heater and serves as a continuous check on the 
chemical properties of the water. 


(To be continued.) 





THE Royat AGRICULTURAL SHOW.—The annual show 





of the Royal Agricultural Society will be held this year 
at Reading from Tuesday, July 6, to Saturday, July 10. 
Full particulars can be obtained from the Secretary, | 
16, Bedford-square, W.C.1. 
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ITALIAN ELECTRIC GENERATING 
STATIONS. 


Tue Italian Ministry of Public Works commenced 
in 1920, to collect statistics regarding the production 
of electrical energy throughout the country, and 
comparative figures for that year and for the four 
following years, down to 1924 inclusive, have 
recently been published in the official Annali dei 
Lavori Pubblicit of the Ministry. The information 
given is interesting, although not complete, since, 
in some cases concerns which should be included 
do not always find it to their advantage to supply 
full and accurate data concerning the working of 
their installations; the information supplied in 
more than one instance, cannot represent, it is said, 
the actual state of affairs. The Ministry, it is 
added, have, in such instances, asked for explana- 
tions and for confirmation, but the replies given 
have not always been complete and satisfactory. 
There appears to exist a decided reluctance on the 
part cf several of the undertakings to give the 
exhaustive data asked for. The firms which produce 
the hydro-electric energy required for working their 
own plant are especially reticent in this respect. 

With this reservation the comparative statistics 
issued by the Ministry show that the Italian hydro- 
electric generating stations in 1920 numbered 276, 
producing a total of 933,500 kw., whilst in 1924 they 
numbered 378, with an output of 1,534,863 kw., 
an increase of 102 generating stations, and in out- 
put of 601,363 kw. in four years. The hydraulic 
machinery installed in the hydro-electric generating 
stations, reckoning the average efficiency to be 
80 per cent., equals a total capacity of about 
1,920,000 kw., or over 2,600,000 h.p. Taking into 
account several installations concerning which full 
data have not been obtained, it may be reckoned that 
there are installed, in the country, hydraulic plants 
amounting in the aggregate to over 3,000,000 h.p., 
and at work at the present time, On the basis of 
the output of 1,534,863 kw. above mentioned, the 
hydro-electric energy developed during the year 
1924 amounted to over 5,380 million kw.-hours, 
the number of hours during which the machinery 
was running having averaged for the whole country 
and for the year, 3,510. Taking the 378 hydro- 
electric generating stations, it ap that 28 
develop over 15,000 kw., 60 develop from 5,001 to 
15,000 each, the greater number of the stations, 
namely 104, developing less than 300 kw. The 
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A. Main condenser. 

B. Bleeder heater. 

C. House-service condenser heater. 
D. House-service condensate pump. 
E. Condensate extraction pump. 


Fig. 31. 


Make-up Feed 
Deaerotor 


\ 





(9015.R) 





(3015.0) 


greatest number of hydro-electric generating sta- 
tions, a total of 101, are located in Piedmont, and 
these have an output of 511,906 kw., or just over 
one-third of the total hydro-electric power generated 
in the whole country. 

The thermal generating stations in Italy numbered 
86 in 1920, with an output of 281,000 kw., the corres- 
ponding figures for 1924 being 112 stations and 
369,360 kw. There has thus been an increase of 


F, Force pump. 

G. Kinetic pump. 

‘H. Electrically-driven feed pump. 
J. Turbine-driven feed pump. 

K. Electrically -driven test-pump. 
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POWER STATION OF THE MANCHESTER 


(For Description, see Page 255.) 


TABLE OF REFERENCES. 


M. Storage tanks. 
N. Concrete sump. 









Buffer Tank 
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26 stations and 88,360 kw. It is interesting in 
this connection to note the figures for the two years 
1922 and 1923; in 1922 there were 124 thermal 
stations for a total of 340,000 kw., and in the follow- 
ing year 122 stations with an output of 374,380 kw. 
The number of thermal generating stations thus 
tends to decrease whilst those which are being kept 
in operation are being equipped with more powerful 
plant. At the present time 10 of these stations have 


L. Venturi-meter throats. 


O. Weighing tank for tests. 
P. Storage tank for tests. 
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. Boiler blow-down and drip tank. 
. Gland-sealing-water tank. 
De-aerator tank. 
Feed make-up valves 
. Outlet dock. 


cGenwe 


Rear Collector 
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a capacity of over 15,000 kw. each; there are’9 of 
from 5,001 to 15,000 kw., and only 23 of less than 
300 kw. The 112 thermal generating stations hav- 
ing, as recorded, a total capacity of 369,360 kw., 
ran during the year an average of 655 hours, giving 
a total energy developed of 242 million kw.-hours. 

The ratio of the thermal production of electrical 
energy to that produced by hydraulic power, as 
given by the above figures and taking the country 
as a whole, works out at about 0-045. This is prac- 
tically the same average proportion as that for the 
preceding year. The corresponding average figures 
for 1920, 1921 and 1922 were respectively 0-035, 
0-065 and 0-075. 

A circumstance of particular interest relates 
to Southern Italy where, in 1920, the kilowatt 
hours produced by thermal generating stations 
represented about half (0-455) the output from 
hydro-electric installations. During the following 
years the working of the thermal stations did not 
undergo any marked variations, but the output 
of the hydro-electric ones has notably increased 
and the ratio, instead of being 0-455, had changed 
to 0-160 in 1924. 

The present useful storage capacity of the reser- 
voirs on the Italian mainland is over 311 million 
cubic metres (68,420 million gallons), leaving out of 
account those of the Central Apennines, for which 
the data were not available in time to be included 
in the report; the reservoirs in this district 
are, however, stated to be comparatively few 
in number and of limited capacity. In the 





above total, the reservoirs situated in the Alpine 
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region account for about 270 million cubic 
metres (59,400 million gallons). There are two 
reservoirs in the Italian islands having a total 
capacity of 399 million cubic metres (87,780 million 
gallons) of which the Tirso reservoir accounts for 
378 million cubic metres (83,160 million gallons), 
We gave an illustrated description of this reservoir 
in our issue for November 7, 1924 and pointed out at 
the time that one of its objects was to provide for 
the irrigation of an extensive tract of land situated 
in the south-west of Sardinia. The storage reservoirs 
on the Italian mainland, especially those in the 
districts of the Alps are almost exclusively used 
in connection with the supply of hydro-electric 
energy which is utilised for a large number of 
industrial purposes, and is gradually rendering the 
country more and more independent of foreign 
supplies of fuel. 





THE BRITISH INDUSTRIES FAIR 
AT BIRMINGHAM. 
(Continued from page 234.) 

THE success attained by petrol-driven lawn- 
mowers has been so striking that it is not surprising 
that attention should be turned to other forms of 
power drive for machines of this type. We believe 
that the first petrol mower was of British design, 
and it is satisfactory to note that the first electrically- 
driven machine is also made by a British firm. The 
machine in question is shown on the stand of 
Messrs. Henry Watson and Sons, Limited, of Walker- 
gate, Newcastle-on-Tyne, and is noticeable for the 
clean lines on which the design has been worked out. 
The machine is not of the tractor type, the sole 
function of the motor being to drive the cutter. It 
is obvious that no difficulty would be experienced 
in also arranging a power drive to the rollers, but, 
in view of the fact that the scope of the machine is 
limited by the necessity for connecting it up by a 
trailer cable to a power or lighting point, the makers 
have probably adopted a wise course in making the 
design as simple as possible. The ease of control 
and the entire absence of starting and maintenance 
difficulties should render the machine particularly 
suitable for tennis lawns and other grass areas in 
private gardens. 'The mower closely resembles one 
of the hand type, with a small leading roller, and a 
larger following roller behind the cutter. The 
motor, which has been especially designed for the 
machine by the Metropolitan-Vickers Electrical 
Company, Limited, is mounted inside the following 
roller. The driving spindle passes through the 
mounting, and is coupled to the cutter by a train of 
spur wheels running in an oil bath. Both the motor 
and cutter run at 1,500 r.p.m., and it is claimed that 
this high cutter speed enables the machine to deal 
with standing grass as high as 10 in. without diffi- 
culty. The mower dan be supplied for either direct- 
current or alternating-current circuits at various 
voltages, and is at present marketed with a 12-in. 
blade only. The cost of cutting a tennis lawn with 
a machine of this size, we understand, is approxi- 
mately 3d. with current at 6d. per unit. 

The demand for plastic material hard pressed into 
various wireless components, &c., has led to the 
development of a particular type of power press, 
and Messrs. Taylor and Challen, Limited, of Con- 
stitution Hill, Birmingham, have a new machine 
for this purpose in operation on their stand. We 
illustrate this machine in Figs. !4 to 19, on this page, 
from which it will be seen that it is a single crank- 
operated press, driven by belt in the usual way. 
It has a punching stroke of 8 in., and a capacity 
between the frame uprights of 20 in. The arrange- 
ment of the machine is generally similar to the 
standard presses made by this firm, but a special 
feature is that an adjustable cam plate on the 
crankshaft not only throws out the clutch at the 
top of the stroke in the usual manner, but also 
throws it out at the bottom of the stroke, The 
machine thus stops in the latter position with full 
pressure on the work. The connecting rod is 
provided with rubber buffers at the big end, and 
these compensate for any small variation in the 
amount of material used, and also, by their expan- 
sion, follow up the contraction of the material as it 
is compressed, The material to be operated upon is 
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kept warm by a gas ring surrounding 
the die. The machine is started up by 
the hand clutch lever, shown in Fig. 14, 
mounted on the right-hand column, and 
comes to rest at the bottom of the stroke 
as explained. During the period of rest, 
the opportunity is taken to throw over 
the extractor lever, which is mounted on a bridge 
piece below the table. The lever is shown separately 
in Fig. 17, but can also be seen in Fig. 14. Details of 
the extractor gear are shown in Figs. 15 to 19, the 
drawings being practically self-explanatory. As the 
machine makes its downward stroke, the central 
extractor rod is left hanging in the lower die, while 
the bridge piece slides over the threaded portion. 
A gap is thus left between the nuts on the rod and 
the bridge piece, into which the end of the lever is 
inserted when the machine comes to rest. On the 
upward stroke, the bridge piece carries the rod up 
with it, pushing the completed article out of the die 
ready for removal. The machine is provided with 
an adjustment for the upper portion of the die, 
which can be raised or lowered by turning a spindle, 
mounted on the front of the crosshead, with a 
spanner. The spindle carries a spur wheel, which 
can be seen in Fig. 14, just above the clutch lever, 
engaging with teeth cut on the periphery of a nut 
through which the die head is threaded. 

Another new press, shown by the same firm, is 
illustrated in Figs. 20 to 23, on the opposite page. It 
is designed for producing small hot brass pressings 
at one operation from cylindrical blanks. The latter 
are heatedin a gas muffleto the required temperature, 
and then placed in the div. The clutch is brought 
into action by depressing the foot pedal visible in 
Fig. 20. The press forms the finished article in one 
stroke, and comes to rest in the top position, the 
clutch being thrown out by a cam plate as in the 
first machine described. The press operates at 
from 50 to 60 strokes per minute, and it is possible 
to attain a much larger output than by a drop 
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stamp or a screw press. The speed of operation is 
actually limited in practice by the speed, at which 
the operator can introduce the blanks, and we 
understand that a skilled worker can obtain about 
35 pressings per minute. The general construction 
of the machine will be clear from the illustrations, 
from which it will be seen that it is of the 
geared, belt-driven, type. Fig. 21 illustrates the 
layout of the dies for producing the pressing, shown 
in Fig. 23, from the blank shown in Fig. 22. The 
stripper gear, in this case, is mounted on the upper 
die, and is illustrated in Fig. 21. The fixed bar 
shown in the latter figure is bolted across the two 
lugs, cast on the front of the machine uprights, and 
visible in Fig. 20. The two front stays shown 2 
this figure give additional rigidity to the frame, 
but are readily removable to increase the capacity 
of the table when required. It will be appreciated 
that, with this machine, each pressing is produced 
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Figs. 24 ann 25. 


slide at each stroke, and this renders it particularly 
suitable for work where a high degree of accuracy 
is of importance. 

_ When dealing with the British Empire Exhibition 
i our issue of September 12, 1924, page: 386, we 
described a 200-gallon motor fire engine made by 
the Stanley Fire Engine Company, of Halifax. The 
pump is mounted on a standard Ford 1-ton chassis, 
the engine of which is modified in a number of 
details to render it suitable for this service, and 
more particularly te eliminate any risk of over- 
heating when run for long periods driving the pump 
With the car stationary. The firm is showing an 
example of one of these units, and’ another fire 
engine in which a Morris 1-ton chassis is, employed 
2 conjunction with a Rees-Roturbo pump. The 
Rew engine is very similar in construction to the 
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Ford unit, and as we described the latter fully in 
the issue to which we have referred, we need: not 
repeat the details here. The Morris set has a very 
neat appearance, and should be very suitable for 
small estates, as an alternative to trailer sets: for 
use in: small towns, or for dealing with small out- 
breaks of fire in larger cities. 

A plug valve suitable for a wide variety of 
purposes is. shown on the stand of the Audley 
Engineering Company, Limited, of Newport, Salop. 
The special feature of this valve is the provision 


_made' for adequate lubrication of the conical sur- 


faces, and it is claimed that, by the use of a suitable 
lubricant, the valve will remain tight over long 
periods, even when used for such liquids as am- 
monia, benzene, eaustic soda, and so on, We 
illustrate the valve in) Figs: 24 amd 25 abewe, 
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Fig. 24 being a stepped section through the hand- 
wheel and plug spindles. It will be observed that 
a hole is drilled and tapped into the neck of the 
plug, into which a screwed pin is inserted. The 
space below this pin is filled with lubricant. and 
as the pin is serewed in, the lubricant is forced 
through the passages shown in the figure to the 
chamber behind the inner end of the plug. When 
this chamber is full, further screwing home of the 
pin forces. the lubricant up grooves cut on the 
outside of the plug, and when these are also full, 
continued pressure lifts the plug slightly, causing the 
grease to stand proud in the grooves. If the plug 
is turned in this position, the lubricant will be 
distributed evenly over the whole surface. An 
oecasional turn of the serewed pin is all that is 
necessary to retaim a film of lubricant over the 
surfaces. In the smaller sizes of valve, the hand- 
wheel or lever is mounted directly om the plug; 
but for large sizes, such as the 10-im. valve shown in 
the illustrations, a quadrant is fitted, either operated 
by a worm, or by double spur gearing, as shown in 
the figures. The valves give an opening equal ip 
bore to that of the pipe on which they are fitted. 
and they can be employed at temperatures up to 
550deg. F. They are made ina variety of materials, 
semi-steel or cast iron being satisfactory for soln- 
tions which are only slightly corrosive. For fluids 
which are strongly corrosive, the valves can he 
supplied in monel metal, stainless steel, &c.. or in 
semi-steel with vuleanite or nickel lining. Special 
lubricants, in the form of cartridges ready for 
insertion, are supplied by the makers for different 
liquids or gases, both the valves and lubricants 
being sold under the name ‘* Merco.” 

Among the smaller exhibits, a variety of grinding 
blocks, exhibited by the Commutator Grinding 
Block Company, of Greenock, are of interest. These 
blocks are made in such a form that they can be 
applied directly to the commutator, and it is claimed 
that by their use the necessity for removing the 
armature from the machine is entirely avoided. 
The abrasive compound used in the blocks does not 
load or glaze over a wide range of speed, while a 
keen cutting surface of large area is presented to the 
surface of the work. Owing to the rather soft 
nature of the abrasive. it readily adjusts itself to 
any slight difference in the diameter of the com- 
mutator uutil full face contact is made. The 
blocks can. be supplied to suit. radial-type comma- 
tators, or special forms can be made up to suit 
particulars requirements. For small motors, where 
it would. be diffieult to apply the block owing to the 
limited space available, the abrasive is mounted on 
stieks, one end of which carries a coarse abrasive 
for rough grinding while the other is: provided with 
finer material for polishing. 

An unusually ingenious fixed-reduction gear is 
being exhibited by Messrs. Ryder and Davidson, of 
New Cross, 8.E.14. This geax, whilst being compact, 
is capable of giving a very high reduction, the 
ratio in one of the gear-boxes already made being 
64,000 to. 1. The example which we illustrate m 
Figs. 26 and 27, page 262, is designed to give a 
ratio of 360 to 1, the reduction being made in two 
stages of 18 to 1 and 20 to 1. Both stages operate 
on exactly the same principle, the only difference 
between them being in size. The high-speed, or 
imput, shaft is shown at A in Fig, 26, and the first 
reduction: is obtained: between this shaft and the 
coupling B. The end of the shaft C is keyed into 








this coupling, and the two. parts together form the 
input end of the second stage, the output end being 
formed by the shaft D. In following out the method 
of operation, it will be convenient to deal in detail 
with the second, or larger, stage, as this is illustrated 
in half section im Fig, 27. It, will be observed that 
the output shaft D of this stage is formed. into a disc 
at its inner end, to which a second disc E is bolted. 
The two discs are separated by a balk race, which is 
mounted: eccentrically on the shaft C. A number of 
hardened-steel plungers. with rounded. ends bear on 
the outer periphery of the ball race, against which 
they are held by pins, which pass through the 
plungers: and. project on each side. Flanged rings 
mounted on the ball race pass; over the projecting 
ends of the pins, and. thus, maintain contact, between 
the. plungers’and the ball. race. Since the ball race 
is mounted eceentrically, the rotation of the central 
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shaft C will result in the plungers being pushed out 
successively. The plungers slide in a guide ring F 
provided with a series of radial slots, which is bolted 
between the twodiscs. Their outer ends engage with 
the teeth on a circular phosphor-bronze rack, which 
is fixed to the gear-box. There are 2] plungers and 
only 20 teeth on the rack, and one complete rotation 
of the shaft carrying the ball race will result in the 
discs and slow-speed shaft making one-twentieth 
of a revolution. As will be seen from the half 
section, Fig. 27, owing to the difference between the 
pitch of the plungers and of the rack teeth, each 
plunger, except those at the extreme top and bottom 
positions, is in contact with the side of one of the rack 
teeth, and the plungers on one side of the gear take 
part in the drive. The action can be followed most 
readily by considering one plunger only, and if the 
top one shown in Fig. 27 is selected, it will be seen 
that when ‘the ball race makes half a revolution the 
plunger will make one complete outward stroke. 
In doing so, it must slide up the face of the tooth 
until its tip is in the root of the latter, and in this 
process, the ring F, and therefore the shaft D, must 
have rotated through an angle equal to half the 
pitch of the rack. Both stages run completely 
immersed in oil, which is also fed to the various 
shaft bearings by the oil ways shown in Fig. 26. 

Messrs. George Ellison, of Perry Bar, Birmingham, 
are showing typical examples of motor-control 
gear for both high-tension and low-tension circuits, 
several of the appliances shown being of entirely new 
design. Among the latter may be mentioned a 
small oil-break star-delta starter for squirrel-cage 
motors, switchgear for use in collieries, a small 
oil-break circuit breaker, and a patented time-lag 
device for use on circuit-breakers and starters. 
Perhaps the most striking exhibit is a new 3,300-volt 
switchgear unit, which has been designed with a 
view to giving complete safety, even with rough 
usage and under arduous conditions of service. We 
illustrate a switchboard, made up from eight of 
these units for a South Wales colliery, in Fig. 28, 
annexed. As the available floor space for switchgear 
is often restricted, the draw-out pattern has been 
adopted, since it occupies a smaller area than truck- 
type gear. The saving in space is not obtained at 
the expense of safety, as all clearances, dimensions 
of parts, and temperature rises conform to the 
British Engineering Standards Association specifica- 
tions. An interesting feature of the switchgear is 
the provision made for effective insulation, in that a 
failure must occur at two points before a fault to 
earth, or between phases, can occur. The switch- 
gear unit is made in one size only, for 200 amperes, 
but any number of units may be bolted together to 
form a complete switchboard. As a further ap- 
plication of the unit, it may be interlocked with a 
standard oil-cooled, metallic-resistance rotor starter 
to form a starting and control panel for a high- 
tension slip-ring induction motor. 

Another example of recent developments in switch- 
gear shown by the same firm is an inexpensive 
oil-break circuit breaker for power circuits. All 
the working parts of the breaker are totally enclosed, 
even to the adjustable automatic trips, and these 
may be padlocked if required. Slate, porcelain, or 
other fragile material is not used in this breaker, 
the contacts and terminals being mounted on a 
slab of compressed synthetic-resin paper insulation. 
Three of the breakers, which are suitable for 
currents up to 40 amperes at 660 volts, are shown 
mounted on a ’bus-bar chamber for use as a three- 
way lighting switchboard. Examples of the syn- 
thetic-resin paper insulation, in the forms of sheet, 
rod, tubes and moulded sections, form a separate 
exhibit. Messrs. Hilison manufacture this material 
for their own switchgear, but it is also offered for 
sale to other manufacturers of electrical apparatus. 
It may be drilled, tapped, or machined in other ways 
to accurate limits. 

The use of pulverised fuel is generally confined 
to stations in which the daily coal consumption is 
considerable, as the plant normally employed is 
uneconomical for small outputs. It is claimed, 
however, that with the atomiser shown on the 
stand of the Atomised Fuel and Engineering Com- 
pany, Limited, of 82, Victoria-street, S.W.1, the 
smallest consumer can obtain all the economical 
and other advantages of pulverised-coal firing at 
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a small initial outlay, and at low operating costs. 
The atomiser, which we illustrate in Figs. 29 and 30, 
opposite, is made in three sizes, having capacities 
of 5 to 10, 20 to 30, and 30 to 40 ewts. per hour, 
respectively. The general appearance of the 
apparatus is shown in Fig. 29, and the details of its 
construction can be followed from Fig. 30. The 
coal is fed into the hopper shown on the right, and 
is carried by an automatic feeder in the lower part 
of the hopper into the path of an impact rotor. 
The feeder is operated by pawl mechanism of the 
usual type, driven from the rotor shaft by the 
spur gearing and link motion shown. The impact 
rotor consists of a series of beater arms fixed radi- 
ally on the shaft, and is clearly visible in the illus- 
tration. Air is drawn through the apparatus by 
a fan, which can be seen in both figures at the top 
of the machine. Part of the air enters through the 
hopper into the impact-rotor chamber, where it 
picks up the granulated coal, and carries it through 
ports on to a grinding ring on which run a number 
of balls. These balls are carried round by the rotor, 
and are pressed against the ring by centrifugal force. 
The granulated coal is reduced to a fine powder 
by the action of the balls, and in this state is 
carried through the vertical passage shown on the 
left in Fig. 30, into a large separator chamber above 
the rotor casing. The stream of air which picks 











a eS a ae 


3,300-VoLr CoLLigRY SwiTcHBOARD; MEssrs. GEORGE ELLISON. 


up the pulverised fuel as it leaves the grinding 
chamber enters through orifices in the bed plate, 
which are visible in the illustration. As the dust 
impregnated air enters the separator, expansion 
takes place, and the coarser particles are precipi- 
tated, only very finely-ground dust being carried 
forward to the burners. The precipitated particles 
fall into the funnel-shaped orifice at the base of the 
expansion chamber, and are returned into the ball 
chamber for re-grinding. The air entering the 
machine can be regulated by means of a cock fitted 
on the discharge side of the fan, enabling the fine- 
ness of the coal dust to be regulated as required. 
Further regulation can be obtained by varying the 
size of the orifice in the bed plate, and by altering 
the stroke of the pawl on the hopper-feed mechanism: 
The rotor is driven by a motor through reduction 
gearing as shown, and the fan is driven by a belt 
from the main shaft. The atomiser is guaran’ 
to grind the coal to the point at which 85 per cett. 
will pass through a 200-mesh sieve, and 95 per cent. 
through a 100-mesh sieve ; and it is claimed that 
previous drying of the coal is unnecessary, as fuels 
containing up to 8 per cent. of moisture can be 
handled without difficulty. It may be mentioned 
that the air employed to carry the fuel to the burners 
is insufficient in quantity to support combustion, 
an additional amount being supplied at the burners. 
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On this account, and because the velocity of the 
air-fuel mixture is greater than that of flame propa- 
gation init, back-firing cannot occur. The apparatus 
is rendered additionally safe by the fact that the 
coal is pulverised only as required, and no appreci- 
able volume accumulates at any point in the system. 
The apparatus is suitable for grinding all classes of 
fuel, and may also be used for grinding other sub- 
stances, such as lime. When the material reauired 
to be ground has to be collected, a cyclone collector 
is added, which discharges the powder through an 
automatic self-sealing valve into barrels or bins. 





THE ANCHOR LINER ‘“‘ CALEDONIA.”’ 


(Continued from page 165.) 

Havin dealt with the general features of the 
vessel and the arrangement of the accommodation for 
the comfort of the passengers, it is now necessary 
to describe the propelling machinery and the auxiliaries 
which are associated with it. Reference was made 
previously to the sub-division of the hull into many 
water-tight compartments, and four of these, namely, 
the boiler room, the engine room, the tunnel, and the 
after tunnel, are used for the accommodation of the 
machinery, The main items of the plant are, of 
course, located in the boiler room and engine room, 
which are situated amidships. Prior to the con- 
sideration of any part of the equipment in detail, the 
general arrangement may be referred to. The boiler 
Toom, in addition to the main boilers, contains two oil- 
fuel installations at the aft end, and there are two simi- 
lar units of larger capacity in the passage way to the 
engine room. There are also a motor-driven emerg- 
ency bilge pump, a Cunard fire-extinguishing pump, 
and two electric ash hoists in the boiler room. The 
Space on each side of the passage between the boiler 
and engine rooms is divided into four oil-bunker 
tanks, the inner ones being used for settling purposes. 
For the transfer of the oil from the bunker tanks to 


the others, t i vi 
dies wo Weir pumps are provided. In 


double-bottom tanks, for the full length of the boiler 
room, are used for oil storage. In the engine room the 
main turbines and gears occupy the space on each side 
of the gangway, the condensers being located below 
the low-pressure units. Further aft are the two elec- 
tric generating sets which supply electricity to the 
lighting and power circuits. The refrigerating plant 
for the cargo is located in the forward tunnel, but 
separate equipment is used to meet the requirements 
of the chamber for the storage of provisions, and this 
is accommodated at the after end of the engine room. 
Other auxiliaries for the Weir closed-feed system, for 
forced lubrication, circulating pumps for the con- 
densers, air pumps, &c., are mounted around the sides 
of the vessel and the bulkheads. The engineers’ 
workshop is arranged on the starboard side of the after 
tunnel. It will be appreciated that all the com- 








to these fuel-carrying arrangements, the 


ponents of the steam generation, propulsion, and 
auxiliary equipment have been located in such a way as 
to afford ample space for control and for the inspection, 
cleansing and overhauls which are always necessary 
to keep the plant in good running order. The illus- 
trations, Figs. 17 to 21 on Plate XXIII, give a clear 
indication of this in both the engine and boiler rooms. 
As will be seen later, the various gauges and main 
controls are concentrated for the convenience of the 
engine-room staff. 

The propelling machinery was designed to give a 
maximum shaft horse-power of 13,500, when the 
propeller shaft runs at 92} r.p.m. Steam for the 
purpose of generating the necessary power demanded 
from the turbine is supplied from the boilers at a 
pressure of 220 lb. per square inch. It is delivered 
in the saturated condition as no superheater is 
employed. There are altogether six boilers installed 
in the ship. They are of the well-known cylindrical 
return-tube type, the three in the forward end of the 
boiler-room being single-ended, while the other three 
are of the double-ended design. Each has a mean 
diameter of 17 ft. 6 in., the double-ended units being 
22 ft. 6 in. long and those of the single-ended type 
11 ft. 6 in. long. In each boiler end there are four 
Morison furnace tubes, 44} in. diameter. There are, 
therefore, 36 furnaces in all, and the heating surface 


priming and to ensure that the steam supplied to the 
turbines is as dry as is possible, Stefco separators are 
fitted to all the boilers. Another feature of the boilers 
is the use of the Cumberland electrolytic system for 
the prevention of corrosion. This, system makes use 
of insulated anodes in the boiler to which an electric 
current is supplied from a small generator. The 
boiler is connected to the negative pole of the system 
and the anodes to the positive side. The flow of 
current through the water in the boiler concentrates 
the corrosive action on the anodes, which may when 
necessary, be replaced. As a result, the boiler is 
saved from corrosive effects at but small expense, and 
one consequence of the syztem is the reduction of scale 
formation. The air for the boiler furnaces is supplied, 
on the Howden forced-draught system, through the 
usual Howden tubular air heaters placed in the up- 
takes of the boiler fronts, a 70 brake horse-power electric 
motor driving each pair of fans, which are installed in 
a separate fan room on the “‘E” deck, where pro- 
vision is made for control, as well as in the stokehold. 
Each fan can supply 24,000 cub. ft. of air per minute 
when running at 500 r.p.m., the diameter of the fan 
wheels being 75 in. The illustration of the stokehold, 
Fig. 22, on page 266, shows the clear space available 
for the firemen and the ventilation, by four natural 
vent trunks, having received special consideration, 
the conditions under which the men have to work in 
this vessel must be regarded as setting a very high 
standard. 

Oil fuel is burned in the boiler furnaces, the system 
installed working on the well-known Wallsend-Howden 
method. For this, there are two large sets in the 
passage-way between the boiler-room and the turbine- 
room, and two smaller sets are located in the after end 
of the boiler-room. Part of this equipment is shown in 
Fig. 23. The oil fuel from the tanks is supplied to the 
pumps through suction strainers, and is delivered to 
heaters, in which its temperature is raised by steam 
heating, experiment and extended experience having 
shown this to be necessary for burning the fuel efficiently. 
Further straining is carried out before the oil is actually 
delivered by the pipe system to the distributing valve 
boxes provided, so that control may be obtained 





provided amounts to about 30,450 sq. ft. To prevent 
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room, as already stated, there are;two ‘electric ash 
hoists, supplied by Messrs. Campbell and’ Isherwood, 
a Cunard fire-extinguishing pump, and a _ motor- 
driven emergency bilge pump. 

(To be continued.) 





THE LATE PROFESSOR H. 
KAMERLINGH ONNES. 


THE death of Professor Kamerlingh Onnes, which 
occurred at Leiden on the 2Ist inst., has removed a 
man who, by forty years of patient, systematic experi- 
mental research at low temperatures, has greatly 
widened the domain of exact scientific knowledge and 
has, at the same time, done much to strengthen the 
foundations of thermodynamics. 

Heike Kamerlingh Onnes was born at Groningen on 
September 2i, 1853. He studied under Bosscha at the 
Delft Polytechnic, became Bosscha’s assistant in 1878, 
and, four years later, was appointed Professor of Physics 
at the University of Leiden. As director of the physical 
laboratories there he concentrated his attention from the 
tirst on the properties of matter and their correlation at 
low temperatures. Recognition of his remarkable work 
enabled him to establish the famous Cryogenic Labora- 
tory, which was described on page 261 of our issue of 
August 28, 1908, and again on October 20, 1922 
(page 498), when the Faraday Society discussed the 
production and utilisation of cold. The liquefaction of 
air had rendered the liquefaction of hydrogen possible, 
but, before that was accomplished, helium was discovered 
which proved to be extraordinarily ‘‘ permanent ” ; 
Planck’s quantum hypothesis, however, made the 
closest possible approach to the absolute zero of tem- 
perature more than ever desirable. Helium was 
liquetied at Leiden in 1907. The liquid boiled at 4-5 
deg. C. absolute, but refused to solidify and retained 
almost all its mobility (the density is 0-15) when the 
temperature was later reduced to 1-5 deg.—the lowest 
temperature ever reached was possibly 0-9 deg.—and 
the pressure to 2 mm. and finally to 0-025 mm. ; the 
uncertain temperature estimates were based on elec- 
trical measurements. This took place after the war 
when 30 eub. m. of helium was placed at Onnes’ 
disposal by the United Sates Navy D2partment and a 
further 6 cub. m. by J. C. McLennan on behalf of the 
Canadian Research Department. Cooled in liquid 
helium, metals appeared to lose all electrical resistance 
and to acquire a state of superconductivity predicted 
by Ampere and by Clausius. Tin, mercury, lead, &c., 
were first studied, and, within the last few years, when 
paramagnetism and the magnetism of manganese steels 
were investigated with the assistance of Sir Robert 
Hadtield, indium, thallium and the rare-earth metals 
were also dealt with. So far gold alone has not shown 
any superconductivity ; gold should therefore replace 
platinum for low-temperature measurements. Thermo- 
metry, gas compressibility and viscosity, vapours, 
luminescence, the properties of organic compounds and 
piezo-electricity were all investigated by Onnes and 
his able assistants; he found an excellent glass blower 
in Mr. Kesselring. Onnes, of delicate constitution, had 
several times to cancel visits to this country, the last 
oceasion being in 1922, when he wished to attend the 
Faraday Society meeting mentioned above. He retired 
in 1923. He was an honorary Fellow of the Royal 
Societies of London (which:awarded him the Rumford 
Medal in 1916), Dublin and Edinburgh, a member of 
the Berlin Akademie'der Wiesenschaften, and a Nobel 
Prizeman of 1918. af 





Tue Crry Smoke PRopLeM.—In an address delivered 
recently before ‘the Circle of Scientific, Technical and 
Trade Journalists, at the Hall of the Institute of Journa- 

elists, Tudor-street, London, E.C.4, Dr. J. S. Owens, the 
Chawman of the Circle, stated that the economic cost 
of smoke in London, when all its effects were taken 
into account. amounted to about 24s. per head of the 
population per annum. In Manchester the cost was 
about 30s. per head. while, in ather cities, it was doubt- 
less much higher. This great waste, stated the lecturer, 
was largely avoidable, but there could be little progress 
until public apathy in this matter was removed. 

LsavNcH OF a TuG av SovrHamPproy.—Built by 
Messrs. John 1, Thornycroft and Co., Limited, to the order 
of the Southampton, Isle of Wight and South of England 
Royal Mail Steam Packet Company, Limited. a powerful 
tug was recently launched at the Woolston Works of 
the builders, Southampton. The vessel has a length, 
between perpendioulars, of 110 ft.. a breadth, moulded, 
of 29 ft, 6 in., a depth, moulded, of 13 ft. 6 in., and 
an extreme draught of 13 ft. There are two towing 
beams, one at the after end of the engine casing and one 
jast forward of the capstan. The propelling machinery 
consists of two sets of inverted-cylinder. compound, 
surface-condensing engines. The ‘cylinders have a 
cliameter of 19 in. and 38 in., respectively, and the piston 
stroke is 30 in. The two boilers are placed ‘abreast and 


are of the eylindrical, marine, return-tube type. having 
a diameter of 13 ft., and a length of 11 ft. 6 in. 


ENGINEERING TRAINING AND 
EDUCATION. 


The Institution of Structural Engineers.—The 
conditions governing the travelling scholarship, offered 
by the Institution of Structural Engineers, through the 
generosity of the British Portland Cement Association, 
and referred to in our issue of January 15 last, page 90, 
have now been made public. Designated the Portland 
House Travelling Scholarship, 1926, the award has a 
value of 300/., and is open for competition to Members, 
Associates, or Associate-Members of the Institution of 
Structural Engineers, who have not attained the age 
of 36 years on May 15, 1926. The competition for 
the scholarship will be divided into two parts. A pre- 
liminary written examination on the design of rein- 
forced-concrete structures, cements, and aggregates, 
will be held in London, and such other centres as may 
be arranged, on May 15 next. Candidates who are 
successful in this written examination will be required 
to sit for the final competition in design, which will 
take place on June 5 next. The winner of the scholar- 
ship will be awarded a gold medal, and the two designs 
placed next in order of merit may be awarded, respec- 
tively, a silver and a bronze medal. The scholarship 
is awarded with the intention of providing an oppor- 
tunity for the study of cements, concrete, and reinforced 
concrete in foreign countries, to a candidate who already 
possesses some knowledge of these subjects. Entry 
forms for the competition and further particulars may 
be obtained from the Secretary, The Institution of 
Structural Engineers, 231-5, Abbey House, Westminster 
London, 8.W.1. 

Through the generosity of a well-known firm of 
reinforced-concrete engineers, the Institution of Struc- 
tural Engineers-is able to offer a further scholarship, 
value 3001., for competition every third year, com- 
mencing in 1927. It is expected that the conditions 
will be similar to those pertaining to the Portland 
House Scholarship. Full particulars will be published 
in due course. It is hoped that in the near future 
a still further offer will be made, thus enabling the 
Council to award a scholarship of a value of 300/., 
every yea r. 
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Canada, Department of the Interior. Dominion Water 
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Paper, No. 47. Surface Water Supply of Canada, 
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and Reclamation Service. 
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John Heywood, Limited. [Price 7s. 6d. net.] 
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Department of Overseas Trade, Report on the Financial 
Commercial and Economic Conditions of the Argentine 
Republic. September, 1925. By H. C. CHALKLEY. 
London: His Majesty’s Stationery Oftice. [Price 
2s. 6d, net.} 

Department of Overseas Trade, Report on the Economic 
and Financial Conditions in Brazil, September, 1925. 
By Eryest HamBiocn. London: His Majesty’s 


Stationery Office. [Price 2s, net.] 
Notes on the Induction Motor. By H, E, Dance, Oxford 
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[Price ‘6-20 marks. | ° 
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Draughtsmen. Rolling Mill Machinery. By R. C. D 
Fevy. Perspective Drawing for Draughtsmen. By 
WiniiaM Setitar, Foundations. By W. LATHAM. 


London: Offices of the Association. [Price 2s. each,] 
Die Entwicklung der Dieselmaschine. By PROFESSOR 
SuHoérrcer. Halle (Saale): Wilhelm Knapp. 

{Price 3 gold marks. | 

Beitrag zu den Grundlagen der schnellaufenden Halbdiesel- 
motoren. By Dr.-Ing. Kart BUCHNER. Halle (Saale): 
Wilhelm Knapp. [Price 3-50 gold marks. } 

Theory and Practice of Alternating Currents. By A. 'T. 
Dover, M.I.E.E. London: Sir Isaac Pitman & Sons, 
Ltd. [Price 18s. net. ] 

Tiefbohrwesen, Férderverfahren und Elektrotechnik in 
der Erdilindustrie, By Dipl.-Ing. L. STEINER. Berlin : 
Julius Springer. [Price 27 gold marks.]} 

Schlomann-Oldenbourg Illustrated Technical Dictionaries 
in Six Languages. English, German, Russian, French, 
Italian, Spanish. Vol. XVI. Weaving and Woven 
Fabrics. Edited by ALFRED ScnHLoMANN. London: 
Lewenz and Wilkinson, Limited. [Price 2/. ls. net.] 








WrrELEss Exursition, Otymria, 1926.—The Wireless 
Exhibition, which is being promoted by the National 
Association of Radio Manufacturers and Traders, Astor 
House, Aldwych, London, W.C.2, will be held in the 
New Hall, Olympia, London, W.14, from September 4 
to 18, 1926. The exhibition will be open to the trade 
as a whole, and the promoters hope that it will be 
supported in such a way as to render it fully repre- 





sentative of the British radio industry. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday, 

The Cleveland Iron Frade.—Business in Cleveland 
pig iron has fallen off considerably, but makers, being 
well sold. are undisturbed by the absence of buying 
which they attribute largely to usual seasonal slackening, 
Thus the lull is expected to be of short duration. Supply 
continues insufficient for current needs, and there seems 
very little likelihood of makers resorting to granting 
price concessions to tempt customers back into the 
market. Producers, indeed, are firmly of the opinion that 
spring buying will be on a brisk scale. Export demand 
continues meagre, but this is of little consequence as 
home requirements still take up almost the whole of the 
Cleveland iron available. For home purposes, No. 1; 
is 72s, 6d.; No. 3, g.m.b., 70s.; No. 4, foundry, 69s,; 
and No. 4, forge, 68s. 6d. ; while for shipment to foreign 
destinations, sixpence above these prices has to be paid, 

Hematife——There is still a shortage of East-Coast 
hematite supply, but the scarcity is less acute than it has 
been, and quotations are weak. Nos. 1, 2, and 3 are 77s, 
6d., both for home use and for shipment abroad, and No, | 
is put at 6d. above mixed numbers. 

Foreign Ore.—Recent very heavy imports of foreign 
ore have stocked consumers to an extent that taxes 
their storage accommodation, and new business is very 
little heard of. Under such circumstances, values tend 
easier, but sellers still ask 21s. 6d. c.i.f. Tees for best rubio, 

Blast-Furnace Coke.—Durham blast-furnace coke js 
abundant, and as buyers are little disposed to operate, 
quotations are weak. Good average qualities are on 
sale at 20s., delivered here. 

Manufactured Iron and Steel——With Continental 
competition somewhat less keen, there is a little more 
doing in semi-finished materials, but unloadings from 
abroad are still large. Several descriptions of finished 
steel are in fairly good request for home use, but export 
demand is far from what could be wished. Indication of 
probable early improvement is, however, not altogether 
lacking. Common iron bars are 11J. 58, ; iron rivets, 12I. 
l5s.; packing (parallel), 81. ; king (tapered), 11/.; 
steel billets (soft), 71.; steel billets (medium), 7/. 10s. ; 
steel billets (hard), 81. 2s. 6d.; steel ship, bridge and tank 
plates, 71. 7s. 6d. ; steel angles, 7/. ; steel rivets, 12I. 10s. ; 
steel joists, 7/.; heavy steel’ rails, 8/. ; fish plates, 12/.; 
black sheets (No. 24 gauge), 117. ; and galvanised corru- 
gated sheets (No. 24 gauge), 16/1. 5s. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel—Though gross output shows little 
expansion, there is a distinct tendency on the part of iron 
and steel users to contract further forward. Several 
orders of fair magnitude have been booked during the 
past fortnight. Railway electrification:schemes abroad 
have already provided Sheffield with a lot of work, and 
further benefit is anticipated from the extensions decided 
upon in connection with the electrification of the Great 
India Peninsular Railway. Several big weciorining 
engaged in the electrical industry, with whom Sheffield 
engineering concerns are closely allied, are tendering for 
the complete equipment of a rotary sub-station with 
convertor sets and switchgear. The last substantial 
order from this railway for 77 all-steel coaches was placed 
with a Sheffield tirm. Messrs. Vickers Limited, are to 
build an ocean-going steamer for Colonial trade, similar 
to two others recently supplied by the same firm, Con- 
ditions in armament manufacture tend slowly to 
improve. Orders have been received from the Adrmralty 
for guns and armour required for the two remaiing 
cruisers of the County class. An improved tone is 
prevalent in ship steel and marine castings. On the 
other hand, the uncertain conditions prevailing in the 
coal trade are reflected in the diminished demand for coal- 
cutting machinery and miners’ tools. The light foundries 
are doing good business in castings and ironwork for the 
building trade. Stainless steel output, which last year 
constituted a record, continues to expand as a result of 
the increased number of uses to which this material is 
being put. Automobile steel and fittings constitute an 
active section. The lighter trades present several bright 
features. The Post Office has ordered 12,000 pairs of 
pliers, and electricians’ and joiners’ tools are an improved 
line. More inquiries are in circulation for agricultural 
implements and parts, both on home and export account. 
Further inquiries have been received from South Amerit® 
and Russia, and considerably increased business with the 
latter market in various kinds of tools and implements & 
expected within the next few months. The passing of 
the Rating of Machinery Bill has stimulated the demand 
for new machinery to replace plant installed during the 
war. 

South- Yorkshire Coal Trade—Forward business in the 
export section is sluggish, but, owing tothe strength of the 
inland demand, the tonnage on offer has been redu 
considerably, and prices are mainly firm, Secondary 
grades of industrial fuel, being in large supply, are 
inclined to ease, though there is a steady demand for 
washed descriptions. Smalls and rough slacks lack 
buyers at current rates. Contracts are absorbing prac: 
tically the whole output of house coal. New business 
however, on the wane. Gas coal and furnace coke are 
easier. Quotations: Best branch hand-picked, 31s. 10 
34s.; Barnsley best Silkstone, 28s. to 30s,; Derbyshire 
best brights, 26s. to 28s.; Derbyshire best house, 24s. 
to 25s.; Derbyshire best large nuts, 17s. to 19s. 6d. 
Derbyshire best small nuts, 12s. 6d. to 14s.; Yorkshire 
hards, 17s. to 19s. 6d.; Derbyshire hards, 16s. to 19.3 
rough slacks, 10s. to 12s. 6d.; nutty slacks, 7s. 6d. t 
9s.; smalls, 3s. 6d. to 6s. 
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NOTES FROM; THE NORTH. 
f *“GLAscow, Wednesday. 
Scottish Steel Trade——Movement in the steel trade of 
Seotland is very limited ‘yet, but there is some evidence 
of a little more business passing. The amount of plant 
in commission is only a small proportion of the whole, 
but in several cases it is fairly well occupied at present. 


One or two works with a shipyard connection have rather | | 


a better outlook, but the prospects of the trade as a whole 
are not too bright at the moment. The demand for 
ship plates and sections is not » but inquiries would 
seem to indicate more, than a d ition to sound the 
market. Home buyers are acting with reserve, and foreign 
buyers are not placing nearly as much business here as 
we might expect because of the inducements offered by 
Continental producers. The conditions in the black sheet 
trade are unchanged, and makers are finding a ready outlet 
for light sheets and galvanised sorts for the overseas 
markets. © The heavier gauges are a little more in demand. 
Prices are nominally steady, but any good lines on offer 
receive favourable consideration. The current quotations 
are :—Boiler plates, 11l. per ton; ship plates, 7/. 10s. 
per ton; sections, 7, per ton; and sheets, under ¥ in. 
to } in., 91. per ton, all delivered Glasgow stations. 


Malleable-Tron Trade——In the West of Scotland mal- 
leable-iron trade business is just a shade better, but the 
tonnage overallis not heavy. The steel re-rolling branches 
are still showing some improvement. The price of 
“Crown ” bars is unchanged at 111, 58. per ton, delivered 
Glasgow stations. 

Scottish Pig-Iron Trade.—A dull tone continues to 
characterise the Scottish pig-iron trade, and business is 
difficult to negotiate. Heavy stocks are general, and the 
demand from overseas buyers is far from satisfactory. 
Prices show practically no change round last week’s 
levels :—Hematite, 778. per ton, delivered at the stecl 
works; foundry iron, No. 1, 798. to 81s, 6d. per ton, 
and No. 3, 76s. 6d. to 79s. per ton, both on trucks at 
makers’ yards. 

Scottish Piy-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, February 20, amounted to 697 tons. Of that 
total, 550 tons went abroad and 147 tons went coastwise. 
For the corresponding week of last year the figures were 
1,611 tons foreign and 121 tons coastwise, making a total 
shipment of 1,732 tons, 


Shipbuilding—The number of shipbuilding orders 
placed on the Clyde has been further augmented during 
the past week, and the following are reported :—Messrs, 
Robert Duncan and Co., Limited, Port Glasgow, have 
booked an order to build two 9,000 tons deadweight cargo 
steamers for the London firm of shipowners, Messrs. 
Glover Brothers, Messrs. David Rowan and Co:, Limited, 
Glasgow, will supply triple-expansion, reciprocating steam 
engines for these vessels,—Messrs. John. Fullerton and Co., 
Paisley, have secured an order to build two coasting 
steamers, each of 450 tons deadweight, for Irish owners.— 
Messrs. Lobnitz and Co., Limited, Renfrew, have been 
instructed to build a large dredger for the London and 
North-Eastern Railway Company. This vessel is for 
service at the port of Hull, and will be capable of dredgings 
to a depth of 40 ft. In addition to these orders, it_is 
announced that the Admiralty have favoured Messrs. 
William Beardmore and Co., Limited, Dalmuir, with the 
order for one of the two cruisers to be built. 





PrrRsonaL.—Mr. H. Kerr Thomas has been appointed 
general manager of Messrs. A. Hi r, Sons and Bean, 
Limited, Dudley, Wores., in which company Messrs. 
Hadfields, Limited, Sheffield, have a controlling interest. 
Prior to taking up his new appointment, Mr. Kerr 
Thomas was resident director of the Associated Equip- 
ment Company, Limited, Walthamstow. 





ContRAcTs,—Messrs. Ransome Machinery Company 
(1920), Limited, of Windsor House, 46, Victoria-street, 
London, S.W.1, have received an order from Messrs. 
Sir Robert McAlpine and Sons, for four of their welter- 
Weight concrete mixers, which have an unmixed-batch 
capacity of 12 cub. ft.—The Orient Steam Navigation 
Company have placed an order with Messrs. Vickers, 
Limited, for a p Z t , generally similar in 
dimensions to the Orama and Otranto, recently built 
by the same firm. Messrs. Vickers have also received 
an order from Messrs, Alfred Holt and Co., acting on 
behalt of the Straits Steamship Company, Limited, 
for a fast turbine-driven. twin-screw assenger vessel 
for service between Singapore and Pinata 3s. x3 
Pitmen, 25, Vietoria-street, London, 8.W.1, has secured 
the complete contract for the hydro-electric plant for 
the Banbridge Gas and Electricity Company, Limited, 
Ireland. Other contracts inelude an impulse turbine, 
governor, and electric generator for Messrs. Marconi’s 
Wireless Telegraph Company,~ Limited, and a Pelton 
hydraulic motor, fitted with “H.R.” reduction gears 
for the South Metropolitan Gas Company, Limited.— 
The Westinghouse Brake and Saxb Bignal Company, 
Limited, 82, York-road, London, N.1, have received 
an order from the Metropolitan Railway Company, 
London, for the supply. and installation of material 
required for the rearrangement of the power signalling 
etween Edgware-road,and Praed-street,. Baker-street 
and Bishop’s-road stations, necessitated by the enlarge- 
ment of Edgware-road station. It is anticipated that 
ef work will be complete.in about six months’ tirhe. 
aloe compete a an wnat from the 
‘inistry of Transport for’ provision of eight three- 
aspect colour-light. tra ignals gulati 
resid Piccadilly ffic 8 i for the regulation of 





NOTICES OF MEETINGS., 





THe ‘Instrrution’ or Locomotive ‘ENGINEERS.— 
To-night at 7 p.m., at the Engineers’ Club, Coventry- 
street, W.1. “Signalling from a iver’s Point of 
View,” by Mr. W. J. Thorrowgood. 

THE -INSTITUTION~ OF~ PRODUCTION ’* ENGINEERS.— 
To-night at 7.30 p.m., at the Society of Motor Manu- 
fdcturers Limited, 83, Pall Mall, S.W.1. ‘“‘ Payment by 
Results,” by Mr. R. H. Hutchinson; 


Tue Junior INsTiTuTION OF .ENGINEERS.—-To-night 


at 7.30 p.m., at 39, Victoria-street,.S.W.1. Lecture : 
“Seven Thousand Years’ of Shipping,” by Mr. J. F. 
Petree. Friday, March 5, at. 7.30 p.m. Ordinary 
Meeting. ‘‘'Tendencies in Modern Electric Practice,”’ by 


Mr. J. M. Seddon. Special Meeting at 7.30 p.m., at the 
Engineers’ Club, Waterloo-street, Birmingham. ** Hoist- 
ing Appliances,” by Mr. C. H. Woodfield. 


THE INSTITUTION OF MUNICIPAL anD County ENGI- 
NEERS: SovuTH WesTERN.. District. — Saturday, 
February 27, at 2 p.m., at the Town Hall, Bridport. 
Address by Alderman E: 8. Reynolds, dealing with the 
History of Bridport. Visits to Works. 


TuHE INstTITUTION OF MUNICIPAL AND County EneI- 
NEER : EaSTERN District.—Saturday, February 27, at 
2.15 p.m., at the Council House, Bishop’s Stortford. 
Various Visits. 

THE Hut AssociaTION OF ENGINEERS.-—Saturday, 
February 27, at 7.15 p.m., at the Technical College, 
Park-street, Hull. Lecture: “High Frequency 
Currents,”’ by Mr. C. H. Nicholson. 


THe Roya Instirution.—Monday, March 1, at 
5 p.m., at Albemarle-street, W.1. General Meeting. 
Thursday, March 4, at 5.15 p.m. Lecture: ‘The Atom 
of Light and the Atom of Electricity ’’ (Lecture II), by 
Dr. C. D. Ellis. Friday, March 5, at 9 p.m. ‘‘ London 
Traftic,”” by Sir Henry Maybury. Saturday, March 6, 
at: 3 p.m. Lecture: ‘‘The Rare Gases of the Atmo- 
sphere ’’ (Lecture I), by Sir Ernest Rutherford. 


THE Society or ENGINEERS.—Monday, March 1, at 
5.30 p.m., at the Geological Society, Burlington House, 
Piceadilly, W.1. ‘‘ Tidal Power on the River Severn.— 
Some Notes and Suggestions on its Utilisation,” by 
Mr. W. M. Beckett. 

Tue Institute or TRANSPORT.—Monday, March 1, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
iantar con: Victoria-embankment, W.C.1. “‘ State- 
Ownership of Waterways,” by Mr. H. D.: Dickinson 
instead of Professor J. H. Jones, M.A. 


Tue INSTITUTE OF TRANSPORT: YORKSHIRE LocAL 
Srotion.—Monday, March 1, at 5.30 p.m., at the Town 
Hall, Leeds. ‘“*‘ Some Financial and Political Aspects of 
Highway Development,”” by Mr. A. Hacking. 


THe Institution oF ELectrRicaL ENGINEERS: 
WESTERN CENTRE.—Monday, March 1. at 6 p.m., at the 
South Wales Institute of Engineers, Park-place, Cardiff. 
“The Engineer: His Due and. His_Duty.in Life,’’.by 
Mr. T. Carter. 

THE JuNiIon INSTITUTION OF ENGINEERS: NORTH 
Western SeEction.—Monday, March 1, at 7.30 p.m., 
at. the Manchester Geographical Society, 16, St. Mary’s 
Parsonage, Manchester. ‘‘'The Behaviour of Metals 
under Stress,’’ by Mr. W. E. W. Millington, M.Inst.C.E, 


Tue Roya Instirute or BRITISH ARCHITECTS.— 
Monday, March I, at 8 p.m., at.9, Conduit-street, Regent- 
street, W.1. ‘The Paris Exhibition of 1925,” by 
Lieut.-Col..H. W. G. Cole. 

THE Roya Socirery or Arts.—Monday, March 1, 
at 8 p.m., at John-street, Adelphi, W.C:2. Cantor 
Lecture. ‘‘The Production and Measurement of High 
Vacua ” (Lecture III), by, Dr. G. W. C. Kaye. Tuesday, 
March 2,.at 4.30 p.m. Dominions and Colonies Section. 
‘Publicity in Relation to the Preblems of Empire 
Settlement and Trade,” by Sir BasilClarke. Wednesday, 
March 3, at 8p.m. Ordinary Meeting. ‘‘ Science in the 
Cable Industry,’’ by. Mr. Percy Dunsheath, M.A., B.Sc. 


Tue INSTITUTION OF THE RUBBER INDUSTRY.— 
Monday, March 1, at 8 p.m., at the Engineers’ Club, 
Coventry-street, W.1. ‘Some Difficulties of Rubber 
Manufacture,” by Mr. J. H. C. Brooking, M.I.E.E. 
Discussion on ‘‘ Recent Developments in General 
Mechanicals,’’ opened by Mr. H. Rogers, F.C.S. 

Tse INSTITUTE OF MARINE ENGINEERS.—Tuesday, 
March 2, at 6.30 p.m., at 85-88, The Minories, Tower 
Hill, E.1. ‘‘ Ventilation and Adjustment of Heat 
Applicable to Ships,” by Mr. T. Wright. 

Tue INSTITUTION OF AUTOMOBILE ENGINEERS.— 
Tuesday, March 2, at 7 p.m., at the. Royal Society of 
Arts, John-street, Adelphi, W.C. 2. “‘ Electric Ignition 
Equipmient,”’ by Captain A. C. Burgoine. i 

Tue InstiruTe oF Merarts: BrrMineHam Loca 
Srction.—Tuesday, March 2, at 7 p.m., at the Chamber 
of Commerce, New-street, Birmingham. ‘“‘ Light Alloys,” 
by Dr. L. Aitchison. 

Tue Instrrution or EvecrricaL ENGINERRS: SOUTH 
Mipianp Stupents’ Section.—Tuesday, March 2, at 
7.15 p.m., at the University, Edmund-street,. Birming- 
ham. ‘Distortion in the Radio Transmitter and 
Receiver,” by Mr. J. A. Cooper. : 

THe NationaL AssocraTION OF SUPERVISING ELEC- 
TRICIANS.—Tuesday, March 2, at 7.15 p.m.,, at the Junior 
Institution. of Engineers, 39, Victoria-street, S.W. 1. 
Lecture : ‘‘ Electricity Supply,” by Mr. Alan’ Kirk. 





Tue INstTITUTE OF METALS: NortH-East Coast Loca 
SectTion.—Tuesday,.March 2; at 7.30 pim., at the 
Armstrong College, Newéastle-upon-Tyne. ‘“‘ Bearing 
Metals,” by Mr, R. T. Rolfe. 


THE INstITUTION OF CIVIL ENGINEERS.— Wednesday, 
March 3, at 6 p.m., at Great George-street, S.W. 1. 
Informal Meeting. Subject for discussion, ‘‘ Road 
Construction,” to be introduced by Mr. Henry Ewbank 
Lightfoot. hy Sa eee 

Tue Insrirvurion oF ELEcTRICAL ENGINEERS.— 
Wednesday, March 3, at 6 P-m.,.at Savoy Place, Victoria 
Embankment, W.C. 2. \ Wireless Section Meeting. ‘‘ The 
Directional Recording of Atmospherics,’’ by Mr. R. A. 
Watson , Watt. ‘‘An Instantaneous Direct-Reading 
Radiogonimeter,”” by. Mr. R. A. Watson Watt and 
Mr. J. F. Herd. 

Tue Institution or HEATING AND VENTILATING 
ENGINEERS, Wednesday, March 3, at 7 p.m., at Caxton 
Hall, Westminster, S.W.1. ‘“‘ The Design and Applica- 
tion of Electric Motors Relating to Heating and Venti- 
lating Installations,’ by Mr. Joseph Meech. 


THE LivERPOOoL ENGINEERING SociEty.— Wednesday, 
March 3,.at 8 p.m., at the Temple, Dale-street, Liverpool. 
“* Fifty Years of the Liverpool Engineering Society,” by 
Mr. W. E. Mills. 

Tue Institution oF ELEcTRICAL ENGINEERS.—Thurs- 
day, March 4, at 6 p.m., at Savoy Place, Victoria- 
embankment, W.C.2. ‘‘Electro-Farming; or the 
Application of Electricity to Agriculture,’ by Mr. R. B. 
Matthews. 

THE Royat AERONAUTICAL SocieTy.—Thursday, 
March 4, at 6.30 p.m., at 7, Albemarle-street, W. 1. 
Lecture: ‘‘The Development of Airship Mooring and 
Handlizg,”’ by Major G. H. Scott. 


Tue InstrrvTion OF MECHANICAL ENGINEERS: 
Guascow anp WEsT oF SCOTLAND Brancu,—Thursday, 
March 4, at 7.30 p.m., at the Royal Technical College, 
Glasgow. ‘The Oil Engine: Some Notes on Various 
Types,”’ by Mr. 8. H. W. Dawson. 

THe InstiruTion oF STRUCTURAL ENGINEERS.— 
Thursday, March 4, at 7.30 p.m., at Denison House, 
296, Vauxhall Bridge-road, SW. 1. *Steelwork Speci- 
fications,” by Mr. 8. Bylander. 

Tue InsTITUTION OF MUNICIPAL AND County ENGI- 
NEERS: YORKSHIRE Duistrict.—Friday, March 5, at 
1 p.m., in the City Hotel, Hull. Visit to Messrs. G. and 
T. Earles’ Cement Works. 

Tae InstirvuTeE oF British FOUNDRYMEN: LAN- 
CASHIRE Brancu,—Saturday, March 6, at 4 p.m., at the 
College of Technology, Manchester. ‘* Aluminium 
Foundry Practice,”’ by Mr. G. Mortimer. 





NOTES FROM THE SOUTH-WEST. 
CarDirr, Wednesday. 

The Coal Trade.—Tonnage difficulties have disorganised 
the Welsh coal trade. Inadequate supplies of shipping 
have compelled colliery salesmen in many cases to reduce 
their prices by about 6d. per ton for spot shipment, and 
for forward business prospective buyers are holding off 
in view of the irregularity in current values and the hape 
of securing their requirements at lower figures than those 
now asked for shipment ahead. An unfortunate hitch 
has occurred in connection with the agreement arrived 
at between the management of the Cambrian Collieries 
and the men, in regard to the restart of the Clydach Vale 
pits, which have been idle for the past eighteen months 
owing to disagreement over the price list, The nine 
enginemen employed at the colliery, who are members of 
the Enginemen’s Association, have rejected the terms of 
agreement, and consequently the re-commencement of 
work by some 3,500 men is held up, Meanwhile prices 
ruled from 23s. to 24s. for best Admiralty large, 21s. 6d. 
to 22s. 6d. for seconds, 19s. to 20s. 6d. for Monmouth- 
shires, 20s. to 22s. for dry large, and 10s. 6d. to 13s. for 
smalls, according to quality, all of which could be dis- 
counted by 3d. to 6d. for quick shipment. _ Exports of 
coal as cargo foreign in the past week amounted to 
470,010 tons, compared with 535,210 tons in the preceding 
week and 467,950 tons in the corresponding, period of a 
year ago. Shipments at Swansea were increased from 
68,360 tons to 73,630 tons, at Port Talbot from 34,910 
tons to 37,380 tons, and at Llanelly from 2,510 tons to 
5,080 tons, but at Cardiff were reduced from 313,710 tons 
to 251,190 tons, and at New t from 115,720 tons to 
102,730 tons. Exports to Igium were lifted from 
5,150 tons to 37,830 tons, to Portugal from 5,600 tons to 
21,680 tons, and to the U.S.A. from 32,550 tons to 
47,630 tons, but to the Argentine were reduced from 
43,450 tons to 41,000 tons, to France from 147,190 tons 
to 132,550 tons, and to Italy from 97,050 tons to 63,900 
tons. A strike of pitwood loaders at the French ports of 
Bordeaux, Pauillac, Blaye and Boucau has:resulted in 
the price of pitwood, which is extensively used in the 
Welsh collieries, being raised from. 248. 6d. to 40s. per 
ton. As the majority of the collieries are carrying fair 
stocks importers have experienced difficulty in disposing 
of the diminished quantities of. wood ‘reachimg the Welsh 
ports, but a prolongation of the stoppage will inevitably 
affect the pits, as 90 per cent. of the timber used comes 
from France. : 
Iron and Steel._—_E-xports of iron and steel goods in the 
past week'amounted to 16,437 tons, against. 20,551 tons 
in the previous week. Of the total 7,875 tons pf tinplates 
and‘ terneplates_ were shipped, against + 12,045 tons ; 
523 tons of blackplates and sheets, against 4,603 tons ; 


‘3,803 tons of galvanised sheets, against 3,215 tons ; and 





“row and steel goods, 4,236 tons; against 690 tons. 
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THE JAPANESE MARINE. 


THE entry of Japan into the list of Great Powers 
has been accomplished so thoroughly that it is not 
always remembered how remarkably it has been 
delayed. The economic history of the country may 
be said to have anticipated, on a highly magnified 
scale, that of the modern British motor-car industry 
in its first stages. Not through any intrinsic 
defect, but by the interference of the legislature, 
that industry was prevented from taking the place 
that would have been open to it had it been free ; 
and what happened to this one industry merely 
repeated for a short time what had happened to 
Japan for something over two centuries. 

No part of the social and economic growth of 
Japan was checked more directly and effectively 
than its shipbuilding and navigation. At the 
beginning of the seventeenth century Japan was 
not in the first rank of nautical countries, but its 
geographical circumstances no less than the natural 
ability of its inhabitants had given it a long tradition 
of sea life, and there seemed to be no reason why its 
mercantile and naval marine should not have 
progressed as well as those of other countries. It 
seems, indeed, to have had some thoughts of such a 
destiny. At the present moment attention is being 
called by an influential British committee to the 
absence of a memorial to Will Adams—not the 
legendary personage associated with the Battle of 
Waterloo—but the first Englishman to visit Japan, 
a pilot who spent the first twenty years of the 
seventeenth century there, and seems to have begun 
building ships for the great Shogun Iyeyasu on 
European lines. In 1636, however, the rulers of the 
country adopted the definite policy of prohibiting 
foreign intercourse. They would neither allow 
access to foreign ships nor, except under rigorous 
restrictions, permit Japanese ships to be built for 
foreign travel ; and when the system began to come 
to an end, in 1853, the greatest ships were scarcely 
larger than had been built before it had been 
adopted, more than two centuries earlier. 

In a paper read this week before the Japan 
Society, Professor F. P. Purvis presented a large 
number of particulars regarding the ships built at 





various stages of Japanese history, and collated 
them with a summary of the growth of the ship- 
building and navigation of the country in recent 
years. Not the least interesting part of this paper 


55 | is that devoted to the earlier periods, going back to 


what, apparently were prehistoric times, and exhi- 
biting in the Japanese of those days the same 
remarkable receptivity for the ideas and practices 
of other nations in matters of shipbuilding, as they 
have shown in recent times. His account, however, 
of modern shipping, given with the insight and 
authority of his long experience of shipbuilding and 
his intimate connection with its development in 
Japan, has a more practical interest. It shows some 
65 | incidents, arising naturally enough out of the 
circumstances, that may have saved those who were 
engaged in that development some trouble that 
their colleagues in other countries have had to 
undertake. When, for instance, Japan began 
seriously to entertain the use of steamships, the use 
of screw propellers was well established, and though 
for other countries they had not displaced paddle 
wheels, the advantage of propellers was sufficiently 
manifest to warn the Japanese off paddle wheels 
altogether. At the time, again, when practice in 
shipbuilding was changing over from iron to steel, 
Japan has not got much beyond wood, and when 
it was ready to build metal ships it went straight 
into steel, and short-circuited the iron ship as it 
had the paddle wheel. For the most part the 
development of the Japanese naval and mercantile 
marine was the result of intensive efforts, both 
technical and fiscal, which led to results that were 
correspondingly impressive. 

The first modern ships were built in Japan in 
1854, when a Russian man of war was wrecked 
through a tidal wave following on an earthquake, 
and her commander built another with the help of 
Japanese artisans, who were afterwards employed 
on the new art for the service of their own country. 
It was not, however, till the war between Japan and 
China in 1894-95 that shipbuilding began to be taken 
seriously. In the former year it was found necessary 
to buy from abroad some 96,000 tons of shipping, 


‘| which was probably several times as much as the 


country already possessed. With the victorious 
ending of the war the industry and navigation of 
the country expanded sharply, and in 1896 the 
Diet passed Acts granting subventions to ship- 
building and navigation for a period of 18 years. 
These subsidies were devised with a keen eye to 
encouraging not only the volume but the efficiency 
of the industries in question. While 20 yen per 
gross ton was paid for iron or steel vessels of 1,000 
tons and upwards built in Japan, only 12 yen was 
allowed for vessels between 700 and 1,000 tons, 
though to ships of both sizes a further 5 yen per ton 
was given for every horse-power developed on the 
official trial. For navigation, again, 25 sen was 
paid per 1,000 miles for ships of 1,000 tons gross 
and 10 knots speed, with an addition for every 
500 tons and every knot, up to 60 sen for 6,000 tons 
gross and 17-knot speed. For ships not built in 
Japan only half these subsidies were paid; and 
for ships over five years old a reduction of 5 per cent. 
was made for each subsequent year up to a total 
age of 15 years, when the subsidy ceased. In 1910 
new scales of subsidy came into force, which were 
still more drastic in their requirements.. The mini- 
mum for the construction subsidy was raised to 
1,000 tons, at which only 11 yen was granted, 
rising to 22 yen with size. The official trials for 
speed bonus were to be made with a load eqtal to 
half the ship’s deadweight on board, and a great 
deal of gear and apparatus had to be home made. 
For cargo ships the minimum size for bounty was 
raised to 3,000 tons and the speed to 12 knots, but 
the scale of bounty seems on the whole to have 
been more liberal. In round figures the navigation 
bounties reached a maximum of about 2,000,0001. in 
1913, falling ultimately to something over half in 
1922; the construction bounties rose year by year 
after 1910, reaching nearly 1,000,000/. in 1917, 
when they ceased. The navigation bounties have 
been continued and in some instances increased. 

No doubt can be felt that, whether the results are 
or are not worth what they have cost, they are very 
striking. The steamships and motorships owned 
in Japan are nearly three and a half times the 
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tonnage that they were in 1909, and though a long 
way behind the United Kingdom and the United 
States, rank next after them in. the mercantile 
marines of the world. The number of well-equipped 
yards is such as could in need turn out a much 
greater tonnage at short notice. During the, war 
many vessels were built in extraordinarily short 
times. In one instance a 9,000-ton ship was 
launched 23 days after she had been laid down, 
doing her steam trials 6 days afterwards at over 
17 knots; and though this was the fastest pro- 
duction, others were of the same order of promptness. 
In naval construction progress has been no less 
marked. Japanese naval activity, aiready in 
steady progress, took a fresh impulse after the war 
with China. The construction of yards as well as of 
ships was pushed on, so that less and Jess had to be 
bought from other countries, and of late years ships 
built in Japanese yards have more than once been 
the heaviest or the most powerful in the world at 
the time they were launched. And the most 
remarkable of these arresting facts is that the work 
has been done, and done thoroughly well, in little 
more than a quarter of a century. 

For the time being shipping enterprises are not at 
their best ; but it can hardly be imagined that a 
country which has done so much so well and in so 
short a time will remain where it is when things 
mend. Professor Purvis’s opinion, which he is in 
an exceptionally good position to form, seems to be 
that among the problems that Japan has to solve 
if she is to maintain and continue her marine 
development are those relating to labour. They 
do not seem to be the same as our own. The 
doctrine of restriction of output seems to have as 
little attraction for the intelligent Japanese work- 
man as it has for the American. Perhaps he is 
thinking more of security of employment; and 
when it is remembered how gravely that security is 
jeopardised by the practice of demarcation of trades, 
Japanese industry seems to have an easier problem 
than if it had to deal with restriction and demarca- 
tion, from which British workmen suffer no less 
than British industry. But whatever may be the 
problems of competing countries, Professor Purvis 
touches the root of the matter when he says that 
the country in which all parties to industry under- 
stand and adopt sound economical conditions will 
prevail over those that do not. International 
agreements regarding labour may do much, if 
they are not only made but observed. What they 
cannot do is to supersede economic or any other 
natural laws and give labour, or any other service, or 
commodity, a higher value than it possesses in the 
exchanges of the world. 








ADHESION IN REINFORCED 
CONCRETE. 

WueEn Monier first :aade practical use of rein- 
forced. concrete in 1868, its physical properties were 
hut little understood, and for many years the engi- 
neer who used it relied purely on empirical rules. As 
the valuable qualities of this material, and the possi- 
bilities which it opened up become more and 
more recognised, i is natural that it should receive 
closer study and investigation, until knowledge of its 
properties should be on a par with that relating to 
iron or steel. 

For a long time, as is perhaps only natural, there 
was a tendency to consider reinforced concrete as 
merely a combination of two known materials— 
concrete and steel--and to consider these separately. 
Perhaps this tendency still exists to some extent, 
and it is not vet sufficiently realised that reinforced 
concrete possesses characteristics and properties of 
its own, which require much research to enable it 
to be used to the best. advantage, i.c., with complete 
security and yet with economy. 

The extensive developments and very diversified 
purposes for which reinforced concrete has been 
used, especially during the last 25 years, have led 
progressively to large numbers of tests and experi- 
ments heing carried out under varied conditions, 
and with varied objects, so that there are now 
available tables, diagrams and formule which 
supply valuable data ‘for almost all practical 
applications. Nevertheless, a little reflection will 
show that the number of possible requirements, and 





the number of variations;in the manner of dealing 
with them are so great, that it may safely be said 
that the last word on the subject is as far from 
having been said now, as it was in Monier’s day: 
It is evident then that there is still seope for research. 
That this is so is shown by the number of results 
of investigations published each year, and to keep 
abreast with progress the engineer must very care- 
fully follow current work of this kind, not only in 
this country but also abroad. 

The essential characteristic which enables rein- 
forced concrete, or as it is sometimes termed 
“ concrete-steel,”” to be considered as a separate 
homogeneous material, is that of the adhesion or 
bond between the two elements, by means of which 
stresses are distributed from the one to the other. 

It was first shown by Considére in 1902 that the 
concrete in tension on the under side of a loaded 
reinforced concrete beam will resist without rupture 
a proportionate distortion twenty times as great as 
would concrete, without steel reinforcement, and 
further that beams submitted to considerable defor- 
mation still possess a resistance to tension which 
may even be equal to that of concrete which has not 
undergone any previous deformation; also that the 
resistance to compression of the combination is higher 
than the sum of the resistances of the two elements 
considered separately. Morsch also found that with 
a reinforcement of 1 per cent. cross-section the 
bending resistance of 668 Ibs. per square inch of a 
plain concrete slab was increased to 2,532 Ibs. per 
square inch, and with 1-45 per cent. reinforcement to 
3,513 lbs. per squareinch. If there were no adhesion 
the plain slab of equal dimensions would clearly 
give the greater resistance owing to its larger and 
more homogeneous concrete section. 

Although the subject has scarcely received ade- 
quate attention, the importance of the question of 
bond between concrete and steel has been recog- 
nised. Investigations have been carried on by 
various authorities more or less continuously for 
many years. In 1913 the University of Illinois 
published the results of an exhaustive series of pull- 
out and beam tests by Professor Duff. A. Abrams 
which went to show that the quality of the concrete 
and the condition of the bar surface are the essen- 
tial factors governing bond resistance, and that 
the nature of the bond is independent of the size 
of bar or length embedded. In overcoming bond 
resistance two stages are recognised : adhesion and 
sliding friction, of which the latter only comes into 
action after adhesion has been broken down. In 
pull-out tests with plain bars a maximum bond 
resistance was obtained at a definite amount of end 
slip, which was reached after the adhesion was 
overcome, Tests with bars of various sizes were 
shown to give the true relation when the effect of 
the size of the bar was allowed for. 

With a 1:2:4 mixture of concrete at 60 days 
the first measured slip in these tests was found to 
oceur at bond stress of 260 lb. per square inch, and 
the average maximum bond resistance was 440 Ib. 
per square inch. It is reasonably assumed that the 
first slip is due to overcoming adhesion, which 
would, therefore, be about 60 per cent. of the 
maximum bond resistance. Sliding resistance was 
found te reach a maximum at a slip of 0-01 in. 

In view of information only available in recent 
years regarding the properties of concrete mixtures— 
special research having been conducted on this 
subject by Professor Abrams in 1918—it was decided 
by the Structural Materials Research Laboratory, 
Chicago, of which Professor Duff. A. Abrams is 
in charge, to carry out further tests with special 
reference to the influences on bond of variations of 
water ratio, grading of aggregate, quantity of cement, 
consistency, age, replacement of cement with 
hydrated lime, &c. The results of 735 pull-out 
and 735 compression tests have recently been 
published in Bulletin No. 17, issued by the Research 
Laboratory. These tests were made with l-in. plam 
round steel bars embedded axially in 8-in. by 8-in. 
concrete cylinders, the compression tests being 
made on 6-in. by 12-in. cylinders. 

As in the previous tests, a relation between bond 
and compression was found which varied from 
20 per cent. bond for a compressive strength of 
concrete of 4,000 lb. per square inch to 28 per 
cent. for a compressive strength of 1,000 Ib. per 





square inch, /arid reaches about 24 per cent. for 
usual mixtures, with plain steel bars, at an*end 
slip of about” 0°01 in. “The average’ of all tests 
shows’ the ‘bond at ©6005 in’ end “slip to ‘be about 
52 per cent. of the ultimate bond ‘stress, the value 
varying over a range of from 40’ to 60 per cent. 

Tt was found that the conditions which produce a 
high bond resistance are identical with those re- 
quired for obtaining high-compressive strength, and 
other tests have shown that this applies in general 
to other properties such as the modulus of elasticity, 
impermeability and resistance to wear, weather and 
chemical action, as previously recorded in our 
columns. Professor Abrams observes that the bond- 
compression diagram gives a curve which bears a. 
remarkable similarity to that showing the relation 
between modulus of elasticity and compressive 
strength, the significance of which, however, is not 
clear. 

The proportion of water admixture has of course, 
an important effect on the compressive strength 
of concrete, and bond is affected by it in the same 
way, excessive water reducing the resistance 
considerably. To quote an example, for 1:5 
mixture, the compressive strength at 28 days fora 
relative consistency 1-00 was 2,730 Ib. per square 
inch, whereas for a relative consistency of 1:50 
(50 per cent. more water) the strength was only 
900 Ib. per square inch, a reduction of 67 per cent., 
whilst the bond decreased from 680 to 280 lb. per 
square inch, or 59 per cent. From this it will, 
however, be observed that the bond does not fall 
away quite so rapidly as the compressive resistance. 
This is seen to greater advantage in a diagram, the 
bond curve being flatter than the compression curve. 

If more water be present than can be absorbed 
by the cement, voids in the concrete will be pre- 
sent. In cases in which impermeability is im- 
portant, these are undesirable, although otherwise, 
within certain limits, they may not be objection- 
able. It is usual in the former case to employ a 
larger proportion of cement, or, as in the Monier 
system, the steel may be coated with neat cement. 
The results of tests by Professor Abrams with 
mixtures ranging from 1:7 to neat cement show 
that the bond strength is affected in about the same 
manner as the compressive strength up to |: 1 mix- 
tures, but while with richer mixtures than that the 
compressive strength continues to increase, the bond 
commences to decrease. He attributes this to the 
greater volume changes during hardening, which is 
characteristic of such mixtures. The bond resist- 
ance rises from 550 lb. per square inch, with 1 : 7 
mixture to a maximum of 940 Ib. with 1: 2 mixture; 
for a 1: 1 mixture the value is 870 lb., and this fails 
to710 lb. per square inch with neat cement. Although 
sufficiently remarkable, the reduction in adhesion 
would not in ordinary cases be sufficient to prevent 
the use of rich mixtures or neat cement, when this 
might be considered necessary to insure impermea- 
bility or to increase for particular reasons the 
compressive strength, where this is of primary 
importance. 

Bond and compressive strength increased with 
coarser aggregate up to the point where it could 
no longer be properly employed—this agrees with the 
previous results quoted as regards excessive water, 
for a coarse well-graded aggregate requires less 
water than a poorly-graded one. With a 1 : 5 
mixture, the compressive strength increased from 
320 lb. per square inch for 0-No. 28 sand, to 2,730 lb. 
per square inch for aggregate grades up to 1} in, 
and bond increased from 70 lb. to 680 Ib. per square 
inch under the same conditions. 

As regards age of concrete, tests were made with 
specimens varying from 7 days to 1 year. At ! 
year, bond was 134 per cent. of the 28-day value, 
and compression 148 per cent. 

Substituting for cement a proportion of hydrated 
lime had the effect of reducing both bond and com- 
pressive strength about 1-2 per cent. for each 
1 per cent. of hydrated lime in terms of volume of 
cement. 

As the Report of the Joint Committee om 
Standard Specifications for Concrete and Reinforced 
Concrete (U.S.A. 1924-1925) recommends that bond 
working stress for plain bars be limited to 4 pet 
cent, of the compressive strength of the concrete at 
28 days, and these recent tests show that the earliest 
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observed end slip of bars only occurs at bond 
stresses of 10 to. 12 per cent. of the compressive 
strength of the concrete. Professor Abrams con- 
cludes that the values recommended by the Joint 
Committee appear to represent a factor of safety 
of about 2} to 3 against first slip of bar. 





GAS-ENGINE PRACTICE AND LOW- 
TEMPERATURE CARBONISATION. 
INNUMERABLE papers and articles have appeared 

of late, advocating low-temperature carbonisation 
processes on the grounds of the superior value of 
the products obtained, as compared with those 
obtained in ordinary coke-oven and gas-works 
practice. Whatever the future may have in store, 
there is little doubt that at present none of these 
processes have justified their claims in these respects, 
when put to the final test of the financial] balance- 
sheet. In ‘conjunction with power-station work 
and for the utilisation of low-grade and refuse 
coal, they have, on the other hand, latterly made sub- 
stantial progress, as exemplified by the practice of 
the Midland Coal Products Company, Limited, at 
Butterley, and the extremely interesting large- 
scale operations of the Staveley Iron and Coal 
Company at their Devonshire Works, Chesterfield. 
The impending Electricity Bill has already stimu- 
lated a spirit of closer co-operation between the 
electrical and the gas interests, and a paper read 
last Wednesday, by Mr. David Brownlie, was 
interesting and opportune, as showing in what direc- 
tions the utilisation of low-grade fuels, which no one 
would dream of coking on their merits alone, and 
for the sake, merely, ot the oils, tar, and residuals, 
may be usefully employed as subsidiary to, and 
yet integral stages of, power generation and boiler 
practice. Mr. Brownlie’s paper, which was read 
before a meeting of the Midland Counties Institu- 
tion of Engineers, at Nottingham University, was 
entitled “‘ Low-Temperature Carbonisation,” end 
dealt with a number of different processes, from the 
point of view ot their employment in direct conjunc- 
tion with steam boiler, furnace and power plant, 
and with the utilisation, more particularly, of low- 
grade fuel and colliery waste for this purpose. 

That an unduly large proportion of good, saleable 
coal is still used at many collieries where plenty of 
dross, slack and waste fuel is available, can hardly 
be denied by those acquainted with the conditions 
prevailing in many districts. The statement was, 
it is true, somewhat indignantly repudiated by 
several of the speakers in the subsequent discussion, 
who fastened on this point to the exclusion of all 
others, and claimed that the limits of fuel economy 
were already reached in colliery power practice. 
Indeed, the discussion, as a whole, was disappoint- 
ing, and wide of the mark, seemg that the object 
of the paper was not to discuss the efficiency of the 
average Lancashire boiler, but to show how low- 
grade coal could, in direct conjunction with power 
plant, be made to subserve useful and economical 
functions, a point which was apparently missed by 
the speakers. 

The ‘paper itself was a valuable contribution to a 
most important subject, viewed from an angle 
which is at once novel and suggestive. A large 
mamber of processes of low-temperature carbonisation 
were described and compared, and their particular 
applications indicated from a wide and commend- 
ably impartial point of view. It-was pointed ont that 
in some cases low-grade fuels can be made to serve 
for steam generation, producer and furnace practice 
atike, these being particularly suitable operations 
for the application of combined low-temperature 
carbonisation and fuel consumption, if fairly large 
water-tube boilers are employed to give a sufficient 
rate of coal consumption per unit. In general and, 
subject to numerous minor modifications, the ‘prin- 
ciple involved is to arrange that the coal required, 
instead of ‘being burned in the raw state, is subjected 
to a preliminary low-temperature carbonisation in 
a retort or other plant forming a part of the furnace, 
or boiler itséH#, so as to separate the maximum 
amount of high-grade {low pitch-content) tar, .and, 
if necessary, ammonia, while the residual low- 
volatile fuel, in a much more chemically reactive 
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with the residual uncleaned gas. Such aspects of 
low-temperature carbonisation are entirely distinct 
from processes in which the plants a separate instal- 
lation. After quoting the yields in gas, light and 
heavy oils, ammonia and residual fuel when low- 


temperature carbonisation processes are employed | 


in conjunction with boiler and furnace plants, the 
author pointed out that, assuming that the 17 million 
tons of coal, estimated to be used yearly at colliery 
boiler plants, were treated in this way, the total pro- 
duction, from this source alone in Great Britain 
each year would be 43,750,000 gallons of motor 
spirit, 262,500,000 gallons of tar, of which at least 
50 per cent. would be suitable for Diesel engines, 
aud 117,000 tons of ammonia sulphate. 

Again, the electrical power stations of the country 
~—perhaps at the moment the most suitable of all 
for the application of this general principle of low- 
temperature carbonisation—with an annual con- 
sumption of 8,000,000 tons of good-grade coal, 
would give, every year, about 20,000,000 gallons 
of motor spirit, 120,000,000 gallons of tar. and 
53,000 tons of sulphate, at the expense of about an 
extra 1,600,000 tons of coal, to retain the same 
steam output. Many electricity stations of great 
size are now being built, and there will soon be a 
number of installations at work, each with a. consump- 
tion of 500,000 tons of coal per annum, which, in 
combination with low-temperature carbonisation, 
represents, for each individual station, an output, 
every year, of 1,250,000 gallons of motor spirit 
and 7,500,000 gallons of crude tar. 

Each of the leading types of low-temperature 
carbonisation processes, of which there are some 
120 extant and in respect of which many hundreds 
of patents are in existence, were described in the 
paper in considerable detail, the subject being 
discussed under the following general heads :— 
(1) The pre-drying of raw fuels before combustion, 
carbonisation or gasification ; (2) Low-temperature 
carbonisation in conjunction with mechanicatty- 
fired furnaces ; and (3) Low-temperature carbonisa- 
tion in conjunction with pulverised-fuel firing. 

Of the many processes considered, two in par- 
ticular may be referred to as they both deal with 
aspects of the broad question of fuel economy, 
which is at present evoking so much interest and 
attention. These are the practice at Butterley 
and at Staveley, respectively, of which mention 
has been made above. The process employed by the 
Butterley Company, or, rather, by its associated 
company, the Midland Coal Products, Limited, 
was illustrated and described in our issue of Decem- 
ber 18 last. What is of interest in the present 
connection is that it is one which involves the pro- 
duction of a considerable volume of what may be 
termed high-grade producer gas, about 53,000 
cub. ft. per ton, which it was intended to use on 
the spot, either in gas engines or for firing boilers 
and other furnaces. The gas is being used with 
great success in the present plant of the company, 
at Netherfield, to drive the electric generators of 
the power station which provides light and current 
for works on the Colwick Estates. Four retorts 
have been installed, each having a total capacity 
of 5 tons of briquettes and an output of 96 tons per 
diem, in the aggregate, together with a by-product 
plant, with all the necessary washers, scrubbers, 
&e. Two 750-brake horse-power 6-cylinder vertical 
National gas engines, equipped with waste heat 
boilers, which give all the steam required, have been 
laid down and are direct-coupled to alternators, 
supplying alternating current at 440 volts. These 
gas engines only consume the gas from two retorts, 
and an additional 12-cylinder gas engine of 1,500h.p.., 
is in course of erection. As an improved and saleable 
residual fuel is obtained, it is obvious that the plant 
in question, although small, has features of great 
interest and promise. It is, moreover, suitable 
for application to colliery waste and low-grade 
fuel. 

The practice at the works of the Staveley Coal 
and Iron Company described at length in Mr. Brown- 
lie’s paper, is of far more than passing interest, 
as it marks an important stage in the application 
of low-temperature carbonisation conjointly with 
gas-engine practice at a power station and has 
features which render it unique at the present time. 


work on low-temperature carbonisation has been 
carried out at the works of the company under 
the supervision of. Mr. Charles Markham, since 
1916. This has involved the general utilisation 
of all kinds of refuse colliery material of very low- 
grade and very high ash content (33-5 per cent.). 
The results are now summarised under four heads. 
(1) The use of an externally heated pot-shaped cast- 
iron retort, having an interna] agitator, with the 
charge at a temperature of about 930 degs. F., 
and operated under a high vacuum. (2) A special 
method of working retorts, as well as most of the 
cooling and condensing plant, under considerable 
pressure. (3) The main process (Markham retort), 
which employs an intermittent vertical internally- 
heated retort, in which the charge is first lighted at 
the top, and a carefully regulated supply of air and 
steam is then passed in at this point and drawn 
down through the charge. A zone of combustion 
travels steadily towards the bottom, driving off 
all the gases and vapours in front of it. These are 
withdrawn from below, together with the products 
of combustion. (4) The use of the heated inert gases, 
including the exhaust of the large 7,150-h.p. Cockerill 
gas-engine, as a heating medium for the retort as 
described in (3), except that the gases replace 
the steam and air and carbonise the contents of the 
retort by their sensible heat. 

The new gas-engine at the Devonshire Works of 
the Staveley Company is one of the largest in the 
world. Itis of the double-tandem four-cycle, double- 
acting type, and was supplied by the Cockerill 
Company of Seraing, Belgium. It operates on 
blast furnace gas, cleaned down to 0-02 gramme of 
dust, and 18 grammes of water per cubic metre. 
At the normal duty of 7,150 b.h.p., the speed of the 
engine is 91-5 r.p.m., corresponding with 7,720 
B.Th.U. per indicated horse-power, or 12,300 B.Th.U. 
per kilowatt, with a mechanical efficiency of 85 per 
cent. The exhaust for these conditions is approxi- 
mately 3,500,000 cub. ft. per hour at an average 
temperature of 1,110 degs. F. (600 degs. C.), and 
contains 20 per cent. of carbon dioxide and 4 per 
cent. of oxygen. Normally all of this exhaust gas 
is passed through two Cockerill waste-heat boilers 
of the horizontal tubular type, with superheaters 
and feed-water heaters. Each of the boilers evapor- 
ates 7,050 lbs. of water of from 194 to 203 degs. F., to 
a pressure of 200 Ibs. per square inch and a super- 
heated steam temperature of 570 degs. F. (300 degs. 
C.).. The gas-engine exhaust is finally passed to 
the atmosphere at about 230 degs. F. 

In thecarbonisation experiments, theretort charge 
is about 20 cwt., and part of the gas engine exhaust 
(at 1,120 degs. F.) is taken off from the large supply 
pipe that goes to the waste heat boilers and passed 
down through the charge in the ordinary way, the 
gases and vapours evolved by the carbonisation, 
mixed with the exhaust, passing out at the bottom 
to the condensing plant. The circuit includes a 
mechanical exhauster, vertical pipe condensers, 
cooling coils with fin attachments at the top half, a 
gas-meter and vertical wash oil serubbers. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


THE annual general meeting of the Institution of 
Mechanical Engineers was held on Friday last, the 
19th inst., at Storey’s Gate, Westminster, when 
the Acting-President, Sir Henry Fowler, occupied 
the chair. 

The first business, after the minutes of the previous 
meeting had been read, was the announcement that 
the Council had resolved to confer upon Sir John I. 
Thornycroft the distinction of Life Membership. 
The proposal was endorsed by the meeting with 
enthusiasm. 


ANNUAL REPORT. 

The Annual Report of the Council for 1925 was 
taken as read, and its adoption moved from the 
chair. The following is a brief statement of its 
main contents :— 

The seventy-ninth annual ‘report showed a net in- 
crease on the roll of membership of 220 names, the 
tetal now having reached 9,805. The additions during 
the year numbered 723, including one honorary member, 
104 members, 216 associate menibers, 1 companion, 26 








and generally efficient condition, is available along 


A considerable amount of large-scale experimental 


associates, ‘142 graduates, and 233 students. ‘Of ‘the 
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total number of deductions from the roll, 503 altogether, 
171 were represented by transfers, the remainder being 
accounted for by deaths and resignations. There was a 
net decrease of 18 in the total number of members, 
and of 5 in the class of companions, but otherwise 
every grade Of membership had increased during the 
year, the largest change being the addition of 150 to 
the total number of students. Among the losses by death 
the’following names appeared : Captain H. Riall Sankey, 
Past-President ; Sir G. L. Molesworth, Mr. D. B. Mori- 
son, Mr. C. H. Wordingham, Mr. Robert White, Mr. 
H. E. Jones, Mr. W. E. Warden, Baron E. Coppee, of 
Belgium; and Mr. Conrad Knap, of Norway. Of these 
Captain Sankey served on the Council from 1910, occupy- 
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ing the presidential chair in 1920 and 1921, and Mr. 
D. B. Morison was a member of Council from 1912 to 
1922. Mr. W. E. Warden had been a member since 1864. 
The accounts for the year showed a balance of revenue 
over expenditure of 128/. as compared with 902/. in 
the previous year. For the year under review the 
revenue was 33,963/. Research work for the Alloys of 
Iron Research Committee was continued at the National 
Physical Laboratory under Dr. Walter Rosenhain. 
Reports have been presented of work for the Cutting 
Tools Research Committee. 
other papers at meetings during the year. The Hardness 
Tests Research Committee had continued its work, under 
the chairmanship of Dr. W. Cawthorne Unwin and direc- 
tion of Dr. T. E. Stanton, at the National Physical 
Laboratory. Y 
decease of Captain H. Riall Sankey, been continued 
under the chairmanship of Mr. W. H. Patchell, the tests 
being undertaken at the Manchester College of Technology, 
under the direction of Professor G. Gerald Stoney. 
Further work on wire ropes had been carried out at 
Woolwich Polytechnic by Dr. W. A. Scoble, for the com- 
mittee of which Mr. Daniel Adamson is chairman. 
Reports of the Marine Oil-Engine Trials Committee 
were presented during the session on the Scott-Still 
engines of the M.S. Dols and the Doxford engines 
of the M.S. Pacific Trader and the sea trials of the 
Werkspoor engines had been completed. Meetings in 
connection with the preparation of codes for tabulating 
the results of heat engine trials were held during the 
session, and it is anticipated that an interim report 
will be published early in 1926. 'T. Bernard Hall prizes, 
with certificates, were awarded to Dr. D. S. Anderson, 
Professor F. C. Lea, Mr. J. M. Lessells, Dr. H. F. G. 
Letson, and Mr. J. E, Fletcher. 


Mr. E. Godfrey Brewer, availing himselr of the 
opportunity afforded by the aanual general meeting, 
spoke at some length on the subject of the status 
of the trained engineer, and the degree of assistance 
received in this connection from the Institution. He 
emphasised what he described as the subordination 
of the men who were equipped with technical 
knowledge to the men who made and sold goods ; 
this was a feature peculiar to engineering, in com- 
parison with other professions. He inquired how 
the interests of the technical men were furthered 
by the Institution. 

Capt. Edgar C. Smith referred to the purchase of 
the model of the “Simla” engines at the Science 
Museum, South Kensington, and asked for whom 
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the model was being purchased. Mr. L. Pendred 
replied to this question, remarking that it was pro- 
posed to send the model to the Kelvingrove Museum, 
Glasgow, the engine represented by the model 
having been made in that city. Mr. Devigne, 
who had saved the model from destruction, would 
be quite grateful if he received 400/. for it, although 
its value was three times that amount. He added 
that if any member desired to contribute towards 
the cost, he would be glad to pass on to the proper 
authorities any sums sent to him. 
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“RINGINEL RING 


Sir Henry Fowler, in reply to Mr. Brewer regarding 
the standing of the engineer and the advantage of 
the Institution to members, pointed out that every 
effort was made to render the corporate member- 
ship of value to its possessor. He was strongly 
opposed to making a “close” profession of engi 
neering ; it would be a misfortune if university 
training and examination formed the sole route to 
the engineering profession. He was, however, con- 


vinced that everything possible was done by the 














Institution to forward the interests of its members 
and raise the status of the engineer. 


ELECTION OF OFFICERS. 


The ballot showed that the following had been 
elected to the Council:—President, Mr. William 
Reavell; Vice-Presidents, Professor W. E. Dalby 
and Sir Henry Fowler; Members of Council, 
Mr. H. I. Brackenbury, Professor G. F. Charnock, 
Lieut.-Colonel E. Kitson Clark, Engineer Vice- 
Admiral Sir R. B. Dixon, Mr. A. L. Evans (Associate 
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Member), Mr. F. H. Livens and Sir Ernest W. Petter. 

Sir Henry Fowler, Acting-President, then vacated 
the chair in favour of Mr. W. Reavell, remarking, 
prior to so doing, upon the extremely valuable 
work done by Mr. Reavell for the country during 
the war and for the Institution. There was no 
one upon whom the honour of the Presidency of the 
Institution could be more fittingly conferred ; no 
case in which that honour was more thoroughly 
deserved. 

Mr. Reavell, on taking up his duties as President, 
thanked Sir Henry for his kindly remarks, and 
also the members in general for the way in which 
he had been received. 

The Secretary then read two telegrams of con- 
gratulation addressed to the new President, one 
being from the President, Council and members of 
the Ipswich Engineering Society, the other from 
the staff and men at the Ranelagh Works. 

Dr. H. S. Hele-Shaw next proposed a vote of 
thanks to the retiring President, Sir Vincent L. 
Raven. This was seconded by Mr. L. St. L. Pendred 
and carried with acclamation. 

The reappointment of Mr. Raymond Crane to 
audit the accounts of the Institution for the present 
year was proposed by Professor D. A. Low. This 
was seconded by Mr. J. Foster Brown, and the 
motion was put to the meeting and carried. 


Cuttinc TEMPERATURE MEASUREMENTS. 


A paper bearing the title “‘The Measurement 
of Cutting Temperatures,” by Mr. E. G. Herbert, 
of Manchester, was then presented. It was reprinted 
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in: ENGINEERING of February 12 (page 213), while in 
our issue of February 5 (page 185) we described 
the apparatus which Mr. Herbert used. ‘The author 
after very briefly outlining the objects of his in- 
vestigations added certain supplementary data, 
which he illustrated by means of slides. 

Mr. Herbert stated that the principal objects he 
had had in mind were to find the effect of cutting 
temperature on the machinability of the metal cut, 
and the effect on the hardness and durability of the 
cutting tool. He had reason to believe that im- 
portant changes took place in both soft and hard 
metals as a consequence of the range of temperatures 
commonly induced in cutting. 

By way of continuation of the subject, Mr. Herbert 
remarked that towards the close of his paper he 
had described a method of investigating the effect of 
temperature on machinability, which consisted in 
taking surfacing cuts on the ends of steel bars from 
the centre outwards to the periphery, and in measur- 
ing the temperature generated. As the cut started 
from the centre of the bar a perfectly uniform 
increase of cutting speed was produced, and as the 
speed increased the temperature also increased. 
It was argued that if the material were unaffected 
by the temperature, then the temperature curve 
would be a smooth curve like the speed curve, 
but that if at any temperature the resistance of 
the material to the tool increased or decreased, 
there would then be an increase or decrease of the 
heat generated, and there would no longer be a 
smooth temperature curve, but one showing peaks 
or indentations. After many records had been 
made with the string galvanometer, it was eventu- 
ally found that better results could be obtained with 
the ordinary millivoltmeter, the procedure being to 
take a voltage reading every 5 seconds during the 
cut. The more sluggish instrument indicated general 
changes of voltage, while averaging out the rapid 
fluctuations due to breaking up of the chip, vibra- 
tion, and other accidental causes. The graph in 
Fig. 1 was such a record, and it showed that when 
the voltage had reached a certain value it ceased 
to rise and then actually fell, afterwards rising 
abruptly. This test was made with a steel tool 
surfacing the end of a 4-in. mild steel bar, the cut 
starting at the centre and water being used. Only 
one explanation of this seemed possible. The 
cutting speed and the cutting temperature in- 
creased regularly until, when the mild steel had been 
heated to a certain temperature, its resistance to 
cutting declined. After the free cutting range of 
temperature had been passed, the resistance of 
the steel suddenly increased and the cutting 
temperature rose abruptly. Fig. 2 showed a similar 
result when cutting dry (at a lower lathe speed). 
In this case the temperature ceased to rise but did 
not actually fall, owing to the retention of heat 
by the tool and work. 

The steel bar on which these tests were made was 
shown in Fig. 3. A striking feature was the bright 
ring, called a “ Whitaker” ring, after the worker 
who first drew attention to its significance. The 
Whitaker ring corresponded with the depression 
in the voltage, Figs. 1 and 2, and indicated the 
free cutting properties of the steel, when heated 
by the cut to a certain range of temperatures. The 
phenomenon was familiar to turners, but he could 
not find that it had been investigated hitherto or 
explained. It was quite certainly a temperature 
effect, since the diameter of the ring could be 
increased or decreased at will by decreasing or 
increasing either the lathe speed or the depth of 
cut. Microscopic examination showed that the 
ring had a freely cut, smoothly finished surface 
contrasting with the plucked and torn surface on 
either side. A micrograph, Fig. 4, showed the 
outside of the ring and the adjacent surface. The 
character of the chips produced from the ring and 
from the surfaces inside and outside, it was very 
different and was shown in Fig. 5. 

The explanation of this was seen in Fig. 6, which 
showed a series of temperature work-hardening 
curves made with the Pendulum hardness tester, on 
a portion of the 4-in. bar used in the cutting tests. 
Fig. 6 showed five tests made on the same spot on 
the specimen. The lowest curve showed the original 
hardness, Each test work-hardened the metal 
by rolling, and the work-hardening capacity was 





the increase of hardness which could be induced 
in the metal by cold work. The tests were made 
at intervals of about 10 deg. C. in the electric 
furnace. These curves showed that at a range of 
temperatures between 100 deg. and 150 deg. C. 
there was a deep depression D2. In other words, 
the mild steel when deformed (by a cutting tool 
or otherwise) within this range of temperatures 
did not work-harden as it did at lower and higher 
temperatures. 

The action of the cutting tool was to compress 
and work-harden the metal in front of it. Rupture 
occurred in the work-hardened metal, whose resis- 
tance to cutting depended on the degree of hardness 
induced in it by the tool. The D2 depression in 
the work-hardening curve coincided with the free- 
cutting range of temperatures. Metal cut within 
this range was only slightly hardened by the tool, 
with the results that it cut freely, leaving a 
smooth finish (see Fig. 4) ; less heat was generated 
(Figs. 1 and 2); a flowing helical chip was produced 
(Fig. 5); and a bright Whitaker ring was formed 
(Fig. 3). 

These results confirmed the observations of 
Dr. Stanton and Mr. Dempster Smith, that the 
vertical force on the tool fell to a minimum at certain 
cutting speeds and rose at higher speeds. Dr. 
Stanton found that this effect disappeared when 
the steel was normalised. It was to be noted 
that work-hardening capacity was not hardness ; 
that the free cutting or non- work - hardening 
range of temperatures was discovered two years ago 
with the Pendulum hardness tester; that it was 
found to occur in crystalline metals ranging from tin 
to tool steel. The Whitaker ring was noticeable 
and commonly occurred in ordinary production 
work. It was-produced with the greatest freedom 
and certainty with a tool on the margin between 
free cutting and tearing. A tool with a sharp 
V-nose of 80 deg., without top rake, and with 1 in. 
to 2 in. overhang had been found suitable. The 
ring in Fig. 3 was a D2 ring. Three rings frequently 
occurred, corresponding to D1, D2, and D3 in Fig. 6. 
These three depressions and the three peaks P1, 
P2, and P3 were usually found in the temperature 
work-hardening curves of metals. As the Whitaker 
ring could be produced by anyone having access 
to a lathe, it was hoped that attention would be 
drawn to a newly discovered metallurgical pheno- 
menon of very great practical and theoretical import- 
ance, namely, the free-cutting or non-work-hardening 
range of temperatures and the behaviour of metals 
at these temperatures. Experiments had been 
conducted to determine the variation of hardness 
over a portion of a cut taken at a speed of 40 ft. 
per minute, under ordinary working conditions. 
The original hardness was found to be 150 Brinell, 
at the position where the cutting was taking place 
it was about 270, the chip gave a result of 350, 
and the built-up wedge had a value of 450. In this 
test the tool was cutting a material much harder 
than the original bar. 

Mr. William Taylor, O.B.E., who opened the 
discussion, said that possibly cutting constituted 
90 per cent. of the mechanical engineering work 
in the shops, yet little was known about cutting 
action. The research started by the Institution 
had already resulted in valuable contributions 
by Dr. Coker, Dr. Stanton, Dr. Rosenhain, and 
others. Some years ago Mr. Herbert began by 
arranging a kind of drilling machine, or vertical 
spindle, on which his tubular specimens were 
mounted and rotated, the bottom end of the tube 
resting on a block of hardened steel, which acted 
like the sole of a carpenters’ plane, while a cutting 
tool, standing a measured distance through that 
plane, took metal off the tube continuously at con- 
stant speed and thickness, subject to the blunting of 
the tool. In that investigation the author had 
shown that there were two peaks in the curve of 
durability. Fora long time Mr. Herbert was alone in 
maintaining the truth, many academic men assert- 
ing that the phenomenon could not be true. The 
explanation was now available. Mr. Vernon had 
established the fact that in Brinell testing it was 
not the native hardness of the metal that was 
tested, but its capacity for being hardened under 
the pressure of the ball. The Pendulum tester 
enabled a distinction to be made between native 





hardness and work-hardening capacity. In the 
experiments under discussion, Mr. Herbert had, he 
believed for the the first time, used the tool and the 
material as the two elements of a thermocouple, 
thus ascertaining the temperature at the surface 
of contact between tool and work. He had rendered 
visible something of what was happening in the 
cutting action, which latter was another example 
of the fact that the things about which least was 
often known were those which were most familiar. 
He presumed that most turners knew the Whitaker 
ring, but attributed it to some accidental condition, 
something other than Mr. Herbert had shown to be 
the case. 

The Cutting Tools Research Committee had 
started with the idea of discovering the real funda- 
mentals of cutting action. It was assumed that 
between the cutting tool and the work energy 
was expended in three ways; firstly, the severing 
of the chip from the body of the material ; secondly, 
the work done in the plastic flow in the chip, and to 
some extent in the material left behind; and, 
thirdly, in the friction between the tool and the 
chip. Various investigators had dealt with these 
matters, but the full connection between their re- 
sults had not been clearly seen until Mr. Herbert’s 
experiments helped to co-ordinate the work of other 
men. There were many directions in which the 
matter could be pursued, and he believed Mr. 
Herbert intended to pursue them. Mr. Herbert 
had referred to work-hardening of the material 
under the action of the tool. Some years ago 
he had witnessed aluminium being rolled, and had 
asked the foreman if the material, in rolling was 
hardened most by a succession of small reductions 
or by one large reduction. In reply, he was told 
that the metal was most hardened by a succession 
of small reductions. He felt sure Mr. Herbert 
would investigate that matter, bearing, as it did, on 
cutting action, and the economy of taking large 
cuts. It might show why a tool that was taking a 
thin chip had low durability. It was a common 
experience with a file, for instance, that if given 
very little work to do it blunted and would be 
ruined in a short time, whereas with plenty of work 
it would remain a good file for a much longer period. 

Professor E. G. Coker considered the paper an 
illustration of the fact that the researches of private 
investigators had always been among the most 
valuable assets of this country. So far as he knew, 
the Einthoven galvanometer had never previously 
been applied to such a purpose as the author’s. 
Mr. Herbert said that the vibrations shown in the 
galvanometer records were due to local variations of 
temperature, and, in a good many cases he would 
agree, but he thought there was something still 
unexplained in regard to the action of the galvano- 
meter. Moreover, there were several other vibra- 
tions which Mr. Herbert had shown clearly in his 
paper, but which he did not think had ever occurred 
before in any investigation record. The first 
diagram (Fig. 1 in the author’s paper) showed that 
the point of inversion was at about 170 deg. C. 
From that, as Mr. Herbert had pointed out, taking 
any given electromotive force, there would be two 
temperatures between which distinction had to be 
made. The reason for the occurrence of the par- 
ticular form of the diagram was found in the fact 
that Mr. Herbert was limited in his investigation 
by his inability to use any two elements; one of 
his elements had to be able to cut the other. Conse- 
quently there were few materials available. The 
author had used stellite for cutting steel and other 
metals. The point of inversion was 170 deg. C. 
for a steel tube, and in the case of mild steel it was 
250 deg. C. It might be possible for Mr. Herbert 
to work on another part of his curve, and so avoid 
some of his difficulties. 

Mr. J. H. Hyde, in referring to Fig. 8 of the paper 
(see ENGINEERING, February 12, 1926, page 213), 
remarked that the difficulty with the Einthoven 
galvanometer was that it gave such a very wide 
band for the zero line. Apparently this wide band 
was made by a series of vibrations. He thought 
it should be assumed that the vibration occurred 
over the whole period, and that the actual temper- 
ture must be slightly lower than that which had 
been measured, by an amount approximately within 
half the range. The vibration being superimposed, 
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there would be a peak, and it was not correct 
to take either one point or another on it. In 
the case of Fig. 8 of the paper, the range of tempera- 
ture indicated by the vibration was of the order of 
plus or minus 70 degs. €.; that was to say, 140 
degs., or a departure from: the actual zero of 70 degs. 
It was possible that it had been measured to the 
extreme edge of the peak, and was something like 
70 degs. out. Mr. Herbert had referred to the use 
of Jthe needle galvanometer for lathe work, and 
he had been much surprised to learn that the 
author had found it unnecessary to take any special 
precautions to ensure that the resistance in the 
thermocouple circuit in going through the lathe 
spindle bearing did not affect his results. He (Mr. 
Hyde) had always found, in using thermocouples, 
that it was not permissible, especially when utilising 
a galvanometer of low resistance, such as a needle 
galvanometer, to introduce into the circuit any 
brush friction. He would have expected, in the 
case of the lathe experiments with a needle galvano- 
meter, that it would have been necessary to mount 
on the lathe spindle a copper disc dipping into a 
mercury trough, completing the circuit in that way. 
The variation in resistance in the oil film between 
the lathe spindle and its bearing led to error. 

Mr. F. E. Robinson, who spoke next, had been 
interested in seeing if he could repeat some of 
Mr. Herbert’s experiments in connection with the 
operation of turning rifle barrels. This operation 
offered plenty of opportunity for research, inasmuch 
as it was gomg on continuously from day to day. 
The particular machine, a Pratt & Whitney turning 
lathe, required a large flow of cutting lubricant, 
but apparently Mr. Herbert had not met with 
much success in the use of cutting lubricant, and 
had to cover his tool with tallow. He asked Mr. 
Herbert whether, when experimenting with stellite, 
he carried out any corresponding tests with a high- 
speed toolsteel. If so, did Mr. Herbert find that the 
critical temperature, shown in Fig. 4 of the paper 
(ENGINEERING, February 12, page 213), was about 
thesame as when cutting with high-speed steel. He 
asked this question because he had for months been 
carrying out experiments and had tried stellite, 
but had found that material was a dismal failure ; 
it only gave about a quarter of the life, in number of 
barrels turned, of an 18 per cent. tungsten high- 
speed stecl, and only about one-eighth that of a 
super high-speed steel. In carrying out his experi- 
ments he had not adhered to one cutting speed, 
but had varied this from 66 to 86 ft. per minute 
with stellite and from 66 to 120 ft. with high-speed 
steels. He had found 66 ft. to give the best results. 
It had been possible to run the machine for about 
4} hours continuously. In conclusion, he enquired 
whether Mr. Herbert had made any experiments 
+0 ascertain the action at the cutting edge of a 
tool in a deep hole. 

Mr. E. G. Herbert then replied to the discussion. 
Among the points raised by Mr. Taylor, he referred 
to the question whether a number of small reduc- 
tions work-hardened the material more than a 
large reduction. He had not much information on 
that point. He had, however, investigated the 
chips taken off, to see how much the tool had work- 
hardened them, and he found that, using the same 
class of tool, the thin chip had been work-hardened 
more than the thick chip. A chip produced at }in. 
feed was not so hard as one obtained with a 4-in. 
feed. He did not know whether that could be taken 
as a general rule. Dr. Coker had asked the cause of 
the vibration. There were two chief causes, one 
was that the line shaft had a bearing on the oftice 
building where the galvanometer was stationed, 
and the other was the passing of carts. He 
had found vibration one of the most difficult 
things to get over in the case of the Einthoven 
galvanometer. He assumed that there was something 
other than ordinary vibration, some instability 
in the couple itself, which was causing the 
rapid vibrations. One of the great difficulties 
-—-he had referred to this, in the paper—was that 
with certain cutting operations there existed a 
sort of short-circuiting. In the case of milling 
operations, he had obtained very low readings 
because there were a number of teeth in action, 
some cutting, and some scraping, with generally 
a pile of chips, thus short-circuiting the couple, and 
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interfering with the true reading. If a rise and fall 


were obtained in the graph, but the rise was not 
nearly so high as it should be according to the 
calibration curve, it was certain that a good deal of 
short-circuiting was taking place, and whatever 
adjustments were possible must be made in imter- 
preting the results. Mr. Hyde had appeared to be 
under the impression that in Fig. 8 of the paper, 
the width of the shadow was due to vibration. 
This was not so. The actual width of the shadow 
when perfectly still was about 4 mm. There was 
@ certain amount of vibration, but that did not 
aceount for the 4 mm. width. It was simply a 
narrow line which had been widened up to 4 mm. 
by vibration. That impression might be due to 
the form of curve. 

He had not considered the resistance in the 
cirenit due to the lubrication and contact of the 
lathe spindle as a very important factor. He 
had used a heavy Alfred Herbert lathe, the 
spindle mechanism of which was very big, with 
trains of gears in mesh. The spindle was large 
and there was a great deal of contact, and he 
would not have thought the resistanee could be 
comparable to that of a galvanometer, but, of 
course, the point should be watched. With regard 
to Mr. Robinson’s remarks, he had done some 
work with high-speed steel instead of stellite. The 
steel gave a higher e.m.f. than the stellite, but it 
possessed the disadvantage, noted in the latter part 
of the paper, that it gave rise to a high tempera- 
ture, and the calibration of the couple was affected, 
and a quite different thermo-electric effect was 
obtained. The drilling of barrels was a problem 
difficult to investigate by his method. He had 
not had any success with drilling operations, owing 
to the large surface of rubbing contact. With regard 
to the lubricant, if oil were used, it did not introduce 
a galvanic effect, but if water were used, that effect 
had to be guarded against. 

After a vote of thanks to the author had been 
passed, the President announced that on Friday, 
March 12, there will be an informal meeting at 
7 p.m., when films would be shown of the manu- 
facture of a 50,000-kw. turbo-generator. The next 
general meeting will be held on Friday. Mareh 19, 
when a paper will be read by Mr. Alan E. L. Chorlton, 
on “ High Efficiency Oi! Engines.” 





NOTES. 
Tur Bompay Back Bay RECLAMATION SCHEME. 


In our issue of February 12, on page 210 ante, 
we gave a short account of the difficulties that have 
been encountered in connection with the completion 
of the Bombay Back Bay Reclamation Scheme. 
which we originally described in our issues of 
August 21 and 28 last. Reference was made in our 
note to a recommendation, made by the Advisory 
Committee of the Bombay Development Depart- 
ment, to the effect that three sections of the work 
should be completed, pending a final decision on the 
whole scheme. The matter was referred to by 
Sir Leslie Wilson, the Governor of Bombay, in a 
speech before the Legislature on the 22nd inst., 
and he then stated that the Government had 
decided to accept the recommendation of the 
Advisory Committee to complete the three sections. 
These consist of the two northern, and the extreme 
southern section, the total area comprised in these 
sections being some three-eights of the total con- 
templated reclamation on the Back Bay side of the 
peninsula. The southern section, which will be 
purchased by the Government of India for military 
purposes, is to be completed first. It is interesting 
to note that the Government propose to call for 
open tenders for dry filling the two northern 
sections, in order that the cost of filling by this 
method may be compared with that by suction 
dredging from the bed of the Bay as originally 
contemplated. 


Tue AccuMULATOR MANUFACTURING INDUSTRY. 


Although the development of the motor car and 
wireless telephony have made many thousands of 
persons acquainted with some of the characteristics 
of the electrical accumulator, it is probably not 
generally realised what an extensive part this 





apparatus plays in industrial and domestic life and 








what an important industry the manufacture of 
accumulators has become. The position, however, 
was made clear by the various speakers at the annual 
dinner of the Accumulator Makers’ Association, held 
in the Connaught Rooms, London, on Monday last. 
In proposing the toast of the Association on this 
occasion, Mr. L. B. Atkinson briefiy outlimed its 
history and objects, explaining that the Association 
was founded some fourteen vears ago, and had 
existed in its present form for six or seven years, 
It comprises six of the largest manufacturers of 
stationary batteries in the country and its objects are 
not to force up prices, but to obviate loss from useless 
competition and to effect economies. both for manu- 
facturers and users, by standardisation of products, 
ratings, fittings and accessories. Mr. B. M. Drake, 
of Messrs. Drake and Gorham, who oecupied the 
chair, responded on behalf of the Association, giving 
an amusing account of some of his own early ex- 
periences with. accumulators and referring to the 
competition existing in the industry before the 
Association was formed. After mentioning some of 
the multitudinous uses of accumulators at the 
present time, Mr. Drake referred to the fact that the 
existing regulations of supply companies did not 
allow current supplied at power rates to be used for 
charging accumulators for lighting purposes, and 
suggested that it would be advantageous to all 
parties concerned if this regulation were altered. 
By installing a motor-generator set on a circuit 
controlled by a time switch, large users of current for 
lighting could charge accumulators during the night 
time, or at other periods of light load, thus improving 
the load factor of the generating station while 
obtaming a cheap supply and also benefiting the 
accumulator-manufacturing industry. Sir Hugo 
Hirst, in responding to the toast of the electrical 
industry and the guests, proposed by Mr. D. P. 
Dunne, referred to the electricity scheme of the 
Government, which, he said, could not fail to benefit 
the industry as a whole. It was not so much a 
question of lowering the price per unit as of rendering 
a supply of current available to the greatest number 
of persons. The extended use of electricity, he 
added, would have a rejuvenating effect on industry 
which would yield remarkable results in a few years 
time. Other speakers were Mr. R. A. Chattock, 
Mr. W. Peto and Mr. T. E. Alger, and the proceed- 
inys included an excellent musical programme by 
various well-known artists. The dinner, although, 
we believe, the first to be given by the Association, 
was an unqualified success, due, no doubt, to the 
skiHul organisation of the Secretary, Mr. D. C. 
MeLagan. The offices of the Association are at 
49 and 50, Parliament-street, S.W.1. 





THE PROPAGATION OF ELECTRO- 
MAGNETIC WAVES. 


THoucH a hundred years of varied trials elapsed 
between 1707, when Papin started his steamboat, 
built for a journey over to England, on the Fulda 
River in Germany, and 1807, when Robert Fulton 
steamed up the Hudson River from New York at 
a speed of 5 m.p.h., some engineers did not hesitate 
to predict that steam craft would never be able 
to cross the Atlantic—a feat accomplished in 1818. 
When radio communication was established at the end 
of the same century, electrical engineers foresaw great 
difficulties; but it was the mathematical physicists who 
predicted the impossibility of bridging the Atlantic by 
electromagnetic waves, which are simply coarse light 
waves. Light is propagated in straight lines, and the 
electromagnetic waves would also travel in straight 
lines and would, it was thought, be dissipated into 
space. How could they curve round the earth, over 
mountains and seas, and penetrate into confined 
spaces ? The practical difficulties were overcome, but 
the theoretical difficulty remained. The Heaviside 
layer of ionised air, supposed to remain at a fairly 
constant level in the upper atmosphere, was finally 
accepted as providing a spherical screen which reflects, 
or refracts, and hems in the waves and bends them 
round our globe. The assumption, however, seems 
to require a sharper boundary for the layer than 
other considerations justify; the theory does not 
satisfactorily account for all the freaks and vagaries 
of radio signalling, and it is not universally accepted. 

One of its critics, Mr. J. E. Taylor, Superintendent 
Engineer of the Post Office Telegraphs, South Mid- 
land District, maintained, in a paper read_ before 
the Royal Society of Arts on February 17, that the 
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rale assigned to the ionised layer was based upon 
a misinterpretation of Heaviside’s views, as expressed 
in 1902 in vol. iii of his Electromagnetic Theory. 
Heaviside, Mr, Taylor pointed out, spoke of “ guid- 
ance. 

ue Guidance is obviously a most important property 
of wires. There is something similar in wireless 
telegraphy. Sea water, though transparent to light 
has quite enough conductivity to make it behave 
as a conductor for Hertzian waves, and the same 
is true, to a lesser extent, of the earth. Hence the 
waves accommodate themselves to the surface in the 
same way as waves follow wires. The irregularities 
eause confusion no doubt, but the main waves are 
drawn or pulled round by the curvature of the earth 
and do not escape. There is another consideration. 
There may possibly be a sufficiently conducting layer 
in the upper air and, if so, the waves will, as it were, 
catch on to it more or less, Then the guidance will 
be by the sea on one side, and by the upper layer 
on the other.” Mr. Taylor himself had expressed the 
opinion that guided waves were concerned, and that 
the curvature of the earth would not limit the range 
of communication as far back as 1899, when the 
Straits of Dover had first been bridged by the 
electromagnetic waves. 

In his paper, Mr. Taylor discussed the phenomena 
on the lines of Faraday and J. J. Thomson from the 
electrostatic point of view. Tubes of force were 
never called into being, but permeated space at all 
times, normally without organised arrangement. A 
magnetic field might be regarded as the momentum of 
a moving tube of force. The atoms of matter con- 
sisted of minute, but intense, fields of electric force 
starting from protons and ending on electrons. In 
dielectrics the fields were stable; in electrolytes, they 
were also stable, but the ions were constantly changing 
partners; in conductors the fields were unstable and 
the electrons interchanged between neighbouring 
atoms. 

There was, however, no need for assuming free 
electrons or J. J. Thomson’s pre-polarisation of the 
conducting molecules. The atom or molecule of a 
conductor might be regarded as an electric circuit in 
which pairs of oppositely-charged condensers, mounted 
on diameters across the circuit, rotated. If the dia- 
meters were themselves grouped in parallel, one of 
the condensers would, at any instant, discharge into 
the circuit and be recharged from it at the next moment; 
thus, the molecular fields were restored by electronic 
interchange. Heaviside himself had not accepted a 
continuous flow of electrons in conductors. The 
guidance of waves into the conductors, Mr. Taylor 
briefly explained in the following manner: A wave 
front represented by vertical lines proceeding along a 
horizontal conductor would induce in that conductor a 
lateral field; the resultant of the two fields would 
tilt the direction of wave propagation forward, towards’ 
the conductor. Where the tilt increased, the wave 
velocity would decrease; surface irregularities gave 
rise to partial reflection and climbing of the wave 
over the obstacle, and there would be “‘electric shadow ” 
regions. 

Light waves were too rapid to undergo this 
guidance; the antenna had no optical analogue. 
Short electric waves, which had recently been found so 
efiective over long ranges, had so short a base on the 
ground (between the positive and negative terminations) 
that the force exerted in an upward direction diminished 
rapidly and little of the energy reached the upper 
electrically-defective atmosphere. 

Mr. Taylor, who avoided all mathematics in his 
exposition, will have to meet criticisms of some of his 
tnorthodox views. Admiral Sir Henry Jackson, who 
was in the chair, was inclined to adhere to the old 
formule, while he quite agreed that both the earth and 
the atmosphere played important parts in wave propa- 
gation. Dr. Smith-Rose regretted that Mr. Taylor 
had not dealt more with wel -recognised peculiarities, 
such as propagation over land and sea, definite long 
shadow ranges, variations in direction-finding, and the 
fact that short waves could not travel along the earth 
for more than 30 miles, but could reach the antipodes 
indirectly. 

He was unable to understand Mr. Taylor’s remarks 
upon the upward spreading of short waves, but said 
that the forward tilt, which was very small with long 
waves, Increased with the frequency. Mr. Taylor had 
stated that wave transmission across the polar regions, 
in which the electrically-defective atmosphere extended 
down to the surface, should be equally difficult for short 
as for Jong waves, and had separated the sunset 
anomalies of radio telegraphy from the other irregu- 
larities, explaining the former by suggesting an in- 
ae between waves passing both ways round 
ne earth. Mr. J. Hollingworth, gave definite figures to 
disprove this latter, very improbable, assumption. 


Mr. Taylor’s objection to the popular interpretation 
of the function of the Heaviside layer, however, 
appears to be justified. 








LETTERS TO THE EDITOR. 


RADIANT HEAT FURNACES. 


To THE EprroR or ENGINEERING. 


Str,—I have read Major T, G. Tulloch’s letter in your 
issue of the 5th inst. with reference to the article 
entitled “‘ Radiant Heat Furnaces,’ which appeared in 
your journal on the 22nd ult., and which describes the 
type of furnace which is manufactured by my firm, 
Stein and Atkinson, Limited. I think that Major 
Tulloch’s definition of surface combustion is much too 
narrow. His definition applied to one way of obtaining 
surface combustion and does not cover the whole 
phenomenon. I should define surface combustion 
briefly as: ‘‘An apparent flameless combustion 
assisted by intimate contact with incandescent sur- 
faces.” The above conditions can be obtained with 
the furnaces described without the difficulties which 
arose through the use of thin porous refractory 
diaphragms. With the furnaces as described in the 
article, there is no blowpipe action. 

Major Tulloch’s next point is that preheated air is 
generally used, and that this necessitates the use of 
some extraneous source of heat. He further states 
that with a system he refers to and which he calls 
“true surface combustion,” artificial preheating is not 
necessary or desirable. I think that the article made 
it quite clear that waste heat from the furnace itself 
only is used to preheat the air. It must be quite 
clear to every one that it is highly desirable, when a 
furnace is working at a high temperature, that some form 
of recuperator or regenerator should be made use of, if 
reasonable efficiencies are to be obtained. It is not 
necessary to point out here the gain in efficiencies 
obtained by preheating the air for combustion by the 
utilisation of the heat in the waste product of com- 
bustion, which would otherwise be dissipated in the 
atmosphere. It is however, possible that with a system 
to which Major Tulloch refers preheating is undesirable. 

Major Tulloch next refers to the thermal efficiency 
claimed for the radiant brick furnaces at 30 per cent. 
to 50 per cent., and goes on to compare this with a 
calorific efficiency of the system to which he refers 
and which he gives as 95 per cent. It was clearly 
stated in the article that the thermal efficiency was 
the ratio of the heat imparted to the metal to that 
containing the gas, a very different thing to calorific 
efficiency. Whilst I am aware of the very high 
efficiencies obtained by the use of thin porous tiles 
during laboratory tests, I am sure that no one will claim 
a thermal efficiency of 95 per cent. for a gas-fired 
metallurgical furnace. 

Yours faithfully, 
J. 8. ATKINSON. 

47, Victoria-street, Westminster. S.W.1., 

February 17, 1926. 





MATHEMATICAL TEACHING IN 
EVENING SCHOOLS. 
To tHe Eprror or ENGINEERING. 


Sm,—As a technical teacher with over twelve years 
experience, and with even a longer experience as a 
coach for various examinations, may I make some 
comments on the points raised in the leading article 
of your issue of the 12th inst. I believe that it cannot 
be disputed that teachers of mathematics in elementary, 
secondary, grammar, or public schools do not concern 
themselves at all with what are certainly the most 
important points in the mathematical education of 
their pupils: (1) accuracy, (2) thoroughness, and 
(3) last but not least, common sense, It is not possible, 
if they did, that their efforts should make so little 
impression on the work of the students attending 
evening classes, which absolutely lacks these essential 
features. 

Not one in fifty boys leaving school will have again 
to solve a geometry “‘rider,’’ even if he enters an 
engineering college, but every one of them will need to 
be accurate and thorough, and to check his deductions 
by the test of common sense. “Two thirds of the 
marks for the method, one-third for correct arithmetic ” 
is, I believe, still the basis everywhere for correcting 
school work. It means that the most careless boy 
can get a creditable report, even if, throughout a whole 
term, he has not obtained a single correct. answer. 
The boys are not taught the simplest methods of check- 
ing their arithmetical calculations or, if they are, their 
use is not insisted upon, and they are therefore speedily 
discarded. Worst of all—for we need common sense 
even more than arithmetic—it is not only possible, 
but by no means uncommon, for a boy to emerge at 
the end of his schooling without any sense of things 
being amiss if he finds, as an answer to an exercise 
requiring the working out of, for instance, the weight 
of an iron ring of 2 or 3 in. diameter, either more than 


from the dimensions of the ring that the answer cannot 
be less than 5 or 6 Ib. or greater than 10 or 12 lb. 

The experience of evening teachers is the same all 
over the land ; the first month is spent in teaching the 
students what they should have learned at school. 
As far as I am concerned, the first lesson is devoted to 
tests for divisibility and proof of addition, multipli- 
cation, and division by “casting out the nines,” 
which proofs students soon learn to use until the habit 
of accuracy has been acquired. Except in certain 
cases, wrong arithmetic gets no credit at all, and an 
obviously nonsensical answer is thrown to the class 
to make fun of, while carelessness and casual working, 
such as neglect of alternative solutions, or, in the case 
of a graph, absence of name and of mention of unit 
on the scales, are so heavily penalised that a few weeks 
are sufficient to effect. a permanent cure. 

If this can be done at an evening institute so it 
certainly can at school. Why is it not done? Simply 
because even the best schoolmaster never deals with an 
exercise as a practical question; to him it always is 
a paper question. To him it matters little if a graph 
has scales of co-ordinates without name or unit, if 
the graph is correctly and neatly plotted, because he 
never has to use such a graph .—. if he had, he would 
find that it is, of course, absolutely useless. He over- 
looks, or lightly penalises a fault which, in actual 
practice, would spell absolute failure. I believe this 
is the key to the whole matter. 

Yours faithfully, 
M. E. Y. Gurury DE Bray. 

Eltham, February 23, 1926. 





THE TOPLIS LEVEL LUFFING CRANE. 


To Tae Eprror or ENGINEERING. 

Sir,—I acknowledge with gratitude the interesting 
calculation relative to my luffing gear given by Mr. 
Reilly in your issue of last week. I had not realised 
the mathematical aspect of this problem as presented 
by your correspondent, which is very instructive, 
and the accuracy of which appears beyond question. 

Having made several unsuccessful attempts to 
prove theoretically the ratio referred to, I have for 
some fime realised that it is not mathematically 
accurate, nevertheless viewed as a practical problem 
which is, after all, the primary concern of constructive 
engineers, it can easily be demonstrated that there are 
a number of arrangements of the three points in ques- 
tion which undoubtedly give remarkably accurate 
results. 

Yours faithfully, 
CLauDE M. Top is. 
Bedford, February 22, 1926. 





New Concrete Housss at Tauntox.—A method of 
construction by which concrete houses can be built in 
4} days with 80 per cent of unskilled labour at a cost of 
4251. each, has been developed by the Borough surveyor 
of Taunton, Mr. I. F. Shellard, and is to be employed for 
the municipal housing scheme. The houses will be built 
in pairs, and two sets of wooden shuttering will be em- 
ployed ; one set will be used for the erection from the 
foundations to the first-floor level and the second for 
finishing the house from the first-floor level to the roof. 
When one structure has been completed to the first- 
floor level, the shuttering is removed to the site of the 
next building. The upper storey of the first structure 
is then proceeded with. The dwellings have solid walls 
throughout, and the cost of 425/. includes drains, fences, 
electric wiring, gas points and the like. The concrete 
is placed in a semi-dry state, and hardens rapidly. The 
20 per cent. of skilled workmen employed, include 
carpenters working on the construction of the shuttering 
and timber joists. 


TENDERS.—The Municipal Council of Johannesburg, 
South Africa, are inviting tenders for the supply and 
delivery of one complete hoisting plant capable of 
lifting large bogie tramway cars off the axles. Sealed 
tenders will be received at Johannesburg until noon 
on April 17, 1926—A call for tenders has been issued 
by the Harbour Improvement Commission, Chefoo, 
Shanking Province, China, for the supply of a metre- 
gauge steam locomotive. Tenders are due by April 30, 
1926.—The Commercial Secretary at Buenos Aires, 
Argentina, states that the Executive Board has approved 
the project and estimated cost of 2,815,995 pesos, paper, 
for the extension of the water supply and sewerage 
system in Santa Fé. The Government departments 
presumably concerned with these works would 

Ministerio de Obras Publicas, Casa de Gobierno, Buenos 
Aires, and the Direccion General de Obras Sanitarias de 
la Nacion, Charcas, 1840-60, Buenos Aires. Local 
representation for all Goverhment contracts is essential 
in the Argentine-—H.M. Consul-General at Antwerp 
has forwarded, to the Department of Overseas Trade, 
@ specification in French, relative to the proposed 
construction of new dry docks in the Kattendyk Dock 
at Antwerp. Tenders are due by May 17, 1926. Further 
particulars regarding any of the above tenders may be 
obtained from the Department of Overseas Trade, 





100 lb. or a fraction of a pound, when it is obvious 


35, Old Queen-street, London, S.W.1. 
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LABOUR NOTES. 

Accorpine to The Ministry of Labour Gazette the 
usual seasonal decline in employment after Christmas 
was followed by an improvement during January, 
and at the beginning of February the numbers 
unemployed were little higher than at the end of 
November. Among the 11,892,000 workpeople insured 
against unemployment under the Unemployment In- 
surance Acts in Great Britain and Northern Ireland, 
the percentage unemployed at January 25 was 11-1, 
as compared with 10-5 at December 21, 11-0 at 
November 23, and 11-2 at January 26, 1925. Among 
the members of those trade unions from which returns 
were received, the percentage unemployed was 10-6 
at the end of January, 1926, compared with 11-0 at 
the end of December, 1925, and with 9-0 at the end 
of January, 1925. Employment was good, on the 
whole, with brickmakers, electrotypers and_ stereo- 
typers, and with certain classes of skilled operatives 
in the building trades; it was fairly good in some 
sections of the metal and clothing trades, and with 
coachbuilders. In coal mining and in the cotton and 
wool textile industries it was still slack; and in iron 
and steel manufacture, shipbuilding and marine 
engineering it remained bad. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
in January resulted in an aggregate net increase of 
about 5,3001. in the weekly full-time wages of over 
54,000 workpeople, and in a reduction of 2,900/. in 
the weekly wages of about 113,000 workpeople. In 
January, 1925, the changes reported resulted in a 
net increase of 64,000/. in the weekly wages of nearly 
1,000,000 workpeople, and in a net reduction of 7,7001. 
in those of over 90,000 workpeople. Among the 
workpeople whose wages were increased were 10,000 
wholesale warehouse workers at Manchester, who 
received increases amounting to ls, 3d. and 6d. per 
week, in the case of men and women, respectively ; 
about 8,000 men employed in electricity supply 
undertakings in London, whose wages were increased 
by 6} per cent. on current rates; and over 7,000 
waterworks employees in London and certain pro- 
vincial districts, in whose case there was an increase 
of 4d. per hour. Other workpeople whose wages were 
increased included bobbin and shuttle makers, and 
men employed by public works contractors in London. 





The principal group of workpeople whose wages 
were reduced consisted of about 75,000 workpeople 
employed in the textile bleaching, dyeing, printing, &c., 
trades in Yorkshire, Lancashire and Scotland, who 
sustained small reductions, under cost-of-living sliding 
scales, amounting to less than 4 per cent. on current 
rates in Yorkshire, and to 2d. or 3d. per week for 
adult workers in Lancashire and Scotland. There 
was a reduction of 3 per cent. on the current rates 
of over 10,000 blastfurnacemen and iron and steel 
workers in South Wales and Monmouthshire, Reduc- 
tions also occurred in the wages of blastfurnacemen 
in North Staffordshire and Scotland, and in those of 
iron miners in Cleveland and Cumberland. 





The number of trade disputes involving stoppages of 
work reported to the Ministry of Labour as beginning 
in January, was 40. In addition, 23 disputes which 
began before January were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in January (including work- 
people thrown out of work at the establishments where 
the disputes occurred, but not themselves parties to 
the disputes) was about 26,000. The estimated aggre- 
gate duration of all disputes during January was about 
412,000 working days. These figures compare with 
totals of approximately 37,000 workpeople involved, 
and 629,000 days lost, in the previous month. 


In the ballot of the Federated Trades on the new 
procedure for avoiding disputes in the shipbuilding 
industry, 9,096 voted for the agreement and 2,776 
against it. The unions which are not affiliated to the 
Federation of Engineering and Shipbuilding Trades 
and, therefore—so they cleim, at any rate—not parties 
to the new agreement, include the Amalgamated 
Woodworkers, the Electrical Workers, the Painters, 
the Amalgamated Engineers, and the Boilermakers. 
Judging, however, from correspondence which has 
passed between the Federated Trades and the United 
Patternmakers’ Association, all the unions which signed 
the 47-hours’ week agreement are under an obligation 
to enter into provisions for avoiding disputes. The 
executive of thet U.P.A. had apparently passed a 
resolution to the effect that as their organisation is 
not now a unit of the Federation no action by them 
with regard to the new procedure is necessary. In 
its reply, the Federation gave two reasons for dis- 
agreeing with that view. One was that the U.P.A. 








took part in the negotiation of the provisions, and was 
still a unit of the Federation when the agreement was 
completed and provisionally accepted on April 30, 
1925, and the other that the procedure was part of the 
undertaking given by all the unions which accepted 
the 47 hours’ agreement. clause 5 of which reads :— 
“ Provisions for avoiding disputes shall be immediately 
entered into with all the trade unions.”” The executive 
of the U.P.A. decided to “accept the provisions on 
behalf of the members affected,’ but for which of 
the two reasons is not very clear. If the clause which 
we have quoted means anything, however, all the unions 
which dissent from the procedure agreement are acting 
in breach of an important provision of the 47-hours’ 
week agreement. 





In the House of Commons last week Sir A. Steel- 
Maitland stated in reply to a question that March 15 
was the date suggested by Great Britain to foreign 
Governments for the opening of the Conference of the 
Ministers of Labour, on the question of the possibility 
of securing agreement on a common basis for hours of 
labour. It would be for the Conference itself to decide, 
it was added, whether its sessions should, or should 
not, be open to the public. 





A meeting took place in London last week of the 
special industrial committee of the General Council of 
the Trades Union Congress and a sub-committee of 
the Executive Committee of the Miners’ Federation. 
At the close of the Conference the following official 
communication was issued for publication :—“‘ The 
two committees gave full consideration to the possibility 
of a crisis arising in connection with the mining situa- 
tion. From the trade-union point of view, the question 
is entirely one of wages and conditions of employment 
in the coalfields, The circumstances which led the 
trade union movement last July to pledge the united 
support of the miners still constitutes, in the opinion 
of the joint meeting, a menace to the miners’ standard 
of life. The committees particularly desire to urge 
the trade union movement not to allow itself to be 
influenced by unauthorised and unofficial suggestions 
which are being made in many quarters regarding the 
mining problem. The attitude of the trade union 
movement was made perfectly clear last July, namely, 
that it would stand firmly and unitedly against any 
attempt further to degrade the standard of life in the 
coalfields. There was to be no reduction of wages, 
no increase in working hours, and no interference 
with the principle of national agreements. This is 
the position of the trade movement to-day. The two 
committees are awaiting the report of the Coal Com- 
mission, and will meet again jointly to consider the 
report as soon as it is available. A communication 
embodying these decisions is being sent to all the 
affiliated trade unions.” 


A strike of craftsmen has taken place at the R.A.S.C. 
heavy mechanical transport repair depot at Feltham, 
on account of the introduction by the War Office of 
military tradesmen. Owing to the gradual mechani- 
calisation of the Army, it was recently decided that: 
an Expeditionary Force should include a unit for the 
repair of mechanical transport. In order that the 
heavy repair shop at Feltham, which was designed 
for this purpose, may be immediately available on 
mobilisation as a military unit, it is regarded as neces- 
sary that military personnel should be employed in 
it in peace time, and, accordingly, 50 military trades- 
men have been introduced. At a meeting on Tuesday 
last week the civilian craftsmen decided to strike against 
the innovation, and they are supported in their resist- 
ance, it is understood, by their trade unions. The 
intention is eventually to replace 100 of the civilian 
workers by 100 military workers. All the military 
workers are skilled men. 








The strike of marine wireless telegraph operators 
was settled late on Thursday last week. Under the 
terms agreed upon work was to be resumed at once, 
and discussions entered upon with a view to securing 
“more uniform and mutually satisfactory conditions 
of service.” In the event of failure to agree the points 
at issue were to be referred to the Industrial Court 
for settlement. The wireless companies would en- 
deavour to reinstate with pay operators as rapidly as 
possible, and they guaranteed to reinstate not less than 
500 during the first month, 300 during the second 
month and 250 per month thereafter ; and they would 
grant to each striker who had not had annual leave 
during 1925 not less than fourteen days, at the termina- 
tion in the United Kingdom of his first voyage after 
reinstatement. 





The Ministry of Labour states that on February 15, 
1926, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,139,300, viz., 925,300 males and 214,000 females. 





[FEB. 26, 1926. 


On February 8, 1926, the number was 1,164,957, or 
942,523 males and 222,434 females; and on February 
16, 1925, it was 1,239,796—978,411 males and 261,385 
females. Further details of the figures for February 15 
and February 8, 1926, are summarised herewith. 





Persons Normally in 




















Regular Employment. Persons 
mis Normally 
; in Casual 
Wholly Temporarily |Employment, 
Unemployed.} Stopped. 
February 15— 729,200 127,400 68,700 
Males ; 
Females .. 135,500 77,300 1,200 
Total .. ..| 864,700 204,700 69,900 
February 8— 
Males a Be 743,912 134,645 63,966 
Females .. 137,359 83,854 1,221 
Total .. ..| 881,271 218,499 65,187 














In his annual summary of the returns supplied to him 
by trade unions, the Registrar-General states that there 
are in Great Britain 578 registered trade unions, with an 
aggregate membership of 4,501,015. In 1923 there 
were 583 unions with 4,413,589 members; in 1922, 
607 unions with 4,559,167 members; in 1921, 621 
unions with 5,506,490 members; in 1920, 656 unions 
with 6,981,750 members; and in 1919, 644 unions 
with 6,559,247 members. The total income of the unions 
in 1924 was, from members, 8,343,526/., from the 
Ministry of Labour for administrative expenses under 
the Unemployment Insurance Acts, 2,069,7371., and 
from other sources 627,7711. The total expenditure 
on benefits was 6,451,380/., while management and 
other expenses absorbed 3,726,963/., The total funds 
at the beginning of 1924 amounted to 11,207,162I. 
By the end of the year this had grown to 11,581,287 
In 1919 the aggregate funds amounted to over 
16,000,0007. 





When this issue of ENGINEERING went to press no 
information about the decisions of yesterday’s engineer- 
ing conferences in London was available. 





In an account of the metal workers’ congress at 
Moscow in November, Industrial and Labour Informa- 
tion, the organ of the International Labour Office, states 
that the delegates to the Congress were obviously 
disquieted by the fact that the programme of prcduc- 
tion in the metal-working industry provided for an 
increase in the productivity of labour of 20 per cent. 
(25 per cent. according to the calculations of the 
Metal Workers’ Union), without any appreciable rise 
in wages. Discussion showed that the workers have 
been upset by frequent revisions of the level of 
production and of piecework. One of the Moscow 
delegates made the following statement: “ A minimum 
level of production is fixed and, as soon as the worker 
reaches it, it is raised ; and this goes on every month, 
if not every week. The workers should not be played 
with in this fashion.”’ Another delegate stated that the 
worker was living in the constant fear of having his 
wages reduced when piece-rates were revised. Labour 
could only be properly intensified if such rates were 
fixed for a long period. A delegate from the factories in 
the South emphasised the fact that the workers had 
expressly laid upon him at his departure the duty of 
securing an increase in wages, and a greater stability 
in piece-rates. If these objects were not obtained, it 
was to be feared that production would decrease. 





The findings of the Congress were embodied in a long 
resolution. As regards output the delegates considered 
that manual work had been intensified to the greatest 
possible extent. Any further increase in production 
could only be obtained by means of improved machinery 
and methods.- As regards wages, the Congress was of 
opinion that the Metal Workers’ Union should continue 
its former policy of defending the interests of the metal 
workers, while taking account of the economic and 
financial situation of the metal-working industry and 
of the national industrial situation in general. Special 
account should be taken of the necessity of con- 
stituting the basic capital of the metal-working industry 
and of lowering cost prices. The Congress urged, how- 
ever, the necessity of increasing wages, above all of 
those in undertakings where they were lower than the 
general average, and, in the first place, the wages of 
supplementary workers and casual labourers. It 
considered that the pre-war and pre-revolution level 
should not be regarded as the extreme limit for the 
rise in wages, in view of the fact that such a level was 
comparatively low. Still, if it could be obtained in 
existing circumstances, “considerable progress would 








have been achieved.” 
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ELECTRIFICATION OF A SECTION 
OF THE ORLEANS RAILWAY.* 
By H. Paropt. 

Ar the present time, when Great Britain would 
appear to be on the eve of extensive electrification 
work, which will doubtless be carried to a successful 
conclusion in view of the exceptional skill of British 
engineers and the determination of the Government, 
the author thinks that it may be of interest to describe 
the schemes proposed for France and the methods 
which are being employed. In this connection British 
engineers will probably be more interested in the 
reasons for the selection of particular methods than 
in the actual methods themselves, because valuable 
information obtained by experience in any large 
undertaking cannot be profitably made use of unless 
the real aims of those responsible for the work, together 
with any conditions which may have been laid down 
or which may have arisen during the progress of the 
work, are thoroughly understood. 


nical considerations which infiuenced the choice of those 
sections of railway to be electrified first, and also to 
describe the principles and methods which have been 
applied in the design and construction of the high- 
tension transmission lines, sub-stations, transformer 
stations, and distribution lines. It is, however, 
impossible for him to go into all these questions now. 


PART I. 


SoHEME OF ELEcTRIC PowER SUPPLY AND RAILWAY 
ELECTRIFICATION IN FRANCE. 


The electrification of the Orleans Railway is of par- 
ticular interest, not only on account of the importance 
of the scheme, but also owing to the magnitude of the 
problems arising in the course of the work. It was a 
question not merely of substituting electric traction 
for steam traction on a line having a dense traffic, but 
also of providing a large distribution system of which 
the power plants and transmission lines could be 
utilised for the supply of electric power in all the 
districts through which the railway passes. 





traction. Such current can, of course, be obtained 
whatever the frequency of the current generated. It 
should, however, be pointed out that in certain coun- 
tries, such as Italy and Hungary, very interesting tests 
are at present being made with a view to using for 
single-phase or three-phase traction, three-phase current 
of a frequency such as is employed for the industrial 
supply. In Italy three-phase locomotives having 
gears and connecting rods and using current at the 
industrial frequency have been tested on the Mont 
Cenis lines ; and single-phase and three-phase 50-period 
locomotives fitted with synchronous converters on 
De Kando’s system are under test in Hungary on a 
suburban line near Budapest. This development, which 
is taking place in countries where low-frequency, 
alternating-current traction has been in operation for 
a long time, proves more conclusively than any theo- 
retical considerations the practical advantages to be 
obtained by standardizing the various systems adopted 
for the generation and transmission of electric power. 





As the main. flow of traffic always follows, in every 
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It will be obvious that so vast a programme of elec- 
trification as that projected in France cannot be 
carried out immediately, especially when it is remem- 
bered that many big undertakings have required the 
efforts of several generations before being brought to a 
successful conclusion. If, however, the general plan 
is outlined and the principles underlying its organ- 
isation and the methods adopted for carrying it out 
are clearly explained, it will be realised that the work 
—the completion of which has been retarded by the 
present financial stringency—will be taken up again 
with a new zeal as soon as circumstances permit, 
because its realisation constitutes, for a country like 
France, one of the most efficient means of re-establish- 
ing stable conditions. 

It is for this reason that, in the first part of the 
paper, the author has outlined the main factors which 
have dominated the whole of the investigation regard- 
ing the scheme of electrification in France and the 
development and economical use of water power. The 
second part of the paper is devoted to a brief descrip- 
tion of the electrical equipment installed, or being 
installed, by the Orleans Company. 

Che author would have liked to explain the tech- 





.* Paper read before a joint meeting of the Institution 
: Electrical Engineers and the British Section of the 

rench Society of Civil Engineers, Thursday, February 
18, 1926. Abridged. 


The policy adopted in France in connection with 
the electrification of the railways is substantially 
different from that followed in other countries. The 
substitution of electric power for steam on the railways 
is considered in France to be one stage of a more com- 
prehensive scheme, whereas in Germany, Switzerland, 
Austria, Sweden, Norway and other countries, the elec- 
trification of the railways is considered independently 
of the problem of a general supply of electric power. 
The railways in all the countries mentioned belong to 
the State, and special power stations and transmission 
lines have been instalied for the generation and utilisa- 
tion of single-phase current at a low frequency. Two 
entirely separate and independent systems are thus 
being developed side by side, the power supply to the 
industrial system being by three-phase current at 50 
periods, and the State power-supply system for electric 
traction being single-phase current at a frequency of 
16% periods. 

In Great Britain, France, Belgium, Holland, Spain, 
Africa (Morocco, Algeria, and Natal), as well as in 
South America (Chili, Argentine, &c.), electric power 
for traction will be generated and transmitted as three- 
phase current at 50 periods (60 periods in South 
America). All the countries which have followed the 


policy of interconnecting the traction and industrial 
power systems, have adopted high-tension direct 








current at 1,500 to 4,000 volts as their standard for 





country, the same direction whatever the form of 
transport, it would seem that the general direction of 
the main power-transmission lines should practically 
coincide with that of the railway lines which have a 
very dense traffic, and such railway lines are, as a 
matter of fact, those where the question of electrifica- 
tion is of most interest. For instance, the railway from 
Paris to Toulouse through Orleans, Limoges and Brive, 
is the route of the power-transmission line which 
would allow of an exchange of power between the large 
steam-driven power stations of the Paris district and 
the hydro-electric stations of the Central Plateau and 
the Pyrenees. Considered from this aspect, the 
electrification of the railways no longer appears merely 
as an “end,” but also as a ‘‘ means.” It will there- 
fore be understood why the French Government had, 
even before the war, brought pressure to bear upon the 
large railway companies supplying districts rich in 
water power to electrify their systems so as to prepare 
the way for a still more extensive electrification. 

The total coal consumption in France now reaches 
about 70 million tonnes per year, 75 per cent. of which 
is obtained from the country’s mines and 25 per cent. 
from English, Belgian, and German mines. The whole 
of the French railways do not consume more than 
9 million tonnes, i.¢., about 13 per cent. of the total. 
From this it can be seen that the electrification of the 
railways, even if extended to include every line, would 
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result in only a small reduction in the import of fuel 
into France. In order to obtain an appreciable reduc- 
tion in the amount of coal purchased abroad, which 
forms a serious item in the trade balance, it is necessary 
to transmit electrical energy obtained from water power 
to large cities like Paris, Lyons, Bordeaux and Toulouse, 
where the coal bill in connection with the generation 
of the electrical energy required for industry—namely, 
motive power and lighting—is far bigger than that for 
traction purposes. Fig. 1 clearly shows this condition. 
On each railway line where the electrification is complete 
or nearly complete, a rectangle has been drawn having 
its area proportional to the annual consumption of coal 
for traction on railways. In this connection it should 
be remembered that the traffic figures for 1913 are now 
exceeded on all the railways. 

A circle has been drawn round Paris, and its area 
represents to the same scale the fuel consumption in the 
steam-driven power plants of the Paris district which 
supply the industrial requirements for electric power 
and lighting. The amount of coal thus consumed in 
Paris (1,200,000 tonnes in 1924) is more than three times 
greater than the coal consumption for steam haulage 
of all the trains of the Orleans Company between Paris 
and Brive. By the end of 1925 the consumption of 
electrical energy in Paris will reach 2,000 million kw.- 
hours, whereas requirements for electric traction on the 
Orleans system (the lines from Paris to Brive, from 
Saint Sulpice to Gannat, and from Brive to Clermont) 
will very probably not be higher than 400 million kw.- 
hours. The maximum demand in Paris will be about 
1 million kw., whereas the traction demand will not 
exceed 80,000 kw. 

The whole problem of the electrification of the Orleans 
Railway has been dominated by the desire to transmit 
electrical power from the Central Plateau to Paris 
without burdening the railway electrification with 
capital charges which are out of proportion to the 
present traction requirements. The solution of this 
problem has been found in the systematic use of trans- 
mission lines at as high a voltage as possible. 


PowrER TRANSMISSION SYSTEM. 


The use of very high voltages presents considerable 
advantages from anelectrical point of view, particu- 
larly in connection with the great strength of such lines 
and their almost complete immunity from atmos- 
pheric phenomena. Economically the advantages are 
not less important, and they become more evident 
when, bearing in mind that the amount of power 
which can be transmitted to a given distance varies 
as the square of the voltage, it is found that the first 
cost increases practically only as the voltage. Any 
increase in the voltage willenable a reduction to be made 
in the minimum time of utilisation necessary in order to 
be able to transmit power at a given price. With the 
voltage of 150 kv. now used, it is possible to transmit 
economically 40,000 to 50,000 kw. from the Central 
Plateau to Paris, a distance of about 450 km. (280 miles). 
By increasing the voltage to 220 kv. however, it would 
be possible to double (i.e. 2202/1502) the amount of 
power transmitted, and to superimpose on a traction 
load of 30,000 to 40,000 kw. a power load of 60,000 
or 70,000 kw., which could be used for industrial power 
and lighting. 

The high-tension system of the Orleans Company 
now includes a 150-kv. line, which can later be converted 
for use at 220 kv. by the addition of a few units and a 
shield to the present chain insulators. The sizes of 
the aluminium conductors with their steel cores 
(293 sq. mm. total section), and also the dimensions of 
the towers, have been based on the ultimate adoption 
of a voltage of 220 kv. In fact, the normal distance 
between conductors (about 7-80 m., or 25 ft. 6 in.), 
and that between conductors and the main support 
(about 3 m., or 10 ft.) are larger than those actually 
employed on the 220-kv. lines in operation in Cali- 
fornia. 


Correct MetHop OF GENERATION AND UTILIZATION 
OF THE POWER OBTAINED FROM WATERFALLS. 


In countries like Great Britain where electric power 
can be obtained only by burning coal, and in countries 
possessing waterfalls fed from water sources all of the 
same type, as in Switzerland, the problem of the 
generation of electricityis almost exclusively a technical 
one, particularly when, as is the case in both the 
countries mentioned, the coal resources in one and 
the water-power resources in the other are very much 
larger than the national requirements. 

The problem becomes, however, much more compli- 
cated in countries like France where important coal 
resources and considerable water power are both avail- 
able at the same time, although the amount of. water 
power varies throughout the year. The coal resources 
of France are estimated at 22,000 million tonnes, tak- 
ing inte consideration only those deposits which can be 
worked with the appliances at present available. With 
the present output of 40 to 60 million tonnes per an- 
num, coal will thus be available in France for between 





400 and 500 years. The water-power resources, which 
are renewed every year by solar heat, are estimated to 
represent normally about 5 million kw., of which about 
3-3 million kw. are in the form of waterfalls fed by 
glaciers, and 1-7 million kw. are in waterfalls depending 
for their water-supply on rain. Of this total, only 
0-67 million kw. were being utilized on January 1, 
1925, whilst 0-28 million kw. were in course of develop- 
ment at the same date. The present consumption 
of electric power in France is about 7,500 million kw.- 
hours, of which about 4,500 million kw.-hours are gene- 
rated by steam plants, the output of which represents 
2,000 hours’ use per annum, and 3,000 million kw.- 
hours are obtained from water power representing 
4,300 hours’ use. The combined load of the inter- 
connected electric distributing system represents about 
2,500 hours’ use per annum, 7.¢., a load factor of about 
28 per cent. 

The Government is considering at the present time 
in France, in close co-operation with manufacturers, a 
programme of gradual equipment and of progressive 
linking-up of the various distribution systems, rather 
than Government control of electricity generation. 
The problem is too important. from the point of view 
of the country as a whole, for the Government not to 
try to outline the method of generation to be followed ; 
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and it is also too complicated, owing to the various 
opposing interests, to admit of the laying down of a 
hard-and-fast technical solution. From the point of 
view of the rapid utilisation of the waterfalls, decen- 
tralised efforts are perhaps desirable, but as regards 
the operation of the plant and its efficiency, unity of 
control is essential. Let us, therefore, try first to 
state the conditions of the problem from the purely 
technical point of view, and then to discuss how 
the action of the railway companies would seem to 
facilitate the carrying out of a comprehensive electric 
power scheme on correct lines. The power available 
at each instant in a complex system F (t) consists of 
four terms, each a function of the time. Thus 


F(t) = SH(t) + 2R(t) + TS(t) + VT (t) 


where SH (t) represents the total power available from 
stations using streams and rivers where 
there are no reservoirs or where the reser- 
voirs are full ; 
=R (t) represents the total power available from 
power stations having daily or weekly 
reservoirs ; 
S(t) represents the total power available from 
power stations with seasonal] reservoirs ; 
and =T(t) represents the total power available from 
steam-driven stations. 


In the case of a complex power system the problem 
to be solved, first as regards the layout and then as 
regards the operation of the system, consists in pro- 
portioning those items which are more or less com- 
pletely disposed of at the commencement of the scheme, 
that is to say, of so equipping the power stations referred 
to as H, R, Sand T above, and determining the capacity 
of the reservoirs in connection with stations R and 8, 
as to allow of dealing with the fluctuations of load ¢ (#) 
with the smallest expenditure of fuel. Power stations 
without reservoirs (H above) are essentially those 
the output of which must not be controlled. Power 








stations R are the peak plants or ‘‘ system regulators” : 
and power stations 8 and T are the additional plants 
substituted for H and R during periods of drought. 
The available power S(¢) of a system should in- 
clude any power H(i) taken from a neighbouring 
system if the plant H’ is driven by a water supply of 
a type different from that used by the plant H of the 
first system. If the load ¢(t) is solely traction, it will 
be found that the monthly or, even, weekly power 
demand is practically the same throughout the year: 
whereas if the load ¢(t) is an industrial one for power 
and lighting, in addition to large daily variations there 
will also be seasonal variations, the maximum power 
demand occurring during the winter and the minimum 
during the summer. 

Whatever the nature of the consuming system, the 
load curve for g(t) is characterised by two “ factors” 
corresponding to the normal periods of variation of the 
load. The load curve can, therefore, be considered to 
be practically a double function of the time. To each 
period of 24 hours corresponds a portion of curve of 
almost constant shape, which is repeated daily with 
but slight variation. Supposing now that from the 
load curve ¢(t) we obtain a second curve representing 
the variation in the total amount of electrical energy 
generated during each period of 24 hours throughout 
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the year, and let us represent by e the amount of energy 

generated during the day having the greatest output. 

If we call E the total amount of electrical energy 

generated during the year and P the maximum demand, 
we shall be able to define three load factors :— 
The normal load factor 

mae 

f= 365 x 24P 

The daily utilisation factor of the maximum demand P 


100. 


é 
A= 94p 100. 


And the yearly utilisation factor of the maximum 
daily output 


_ 


* = 365e! 
The normal load factor is equal to the product of 
the two others divided by 100. 
That is 


00. 


100 f = re. 


If, instead of defining the factors \ and yu in dis- 
tinguishing in the load curve of a system the customary 
periods, the day and the year, we define similar factors 
\’ and »’—the first corresponding to the equivalent 
hours of use of the maximum demand during the month 
of heaviest load, and the second to the utilisation during 
the 12 months of the year of the maximum monthly 
demand—we shall have facilitated somewhat a solution, 
as it will then be comparatively easy to compare 
curve F(é), defining the available power, with the curve 
g(t) representing the demand. ; 

The equipment of water power-stations possessing 
daily or weekly reservoirs R(é) should be such that they 
can develop, with the help of plants H(¢), an output as 
nearly as possible that defined by the utilisation 
coefficient A’. Water power-stations possessing sea- 
sonal reservoirs S(t) should be equipped in such a manner 
as to be in a position to give, at times when plants H(t) 
and R(t) will only be able to operate at reduced load, 
an output as nearly as possible that defined by the 
utilisation coefficient u’. The extra seasonal power 
will be supplied by the steam power-stations or by 
water power-stations H’(t) obtaining their water from 
a source different from that of the plants H(t). In 
the case of a traction supply, »’ differs only slightly 
from 100 per cent. and )’ is about 50 to 60 per cent. 
according to the length of the electrified line. For 
industrial purposes x’ is about 75 per cent. and 
about 33 per cent. 

Fig. 2 shows the relative variation in the number 
of units generated and consumed per month, compared 
with the number generated and consumed per year. 
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The left-hand side of the figure shows the percentage 
variation in the number of units generated by the flow 
of water in the case of a plant depending on rain for its 
supply (Central Plateau stations), and also of a plant 
where the water comes from glaciers (Alpine stations). 
The right-hand side gives the monthly variations in 
load of an electric railway system and of an industrial 
system supplying power and lighting. As the output 
curves of water power-plants depending on the rainfall 
are approximately of the same shape as the consump- 
tion curves of industrial systems, we can see at once 
the advantage which there would be in supplying 
electric power to Paris from the water power of the 
Central Plateau, it being particularly easy in this case 
so to adapt the power available that it will meet the 
demand. This was realised by the Government, when 
it authorised the Orleans Company to form, with the 
help of the Société l'Union d’Electricité, the Société 
Union Hydro-Electrique, in order to install the 
Eguzon water power-plant on the River Creuse. The 
fact that this plant has a dam allows the storage of 
a sufficient quantity of water to form a weekly reserve, 





it advisable to emphasize this question of electric power 
production in a complex system, because on its more 
or less favourable solution depends the success of the 
electrification, not only of the railway, but also of the 
whole country it supplies. If in a country possessing 
an abundant supply of coal, such as Great Britain, 
considerable attention is given to the most economical 
methods for the generation and distribution of power, 
it can be readily understood how in France this problem 
is becoming very important and, we might say, even 
urgent. 


PART II. 
Evectric Traction INSTALLATION OF THE ORLEANS 
RalLway CoMPANy. ; 

Of the railway lines from the Central Plateau to 
Paris, those which the Orleans Company propose; to 
electrify first are the lines having the greatest density 
of traffic and, consequently, the biggest consumption 
of coal. It can easily be shown that the greater the 
coal consumption per mile of line, the more favourable 
will be the financial results of electrification. For 














Fia. 4. CormnpRE Power Station. 


without the possibility of seasonal regulation. Owing 

to the working in parallel of the Eguzon plant (50,000 

kw. installed) and the large steam power-stations of 

the Paris district, it will be possible to utilise to the 

— extent the power available from the River 
reuse. 

In the first stage of the electrification of the Orleans 
system, the Eguzon plant will represent in the system 
of power stations of the Société l'Union d’Electricité, 
the equivalent of a 50,000-kw. set located at a distance 
of 300 km. (186 miles). This set will be started when 
water power is available from the Creuse, and it will 
be stopped when there is no water; but the existence 
of the weekly reservoir will allow, on the other hand, 
this power to be used any time during the 24 hours 
when this reserve will be most advantageous from 
the point of view of either economy or reliability. 
In the second stage of the electrification of the Orleans 
system, use will be made of power generated by the 
hydro-electric plants of the Haute-Dordogne. The 
equipment of the waterfalls will include for the most 
important power plints the construction up-stream 
of a reservoir, in order that the adaptation of the 
available power to the demand may be secured by the 
use of this reservoir, and by the exchange of power 
with a neighbouring system having water power-plant 
of a type complementary to the Central Plateau 
plants. Owing to this combination and the policy of 
mutual assistance, the electric traction service of the 
Orleans Company will be operated under exceptionally 
reliable conditions, without the average demand for 
additional steam power being more than 10 per cent. 
of the total power. Should, in the future, large amounts 
of hydro-electric power be transmitted from the Central 
Plateau to Paris, the lines of the Orleans Company 
could be easily adapted for this transmission. : 

Tn superimposing the industrial load on the traction 
load of the various 90-ky. and 220-kv. lines, it would 
be possible to transmit economically 100,000 kw. a 
distance of 450 km. (280 miles). The author thought 





this reason and others, to which reference will be 
made later, the company, after having investigated 
with the Government the question of commencing 
the electrification by converting to electric traction 
the lines in the neighbourhood of the waterfalls of 
the Central Plateau, eventually decided to carry out 

the electrification in the following order (see Fig. 1, 

page 275) :— 

Paris to Brive—a length of 502 km. (about 312 miles), 
of which 65 km. (40} miles) comprises four tracks, 
and 477 km. (297 miles) is double track. 

Brétigny to Dourdan—27 km. (about 17 miles) of double 
track. 

Saint-Sulpice to Gannat—190 km. (about 118 miles) of 
single track. 

Brive to Clermont—198 km. (about 123 miles) of single 
track. 

These make a total of 1,576 km. (about 980 miles) of 
main line track, excluding switching tracks, sidings, 
and sorting and shunting stations. On these lines 
electric traction will replace steam traction for the 
whole of the passenger, goods and shunting services. 

The scheme has been drawn up with a view to 
making provision for the following traffic per year : 
40 million tonne-km.* on the Paris-Orleans section, 
20 million tenne-km. on the Orleans-Vierzon section, 
12 million tonne-km. on the Brétigny-Dourdan section, 
although, as a matter of fact, the traffic in 1923 only 
reached 22, 12 and 34 million tonne-km. per kilometre 
respectively on these sections. 

Fig. 3, showing the average yearly traffic on the 
Paris-Orleans section from 1897 to 1923, clearly 
indicates the necessity of providing, as has been done, 
for increased requirements in the future, so as to 
avoid changing the plant materially during the next 
fifteen years at least. The orders for the Paris-Vierzon 
and Brétigny-Dourdan electrification, involving the 





* Wherever “tonne” is mentioned in this paper, 
the metric ton of 1,000 kg. is meant 








equipment of over 600 km. (370 miles) of main line 
track, have all been placed since 1923. Already a 
number of electric trains are running from Paris 
(Quai d’Orsay) to Etampes and from Brétigny to 
Dourdan, a total length of 96 km. (594 miles) of route, 
and the electric service will be extended as far as 
Orleans and Vierzon before the end of 1926. 


ELECTRIFICATION OF THE Paris-VIERZON SECTION. 

The electrical energy is generated as three-phase 
alternating current in a system of power stations 
comprising at present :— 

1. The steam power stations of the Paris district, 
namely, the Gennevilliers power station (250,000 kw.)* 
and the Vitry power station (80,000 kw.) of the Société 
PUnion d’Electricité. 

2. The water power plant of Eguzon on the River 
Creuse, which has a capacity of 50,000 kw., and 
belongs to the Société l'Union Hydro-Electrique, in 
which the Orleans Company holds an interest. 

3. A group of water power stations forming part of 
the concession granted by the State to the Orleans 
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Company. These stations can supply throughout the 
year an average demand of 100,000 to 150,000 kw., 
depending on their equipment. Two plants, those at 
Coindre (20,000 kw.) and Chavanon (25,000 kw.) are 
in course of erection. A third, that at Maréges, of 
100,000 kw. capacity, is under consideration. 

The unavoidable fluctuations in the output of the 
water power stations will be completely compensated, 
in the case of the plants on the River Creuse, by the 
exchange of power between the Eguzon water-power 
plant and the Gennevilliers steam plant; and in the 
case of the Haute-Dordogne plant by means of the 
Chavanon reservoir and by the exchange of power 
with the Alpine hydro-electric stations. This method, 
which is rather complicated, is of special interest and 
reference will be made to it later. Fig. 4, prepared 
from a photograph taken during the course of erection, 
shows the arrangement of the Coindre plant. 

The power generated in the various hydro-electric 
and steam power stations will be transmitted as 
follows :— 

At 13-5 kv., by three three-phase cables, of 
150 sy. mm. section per phase, from the busbars of the 
Vitry steam plants to the Paris and Ablon substations 
of the Orleans Company. 

At 60 kv., by three groups of three single-phase 
cables, of 150 sq. mm. section per phase, the pressure 





* The power indicated in brackets is the capacity of 
the plant installed. 
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Fig. 1. 


between each phase and earth being 35 kv., from 
the busbars of the Vitry power station (two groups of 
cables) and from Gennevilliers (one group of cables) 
to the busbars of the Chevilly substation of the 
Paris-Orleans Company. 

At 90 kv., by two three-phase overhead lines, of 
238 sq. mm. section (aluminium cable with steel core) 
and about 300 km. (186 miles) in length, from the 
busbars of the Eguzon power station to those of the 
Chevilly substation, passing through the 15 traction 
substations situated along the line from Paris to 
Eguzon. . These lines will be extended to Souillac to 
feed the seven substations which distribute current for 
traction between Eguzon and Brive. 

At 150/220 kv., through an overhead line connecting 
the four transformer substations of Chevilly, Chaingy, 
Eguzon and Vernéjoux. 

At 120 kv., through a line connecting the power- 
stations of the Central Plateau to the Alpine stations 
and following approximately the proposed line under 
consideration from Commentry to Saint-Germain les 
Fossés (new section of the Bordeaux-Lyons line). 

Fig. 5 shows the general arrangement of the 90-kv. 
and 150-kv. towers, namely, the straight-line towers 
for 150 kv., the standard towers for 90 kv., and also 
towers for the crossing of the River Loire at 90 kv. 

(To be continued.) 








THE MANCHESTER Sarp Canat Company.—The report 
of the directors of the Manchester Ship Canal Company, 
for the year 1925, shows that the receipts from tolls, 
dues and other sources amounted to 1,493,544/., an 
increase of 29,888]. over the previous twelve months. 
The sea-borne traftic, for the year, amounted to 5,622,405 
tons, which is the largest tonnage using the Port of 
Manchester in any year since the Ship Canal has been 
open for traffic. Expenditure on the working of the 
canal showed an increase of 13,4897. as compared with 
the previous year, The increase occurred principally 
under the heads of dredging , working of locks, compensa- 
tion, and rates and taxes: traffic expenses showed a 
aecrease, The construction of the superstructure of 
the two reinforced-concrete transit sheds on the north 
side of Dock No. 9, is in hand. The deepening of 
the canal to 30 ft., between Eastham, Ellesmere Port 
and Stanlow Oil Dock is nearing completion, and satis- 
factory progress is being made with the provision of 
additional depth in the Eastham approach channel. 
In order to facilitate the passing of large vessels in the 
Ship Canal, lay-byes are being constructed at Stanlow 
and Moore. The lay-bye at Stanlow will also be avail- 
able for the discharge of petroleum products, with a 
flash point not below 73 deg. F., and other merchandise. 
A reinforced-concrete wharf for coal-handling plant and 
ancillary works, which will have a length of 1,200 ft., 
is shortly to be built as an extension to the northerly 
quay of the Ellesmere Port Docks. ‘ 
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CONTINUOUS WATER LIFTING 
MACHINE. 


We illustrate on this page a water-raising machine 
erected at Dorking by Messrs. Hydrautomat, Limited, of 
Victoria Station House, London, 8.W.1. The machine 
is automatic in action and has no valves or any moving 
part. In principle it is a combination of the Catalan 
water trompe and the air lift. Air is compressed by 
the fall of water down a pipe, and this compressed air is 
utilised for operating an air lift, by which water may be 
raised many feet above the original head level. 

The plant at Dorking is represented in Figs, 1 and 3. 
Here it will be seen there is a natural fall available of 
7 {t.6 in., and this fall is utilised in order to raise water 
to a height of 11 ft. 6 in. above the head race level. 

The principles involved will perhaps be most: readily 
grasped by reference to the diagram Fig. 2, which shows 
the construction of a small experimental model, which 
was built up of glass tube and other similar laboratory 
apparatus. In this apparatus there are two tanks, 
one of which represents the head race and the other 
the tail race of a natural fall. Water from the head 
race in flowing down the pipe a draws air in with it 
and carries it down into the bottle b, where a separa- 
tion of the fluids takes place. The air collects above 
the surface of the water until its pressure is sufficient 
to overbalance the head on the pipe ¢ which com- 
municates with the tail tank. Up this pipe and into 
this tank, the spent water flows. 

Air drawn up from the top of the bottle 6 is led by 
another pipe to a junction with the riser e, which com- 
municates as shown with the head tank. A mixture of 
water and air is thus produced, and this having less 
density than pure water is forced up the pipe e by 
hydrostatic pressure, and escapes at the top, as indi- 
cated, at a level, which in this model is 3 ft. higher 
than the level in the head tank. The necessary flow 
of water for working the air lift is provided in this 
instance by the small electromotor and pump shown, 
which replaces the natural fall used in actual practice. 

Referring to Fig. 3, it will be seen that the bottle 
used in the model is replaced by a separating tank 
5 ft. 6 in. in diameter located at the bottom of a well 
sunk 24 ft. below the tail-race level. ' The large 2-ft. 
pipe shown is the down-comer. Water entering at the 
top of this draws in air and carries it into the separating 
tank, where it is liberated beneath the bell shown. This 
air, which is at a pressure due to a head of nearly 20 ft., 
escapes up a 3-in. central pipe, as shown, to a mixer 
which is represented at F. This opens, it will be seen, 
into the 6-in. rising main, whish is fed by water from 
the head race. This flows down the annulus between 
the 10-in. pipe and the 6-in. pipe and enters the latter 
from below. As already explained, the air escaping at 
F produces a sort of emulsion of air and water, which is 
of lower specific gravity than solid water, and as a 
consequence the mixture is pushed up the rising main 
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by hydrostatic pressure and delivered at a height of 
11 ft. above the head-race level. The apparatus has no 
moving parts and requires accordingly a minimum of 
attention. The output of the plant illustrated is 
% cub. ft. per second and the efficiency is stated to 
reach the relatively high figure of 40 per cent. : 

A view of the machine as erected at Dorking is 
reproduced in Fig. 3. 





Launcu or 8.8. “ Crry or Lyons.”—'The steel single- 
screw steamer, City of Lyons, built for the Ellerman 
Lines, Limited, and designed to carry about 11,420 tons, 
was recently launched from the Wallsend yard of Messrs. 
Swan, Hunter, and Wigham Richardson. The vessel is 
455 ft. in length and has a cruiser-shaped stern. Five 
large hatchways serve five cargo holds, which are 
worked by 18 steel cargo derricks and 17 steam winches. 
The double bottom is arranged for carrying oil fuel. 
as well as water ballast, and all cargo holds, ’tween decks. 
and bunkers are fitted with steam fire-extinguishing 
pipes. The ship is being built to the highest class of 
Lloyd's. All accommodation will be steam heated, the 
installation being supplied by Messrs. M. W. Swinburne 
and Sons, Limited, Wallsend-on-Tyne. The propelling 
machinery of the City of Lyons, is being built by the 
Wallsend Slipway and Engineering Company, Limited. 
and will consist of one set of Parsons’ impulse-reaction 
type turbines and single-reduction mechanical gearing. 
This firm is also supplying the three single-ended multi- 
tubular boilers, arranged for working with Howden- 
Ljungstrém air pre-heaters, and fitted with superheaters. 
‘Lhe working pressure will he 240 Ib. per square inch. 
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ELECTRIC PROPULSION OF SHIPS.* 
By Esxit Bere. 

E.xctric propulsion can no longer be considered 
in the experimental stage. Its use by the United 
States Navy during the last ten years, and its appli- 
cation to a few rather large cargo steamers as well 
as several other types of ships, have proved this method 
successful, reliable, economical and the upkeep has 
been practically nil. For large powers where steam is 
considered, the steam turbine must be used on account 
of its high efficiency as compared with any other steam 
prime mover. Steam turbines, in order to obtain the 
best efficiency, must be designed for relatively high 
speed, which makes it necessary to have either a 
mechanical speed reduction or an electrical transmission 
from the high speed turbine shaft to the slow speed 
propeller shaft. Mechanical gears for large powers 
require a multitude of turbines and pinions, compli- 
cated steam piping and cross-over connections between 





generators for central station use. The enormous 
advantage in economy by the use of high steam 
pressure, superheated steam, steam extraction for 
heating feed water, &c., can be secured in the electric 
ship without any complication and with practically no 
special divergence from standard modern steam station 
practice. Many stations are now in successful operation 
using 550 Ib. boiler pressure and a steam temperature of 
725 deg. which produce one kilowatt-hour at the switch- 
board with about 1 Ib. of coal of 14,500 B.Th.U. 
This is not a record of a few hours’ operation, but is a 
weekly record and includes the whole power plant, 
taking into consideration load factor, cleaning boilers, 
&c. What this means on board ship may best be 
illustrated by the fact that a large luxurious liner 
using 50,000 h.p. can be operated with a total fuel 
consumption of less than 300 tons of fuel oil per day, 
including everything on board the ship. 

Electric propulsion of large warships has proved its 
great success and economy and needs no further dis- 


SHIPS WITH ELECTRICAL PROPULSION. 


The weight of the two turbo-generators, 





Lb. 
including all accessories, tools, &c., is 306,000 
The two main propelling motors weigh.... 338,000 
Complete control equipment, including 
cables ‘8. ou es ... 17,000 
661,000 


Weight per shaft horse-power, 39 Ib. 


In this connection it may be of interest to note that 
electric propelling machinery has also been laid down for 
a light cruiser having 120,000 h.p. In this case weight 
was of the greatest importance, and the equipment 
weighs 18 Ib. per shaft horse-power. The price of the 
electrical propelling equipment complete in this case 
is substantially the same as the geared turbine equip- 
ment proposed for this ship, but on account of simpler 
and less costly foundations, piping, oiling system, &c., 
it was found to be cheaper than any other method of 





propulsion proposed. 















































| 
Year Propeller. Turbine. Generators. Pressures. Super 
Name. Type of Ship. | Ser- Type of Drive. Speed. S.H.P. heat. 
| vice. No R.P.M | Stages R.P.M. No. Voltage. |Gauge| Vac. | Deg. F. 

$.8. Joseph Medill Fire boat 1908 | Turbine-electric ..| 11-7 miles 500 2 179 2 1,800 a 275 160 27 0 
8.8. Graeme Stewart Fire Boat... 1908 | Turbine-electric ..| 11-7 miles 500 2 179 2 00 2 | 275 160 27 0 
U.S.S. Langley (ex-Jupiter) Airplane Carrier 1913 | Turbine-electric ..| 14-5 knots 5,400 2 110 9 1,900-—2,100 1 2,300-2,420 | 175 27-5 0 
U.S.8. New Mexico... Battleship 1918 | Turbine-electric ..| 21 knots | 28,000] 4 161 10 2,130 2 | 3,000-4,242 | 250 | 28-5 50 
¥.S.S. California Battleship 1921 | Turbine-electric ..| 21 knots | 28,000 4 170 10 2,065 2 3,000-4,242 | 250 28°5 0 
U.S.8. Maryland — Battleship 1921 | Turbine-electric ..| 21 knots | 28,000 4 170 10 2,065 2 3,000-4,242 | 250 28-5 0 
U.S.S. West Virginia Battleship 1921 | Turbine-electric ..| 21 knots 28,000 4 170 10 2,065 2 3,000-4,242 | 250 28-5 0 
8.8. Eclipse sees Cargo.. 1920 | Turbine-electric ..| 11 knots 3,000 1 100 8 3,000 1 2,30 200 28-5 200 
8.8. Invincible .. Cargo.. 1921 | Turbine-electric ..| 11 knots 3,000 I 100 8 3,000 1 2,300 200 28-5 200 
8.8. Archer a Cargo.. 1921 | Turbine-electric ..| 11 knots 3,000 1 100 8 3,000 1 2,300 200 28-5 200 
8.8. Independence Cargo.. 1921 | Turbine-electric ..;| 11 knots 3,000 1 100 8 3,000 1 2,300 200 28-5 200 
8.8. Victorious .. CED. 40-0 1921 | Turbine-electric ..| 11 knots 3,000 1 100 8 8,000 1 2,300 200 28-5 200 
3.8. Cuba. Pass.-Cargo .. 1920 | Turbine-electric ..| 17 knots 8,000 1 100 8 3,000 1 1,150 175 27-5 | 150-250 
M.S. Mariner Trawler 5 --| 1920 | Diesel-electric ..| 10 knots 400 1 160-200 — — 2 250 _ — _ 
8.8. Tampa Coast Guard Cutter..| 1921 | Turbine-electric ..| 16 knots 2,600 1 130 8 3,000 1 2,300 200 28 75 
8.8. Haida Coast Guard Cutter..| 1921 | Turbine-electric ..| 16 knots 2,600; 1 130 8 3,000 1 2,300 200 | 28 75 
8.8. Mojave Coast Guard Cutter..} 1921 | Turbine-electric ..| 16 knots 2,600 | 1 130 8 3,000 1 2,300 200 | 28 75 
8.8. Modoc ap Coast Guard Cutter..; 1921 | Turbine-electric ..| 16 knots 2,600 1 130 8 3,000 1 2,300 200 28 75 
8.8. San Benito* Pass.-Cargo .. .-| 1921 | Turbine-electric ..| 12-5 knots 3,000 1 100 9 3,000 1 1,100 190 27-5 200 
H.1.J.M.S. Kamoi Fuel Ship... --| 1922 | Turbine-electric ..| 15 knots 8,000 2 120 10 2,400 1 2,300 250 28-5 150 
M.S. Fordonian Cargo (Great Lakes) | 1922 | Diesel-electric . 9 knots 850 1 120 _ — 2 500 _ _ _ 
M.S. Golden Gate Ferryboat .. .-| 1922 | Diesel-electric ..| 12 miles 750 2 145-180 — — 2 500 _ _ _ 
M.S. Golden West Ferryboat 1923 | Diesel-electric ../ 12 miles 750 | 2 145-180 _— —_ 2 500 — _ _— 
S.S. Hayward Ferryboat 1923 | Turbine-electric ..| 17 miles 1,200} 2 100-125 3 3,600 1 500 210 | 28-5 50 
8.8. San Leandro Ferryboat 1923 | Turbine-electric ..| 17 miles 1,200 2 100-125 3 3,600 1 500 210 28-5 50 
M.S. Standard Service Tanker 1923 | Diesel-electric . 9 # knots 600 1 130 _— — 2 460 _— _ _ 
M.S. Alaskan Standard Tanker 1923 | Diesel-electric .| 9 knots 600 1 130 _ —_ 2 460 —— —_ _ 
8.8. W. R. Hearst > Ferryboat 1923 | Turbine-electric ..| 16 miles 2,200 2 123-176 8 8,240 1 2,300 250 28-5 200 
8.8. Rodman Wanamaker Ferryboat . 1923 | Turbine-electric ..| 16 miles 2,200 | 2 123-176 8 8,240 1 2,300 250 | 28-5 | 200 
8.8. Geo. W. Loft a4 Ferryboat .. .-| 1924 | Turhine-electric ..| 16 miles 2,200 | 2 123-176 8 8,240 1 2,300 250 | 28-5} 200 
M.S. Twin Ports s Cargo (Great Lakes) | 1923 | Diesel-electric 10 = miles 500 | 2 180 _— _ 2 230 _ _ _ 
M.S. Twin Cities Cargo (Great Lakes) | 1923 | Diesel-electric -| 10 miles 500 | 2 180 — 2 230 = _— _— 
U.8.8. Lexington Airplane Carrier t Turbine-electric ..| 33  knotst/180,000} 4 317 18 1,800 4 5,000 265 | 28-5 50 
U.S.S. Saratoga Airplane Carrier + Turbine-electric ..| 33 knots | 180,000 4 317 13 1,800 4 5,000 265 28-5 50 
M.S. La Playa* Pass.-Cargo .. 1924 | Diesel-electric 12-5 knots | 2,500] 1 95 t _ 4 600 — — _ 
M.S. La Maria* ih Pass.-Cargo .. 1924 | Diesel-electric 12-5 knots ,500 1 95 _ a 4 600 _ _ 
M.S. Hawaiian Standard Tanker - -+| 1925 | Diesel-electric 9-7 knots 600 1 130 a — 2 230 —_ _ — 
M.S. Van Dyke, No. 1 Tug and Fire Boat ..| 1924 | Diesel-electric 10 knots 370] 1 120 — _ 2 125 — — — 
M.S. Van Dyke, No. 2.. Tug and Fire Boat ..} 1924 | Diesel-electric 10 ~=knots 370 1 120 — _— 2 125 — _— — 
M.S. Van Dyke, No. 3.. Tug and Fire Boat ..| 1924 | Diesel-electric 10 = knots 370 | 1 120 _ os 2 125 _ _— _— 
M.S. Brilliant - Tanker --| 1924 | Diesel-electric 10 ~=knots 870} 1 120 — _ 2 125 _ _ _ 
M.S. E. M. Coots erry $< 1925 | Diesel-electric 8 miles 360 2 Sidewheels _ — 2 230 — oe — 
8.8. T. W. Robinson Bulk Freighter 1925 | Turbine-electric 13-8 miles 3,000} 1 100 8 3,450 1 1,150 300 | 28-5} 200 
ar +e Weir ap Dredge <i + | Diesel-electric 10 milest] 1,000] 2 130 _— — 2 240 _ -- _ 
“S J.8, Engineer Corps Towboat + | Diesel-electric _ 100 | 1 | Sternwheel | — _ 1 230 —};- — 
wr U.S, Engineer Corps Towboat ; + | Diesel-electric _ 100 | 1 | Sternwheel | — — 1 230 —_ _ _ 
ae U.S. Engineer Corps ..| Towboat  .. ..| + | Diesel-electric — 225 | 1 | Sternwheel | — _ 2 230 — _ — 
3 2 ae P ay .-| Coast Guard Cutter. . + | Diesel-electric ..| 12 knotst/ 1,000] 1 120 = _ 2 500 _— — _— 

‘ion Mercantile | Pass.-Cargo .. A + | Turbine-electric ..; 18 knots | 17.000 | 2 120 16 2,888 2 4,000 550 | 28-5] 100 

















t Designed speed. 


* Vessels equipped by the British Thomson-Houston Company, Limited, of Rugby, England. ¢ Under construction. 
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the various turbines, as well as a multitude of turbine 
gland packings. Reversing turbines are a source of 
great loss, not only friction loss but, as they necessarily 
make the turbine longer (which makes the distance 
between bearings longer) a larger diameter shaft for the 
same deflection is involved, thus increasing the packing 
losses as well as bearing losses. With mechanical gears, 
the turbines adopted have generally to be of slower 
speed than that which would give the most economical 
design for the horse power required. This last item is 
important as, in almost every case, the slower speed 
turbine with the features mentioned above will involve 
a loss in turbine economy that is a great deal more than 
the total electrical transmission loss and, in some cases, 
it may be more than double the electrical losses. 

Steam turbines driving generators are constantly 
being tested by manufacturers as well as customers, and 
their performance is a matter of definite knowledge. 
Tests of marine geared turbines are practically 
unknown; guarantees as to economy are generally 
based on calculations, and the results obtained are 
not at all consistent with the economy claimed. In 
electric ships, the results obtained have always checked 
with the test results of the turbo-generators and motors 
as made at the factory. Full advantage can always 
be taken of any new improvement in turbine design 
which is developed in the enormous field of turbo- 





4 * Paper read at a meeting of the North-East Coast 
institution of Engineers and Shipbuilders, Newcastle-on- 
Tyne, February 12, 1926. Abri ged. 





cussion in this paper. A field which has not yet been 
covered, and to which electric propulsion is particularly 
well suited, is the propulsion of large liners. Just 
recently the International Mercantile Marine Co. has 
closed a contract with the Newport News Shipbuilding 
Company for an electrically driven, twin screw liner 
having 17,000 h.p. The propelling machinery is to be 
built by the General Electric Company of the United 
States of America, The dimensions and particulars of 
the ship are as follows :—Length, 600 ft. ; beam, 80 ft. ; 
draft, 30 ft. Displacement, 22,000 tons. Propeller 
speed, 120 r.p.m. Horse-power, 17,000. Speed, 18 
knots. Propellers, 18 ft. 6 in. diameter; 17 ft. 3 in. 
pitch. 

Twelve Babcock and Wilcox oil-burning marine 
boilers will be used, each having 4,600 sq. ft. of heating 
surface and 1,344 sq. ft. of superheating surface. The 
steam pressure at throttle will be 250 lb. per square 
inch ; superheat at throttle, 100 deg. F., and vacuum, 
284 in. 

The electrical equipment will consist of two turbine- 
driven, alternating-current generators having a rating 
of 6,600 kw. at 4,000 volts and running at 2,880 r.p.m. ; 
two main synchronous induction motors for direct 
connection to the propeller-shafts, having a rating of 
6,600 kw. and running at 120 r.p.m.; four 500-kw. 
direct-current generating sets; a control board, and 
cables. 

In this case no attempt has been made to reduce the 
weight of the apparatus from that used for land 


purposes. 





The control apparatus for the new 17,000 h.p. liner 
consists of contactors between the generators and 
motors. It will be operated by means of four levers 
(two for each motor). In addition, there will be 
two small levers for regulating the speed of the main 
turbines. The two main levers for each propulsion 
motor consist of: one for regulating the excitation 
of the generator and the motor and the other is the 
reversing lever, which has three positions, “ ahead,” 
“stop,” “astern.” The field lever has four definite 
positions : “ off,” “1,” “2,” “run.” On position ‘ 1” 
double excitation is applied to the generator alone. 
In this position, with the reverse lever on either “ahead” 
or “ astern,” the propelling motor is started or reversed. 
as a pure squirrel-cage induction motor. In position 
“2” normal excitation is applied to the rotor field, 
leaving double excitation on the generator. In this 
position the motor phases in and becomes a synchronous 
motor. Position “run” reduces the excitation of the 
generator to normal. Speed variation of the propeller 
revolutions in either direction is obtained by varying 
the turbine speed, and is controlled by the operator 
from the small speed lever on the control board. 
Normally both turbo-generators are in operation. 
Should, however, it be desired at any time to operate 
the ship at three-fourths speed or lower for a con- 
siderable length of time, only one generating unit 
need be used, and both propelling motors can be 
operated from the control board exactly in the same 
way as when both units are running. This feature 
should prove most economical should the ship ever be 
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used for cruises during the slack season, as in this 
case almost 15 knots can be obtained. The motors 
and the generators are designed to give the necessary 
torque to reverse the propellers from 120 r.p.m. ahead 
to 120 astern in 20 seconds. Quicker reversal can be 
had, but is not considered advisable. 

When operating with 250-lb. gauge pressure and 
100 deg. superheat at the throttle and with 284 in. 
of vacuum, the steam consumption per shaft horse- 
power delivered to the propeller-shaft (including all 
losses in generators, motors, cables, &c.) will be 9-5 lb. 
when delivering 17,000 h.p. to the propeller-shaft at 
120 r.p.m. When delivering 13,500 h.p. at 110 r.p.m. 
under the same steam conditions the consumption will 
be 9-91lb. Considerable margin was used in determining 
these figures to meet sea conditions and inaccuracy of 
tests. If electrically driven auxiliaries are used, the 
fuel consumption per shaft horse-power-hour, including 
everything on the ship, figures at 17,000 h.p. to be 
0-85 Ib. per shaft horse-power, and at 13,500 h.p., 
0-90 lb, In these calculations slightly over 1,000-kw. 
direct-current load has been assumed at 17,000 as 
well as 13,500-h.p. conditions. This ship will be 
operated with only 100 deg. superheat. The design 
of the turbine is, however, made to use efficiently and 
safely 300 deg. of superheat should it at a later date 
be desired to increase the superheat, or if new additional 
ships should be built. The fuel saving by going to 
200 deg. over 100 deg. is 5 per cent., and 300 deg. over 
100 deg. is 9 per cent. Electric propulsion is particu- 
larly well adapted to high steam temperatures, as all 
the reversing is done electrically and no undue heat 
stresses or temperature changes take place in the 
turbine itself, as in the case when mechanical gears are 
used. 

In making comparison of transmission efficiency 
between the geared turbine drive and electric trans- 
mission, we must not compare the gear efficiency alone 
with the efficiency of the electric transmission. Such 
comparison is very misleading. In the case of this 
liner, for instance, if gears were to be used, the turbine 
design, as well as the gear design, would have to be 
compromised in order to compensate for the limitations 
imposed by the gears. Assume single-reduction gears— 
which were, as a matter of fact, first proposed for this 
vessel. It was found necessary to build the turbine in 
three casings in order to get proper pinion design. The 
revolutions per minute of the turbines proposed was 
less than half that proposed with electric drive. Steam 
seals and the number of packings were three times as 
many as for electric drive. With electric drive it is 
possible to design a much more efficient turbine because 
of the increased efficiency due to the use of higher 
speed turbine; increased efficiency due to the elimination 
of the reversing turbine losses, increased efficiency due 
to elimination of all cross-over connections between 
turbines, as the electric turbine is built in one casing— 
making an ideal turbine design; increased efficiency 
due to the lesser number of packing glands and steam 
seals; increased efficiency due to closer running 
clearances in turbine for the same factor of safety, as 
no excessive temperature changes take place while 
reversing or maneuvring. From this it will be seen 
that the actual transmission efficiency is not an index 
as to the comparative economy of the two methods, as 
the turbine designed for electric drive is always so 
much more efficient than the turbine that can be 
designed for gears, using the same factor of safety and 
reliability in both cases. 

At 17,000 h.p. load and 120 r.p.m. of the propellers, 
the generator has an efficiency of 96-75 per cent. 
excluding the excitation, which in this case will be 32 
kw. per generator or less than $ per cent. The motors 
will have an efficiency of 97-5 per cent. excluding 
excitation, which amounts, to 45 kw. per motor, or 
0-68 per cent. The loss in cables and contro] amounts 
to 0-04 per cent. The total transmission loss is, there- 
fore, excluding excitation, about 5-7 per cent., or, 
if excitation is included, about 6-75 per cent. For 
larger powered ships the efficiency becomes, of course, 
better and a total loss of slightly less than 6 per cent. 
may be expected. At reduced speed of the vessel 
the efficiency of the generator and motor remains 
practically constant, as the voltage is then reduced in 
about the proportion of the square root of the horse- 
power so that at three-quirters speed the voltage is 
reduced from 4,000 volts to about 3,000 volts, and the 
transmission loss is only increased from 6-75 per cent. 
to 7-4 per cent., although the load is reduced from 
17,000 h.p. to about 7,000 h.p. The loss in gear 
efficiency, under similar conditions, would be about 2 
per cent, 

Electric transmission gives a simple and practical 
means of speed reduction between the high-speed 
turbine and the slow-speed propeller in almost any ratio 
which may be desired. It affords means of reversal 


by simple change of electrical connections, without 
changing the direction of rotation of the turbine. 
Any desired reversing torque up to the full power of 
the turbine can be obtained without affecting the 








efficiency of the equipment in the forward direction. 
Reversal is obtained with a minimum amount of steam 
drawn from the boilers, as the full inertia of the turbo- 
generator is first used in the act of reversal and, in 
fact, in most cases actual reversal is obtained with- 
out drawing any steam from the boilers, and steam 
in only used from the boilers to accelerate the propeller 
speed in reverse rotation. Electrically-driven vessels 
can be made noiseless, whereas gears always make 
more or less noise. Electric drive makes it possible to 
obtain accurate data, either by instantaneous readings 
or by recording instruments, of the load on the pro- 
peller shaft under various conditions of sea and wind. 
It eliminates the use of torsion meters. ‘The total horse- 
power hours are recorded during any given time of 
journey. It makes it possible to have a real check 
between fuel consumption and horse-power hours 
developed—which means a constant and continuous 
check on economy. 

Experience in regard to maintenance on the elec- 
trically built ships by the General Electric Company 
and the British Thomson-Houston Company has shown 
that the upkeep of the electrical machinery has been 
practically nil so far. The tendency lately is to put 
some of the large and medium-sized liners on winter 
cruises or other cruises when the season is slack. With 
electric drive about three-cuarters speed can be obtained 
by the use of only one of the two-power units in opera- 
tion, which means a very large saving in fuel and atten- 
tion. The steam consumption per shaft horse-power 
will be practically the same as that of maximum speed. 
In the design of the generators and motors special 
precaution has been taken so that, should for any 
reason damage occur in any part of the windings, this 
can quickly be repaired, or temporary quick repairs 
can be made, so that the ship can proceed at slightly 
reduced speed. Multiple circuits are used in the 
generators and motors so that in many cases, for 
instance if a coil is damaged it can simply be cut 
in two by a hack saw, the ends insulated and the loss 
in power will be only the ratio of this one circuit to 
the total number of circuits in multiple. So, for 
instance, if the motor has 10 circuits in multiple, and 
one circuit is cut out, the power is reduced only one- 
tenth, which will be practically unnoticed, and the 
repair should take only a few minutes. If several 
coils are damaged a jumper can be connected across 
the damaged coils and the vessel can proceed. Elec- 
trical repairs are always easily made when fully under- 
stood. 

Electric drive in many cases may afford important 
advantage because the generating unit, or units, can 
be placed in any convenient place near the boilers. 
They can be mounted at any height desired. The 
condensers can be put directly under the turbines, thus 
reducing the steam and the exhaust piping to a 
minimum. Chances of air leaks, which are so detri- 
mental to obtaining good vacuum, are reduced to a 
minimum. The propelling motors can, in many 
instances, be put near to the propellers, eliminating 
long, expensive shafting and the bearing losses inci- 
dental to them. Shaft alleys can be eliminated, thus 
saving hold space and making cargo-handling much 
easier and convenient. The turbine for electric trans- 
mission can be built more efficient. No reversing 
wheels are required, thus the turbine becomes shorter 
which gives smaller shaft, less diaphragm packing 
leakage, packing and bearing losses. Since there is 
no heat distortion during reversal, smaller clearances 
can be used with the same factor of safety, all of which 
goes toward greater economy. With electric drive the 
adoption of the above is ideal, and full advantage can 
be taken of the economy derived by its adoption. As 
the turbine is never reversed, it cannot have extreme 
temperature changes. 

Since the adoption of Diesel electric propulsion for 
the beam trawler Mariner, which was put in operation 
early in 1920, there has been marked progress in the 
application of this type of propulsion over a wide 
range of vessels—there now being some 45 ships 
using this type of drive in operation, or under con- 
struction. These include tug boats, ferry boats, 
cargo boats, oil tankers, dredgers and Coast Guard 
cutters. The largest Diesel electric drive equipment 
installed at present in any single ship is 2,500 shaft 
horse-power, Several operators have considered Diesel 
electric propulsion in considerably larger sizes, and it 
would not be surprising if in the near future some one 
would go ahead with this form of propulsion in larger 
capacities. The most promising field at present, how- 
ever, seems to be in the smaller craft, especially where 
a large percentage of installed horse-power is required 
for driving auxiliaries. This permits the same prime 
mover to furnish the power for both auxiliaries and 
propulsion. Examples of this are tankers where 
electrically-driven pumps are used for loading and 
unloading cargo. The engine-driven generators furnish 
the power for driving the ship and the same generators 
are used for furnishing power for driving the cargo 
pumps in loading and unloading. Diesel electric propul- 








sion has also proven itself suitable for dredgers. Tug. 
boats offer another example where Diesel electric drive 
is particularly effective and tests recently conducted 
by the Atlantic Refining Company have indicated 
beyond a doubt that the Diesel electric drive is far 
superior in tug-boat service to either steam or Diesel 
direct drive. There have been a number of articles 
written both in favour of and against Diesel electric 
drive, and, without going into the advantages or 
disadvantages, it is admitted that this form of pro- 
pulsion has its limitations, the same as other forms 
of propulsion, and is much more suited for some types 
of ships than others. Operators who have Diesel 
electric-driven ships seem very well pleased with the 
results obtained, and most of them, when ordering 
additional tonnage, are installing Diesel electric drive, 
which is, after all, the strongest argument for the 
success of this form of propulsion where it has been 
applied. 

The table on page 279 shows that great headway has 
been made in the application of electricity for the 
propulsion of ships. With the advent of the adoption 
of high steam pressure, superheat, steam extraction 
for feed heating, as well as possible reheating between 
stages, electric propulsion makes the simplest and most 
ideal installation, and results can be obtained equal to, 
or better than, the best Diesel when total fuel con- 
sumption of the whole ship is taken into consideration. 
Electric propulsion is also ideal for the mercury turbine 
should this be considered for ship propulsion.’ Results 
so far obtained on land prove conclusively that this 
type of prime mover is more economical than the best 
of Diesel engines produced so far. 





SEMI-INDIRECT LIGHTING SYSTEM 
IN MESSRS. D. NAPIER AND SON’S 
DRAWING OFFICE. 


EXTENSIVE alterations, which have recently been 
made in the drawing office lighting of the well-known 
aero-engine and motor-car manufacturers, Messrs. D. 
Napier and Son, Limited, of Acton, form an excellent 
illustration of the improvement, which modern lighting 


Fig. 1. 
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methods allow, as compared with earlier practice. 
Before the alterations were commenced the original 
lighting system was carefully examined, and investiga- 
tions were carried out to determine the quantity and 
distribution of light at various points. 

This original lighting consisted of local points, one 
point for each drawing board, equipped with a 240-volt, 
40-watt, gas-filled lamp. The light from these lamps 
was concentrated by enamelled steel reflectors, the 
enamelled surface of which had been repainted with 
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ordinary white paint ; they were provided. with rising 
and falling counterweight suspension and switch holders. 
The height of the fittings varied from 10 in. to 2 ft. 3in., 
and had been arranged by the draughtsmen with pieces 
of string, &c., to bring the lamp over the required 
portion of the board. These units produced on the 
boards a bright circle of light, varying in diameter from 
2 ft. 6 in. to 5 ft.; beyond this circle was an area of 





intensegloom. The wallsof the drawing office, although 
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light in colour, appeared quite dark, so that the ceiling 
could be distinguished only with difficulty, the contrast 
on looking up from the brightly illuminated white 
paper being very marked. It was noticed that a 
draughtsman, who happened to require something from 
his drawer, found it necessary to pull his local light 
down over the drawer in order to see inside ; he could 
not possibly see what he required with the unit in its 
normal position. When the intensities of light in the 
old installation were tested with a photometer, the 
results on 12 boards, given in the table above, were 
obtained. 

The contrast in illumination was extreme, amounting 








in one case to as muchas 150: 1, a value which would 


be considered bad even for street lighting, while the 
average inequality on the 12 boards was 38-9: 1, or, 
as will be seen later, 32 times that with the new installa - 
tion; the contrast between the brightest part of the 
board and the walls, ceiling, &c., was greater even than 
this figure. : 
Before the conversion of the lighting system to that 
now in existence was carried out, a trial installation 
was fitted, consisting of 12 “‘ Industria ” fittings, semi- 


5. 


indirect units with a 12-in. ‘“‘ Superlux”’ bowl, each 
containing a 500-watt Osram gas-filledlamp. The 
height of these units was approximately 11 ft. from the 
floor, with a spacing of 10 ft. The trial installation 
was so entirely satisfactory that more Industria units 
were fitted, making a total of 47, as shown in the 
Figs. 1 and 2 opposite. The lighting unit is illustrated 
in Fig. 3. With the new installation, the appearance 
of the drawing office is very pleasing ; the roof and the 
walls are well illuminated, and drawers and cabinets 
can be used without difficulty. Two characteristic 
views taken by the new lighting are given in Figs. 4 
and 5. 

When illumination measurements were taken, the 





Old Installation. 








Posi- Height of Foot- Foot- Inequality 
tion. | Fitting from Candles. Candles. Ratio. 

ard. Maximum. Minimum. Max./Min. 

Ft. In. 

1 1 5} 12-5 0-530 23°65 
2 1 94 12°5 0-625 20-0 
3 1 43 20-0 0-866 23-0 
4 010 32-4 0-216 50-0 
5 13 19-5 0-608 32-1 
6 2 0 8-6 0-116 74-0 
7 011 48-0 0-732 65-5 
8 1 6 21-0 0-690 30-5 
9 2 83 9-1 0-659 13-8 
10 1 5 24-0 1-620 14-8 
11 1 6 16-0 1-280 12-8 
12 1 4 17-0 2-400 7:1 

















results detailed below were obtained; the points at 
which the tests were made, and which were considered 
representative of the whole installation, are shown 
on the plan, the readings found being as shown. All 
the readings were taken on a plane 3 ft. 6in. above 
floor level. 

4 New Installation. 

Position. Illumination. 

; (Foot-Candles.) 
a. 2 a 7 28-3 
oe 2 es ig 27-5 
oe RE “3 a oe es 31-9 
: Mer ae ke Wa ma 28-6 
erie ae oi ax a 6 

| = ie ¥ : 25-9 

© las ar os * x 21- 

| ae ‘ pa ‘ 74 30 

BR .. - ae i i 27 

The average illumination is thus 27-6 ft.-candles. 
When this figure is reduced by 25 per cent., which is 
considered to be the approximate allowance which 
should be made for the accumulation of dust and the 
ageing of the lamps, the average illumination becomes 
20-7 ft. candles. The inequality ratio, t.e., the ratio 
of the maximum and minimum illumination, is 1-54: 1, 
a very satisfactory figure. 

The following figures as to the running cost of this 
installation may be of interest. Assuming that the 
installation is switched on as soon as the daylight 
illumination falls below 20 ft.-candles, and that work 
ceases at 6 p.m., the time per day during which the 
installation is in use (averaged over the whole year) 
will be about 1-3 hours. At 1-9d. per kilowatt-hour 
the cost of energy per day is 4s. 10d. Assuming 80 
draughtsmen, with an average wage of 41. 10s, per week, 
this current consumption would be paid for if each 
man’s time were saved to the extent of only 3-9 minutes 
per day; the cost of energy would only be 0-76 of 
the wages bill. With the new installation, it is certain 
that this time will be saved many times over ; probably 
the time which was spent in the old installation adjust- 
ing the local lights would account for so small an 
amount. The installation was designed by the 
illuminating engineering department of the General 
Electric Company, Limited, and the conversion was 
carried out by Messrs. Napier’s own electrical staff. 
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THE PRopucTION oF Pia IRON AND STEEL.—According 
to figures furnished by the National Federation of Iron 
and Steel Manufactures, Caxton House (East), Tothill- 
street, London S.W.1, the production of pig iron in 
January, of this year, amounted to 533,500 tons, an 
increase of some 30,000 tons over the previous month. 
The figure for January, 1925, was 574,500 tons. There 
were 144 furnaces in blast at the end of the month, a net 
increase of three since the beginning of the month. The 
production includes 178,100 tons of hematite iron, 
183,200 tons of basic pig, 121,700 tons of foundry metal, 
and 21,800 tons of forge pig iron. The production of 
steel ingots and castings amounted to 635,700 tons in 
January, 1926, a figure which compares favourably 
with the December total of 606,800 tons (when produc- 
tion was affected by the Christmas holidays) and with 
the January, 1925, total of 605,100 tons, 





THE OpticaL ConvENTION.—An Optical Convention 
will be held this year at the Imperial College of Science 
and Technology, Imperial Institute-road, London, 8.W.7, 
during the week, April 12 to 17. The president will ‘be 
the Astronomer Royal, Sir Frank Dyson, M.A., F.R.S. 
A large number of papers on scientific and technical 
subjects, of an optical character, will be read at the 
meetings. A number of special lectures of a popular 
nature, accompanied by demonstrations, will also be 
given. An important part of the work of the Convention 
will be the exhibition, which is being arranged to be fully 
representative of British optical manufacture in all its 
branches, Private individuals, and members of research 
and teaching institutions, who have exhibits of optical 
interest, which would be suitable for inclusion in the 
experimental and research section, are invited to com- 
municate immediately with the esac of the Optical 
Convention, 1926, 1, Lowther-gardens, Exhibition-road, 
London, S.W.7. Further particulars, and forms of 
application for membership, may also be obtained from 
the secretary. Persons who wish to offer exhibits of 
historical interest should communicate with Mr. D. 
Baxandall, at the Science Museum, South Kensington, 
London, 8.W.7, who is arranging the historical section. 
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SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given i Specification Drawings is stated 

tipo ge ee taeed te ape at 
Where inventions are communicated from abroad, the Names, &c., 

of the communicators are given in italics. 
os 8; ions may be obtained at the Patent Office, Sales 
5, Southampton Buildings, Chancery-lane, W.C.2, at 


the rip ope of 18. 
The date o, advertisement of the acceptance of a Complete 
Ss; ton is, in each case, given a: the abstract, unless the 
‘atent has been sealed, when “ Sealed ”’ is —— 
Any person may, at any time within two months from date of 
advertisement of, the of a Complete Specification, 
a = & ‘atent O, of ion to the grant of a 
atent on any of the grounds ment in the Acts. 


AERONAUTICS. | 


240,291. D. Napier and Son, Limited, London, and 
G. S. Wilkinson, London. Propellers for Aircraft. 
(3 Figs.) September 19, 1924.—The invention relates 
to propellers for aircraft. According to the invention, 
ook rotatable socket D, in which a blade A is carried, is in- 
ternally reduced at, or towards, its inner end and grooved, 
or similarly formed, at or towards its outer end while 
on the blade is fixed, for example, by means of rivets, a 
metal sleeve B, which is splined to fit within the socket. 
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A collar E is screwed on to the outer end of the socket 
D and serves to lock the sleeve and socket together, this 
collar preferably having an internally-coned part which 
engages a correspondingly formed part on the sleeve 
beyond the end of the socket. The collar E serves to 
force the blade into, and hold it rigidly in, the socket, 
so that the inner end of the blade, or a part attached 
thereto, bears against the reduced inner part of the 
socket. (Sealed.) 


MACHINE AND OTHER TOOLS, 
SHAFTING, &c. 


240,504. John I. Thornycroft & Co., Limited, 
Westminster, London, and V. G. Barford, Basing- 
stoke, Universal Couplings, (10 Figs.) April 26, 
1924.—The invention has reference to universal couplings 
of the Hooke type. Each of the bifurcated ends of two 
shafts a and 6b to be coupled together, is made of seg- 
mental circular shape, and the intermediate connecting 
member c¢ consists of a disc provided with two pairs of 
y cmiagerd arranged radial recesses d of part cylindrical 
shape, the two pairs of recesses being arranged at right 
angles to one another. Mounted to turn within each 
recess about a radial axis, is a cylindrical block e formed 
with a diametrically arranged slot having a convex 
bottom of a radius corresponding to that of the interior 
of the bifurcated end of each shaft a orb. The arrange- 
ment is such that the bifurcated end of one shaft a or 
6 can be caused to extend through the slots of two of 
the diametrically arranged blocks e and bear against 
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the convex inner ends thereof on which it can turn 
relatively to the disc about the axial centre. The 
cylindrical blocks e are free to turn in the recesses d in 
the dise c about radial axes, the bifurcated end of the 
other shaft being similarly engaged with the other two 
diametrically-arranged blocks which are also free to turn 
in their recesses. The bifurcated end of each shaft 
a or b is provided with . centrally-arranged stud f having 
a head adapted to wor: in a bearing g movable on the 
adjacent side of the disc ¢ with the object of ensuring 
properfunctioning of thecoupling. The two bearings gare 
of cup or socket shape, as shown, and are carried by 
plates h held against the opposite sides of the disc c 
by a pin passing through a hole in the disc and screwed 
into the bearings g, the hole being of larger diameter 
than that of the pin k so as to admit of the bearings 
sliding against the opposite sides of the disc. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


240,084. H. E. Yarrow, Scotstoun, near Glasgow 
Air Preheaters. (2 Figs.) April 21, .1925.—The 
invention relates to water-tube boilers of the Yarrow 
type and relates more particularly to the arrangement 
of the preheaters for the air and the control of the 





air supply thereto and to the furnace. According to 
the invention, the supply of air to the air preheater, 
or preheaters, is so controlled by means of dampers 
that the air traversing such preheater or preheaters 
can be made proportionate to the furnace gases which 
supply the heat thereto, in accordance with any 
variation in quantity of these furnace gases. Part 
of the gases from the combustion space A passes through 
a nest of steam-generating tubes B and thence through 
the tubes of the front air preheater C to an up 

controlled by a damper D, while the remainder of the 
furnace gases traverses the nests of steam-generating 
tubes E, E, and the interposed superheater F, to the 
tubes of the back air heater G, and thence to the uptake 
controlled by damper H. The cold air from the forced- 
draught fan passes to the front air heater through an 
air trunk 1, the inlet to which is controlled by a damper 
J and, after being constrained by baffles to traverse 
the gas tubes C of the air heater to and fro several 





times, emerges into an air trunk K leading to the boiler 
furnace. ‘The cold air supply to the back air heater 
is controlled by a damper L and, after repeatedly 
traversing the gas tubes G, emerges into an air trunk M 
which leads the heated air across the furnace to the 
air trunk K leading to the furnace. Further, a by-pass 
air trunk N, the inlet of which is controlled by a damper 
O, serves to lead additional air past the back air heater 
to the air trunk M and thence through air trunk K 
direct to the boiler furnace. The normal position for 
the dampers D, H is that they should be open to an 
equal extent. By means of the conjoint use of dampers 
J, L and dampers D, H the proportions of the cold 
air supply to the front and back air heaters can be 
varied in accordance with the proportions of the furnace 
gases traversing the tubes of these heaters, and it may 
be arranged that any movement of the damper D should 
cause an ap os movement of the damper J, and 
similarly with the dampers H and L. (Sealed.) 


240,335. W. A. Dexter, Glasgow, and C. Day, 
Glasgow. Surface Condenser and Feed Heater. 
(12 Figs.) December 17, 1924.—The invention relates 























to a combined surface condenser and feed heater in 
combination with a plural-stage steam-jet ejector. The 
construction illustrated comprises the steam ejector 
stages 10 and 11 and a combined condenser and feed 





heater comprising two sections 12 and 13 formi 
together a unit. The structure of the combined con. 
denser and heater is substantially cylindrical, the con. 
nections 14 and 15 for the two ejector stages 10 and 1] 
being diametrally opposed, the diameter joining the 
sta; being substantially in the plane of a partition 
16 between the sections. The conjoined sections 12, 13 
include a bottom heater 17 common to the sections, and 
subdivided into compartments by partitions 18 with 
water inlet 19 and water outlet 20 on opposite sides of the 
diameter co-planar with the partition 16, two so-called 
floating h 21, one for each section. The said float- 
ing heads 21 are connected to the bottom header 17 
by upright tubes 23 and each is subdivided into 
compartments by a partition, and a substantially cylin- 
drical shell 25 enclosing the tubes and integral with the . 

artition 16 and with baffles 26 at right angles thereto. 
The arrangement is such that the steam introduced at 
the first ejector stage 10 with the air entrained thereby 
follows an = and down path as indicated by arrows 
drawn in full lines in Fig. 1, sweeping the outside of 
the tubes 23 of the section 12 through which the water 
flows downwards and upwards. The air is then again 
entrained at 27 by the steam at the second ejector 
stage 11 and caused to flow up and down in contact 
with the tubes 23 of the second section 13, as indicated 
by arrows drawn in dotted lines in Fig. 1, the water 
which has traversed the tubes of the first section 12 
flowing up and down the tubes of the second section 13. 
The air is finally discharged at 28. (Accepted October 7, 
1924.) 


240,546. James Howden and Co., Limited, 
Glasgow, J. H. Hume, Glasgow, and W. H. Owen, 
Glasgow. Steam Generators. (2 Figs.) July 3, 
1924.—The invention relates to a steam boiler of the 
‘* composite ’’ type comprising a cylindrical shell having 
at least one internally-fired furnace and one or more 
water-tube elements adjoined to and spaced from the 
rear end of the shell so as to leave a combustion chamber 
between the shell and the water-tube element or first 
water-tube element. The boiler comprises a cylindricul 
shell 1 provided with internally-fired furnaces 2 and 
adjoined with a water-tube element spaced from the 
shell 1 so as to leave a combustion chamber 3 between 
the shell -1 and the water-tube element. The furnaces 2 
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are arranged in horizontal rows, the furnaces in the upper 
row overlapping those in the row below. The — 
tube element comprises vertically inclined tubes 4 _ ; 
in top and bottom drums 6 and 6 arranged transversely 
to the axis of the cylindrical shell 1. To each furnace 1s 
applied a mechanical stoker 15. The connections from 
the air-heater 12 for the supply of hot air for combus- 
tion are led so as to leave the boiler-shell front 
unobstructed by fittings. To permit the removal of er 
ashes there is provided an ash-recelving chamber : 
open to the bottom of the combustion chamber 3 an 
below the latter, into which chamber the ash, clinker, 
&c., will be dumped on reaching the rear ends of the 
furnaces. A helical conveyor 17 serves for effecting the 
mechanical extraction of the ash.—(Sealed.) 
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Fig. 13. 
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Ir was in 1881 that the late Sir Frederick Bram- 
well, in a discussion on the Dowson gas producer 
held by the Engineering Section of the British 
Association, then meeting at York, ventured on 
the prediction that by the year 1931 the steam 
engine would be regarded merely as an interesting 
relic of a bygone age, having been superseded by 
the internal-combustion engine. Two years later 
Sir Charles Parsons built the first of his compound 
steam turbines. This had, we believe, a steam 
rate of something like 210 lb. per kilowatt-hour, 
and an output of perhaps 5 kw. Insignificant as 
it might well seem, this constituted the “cloud 





of proving the commercial practicability of his 
ideas, but it was extremely uphill work. A fair 
field was, in fact, not secured till 1892, when the 
first condensing steam turbine was erected at the 
Cambridge power station. The bold decision to 
instal this untested type here, was due to Sir Alfred 
Ewing, who had to face not a little hostile 
criticism in consequence. The official tests, how- 
ever, triumphantly justified him, the steam con- 
sumption recorded being 28 lb. of steam per 
kilowatt-hour, which was quite as good as that 
of the average reciprocator set at the date in 
question. To those with vision, the test results 


Fig. 7. ARRANGEMENT OF 50,000 K.W. TURBO ALTERNATOR & SURFACE 
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no bigger than a man’s hand” which was destined 
to spread, and to overcast the fairest prospect 
then opening before the internal-combustion engine, 
and to secure a new lease of life for steam. At the 
time Sir Frederick Bramwell spoke, the gas engine 
required probably about 12,000 British thermal units 
per brake horse-power-hour developed. This would 
now, of course, be considered a very poor perform- 
ance, but it was nevertheless most markedly superior 
to that of the first of the compound steam turbines. 
It is not surprising, therefore, that for years most 
practical engineers derided the possibilities of the 
latter, the difficulties in the path of which were 
increased by the fact that the steam turbine is 
essentially a large-unit machine, whilst at the 
outset there was no market for high-speed prime 
movers of other than the very smallest sizes. 
The early turbines were, moreover, non-condensing, 
and failed, accordingly, to benefit by the fact that 
the turbine can utilise the “toe of the diagram,” 
which is necessarily rejected by the reciprocator. 
It was under these exceptionally adverse con- 
ditions that Sir Charles Parsons essayed the task 
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then recorded were an indication of much better 
things to come, and on the suggestion of the late 
Charles Brown, Sir William Lindley decided in 1899 
to order from Messrs. Parsons a 1,000-kw. unit for the 
Elberfeld Power station, where there was insufficient 
space available for the accommodation of recipro- 
cating sets of the output required. As was natural 
under.the circumstances, the terms of the contract 
were very stringent in respect io the guarantees, 
and provided for the making of exhaustive tests 
under the direction and supervision of Professor 
Schr6ter of Munich, Prof. Weber of Zurich and Sir 
William Lindley himself. The result was a striking 
victory for the new prime mover. The builders’ 
guarantees were easily surpassed, a condition which, 
it may be said, incidentally, has almost become a 
habit with the Heaton firm. The steam rate at- 
tained was 19-4 lb. per kilowatt-hour, which was a 
better figure than had then been reached by the best 
reciprocating sets. For several succeeding years 
the latter were, however, still installed by the 
more conservative of power station engineers, 
but the limit of improvement in their efficiency 


was soon attained, whilst that of the turbine 
showed a steady progression. In 1906 a new 
record was established with a 4,000-kw. set supplied 
to the Carville station of the Newcastle-on-Tyne 
Electricity Supply Company, with which a steam 
rate of 13-28 lb. per kilowatt-hour was attained 
The next great landmark in the history of the 
steam turbine was the 20,000-25,000-kw. set 
built for the Commonwealth Company of Chicago 
in 1912. A full account of this plant was given in 
our issue of October 17, 1913. 

American engineers had shown remarkable 
enterprise in the construction of large turbo- 
generators, but in view of the low price of fuel 
then ruling, and the rapid growth of electric power 
stations, they had had little inducement to study 
efficiency. Even an indifferent turbine was so 
much superior to the best of its reciprocating rivals 
that station engineers in America were for long 
satisfied with what would now be regarded as 
somewhat extravagant steam rates. 

On this side of the Atlantic conditions were less 
favourable to the manufacturer, and as a conse- 
quence, the efficiencies demanded were very 
materially higher. When, therefore, it became 
necessary in 1911 to order the equipment for a 
large extension of the Fisk-street station of the Com- 
monwealth Edison Company, at Chicago, the con- 
sulting engineers, Messrs. Sargent and Lundy, 
advised that one of the units installed should be 
representative of the best European practice. 
The order was accordingly given to Messrs. C. A. 
Parsons and Co., Ltd. who supplied a 20,000- 
25,000-kw. turbo-generator which, at its inception 
was not only the largest set yet constructed, but 
which, broke all previous records for steam turbine 
efficiency. ‘The makers guaranteed a steam rate 
of 11} Ib. per kilowatt-hour, with steam supplied 
to the stop valve at a pressure of 200 lb. per 
square inch (gauge,) and at a temperature of 
588 deg. F. The vacuum specified was 29 in. 
The actual test figure, recorded five yeurs after 
delivery, showed a steam consumption of 10-87 lb. 
per kilowatt-hour, with a stop valve pressure of 
202-4 Ib. per square inch (gauge), a stop valve 
temperature of 548-7 deg. F., and a vacuum of 
28-87 in. Corrected to the guarantee conditions 
the consumption would be rather less than 10-4 lb. 
per kilowatt-hour. 

Relatively speaking, this result has not yet been 


surpassed. The value of K = = (4): (=z) 


for this turbine was about 216,000, and dividing this 
by the total thermodynamic head, as corrected for 
reheat and supersaturation, we get about 960 as the 


value of . If the efficiency be plotted against 


this as abscissa, the point lies distinctly above the 
average curve for reaction machines. 

It is possible that the exceptional efficiency 
attained in this instance was in part due to the 
fact that this machine ran at what would now be 
considered the low speed of 750 r.p.m. The work 
of the Nozzles Research Committee has shown very 
definitely that nozzle efficiencies are highest at low 
speeds of efflux, and here again, as in so many other 
instances, Sir Charles Parsons seéms, perhaps almost 
instinctively, to have followed the path for which 
experimental and theoretical justification has only 
been forthcoming relatively recently. The Elberfeld 
set’ of 1900 consisted of a high-pressure turbine in 
series with a low-pressure machine. Only recently 
this idea of adopting low steam speeds for the 
high-pressure section of a turbine and mounting it 
in a separate casing was brought forward on the 
Continent as novel ! 








Another principle of fundamental importance, 





ENGINEERING. 








[MARCH 5, 926. 





DETAILS 


OF 





————_-—_———— a, 


50,000-KW. TURBINE FOR CHICAGO. 


CONSTRUCTED BY MESSRS. C. A. PARSONS AND CO., LIMITED, ENGINEERS, .NEWCASTLE-ON-TYNE. 























Adjusting Rod. 


SOY \S 


» 
Uy YY YY YY ty Y 


\ 
SS 

















° ' ae 
rontbinet,| |||) 
tah | 1 uyy 
eS ane rae 
ae tty 48 
= eo i (it 
yh . \ WTF, | 7 y, 
WZ : SS S N aN | KS Ly LN 
K SS SS ip EE Yy YyYy\Y, 
SS SS , < - ms Z Yj 
toy A 11 1 WS MON BAA 
\.\\Worm Drive for| |: e. 
“yl P Governor: > X ma 
ee | mT ghz: : 
| ! Helical Drive to 
of | Counter Shale. 
A 




















ata 


bE 








a 





ON _ AE 


(9401 F) 











for which Sir Charles was responsible, is expr ssed | 
in the maxim that if two compenent parts of a 
turbine in rapid relative motion are to work 
satisfactorily when unlubricated and separated by 
only a small clearance, one of the two elements 
must take the form of a series of thin fins. This is 


the basic idea of the dummy yacking and of the | 




















labyrinth gland. The latter term is, we believe, of 
Continental origin, and well illustrates the confusion 
of ideas prevalent when Sir Charles Parsons at 
length compelled other manufacturers to recognise 
the turbine as a serious competitor for the favour- 
able consideration of power-station engineers. The 
essential idea of this type of gland is not the provi- 


Fig. 17 SECTION A.A. 
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sion of a tortuous path for the steam, but that of 
wire-drawing it at a great number of points. The 
early Continental designers neither realised this 
fact nor the prime importance of the above- 
mentioned principle of providing thin fins for one 
of the two components, and much trouble resulted 
in consequence. . 

As already mentioned, the 20,000-25,000 unit 
supplied in 1912 to Chicago established a new record 


in the matter of efficiency, but it has proved equally 


satisfactory from the operating standpoint. In fact, 
the test figures above quoted were obtained after 
five vears’ service, and without a preliminary over- 
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50,000-KW. TURBO-ALTERNATOR FOR CHICAGO. 
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(For Description, see Page 283.) 
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haul of the unit, which has not required any impor- 
tant repair during the fourteen years of its working 
life. It has, in fact, secured amongst the station 
staff the flattering and almost affectionate soubriquet 
of “ Old Reliability,” and it was, in part, the remark- 
able reliability of this machine that led to Messrs. 
Parsons receiving an order for part of the equipment 
of the splendid power station which the Common- 
wealth Edison Company have now constructed at 
Crawford Avenue to the designs of Messrs. Sargent 
and Lundy, their consulting engineers. 

Repeating the policy adopted in 1911, it was 
decided that here, as at Fisk-street, one of the units 
installed should be representative of the very best 
European practice. Several months were spent in 
an exhaustive inquiry into this matter, as the result 
of which, Messrs. C. A. Parsons were commissioned 
to construct the 50,000-kw. set, of which, through 
the courtesy of the builders, we are able to give in | 
this issue detailed particulars. The thermal effi- | 
ciency of this remarkable plant, reckoned from fuel 
to electricity, is very distinctly better than that 
of a modern gas engine operated with producer gas, | 
with which Sir Frederick Bramwell, on the occasion 
cited above, predicted that it would be impossible 
for a steam-operated prime mover to compete. 

Preliminary studies for the new plant were 
commenced by Messrs. Parsons in 1922, and 
thoroughly discussed with Messrs. Sargent and 
Lundy, of Chicago, the consulting engineers to the 
Commonwealth Edison Company, and with 
Messrs. Merz and McLellan, who were commissioned 
to act as the company’s consulting engineers in 
England ; and on April 10, 1923, a definite contract 
for the plant was signed, by which Messrs. Parsons 
undertook to provide a turbine generating 50,000 kw. 








| 29} in., 


at its most economical rating, and which will 
undoubtedly show, when the tests are completed, 
an overall thermal efficiency approaching, and 
possibly exceeding, 30 per cent. 

The working pressure of the boilers at the Craw- 
ford Avenue power station is 600 Ib. per square 
inch, and the builders’ estimates are based on 
steam being supplied to the stop valve at a pressure 
of 550 lb. per square inch (gauge) and at a tempera- 
ture of §750 deg. C. The vacuum postulated is 
which can be easily attained during the 
winter months at Chicago, since at that time of the 
year the condensing water drawn from Lake 
Michigan has a temperature of only 35 deg. F. 

Reckoned in the ordinary way the heat available 
between the stop-valve and the condenser would be 
about 528 B.Th.U., but as a very high thermal 
efficiency was aimed at, the builders decided to 
embody in the new plant two principles which 
have long been recognised as conducive to thermal 
efficiency but which have hitherto been but little 
employed in practice. 

The nature of our materials of construction fixes 
a limit to the temperature oi the steam supply, and 
some 20 years or more ago, Mr. Ferranti suggested 
that it would accordingly be advantageous to 
withdraw the whole of the steam from a turbine 
atter a certain stage of the expansion had been 
reached, and to pass it through a heater in which it 
would again be raised to about its initial tempera- 
ture. With the relatively low pressures ruling at 
the date of Mr. Ferranti’s suggestion there were 
financial difficulties in the exploitation of this idea. 
The volume of low pressure steam is so great that 
the reheating plant and connecting pipes would 


pressure of 550 lb., however, a good deal of work ° 
can be extracted from the steam before its volume 
becomes inconveniently great, and in the case of 
the Chicago plant, Messrs. Parsons have arranged 
for the steam to be withdrawn for reheating at a 
pressure of 100 lb. per square inch (gauge) and at a 
temperature of about 425 deg. C. This steam will 
be passed through a reheater and returned to the 
turbine at a temperature of 700 deg. F. 

To increase still further the thermal efficiency of 
the set, Messrs. Parsons have also arranged for the 
progressive heating of the feed by steam bled from 
different stages ot the turbine. This procedure 
necessarily involves a large increase in the steam rate 
of the turbine per kilowatt hour, but on the balance 
there is a very substantial gain in the actual thermal 
efficiency. Indeed, as is well known, it is theoretically 
possible by this procedure to transform the Rankine 
cycle into one having the same efficiency as the 
Carnot cycle, which represents, of course, the very 
maximum which could be realised even with 
ideally perfect machinery. 

In the present instance the introduction of this 
system of progressive feed heating had special advan- 
tages since the hot well temperature in the winter 
months will be only about 70 deg. F. By means of 
steam bled from the turbine at three different 
points this temperature will be raised to 315 deg. F. 
before the condensate is delivered to the feed pumps. 
A very considerable fraction of the total steam will 
be bled from the turbine for this purpose. At full 
load the total steam entering the turbine will be 
about 420,000 lb. per hour. When withdrawn 
in order to be reheated, as described above, 
45,500 lb: will be diverted for feed heating purposes, 
so that only 374,500 Ib. will be returned to the 
turbine. Of this total another 22,000 lb. per hour 
will be bled off to the feed heater at a pressure of 
about 20 Ib. per square inch absolute. and another 
25,000 lb. at a pressure of 5 1b. absolute. There will 
thus be three feed heaters arranged in series. 
The condensate will have a temperature of 65 deg. 
to 80 deg., according to the season of the year. In 
the low pressure heater this will be raised to 150 
deg. F., the intermediate feed heater will increase 
this to 215 deg., and from the final stage the feed 
will be delivered to the feed pumps at 315 deg. F. 
as already stated above. 

The adoption of this system of progressive feed 
heating has an incidental advantage in that it 
reduces the volume of the steam entering the con- 
denser to about 1} of what it otherwise would be. 
Even so, the volume to be disposed of is enormous. 
With a vacuum of 29} in. it will amount to about 
72,000 cubic feet per second, and, as will be explained 
later, a novel and ingenious arrangement has been 
adopted to meet the difficulties always inherent in 
the combination of a large output, a high efficiency, 
and an extreme of vacuum. 

To facilitate easy reference we tabulate below the 
makers estimates as to the performance of the 
plant under norma] working conditions. 


H.P. alternator output 16,000 kw. 
1.P. alternator output 29,000 kw. 
L.P. alternator output 6,000 kw. 


Estimated steam consump- 


8-38 lbs. per kw.-hour. 


tion eee eee eee 
Estimated heat consump- 10,265 B.Th.U. per kw.- 
tion sie oe aie hour, 
Total steam quantity 420,000 lb. per hour, ap- 
proximate. 


Feed heating by bled steam 
from 46 aad das 
Drain heater, feed tempera- 
‘ture raised from... apes 
L-P. heater at 5 lb. absolute 
(162 deg. F. saturation 
temperature) 
Feed raised from rer 
T.P. heater at 20 lb. absolute 
(228 deg. F. saturation 
temperature)... «+ 22,000 lb. per hour. 
Feed raised from ... 150 deg. F. to 215 deg. F. 
H.P. heater at H.P. turbine 
exhaust (338 deg. F. 
saturation temperature) 45,500 lb. per hour. 
Feed raised from .. 215 deg. F. to 315 deg. F. 


As tabulated above the aggregate output of the 
three element of the set is 51,000 kw., but at certain 
times of the year the vacuum in the condenser falls 
off owing to the high temperature of the circulating 
water, and this will lead to a corresponding reduc- 
tion in the output. 


65 deg. F., to 315 deg. F. 
65 deg. F. to 80 deg. F. 


25,000 lbs. per hour. 
80 deg. F. to 150 deg. F. 





have been very bulky and costly. With an initial 


A word of caution may perhaps be added for the 
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benefit of those who have not made a study of 
progressive feed heating. The adoption of this 
system saves fuel but increases the steam rate, and 
were the plant under discussion operated in the 
usual way, the steam rate would probably be 
rather less than 7 lb. per kw.-hour as measured 
at the switchboard. 

The general arrangement of the set is shown 
diagrammatically in Fig. 1 on page 283. 

It consists of a high-pressure turbine running at 
1,800 r.p.m., coupled to a 16,000-kw. alternator, 
and on a parallel line of an I.P. and an L.P. turbine, 
driving generators with an aggregate output of 
35,000 kw. In the H.P. turbine the steam is 
expanded from the stop-valve pressure of 550 Ib. 
per square inch gauge down to 100 Ib. above the 
atmosphere. A branch on the exhaust end of the 
turbine leads to the third stage feed heater, as 
indicated in the diagram, but the bulk of the steam 
exhausted is conveyed by the piping shown to 
the reheater, which is situated in the boiler-house. 
By means of the valves shown this reheater can 
be cut out of action, anc the steam passed directly 
to the L.P. turbine, or, on an emergency, exhausted 
to the atmosphere. 

In the reheater the temperature of the steam is 
raised to 700 deg. F., and the steam is then passed 
t> the J.P. turbine. Owing to pipe friction, the 
steam loses about 10 Ib. of pressure in passing 
through the reheater and connecting pipes, and the 
initial pressure of the supply to the I.P. turbine is 
therefore about 105 lb. absolute. This I.P. turbine 
runs at 1,800 r.p.m., and is coupled directly to a 
29,090-kw. alternator, as indicated. In its passage 
through this turbine, the pressure falls to about 2 Ib. 
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to the L.P. turbine. The problem of effecting this 
transfer was not a simple one, but has been very 
ingeniously solved. The connecting pipe between 
the two turbines takes the form of a double-walled 
cone. The steam is passed through the annulus 
between the two walls, as is perhaps best shown in 
Fig. 12, Plate XXV. In this annulus a certain 
diffuser action occurs, so that there is no sensible 
drop of pressure between the two turbines. As 
indicated in Fig. 1, the L.P. turbine lines up with 
the I.P. turbine, but it is nevertheless an entirely 
independent unit, running at 720 r.p.m., and driving 
its own generator, which is rated at 6,000 kw. 

This novel and ingenious arrangement has been 
adopted in order to avoid the large “‘ throwaway ” 





per square inch (absolute), and it is then passed on 








to the condenser, which, owing to the very high 
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vacuum specified, would have been inevitable 
had the ordinary tandem arrangement been adopted 
in which the two turbines are coupled together and 
run at the same speed. 

If a small loss by “throwaway” be the 
desideratum aimed at, then the diameter of the 
L.P. end of a turbine ought to be the same, whether 
the speed of rotation be low or high, since the 
volume of steam to be guided into the condenser 
depends almost wholly on the output and not at 
all on the turbine speed. On the other hand. 
the cost and weight of a turbine increase very 
rapidly as the speed of rotation is diminished. 
and hence there has been a steady tendency to 
adopt the highest speeds consistent with the safety 
of the rotor against centrifugal stresses. The Jatter 
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consideration fixes a very definite limit to the 
diameter of the L.P. end, consistent with a given 
speed of rotation, and as a consequence some 
modern turbines have had a very restricted steam 
way at the exhaust end, so that the steam enters 
the port leading to the condenser with a large 
kinetic energy, which is wholly wasted. 

By the device of running the L.P. turbine at 
only two-fifths of the speed of the H.P. and I.P. 
sections, the conflicting desiderata of economy 
in weight and low exhaust losses have been recon- 
ciled. The blade tip speed at the last stage of the 
EP. turbine is in this case only 626 ft. per second. 

As indicated in Fig. 1, the exhaust from the L.P. 
turbine is directed into two condensers of somewhat 
special type, the tubes being arranged vertically. 
The total cooling surface provided is 56,000 sq. ft. 
The striking dimensions of the exhaust end of the 
L.P. turbine and of the branches to the condensers 
will perhaps be most adequately realised by a 
reference to Fig. 47, above, and Fig. 54, on 
Plate XXX, which are reproduced from photo- 
graphs taken in the builder’s works. 








Fie. 47. Exuaust ANNULUS FROM L.P. TURBINE. 


A longitudinal section through the H.P. turbine 
is represented in Fig. 2, Plate XXIV. As there 
shown, the rotor is asolid steel forging, 2 ft. 3} in. in 
diameter, at group No. 1, and 3 ft. 1} in. in diameter 
at the exhaust end. It is 14 ft. 3 in. long, between 
centres of bearings, and the latter are 13 in. in 
diameter by 15 in. long. As will be seen, a 4-in. 
hole has been bored from end to end of the rotor. 
This procedure, which has now become common 
practice, affords an excellent example of the dis- 
agreement so frequently found between the teach- 
ings of the mathematical theory of elasticity and 
those of experience. 

The boring of a large forging is costly, and the 
mathematician has shown that the act may double 
the stress on the metal. Large forgings, however, are 
not always sound and the only practicable method 
of detecting, with some certainty, this dangerous 
condition consists in piercing the forging and 
making a careful examination of the bore. Stresses, 
no doubt, are increased by the procedure in question, 
but we are well assured that, owing to the plasticity 





of our materials, the factor of safety is very much less 





affected than the mathematician is apt to assume, 
and in any case it is always more easy to provide 
against a known danger than against the problema- 
tical ones arising from the possibility of defective 
metal, 

In view of the high temperature and pressure 
of the steam supply, special precautions have 
been taken to avoid distortion of the turbine by 
expansion strains. To this end the steam chest is 
mounted on an independent foundation, and is 
connected to the steam belt by four U-shaped pipes 
of considerable length and only 8 in. in diameter. 
These enter the turbine from below as shown at 
aa, Fig. 2. 

At the top of the main steam belt is a bye-pass 
valve b, 14 in. in diameter, which is fitted for hand 
operation only, its function being to enable the 
turbine to take its full rated load even should the 
vacuum fall to 28} in. 

The casing consists of two steel castings bolted 
together along a horizcntal joint. These were 
obtained from the Darlington Forge Company, 
Limited. Each casting was annealed twice at the 
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foundry at the full annealing temperature. After 
rough boring at Heaton Works they were gas 
heated to 750 deg. F. for 24 hours before final 
boring. When assembled the casing was tested 
under hydraulic pressure, 50 per cent. higher 
than that to which it will be subjected in 
service; It is of very symmetrical form, and 
as an additional precaution against distortion 
from unequal heating the steam lesking pas‘ 
the dummies is led away by independent pipes 
and not through passages formed in the cas- 
ing castings. This plan has, of course, long been 
standard practice. The high-pressure dummy has 
15 constrictions, and the low-pressure dummy 11. 
These are in all 36 rows of moving blades, ranging 
in height from 2} in. to 3} in. The material used 
is mild steel and the blades are formed by an 
ingenious rolling process—devised by Messrs. 
Parsons—by which the blades are rolled integral 
with their spacers. By this process the metal is 
most thoroughly worked. Micrographs taken of 
the structure from sections of finished blades 
show a very satisfactory structure, and the tests 
made prove it to have excellent mechanical] pro- 
perties. The process it may be added is applicable 
to the stainless steels, as well as to the mild steel 
adopted for the Chicago turbines. The blades are 
fitted into serrated grooves and are constructed on 
the “‘end-tightening ” system, by which the fine 
clearances are not radial but axial, as they are in an 
ordinary dummy and like the latter, are adjustable. 
This system has many advantages from the stand- 
point of mechanics. The radial clearances can be 
large, the smallest in the case of the turbine under 
discussion is }-in., and the blading can be allowed to 
wear its own axial clearance, which is thus auto- 
matically reduced to the minimum possible. 

An enlarged section through the high-pressure end 
bearing and thrust block is reproduced in Fig. 7. 
Both thrust block and bearing are mounted in a 
cylindrical sleeve which slides in a guide bored in 
the pedestal. The sleeve can be adjusted by the 
bolts and the hand-wheel shown dotted in Fig. 7, 
and in its correct relative position in the end view 
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of the turbine reproduced in Fig. 11. On 


starting up the turbine from the cold, a certain 
amount of differential expansion occurs between 
the turbine shaft and its casing, and for this reason 
the thrust block, when closing down after a run on 
load, is eased off so that when the machine is 
restarted one more from the cold, there will be no 
possibility of accidental contact taking place. No 
attempt is made to reduce the axial clearances 
until the turbine is well under way, and thoroughly 
warmed up. When this condition is attained, the 
adjusting gear is brought into operation and the 
clearances reduced to the practical mirimum. 
These adjustments are made only in starting and 
stopping. It is not necessary to vary the clearances, 
in accordance with the load on the turbine. The 
glands are of the standard Parsons pattern. They 
have to pack against a pressure of 100 lb. above 
the atmospheric. The leakage is trapped by the 
outer of the two pockets shown, and led away to 
the low pressure feed-heater. The inner and larger 
pocket is used at light loads, when the pressure 
inside the gland may fall below the atmosphere. 
In such circumstances, the pocket is coupled up to 
an independent supply of steam, and the pressure 
adjusted, so as to prevent the possibility of an 
in-leakage of air. The thrust block is of the 
Michell pattern, and as will be seen is provided with 
spherical seatings which ensure the even distribution 
of the load between the pads. Shims are provided 
at each end which limit the range through which 
the block can be adjusted. 

At the low-pressure end of the turbine there is a 
plain bearing. Both journals are ground true to 
form and are finished by polishing. The usual oil 
throwers are provided at both pedestals to prevent 
the escape of oil, whilst the shaft is fitted with a 
similar thrower outside each gland to prevent 
condensed steam escaping along the shaft to the 
journals. A flexible coupling of the standard 
Parsons type transmits the drive to the alternator. 
An emergency governor of the usual sliding bolt 
type is fitted into the end of the turbine spindle. 





A section through it is represented in Fig. 3. The 

















Fig. 49. 
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bolt A is unbalanced against centrifugal f »rces, but is 
held down on to a seating by the spring C. Should 
the speed rise to 10 per cent. above the normal, the 
centrifugal force overcomes the resistance of the 
spring and the end of the bolt protrudes from the 
guard ring D and depresses the lever E. By this 
action a train of levers and links is moved, releasing 
a catch by which the emergency governor valve is 
held open, and the latter is then closed under the 
impulse of a powerful spring. At the same time 
other link work opens a bye-pass for the oil in the 
pressure pipe supplying various relays on the 
other steam valves of the set, which accordingly 
all close automatically. There is, moreover, a 
cable connection between the lever system of the 
high-pressure emergency governor and the emer- 
gency governors of the intermediate-pressure and 
low-pressure turbines. Should either of these act 
the high-pressure lever train is also operated, 
which, as just explained, leads to the closing of all 
the steam valves on the system. The rod which is 
operated by the cable connection is shown on the 
left of Fig. 3. and can also be seen in Firs, 10 and 11. 
If the cable slackens, this rod is forced up by the 
spring shown in Fig. 3 and, lifting the outer end of 
the lever H, releases the bell crank F. 

The pedal by which the lever train can be reset 
and the turbine restarted can be seen on the left of 
Fig. 10. A floating lever, best seen in Fig. 10, makes 
it possible for the cable operated release gear to 
open the bye-pass on the oil main independently of 
the position of the high-pressure emergency governor. 
This oil cut-out valve is shown in position near the 
bottom right hand corner of Fig. 11, and a section 
through it is given in Fig. 8. 

Sections through the high-pressure valve chest 
are reproduced in Figs. 5 and 6. The valve boxes 
are steel castings which have been tested by 
hydraulic pressure to 1,000 Ib. per square inch and 
were hammered with a 2 lb. hammer whi'st under 
test. The valve on the left of Fig. 5 is the 
“runaway” valve, which is of the plain mush- 
room type. It is held open against the spring 
shown, by a catch which, as above explained, is 
released when the emergency governor comes into 
action. The lever train by which the catch is 
tripped can be seen in Fig. 10. To open the valve 
steam is admitted above the 10}-in. piston shown 
at the top of the valve spindle. This forces the 
valve down against the resistance of the spring, and 
it is then locked in this position by the catch already 
referred to. When this is accomplished steam is 
shut off from the relay. From the “runaway” 
valve the steam passes through a strainer to the 
main governor valve. This is a double beat valve, 
16 in. in diameter, the position of which is controlled 
by an oil-operated relay, as is perhaps best seen in 
Fig. 6. The main governor is mounted on @ 
horizontal shaft, worm driven from the turbine 
spindle as shown in Fig. 4. The speed can be regu- 
lated by means of an electric motor operated from 
the switchboard. This, by the gear shown, alters 
the tension of the external spring, to be seen 
at c, Fig. 11, which is coupled to a lever mounted 
on the spindle through which the motion of the 
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governor sleeve is transmitted to the lever train. 
The last element of this is coupled to the upper 
floating lever shown in Figs. 6 and 11, and transmits 
the motion to the valve which controls the supply of 
the pressure oil to the underside of the relay piston. 
Should the speed of the turbine rise above normal 
the left-hand end of the floating lever is depressed. 
The piston valve then moves down, allowing oil to 
escape from beneath the relay piston, and the 
steam supply is throttled by the corresponding 
motion of the governor valve. The right-hand end 
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of the floating lever follows the motion of the relay 
piston valve, and restores the relay valve to its 
original position, when the turbine speed has 
again become steady. The pressure used on the 
relay system is 50 to 60 Ib. per square inch, and is 
supplied by a special pump of the geared type 
arranged above the lubricating oil pump, as shown in 
Fig. 4. The drive for both pumps is derived by 
bevel gearing from the governor spindle, as shown in 
Fig. 4. 

In addition to the governing gear already 
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described provision is made by which the runaway 
valves can be tripped should the pressure in the 
H.P. exhaust rise to a dangerous limit. This consists 
of a spring loaded piston which is shown in section 
in Fig. 9, and in position at z, Figs. 10 and 11, 
Plate XXIV. Theunderside of the piston is coupled 
up to the H.P. exhaust. Should the pressure here 
rise to 140 lb. per square inch, the piston is pushed 
up, and carrying with it the end of the floating 
lever shown in Fig. 10, operates the “runaway ” 
gear, thus shutting down the set. 

A longitudinal section through the intermediate- 
pressure and low-pressure turbines is reproduced in 
Fig. 12, Plate XXV. Figs. 24 and 23, Plate 
XXVI. show these turbines as erected in the 
builders shops. The intermediate rotor is 16 ft. 
long between centres of bearings, and the drum is 
49} in. in diameter at the first group of blades, 
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which have an effective length of 3} in. This 
turbine has 23 rows of moving blades, which range 
in height from 3} in. at the inlet to 18 in. at the 
exhaust end. The mean diameter here is 6 ft. 6in., 
and the tip speed is 760 ft. per second. 

As in the high-pressure turbine the whole of the 
blading is of mild steel rolled to shape. The 
form of the roots of the blades and the method 
of securing them in place is such that only the 
last 2 or 3 blades of a row require to be inserted 
through “lights” cut in the sides of the blade 
grooves. With these exceptions a blade can be 
entered anywhere, and a slight twist then brings 
the notches milled in its root into engagement with 
the serrations turned in the sides of the groove. 
Th» process of blading the casing of the I.P. is 
represented in Fig. 34, Plate XXVIII, whilst Fig. 33 
shows the rotor of this turbine, during tne operation. 
of cutting the “ lights ’’ which as explained above are 
required for the insertion of the last 2 or 3 blades of 
each row. The end-tightening system has been 
adopted for all the shorter blades, but the ordinary 
arrangement is used for the longer ones, and 
the tip clearance for these has a minimum value 
of one-eighth of an inch. The blades in this 
section of the turbine are mounted on forged steel 
discs, which all abut on each other, and are thus free 
from the risk of disc vibration, which has been 
responsible for so many serious accidents with the 
impulse type of turbine. 

The two branches through which steam is bled for 
feed heating are shown at A and j (Fig. 12). At the 
former the steam pressure is 20 lb. per square inch, 
whilst at j it is about 5b. per square inch. The 
exhaust pressure in normal working is about 2 Ib. 
per square inch, 

The steam delivered from the last row of blades 
of the intermediate -pressure turbine is transferred, 
through the double walled cone shown, to the low- 
pressure turbine. The steamway thus provided 
is nearly straight and increases in area slowly from 
inlet to discharge. It acts, therefore, as a diffuser 
and there is thus no sensible loss of pressure between 
its twoends. This conical connection is constructed 
in halves, one of which, as received from the foundry, 
is represented in Fig. 55, Plate XXX. The upper 
half can be lifted clear without disturbing the lower, 
should the necessity arise, but access to the ’tween 
bearings can be obtained through the large man- 
hole, 27 in. in diameter, which will be seen in the 
lower half-cone on reference to Fig. 12, Plate X XV. 
The manholes in the upper half-cone are, it will be 
seen, arranged in a different way, and are normally 
closed by the covers shown. Additional manholes 
along the line of the horizontal joint are also pro- 
vided, as is clearly shown in Fig. 24, Plate XXVI. 

The L.P. turbine which, as already mentioned, 
runs at only 729 r.p.m., has five rows of moving 
blades through which the steam is expanded from 
2 lb. absolute to the 29} in. vacuum. The total 
length of each blade in the last revolving row is 
more than 42 in., it is 33 in. wide, and the mean 
diameter is 160 in. These blades weigh 21 lb. 
apiece, and they were carefully balanced before 
mounting in the machine represented in Fig. 57, 
on this page. A view of this L.P. rotor complete is 
reproduced in Fig. 35, Plate XXVIII, whilst Fig. 36 
shows the top half o* the casing. The largest disc 
in this L.P. turbine has a maximum diameter of 
12 ft. 6 in. 

The gear for adjusting the position of the I.P. 
. rotor is provided at its high-pressure end. Enlarged 
views of this detail are reproduced in Figs. 16 and 
17, page 284. In principle it is the same as that 
fitted to the H.P. turbine which has already been 
described. Owing, however, to the fact that the 
generator shaft is coupled to this end of the turbine, 
another method has been adopted for turning the 
adjusting screws. This is, in essentials, the same as 
used to be employed in the Navy for tightening up 
gland screws. The nuts in this arrangement took 
the form of pinions, and were all rotated simul- 
taneously by a wheel with which all were in gear. 
In the present instance a worm gears with one of 
the pinions as shown in Fig. 17, and as all are in 
gear with the same central wheel, the whole can be 
turned simultaneously by means of the handwheel 
shown on the right. 


The pinion shown in Fig. 16 gears with 
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another on the parallel shaft, as indicated by the 
dotted lines and in Fig. 17. A worm on this counter- 
shaft drives the governor shaft, a view of which is 
given in Fig. 18. It will be noted that in this case 
there are two governors on the same spindle. 
Of these the smaller controls a valve on a 3-in. 
pipe by which high-pressure steam can be led 
directly into the I.P. turbine, when it is being 
started up. This valve is closed down in the normal 
running of the unit and the speed is then controlled 
by the main governor. Both this and the auxiliary 
governor are provided with speed-regulating springs 
similar to that used with the H.P. governor, which 
has already been described. These springs are 
shown at 1 and m, Fig. 19, and also in Figs. 
22 and 23 which represent opposite views of this 
part of the turbine. 

An end view of the I.P. turbine is reproduced in 
Fig. 21 and shows the position of the main valve 
and the lever train by which it is controlled. The 
link work for the auxiliary valve is shown in 
Fig. 20, which reproduces part of the left hand 
portion of Fig. 21. 

A section through the main valve chest is repro- 
duced in Fig. 41, page 285, which is, it will be seen, 
identical in design with that supplied for the H.P. 
turbine, but is 28 in. in diameter. The valve fur- 
nishing the supply of high-pressure steam for start- 
ing purposes is shown on the right and is provided 
with a strainer. This is not needed for the main 
valve, as in normal working all the steam entering 
this has already passed through the H.P. strainer. 
The operation of the relays is exactly the same as 
in the case of the valves for the H.P. turbine. 

The emergency governors for the I.P. and L.P. 
turbines are fitted into the opposing ends of the two 
shafts. A diagrammatic view, showing the two 
tripping levers Land K and the linkwork associated 
with them, is reproduced in Fig. 42, page 286. Both 
tripping levers are fixed on the same spindle. The 
tripping of either, pulls over the link M and releases 
the trigger N. The whole train of levers is then 
set in motion by the helical spring shown on the left, 
releasing the tension on the cable, the other end ot 
which is coupled to the ‘“‘runaway” gear of the 
H.P. turbine. This gear is thus brought into action 
and the steam valves closed as has been explained 
above. A hand tripping lever, and a pedal for reset- 
ting the mechanism, are provided as shown. Indi- 
cators are also fitted to show which of the emer- 
gency governors may have come into action. 





In order to prevent the possibility of the IP. 
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and L.P. turbines being run up to a dangerous 
speed by the steam in the reheater, should the 
28-in. governor valve jam, provision is made by 
which the tripping of the emergency governor 
opens two 24-in. vacuum breaking valves, one of 
which is fitted directly on each of the exhaust 
branches, as shown in the diagrammatic view, 
Fig. 43. 

A section through one of these valves is repre- 
sented in Fig. 45. Each is connected to a pilot 
valve, which admits air below the piston ¢ 
should the emergency governor come into action. 
This piston is of larger diameter than the 
valve, and hence the latter is pushed up, and 
the condenser opened to atmosphere. The con- 
nection between the vacuum breaking valve and 
the pilot valve which controls it is indicated 
diagrammatically in Fig. 43, and is also shown 
in Fig. 45, where it will be seen that there 
is a 3-in. branch pipe D, which couples up the 
connecting pipe with the condenser, thus maintain- 
ing a vacuum below the piston C. A section 
through the pilot valve is reproduced in Fig. 44. 
As there indicated, this valve is water-sealed, as 
is also the main valve, which, as shown in Fig. 45, 
is formed with a bell lip, the edge of which dips into 
the water trough shown. The position of the pilot 
valve as mounted in place is shown in the left- 
hand bottom corner of Fig. 42. 

A schematic diagram showing the inter-connection 
and operation of the whole of the controlling gear 
is reproduced in Fig. 4%. 

Very careful consideration has been given to 
ensuring certain and efficient lubrication. Oil is 
supplied to the bearings by two gear pumps, one 
driven from the H.P. governor shaft, as already 
described, and the other in similar fashion from the 
I.P. governor shaft. Each pump has its own oil 
tank, but the two are interconnected by a large 
pipe, so as to form a single reservoir system, and 
both deliver through coolers into a common system 
of mains. Each pump can deliver 55 cub. ft. per 
minute, the pressure at the pumps being 10 |b. 
to 15 lb. per square inch, whilst at the bearings, it 
is 2 lb. or 3 lb. The oil pipe arrangement for the 
H.P. turbine is illustrated in Figs. 48 to 5 , page 288, 
and that for the I.P. and L.P. turbines in Figs. 51 
to 53, page 289. The arrows show the direction of 
the flow of the oil and the position of the com- 
ponents and their connections, is clearly indicated. 
The oil used is a pure mineral oil, free from acid, 
and having at 140 deg. F. a viscosity of not less 
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ALTERNATOR ROTOR BEING HEATED ELECTRICALLY. 
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than 120 seconds, as measured by the Boverton- | and filters are provided through which about one- 
Redwood viscometer. To prevent the accumula- | sixth of the total oil is passed per 24 hours. 

tion of sludge, the oil tanks are made with a sloping} An auxiliary oil pump of the centrifugal type, 
bottom, as indicated at x, Fig. 2, Plate XXIV,|driven by a small turbine, is also fitted. This 
which shows the H.P. oil tank in position at the|is arranged to start up automatically should the 
steam end of the turbine. Into this sloping bottom | pressure in the pipe line fall below 5 lb. per square 
the sludge gravitates, and can be drained off as|inch. The regulator which controls this pump, 
Tequired. Strainers are fitted inside each tank,) starting and stopping it automatically as the need 
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arises, was supplied by the Crosby Valve and 
Engineering Co., Ltd., of Foley Street, London, 
W.1. A detailed description of this appliance will 
be found on page 219 of our issue of February 12 
last. The auxiliary pump can supply 110 cub. ft. 
of oil. per minute when revolving at 1,400 r.p.mg 
The total oil cooling surface provided is 1,700 sq. ft., 
and some 750 gallons of cooling water are required 
per minute. This is sufficient to keep the oil 
temperature below 120°deg. F. 

A view of one of the twin condensers is reproduced 
in Fig. 56 on Plate XXX, and the branch connect- 
ing it to the L.P. turbine in Fig. 54 on the same 
Plate. This shows the elaborate system of strutting 
by which it is secured against collapse. 

Drawings showing details of the condenser design 
are reproduced in Figs. 26 to 32 on Plate XXVII. 
The cooling surface provided in each of the twin 
condenser is 28,000 sq. ft., and each requires 35,000 
gallons (American) of circulating water per minute. 
The water is admitted at the top of the condenser, 
to which it is led by a “riser” 4 ft. in diameter. 
There are two passes, but the partition in the 
upper water box takes the form of the flushing 
gates shown in Fig. 27. When these are opened 
the tubes are short circuited, and the water rushes 
across the top of the tubes directly to the outlet 
branch. The tubes are 18 ft. long by 1 in. in ex- 
ternal diameter, and there are 5,940 of them in each 
condenser. The condenser shell is of steel plate, 
bent to a radius of 7 ft. 6 in. The water-boxes 
are of cast iron, and the upper one is provided with 
the cleaning doors shown in Fig. 32. The tube 
plates (see Fig. 30) are of rolled brass, the upper 
being 1} in. thick and the lower 14 in. thick. Sagging 
plates (Fig. 29) of rolled brass are provided to keep 
the tubes in line. On each side of the condenser 
an air space, into which the air extraction pipes lead, 
is partitioned off by baffles of 4 -in. galvanised steel 
(see Fig. 28). The steam inlet to each condenser 
measures 17 ft. 84 in. by 12 ft. 6 in. 

With the exception of the discs used in the LP. 
and L.P. turbines, the whole of material used has 
been of British manufacture. Messrs. W. Somers. 
Limited, of Birmingham, supplied the forgings for 
the H.P. and L.P. rotors. The Darlington Forge 
Company provided the cast steel ‘‘ centres”’ for the 
H.P. and I.P. turbine casings and for the I.P. and 
L.P. alternator rotors, whilst the rotor for the L.P. 
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turbine and the rotor for the H.P. alternator were 
obtained from Messrs. Armstrong, Whitworth and 
Co., Manchester. Messrs. Dinning and Cooke, 
Limited, of Newcastle-on-Tyne supplied the castings 
for the L.P. casing. Those for the H.P. and LP. 
stators were obtained from Messrs, Palmers, Limited, 
of Hebburn, and that for the L.P. stator came 
from the foundry of Messrs. Carrick and Wardale 
of Gateshead. The condenser casings or shells were 
provided by Messrs. Hawthorn Leslie and Co., 
Limited, Newcastle. The steel discs used in the I.P. 
and L.P. turbines were obtained from Skoda, Pilsen. 

The modern type of high-speed alternator in 
which the revolving field has the conductors buried 
in slots machined in a cylindrical rotor originated 
with the late Dr. C. E. L. Brown. The mechanical 
merits of this form of construction have led to its 
universal adoption, but at the outset the efficiency 
attained was somewhat less than that of existing 
low-speed generators, Steady improvement has, 
however. been made on the original design, and 
in this Messrs. Parsons have played a leading part, 
with the result that they are now able to guarantee 
efficiencies of 97 per cent. (at 0-8 power factor) 
with alternators developing 20,000 kw. at 3,000 
r.p.m, 

This is a very remarkable achievement, and has, 
moreover, been accompanied by almost equally 
striking progress in the matter of reliability in 
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working. The 20,000-25,000 kw. alternator supplied 
to Chicago in 1912 was the largest unit built up to 
that date, and formed the model on which subsequent 
designs were based. This machine has worked 
under what in this country would be considered 
very exceptional conditions. The power factor is 
no less than 98 per cent., and, indeed, in America 
it is customary to design alternators for at worst a 
power factor of 0°9 in place of the 0°8 which is 
standard here. ‘Old Reliability,”’ which, as already 
mentioned, is the name acquired by the 1912 
machine, ran at 750 r.p.m., but the alternator 
coupled to the intermediate-pressure turbine of 
the new plant yields 29,000 kw., the speed of 
rotation being 1,800 r.p.m. Larger alternators are, 
it is true, in existence, but they run generally 
at lower speeds and present much less difficult 
problems to the designer. 

A longitudinal section through the high-pressure 
alternator is shown in Fig. 2, Plate XXIV, and 
corresponding views of the intermediate-pressure 
and low-pressure generators will be found on 
Plate XXV, Figs.12 and 13. The high-pressure and 
intermediate-pressure machines have the same 
cross section, as shown in Fig. 14, Plate XXV, but 
the intermediate-pressure rotor is longer. A cross- 
section through the low-pressure alternator is 
given in Fig. 15, Plate XXV. 

All three machines are of the revolving field 
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type, having stators formed of a single casting. 
The maximum of rigidity is thus secured and 
Messrs. Parsons have most successfully dealt with 
the difficulties of erection. These were wound at 
Heaton and shipped complete to Chicago. The 
rotor bodies are solid steel forgings, with the 
windings embedded in radial slots milled out of the 
solid. As in the case of the turbine rotors a 4-in. 
hole was trepanned through each forging in order 
to allow of an inspection of the material in the 
region where unsoundness is most likely to occur. 
In addition to this precaution a careful watch was 
kept on each forging during the whole process of 
manufacture and machining. 

The exciters, which supply current to the revolving 
fields are multipolar and shunt wound. They are 
fitted with interpoles and are driven directly from the 
end of the rotor shafts. They are self-excited and 
have been designed so as to ensure stability at all 
excitation voltages. The magnet yokes are of 
cast-iron with laminated poles, and the windings are 
former wound. The armature conductors are wound 
in semi-closed slots, and efficient ventilation is 
secured by air ducts through the core. The 
commutators are of the V-ring type, and are built 
up from hard-drawn segments of high conductivity 
copper, and are insulated by micanite. The brushes 
are of carbon. 

The 29,C00 kw.-alternator is designed to give 1,743 
amperes at 12,000 to 12,600 volts, at 0-8 power fac- 
tor. The frequency is 60 cycles per second, and the 
speed is 1,800 r.p.m. As already mentioned, a 
longitudinal section of this machine is reproduced in 
Fig. 13, Plate XXV, whilst Fig. 14 shows an end view 
partly in cross section. The weight of this stator 
fully wound is 75-4 tons, and of the whole alternator 
complete with bed plate and bearings, 145 tons. A 
view of the L.P. stator casting mounted on the mark- 
ing off table is reproduced in Fig. 58, page 291, and 
conveys an excellent idea of its character. Other 
views representing stators in different stages of 
progress are reproduced in Figs. 59 and 60. 
and in Fig. 40, Plate XXIX. After boring, 
the core laminations were assembled in the cast- 
ings under very heavy pressure and secured in 
position by brass dove-tailed keys, and by cast- 
iron end plates with steel supporting fingers. The 
conductor slots are of the closed type, and are 
slightly skewed so as to eliminate ripples in the 
wave form of the current generated. 

The core conductors consist of cables laid up 





at the outset to the form of the slot. Each wire 
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is individually insulated and spiralled in a definite 
lay, to eliminate eddy current losses in the cable. 
The cable has no central core, and being laid up to 
form, as stated, it is not subjected to crushing or 
other deformation during any period of its manu- 
facture. By this means the danger of short circuits 
developing between individual strands is eliminated. 

The insulating tubes used for the core conductors 
are mainly composed of mica, the insulation being 
moulded round the conductors so as to form one solid 
bar ready for placing into the slot. It is important 
that this insulation should have flexibility, in order 
to take up the difference in length of the conductor 
due to the unequal expansion of the copper and iron 
core when the machine becomes heated, and also to 
allow for the relative movement between the 
insulating tube and the stator core. This aim has 
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been successfully attained by Messrs. Parsons, 
as the result of prolonged experiment. 

The end windings are of copper strip and are 
wound in two banks (see Figs. 59 and 60, page 291). 
They are rigidly supported by substantial wood 
packings and are very strongly clamped with 
massive brass clamp plates to enable them to 
withstand the shocks which may be caused by 
sudden short circuits or other accidental faults 
in the external network. The end winding strips 
are connected to the core conductors by multiple 
joints of special design, which minimise the loss due 
to eddy currents induced in the joints and provide 
additional cooling surface for dissipating the heat. 
The alternator is star connected, and the terminals 
like the windings, are strongly and rigidly clamped 
to the alternator frame. 


The rotors are solid forgings of high grade steel, 
the specification of which is 35-40 tons per square 
inch ultimate tensile stress, with a yield point of 
173-20 tons per square inch, and an elongation of 
20 per cent. in 2 in. Views of the 29,000 kw. 
alternator rotor are given in Figs. 61 and 62, 
Plate XXXI. The windings are formed of copper 
strip and are mica insulated. The rotor of the 
29,000-kw. machine weighs 36} tons, The 16,000 
kw. alternator is designed for 12,000-12,600 volts, 
960 amps. at 0°8 P.F. 60 cycles, and 1,800 r.p.m. 
The design and construction of this unit is similar 
to that of the 29,000 kw. alternator outlined 
above, but the length is shorter, due to the con- 
siderably lower output. The weight of the H.P. 
stator completely wound, is 40-1 tons, and the 
complete weight of the whole alternator including 
the bedplate, &c., is 88 tons. 

The rotor for the H.P. unit is similar to that for 
the 29,000 kw. set in diameter and construction, 
but is shorter in length. Fig. 61 shows the milling 
of the radial slots in the rotor of the I.P. unit. The 
ventilation slots are also shown very distinctly in 
this illustration. Fig. 63 shows the method of 
pressing the coils into position to ensure that they 
are tight and to make room for the keys which 
secure the windings in place. 

The 6,000-kw. alternator is designed for the 
following conditions: 12,000-12,600 volts, 367 
famperes, 0-75 P.F., 60 cycles, at a speed of 
720 r.p.m. Itis a 10-pole alternator, and is slightly 
different in construction from the larger units. The 
construction however, is on high speed lines, as due 
to the limited space available between the twin 
vertical condensers it was not considered practicable 
to employ low speed alternator construction. 

The stator slots are of the semi-closed type, 
and the conductors and end windings are made up 
of copper bars, there being no separate end connec- 
tions, as in the case of the other two alternators. 
The stator casing is cast a special shape, so as to 
fit in between the twin vertical condensers. 

The rotor is a solid forging and is machined in 
the same manner as the two previously described 
rotors. It is shown in the figures on Plate XXIX. 
Fig. 37 shows the rotor completely wound but 
without the end cap in position. This rotor is 
fitted with a heavy squirrel-cage winding to enable 
the alternator to be started up as an asyn- 
chronous motor should the separate excitation 
supply fail. The normal method of starting up 
will be described later. Another view of the rotor 
complete with its end caps and rings is shown in 
Fig. 38, Plate XX IX. All rotors, both of the turbine 
and of the alternators, are run well below their 
critical speeds. 

The great importance of keeping alternators 
efficiently ventilated is well known. The plan 
adopted by Messrs. Parsons is to introduce the 
cooling air into the stator casting. Compartments 
cast in this, ensure a uniform distribution of the 
flow over the whole length of the alternator, thus 
avoiding the possibility of local ‘‘hot spots.” The 
air is discharged all along the stator and also at the 
ends, in part through the clearance between rotor 
and stator, and in part through the slots provided in 
the stator stampings and in the rotor forging. The 
air from the stator slots passes over the end windings, 
a uniform distribution being ensured by appro- 
priately placed baffles. The machine is enclosed by 
end covers, ofenings in which communicate with 
the ducts which lead back the heated air to the 
cooler and the fan by which the circulation is 
maintained. The system adopted in this plant has 
proved exceedingly satisfactory. As will be seen 
the air is circulated around # closed system. The 
heat collected by the air while passing through 
the alternator is got rid of by passing it through 
a surface air cooler of the gilled-tube construc- 
tion, shown in Fig. 64, Plate XX XI, and in Figs. 65 
to 67 on page 292, which show the lay-out and 
arrangement of the ventilating system and plant 
provided for the 29,000-kw. set. 

A motor-driven fan D is provided, which forces 
the air through the duct A into the alternator 
and thence through the cooler C. On leaving the 
cooler the air is drawn back into the fan through 
the suction branch E, The cooler is built in two 





sections, each being mounted on wheels running 
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on guides grouted into the floor and provided with 
a T-bar at the top, the stalk of which slides 
between the two guiding angle bars fixed to the 
ceiling of the chamber. Doors are provided to 
facilitate inspection and,moreover, to make it possi- 
ble to circulate free air through the alternator in 
case of emergency. 

As already stated, each alternator has its own 
direct-coupled exciter, and regulation is carried out 
by suitably designed exciter field rheostats, but in 
starting up the set excitation is provided from an 
external source. Before starting, the alternators 
are tied together through the unit bus-bars. The 
alternators are then excited from the external 
source and steam admitted to the turbines. Imme- 
diately the high-pressure line commences to rotate, 
a circulating current flows through the alternators 
and the three units start up in synchronism, the 
high-pressure alternator driving the intermediate- 
pressure and low-pressure alternators as syn- 
chronous motors. The complete set is thus brought 
up to speed in phase. The excitation system is 
then changed over to the direct-coupled exciters 
and the whole set paralleled with the main bars 
as a single unit. 

Thermocouples arranged to give direct readings 
of the temperature are embedded at various points 
of the stator windings, whilst provision is made for 
determining the rotor temperature from the resist- 
ance ofits windings. An electrically operated alarm 
is also provided on the air outlet from the alter- 
nators which comes in to operation should the 
temperature of this air exceed 70 deg. C. 

When the designs of the plant were being pre- 
pared for the pattern shop, a 1/12 scale model was 
built in wood in order to facilitate the work and 
prevent any problem of construction being over- 
looked. The model was seen in the maker’s 
pattern shop by H.R.H. The Prince of Wales 
during his visit to the works in July, 1923, and 
attracted such a general interest from visitors that 
it was decided to exhibit it in a more finished state 
at the British Empire Exhibition at Wembley in 
1924. It now reposes in the Science Museum at 
South Kensington, London. 

During the erection of the plant at Heaton 
Works, a kinematograph record was made as far as 
possible. The difficulties were considerable since 
several of the pictures were made in mid-winter, 
and it was impossible to attempt to stage any part 
beforehand or use artificial light. A great many 
of the important operations were conducted during 
the night and were perforce missed altogether. In 
spite of this, the film which was finally pro- 
duced is of great interest and has been exhibited 
privately to several institutions throughout the 
country. 

The pumping plant by which the feed is transferred 
from the condenser and passed through the heaters 
into the boilers was designed and constructed 
by Messrs. G. and J. Weir Limited, of Cathcart. 
It is capable of delivering 50,000 imperial gallons 
per hour, a quantity which is quite comparable 
with the water supply required for a small town, 
whilst the head to be overcome, being 600 lb. per 
square inch is, of course, far in excess of anything 
yet dealt with in water works practice. These large 
deliveries have banished the reciprocating feed 
pump from the super-power station, and centrifugals 
are now the rule. These suffer, however, from the 
drawback that as deliveries increase, the head tends 
to fall off, whilst it is at times of maximum load that 
it is particularly desirable that boiler pressures 
should be fully maintained. 

In order to ensure this, it has been a common 
practice to instal centrifugals which, at low loads, 
generate a pressure much in excess of that in the 
boilers and efficiency is saczificed in consequence. 
Where progressive feed heating is adopted, as it is 
at Chicago, matters are aggravated, since the 
heaters add largely to the friction head on the 
pumps, and this head varies nearly in proportion 
to the square of the quantities passed. 

Messrs. Weir have accordingly introduced the 
plan of providing three sets of independent pumps 
which are operated in series. The first in the set 
is a two-stage centrifugal pump, driven by a constant 
speed electric motor. This pump abstracts the 
water from the condenser, and delivers it, at a 
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pressure of from 15 to 20 lb. per sq. in., to a steam 
turbine-driven centrifugal pump, the speed of which 
is automatically regulated by the pressure at the 
boiler check valve. This pump, which is known 
as the “booster pump,” forces the water through 
three heaters and delivers it at a pressure of 150 to 
200 Ib. per square inch to a third centrifugal pump, 
driven by a constant speed electric motor. This 
pump increases the pressure of the feed to that of 
the boilers and delivers it through the high pressure 
heater to the check valves. At high deliveries, the 
pressure at this point tends to fall. This change 
of pressure is employed to operate a relay, which 
increases the steam supply to the turbine driven 
bocster pump, which is accordingly speeded up, 
with the result of raising the pressure at the inlet 
to the third pump of the series. By this arrange- 
ment a nearly constant pressure is maintained at 
the boiler check valve, in spite of wide fluctuations 
in the volume of the feed. The arrangement as 
fitted to the Parsons turbine at the Crawford 
Avenue station, has proved so satisfactory in 
service, that Messrs. Weir have been commissioned 
to extend it to the other units there installed. 

A diagrammatic view showing the path of the 
feed through the pumps and heaters, and the 
relative location of the principal components of the 
plant is reproduced in Fig. 68, on page 293. In this 
the boiler is represented by N, the turbine by O and 
the condenser by P. 











The extraction pump was constructed by Messrs. 
Drysdale and is of their standard ‘‘ Pervac ” type. 
This was described fully in our issue of August 15, 
1924, page 217. It is represented at A in the key 
diagram. The pump has a vertical spindle and two 
impellers. The feed enters the pump at the bottom 
and an air trap is provided, the upper part of which 
is connected to the condenser by a }-in. pipe. 
Through this pipe any gases liberated either in the 
suction pipe or at the eye of the lower impeller 
find their way back into the condenser. A second 
impeller mounted on the same spindle as the lower 
one, receives the water delivered from the latter, 
and raising its pressure to some 15 or 20 Ib. per 
square inch, passing it on to a sealing chamber, 
into which the delivery pipe opens. 

The pump spindle passes up through this chamber, 
and out of it through a gland, which is the only 
gland used. Since the pressure in the sealing chamber 
is always above that of the atmosphere, there is 
no possibility of an in-leakage of air. The use of 
the two impellers in series tends to ensure stability 
in the operation of the pump. 

To meet variations in the feed supply to this 
pump, two automatic float operated valves are 
provided, as indicated in the key diagram at F and 
E, as shown. Of these the valve F is known as the 
supplementary feed valve. Its function is to 
admit water from the feed tank D to the condenser, 
when the boilers are demanding more water than 1s 
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being condensed. The other valve E, on the other 
hand, allows water to flow from the delivery pipe 
system back into the feed tank, D, when the boilers 
require less water than the main condensers are 
supplying for the time being. 

‘A section through the valve F is reproduced in 
Fig. 69, page 293. A spring (not shown in the draw- 
ing) tends to keep the valve fully open, but this 
tendency is counteracted by pressure admitted 
above the piston P. The pressure here is governed 
bv the level of water in a float chamber, of which 
we give details in Figs. 80 to 83, page 296. In this 
chamber there are, it will be seen, two floats at 
different levels (see Fig. 80). The lower one of 
these controls the pressure above the piston, which 
governs the position of the valve F. In normal 
working, the water level in the float chamber is 
such that the lower float is alone effective. The 
upper float is then in its lowest position, and the 
valve E is closed; whilst F is open, and admits 
to the condenser, from the tank D, the water 
which has collected from the various drains. Should 
the water leyel in the float chamber rise, the valve 
E is opened and by-passes the additional water into 
the feed-tank. A section through the valve E is 
reproduced in Fig. 70, page 293. 

Referring to the key-plan, Fig. €8, the air 





ejectors are represented by R. They are of the 











ring type. Should the speed tend to be excessive, 
this ring protrudes, and striking a trigger, releases 
a detent, which holds the steam stop valve open, and 
the latter then closes under the action of the spring 
shown. In normal working, however, the speed of 
the pump is completely controlled by the valve 
shown at A, Fig. 73. The position of this valve 
is regulated by the joint action of the spring shown 
above it, and of pressure admitted above the 
plunger B, the clearance above which is coupled 
up to the main feed-pump discharge. Provision is 
also made for hand regulation by admitting steam 
to additional nozzles by the valves shown in the 
upper left-hand corner of Fig. 74. In normal work- 
ing however, these, having been once adjusted, 
require no further attention. A strainer, represented 
in Fig. 77, is intercalated between the steam main 
and the stop-valve. The pump has a single im- 
peller, which is hydraulically balanced. Monel metal 
has been used for this element, as experience has 
proved that it is remarkably resistant to erosion. 

A non-return valve is fitted on the delivery main, 
and is illustrated in Fig. 76. Should the water 
attempt to surge back through the pump, it carries 
down with it the valve shown, which closes on 
to its cylindrical seat, and stops the flow. All the 
bearings are ring lubricated. 

A longitudinal section through the motor-driven 
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three-stage type, with intercoolers for the first 
and second stages. As indicated in the diagram, 
condensate is passed through one of these inter- 
coolers (that for the second stage), whilst cold water 
is used for the first stage intercooler.- From the 
intercooler of the air ejector, the condensate passes 
via E to a drain cooler H, and thence to the 
L.P. feed heater J. From this it is withdrawn 
by the booster pump B, and passed through the 
“booster heater” K, into which is led the ex- 
haust steam from the booster turbine, and also 
that from the third stage of the air ejector. From 
the heater K the condensate is transferred to the 
I.P. feed heater L, and thence to the suction of 
the motor driven feed-pump C. This delivers 
it through the H.P. feed heater M to the boiler N. 
Non-return valves, lettered respectively G and U, 
are fitted on each side of this feed-pump. The 
“leaks-off’ from the balance chamber of the 
centrifugals are represented at SS. The escape 
from the stuffing-box of the pump C is directed 
rg Z by the drain W. Drain traps are provided 
at VV. 

In the actual plant, the turbine-driven booster 
pump and the motor-driven feed-pump are arranged 
on the same bed-plate as indicated in Figs. 71 and 
72, page 294. 

Drawings -showing the characteristic features of 
the booster pump are reproduced in Figs. 73 and 78. 
page 295. The relative position of the components 
will be best understood by referring to the key 
diagram, Fig. 68. The turbine is, it will be seen, 
& two-flow velocity compounded wheel, mounted 
on a chrome-nickel steel spindle, which also carries 
the impellers. This spindle is fitted with stainless- 
steel sleeves in regions where there might be a 
liability to rust. At the steam end of the shaft 
an emergency governor is fitted of the eccentric 
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feed-pump is reproduced in Fig. 79, page 296. It has, 
as indicated, three impellers in series. These are 
also of Monel metal, and like the impeller of the 
booster pump, they are hydraulically balanced. 
This pump is designed to run at 3,550 r.p.m., and 
in it the water pressure is raised from the discharge 
pressure of the booster pump, up to the boiler 
pressure of 600 lb. per square inch. The spindle is 
of nickel chrome steel, and it is bushed with 
stainless steel sleeves where exposed to corrosive 
influences. ; 

The apparatus used for measuring the temperature 
of the stator and rotor windings was supplied by the 
Cambridge Instrument Company, Limited, of 45, 
Grosvenor-place, S.W.1. In each stator eighteen 
copper-constantan thermo-couples were built into 
the windings during the construction of the alter- 
nators. These thermo-junctions are coupled up 
through a switch-box to an indicator, the scale of 
which is graduated so as to give directly temperature 
readings from 0 deg. to 200 deg. C. This indicator 
is essentially a sensitive moving coil galvanometer, 
but it is strongly constructed and mounted in a 
dust and moisture-proof metal casing, in a lower 
compartment of which a series of contacts are 
provided, by which the indicator can be coupled 
at will, to any one of the eighteen thermo-couples 
embedded, as stated, in the stator coils. 

Since the temperature readings to be expected 
are all low, it was essential to keep constant, within 
close limits, the temperature of the cold junction. 
To this end, the cold junctions are located in a well- 
‘insulated air bath, the temperature of which is 
controlled by a thermostat. The arrangement is 
shown diagrammatically in Fig. 84 above, where HH 
represent a number of heating coils fed by current 
from the mains. On its way to the heaters this 





current passes through the carbon filament lamp L., 


and with matters as they are represented in the 

diagram, it gets back to the return main through 

the contact shown. The upper element of this 
contact is mounted on the end of a bi-metallic 
strip 8S, which acts as a delicate thermometer. 

Should the temperature of the air-bath rise above 

normal by the fraction of a degree, the consequent 

distortion of the bi-metallic strip S opens the con- 
tact, and the return current from the heater 

has then to reach the main through the lamp L. 

The additional resistance thus put in series with the 

heater coils diminishes the current through these. 

The temperature of the air-bath falls accordingly, 

and this causes the bi-metallic strips to return to 

its original position, in which the lamp L, is short 
circuited. 

With the arrangement described no difficulty is 

found in maintaining the air-bath temperature, 

constant within 0-5 deg. C. The lamps L,, L, 

serve also as pilot lights indicating the state of 

affairs in the air bath and that the apparatus is 
operating as intended. One has a green globe 
and the other a red one. 

Owing to the high speed at which the rotors 

run, the Cambridge Instrument Company have 

adopted another plan for determining the tem- 
perature of the alternator field windings. This is 
accomplished by providing means for comparing 
the resistance of two shunts, one of which includes 
in its circuit the rotor windings, while the other 
merely parallels a short length of one of the out- 
going mains. The arrangement is shown diagram- 
matically in Fig. 85. The recording instrument 
used is of the differential galvanometer type. 
This has permanent magnets, and is carefully 
shielded from external magnetic influences. As 
indicated in the diagram, one coil is traversed 
by current shunted from the main at AB, whilst 
the other is connected up through large resistances 
and an adjustable rheostat with a couple of brushes 
C and D, which make contact with the rotor slip 
rings. Should the temperature of the rotor wind- 
ings rise, their resistance increases and the current 
through the one coil of the differential instrument 
is weakened, the pointer, therefore, moves over, 
recording thereby the change of temperature. 

By means of the rheostat it is possible to adjust 

the resistances in the circuit which include the 

windings, so that the pointer of the indicator gives 

direct readings of the mean rotor temperature. 
The problem of transporting the finished plant 

to Chicago was one of considerable difficulty. 

Many of the packages were very heavy, as will 

be gathered from the list of the weights of the 

main parts tabulated below : 

Cutcaco 50,000 kw. TuRBO-ALTERNATOR (EXCLUDING 
ALL PAacKING). Net WEIGHTS OF SOME OF THE MAIN 
Parts. 

H.P. Turbo-Alternator— 








T. cwt. qr 

Cylinder bottom half (bladed) ... 20 10 0 
Cylinder cover (bladed) ... el 20 O08 
Spindle (bladed) ... tes «y, 1,36. @ 
Stator és “<a aa ase. 2 % 
Rotor waa 342 aaa <a ee “@ 
1032 1 

I.P. Turbo-Alternator— 
Spindle (bladed) ... aaa co ees 
Stator ste ose ave fod PIG G 
Rotor Bad ree en set ILE er 8 
147 7 4 
L.P. Turbo-Alternator— 

Cylinder bottom half (bladed) ... 16 15 0 
Cylinder cover (bladed) ... ep hen ti®,, @ 
Spindle (bladed) ... ges “a, oe. & 
Stator ad mie on — (ee 
Rotor Vite Baa Dea ee ee A 
148 12 0 

103 _2 1 

147 7 4 

148 12 0 

Total aa oan --. 399 =] 5 


With the exception of the short rail trip from 
Heaton to Wallsend, the whole journey was made 
by water, and the packages did not enter American 
land territory till reaching Chicago. Inquiries 
about the best method of effecting the transfer were 
begun immediately on the signing of the contract, 
and continued almost up to the date of shipment. 





Various routes were explored, ¢.7., the route via 
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Fie, 86. Hicu-PressurE Unit INSTALLED IN THE TURBINE Room; CRAWFORD AVENUE STATION. 


New Orleans, the Mississipi and the canal connecting 
this with the Chicago river or Drainage Canal as 
it is now called. Another route was via New York, 
the Hudson River and the Erie Canal connecting 
this via Buffalo with the Lakes. The first 
route had various disadvantages. It was not 
available for eight months of the year—December 
to March inclusive, owing to frost, and July to 
October inclusive, owing to shortage of water as 
part of the route is through narrow locks. There 
were, moreover, overhead bridges which would not 
permit of any of the barges taking packages in 
excess of 15 ft. in height and 17 ft. in width, although 
the weight might be 100 tons. The other route 
had also its drawbacks chiefly connected with 
barging and transhipping arrangements. Finally, 
it was decided that the only practicable route was 
via the St. Lawrence and the Lakes. 

There is a floating crane at Montreal, but owing to 
the size and weight of the large packages it was 
considered that the best way of discharging these 
from the ocean liner would be by means of the 
sheerlegs installed at the Government ship repair 
yard at Sorel (Quebec). 


The method of shipping the packages on the Tyne | pulled down by means of a 10-ton whip. ‘The first 


had also to be carefully considered, and the entire 
lifting was done at the North Eastern Marine 
Engineering Company’s wharf at Wallsend. The 
L.P. shaft could have travelled by rail to the North 
Eastern Marine Company’s Engineering works with 
the unbladed discs in place, if it had been possible to 
get it in this condition out of the makers shops. This, 
however, could not be done without first removing 
some of the main columns. It was decided, accord- 
ingly, not to mount the discs at Heaton but merely 
to blade them. This done, the discs were carted 
down to Newcastle Quay, lifted there into barges 
and sent to the North Eastern Marine Engineering 
Company’s wharf. At this wharf, they were lifted 
to bogies and taken by rail into the firm’s fitting 
shop. 
and the complete rotor was then placed on special | 
trestles and mounted on a special N.E.R. wagon 
and taken by rail to the wharf, where it was lifted | 
into a special cradle and packed. 

The shipment was put on board a local liner, the 
s.s. Cairntorr, at this wharf by means of a 150-ton 
crane. The Atlantic was crossed by the Northern | 
direct route (not famous for fine weather). The | 
date of sailing was 29 August, 1924. During 








the passage the ship was laid off her course twice, 


owing to bad weather and to ease the straining 
of the ship. Every day an inspection was made 
of the packing shores, and of the tightening up of 
wedges, &c. On arrival at Sorel it was found that 
the wharf was built of wood, except the bed of the 
sheerlegs. There was, moreover, no rail track on 
the wharf, in fact, nothing but soft ground covered 
witb vegetation. 

The ship was secured by tying her up astern 
to the wreck of an old dredger lying ashore on 
the bank. It was necessary to get wire ropes 
ashore to the mass of buried metal, which was 
to act as an anchor, and this fortunately held the 
ship in the most convenient position. 

There was not sufficient water under the stern, 
and the vessel had to lie at an angle and discharge 
Nos. 1 and 2 hatches, whilst the bed was dredged to 
enable the stern to get alongside for discharging 
Nos. 3 and 4 hatches. The sheer legs were actuated 
by chains and took an hour to rack in and out each 
time a lift was negotiated, without taking into 








| jacks from getting hold at right angles, and the 





Here the discs were shrunk on to the shaft | 


account the time taken.in slinging, &c. 
The weight of the chain on the back of the 
purchase block was such that the block had to be 


“lifts out’’ were the alternator rotors, which had to be 
rolled back from the legs about 200 yards on planks 
over the soft ground, and this had to be repeated as 
each package was discharged. Then this same work 
had to be started all over again to bring them 
back to the boat which was to convey them to the 
lake. These lifts were very heavy. As Nos. 1 and 
2 hatches were discharged, the ship went down by 
stern. As a consequence, there was great difficulty 
in jacking up the heavy lifts, as the cant kept the 


packages began to slip as the weight was raised. 

It rained incessantly the first three days, and the 
last day culminated in a thunderstorm, which put 
out all lights whilst the operation of jacking up 
the heaviest portion of the L.P. turbine cylinder 
was in progress. At last, however, every package 
was got out. It took a week to discharge and 
another to load the lake boat, working from 7 a.m. 
daily to midnight. 

The lake boat, The John Gehm of Buffalo, was 
rather small to accommodate on deck all the con- 
denser body parts and various sections of the bed- 
plate, &c. It took a week to get to Chicago. 
The boat was built to the absolute capacity of 


and winches. Thé clearance on the length was 
about 1 ft., and on the beam about 4 in. The 
bows of the boat looked like corrugated iron, owing 
to the effects of repeated bumpings against lock 
entrances. During the passage through the Lakes, 
the weather continued fine until Lake Michigan 
was reached, but the boat then ran into a storm. 
As a consequence, she was turned in the middle 
of the Lake, where it is about 70 miles wide, and 
ran back for shelter for a distance of approximately 
50 miles. On arrival at Chicago the boat was put 
under bond, and the customs officers remained on 
board day and night until the cargo was cleared 
and the duty paid. The cheque for the import 
duty is said to have been the largest ever paid in 
that port. 

The packages were discharged in about half 
the time it took to load them, due to the difference 
in stowage arrangements required respectively for 
ocean and for Jake transport. The Lake boat had 
no shelter or *tween decks, and had clear holds 
without columns which allowed simpler stowage 
and easier discharge. In addition, there was 
a railway on the wharf by which the packages 
were got away immediately they were landed. 
The discharge was effected by means of one 
60-ton steam crane on the wharf, and a tem- 
porary set of sheer legs, both very fast in 
operation. The sheer legs were composed of two 
80-ft. long beams 20 in. square, reinforced by 
two pieces 20 in. by 20 in. by 50 in. There were 
two purchase blocks, each of 45 tons capacity, 
and each operated by separate motors. There were 
separate motors for each leg for moving forward 
and backwards, in addition to the motors operating 
the lifting blocks. All the packages were loaded 
on to flat cars and were hauled from Fisk Street to 
Crawford Avenue by rail. 

The alternator stators, condenser sections and L.P. 
shaft were forwarded on a Sunday by special train. 
The distance is about 5 to 6 miles.~ The special 
started at 7 a.m., and arrived at Crawford Avenue 
at 12 noon, the speed being about 1 mile per hour. 
The rated carrying capacity of the wagon conveying 
the spindle was 115,000 Ib., but the weight of the 
package was 150,000 lb., approximately 50 per cent. 
overload. To meet this, the sole bars of the wagon 
were made solid to the journals so as to take the 
weight off the springs. The load fouled buildings 
en route, and the railway gangs simply shifted the 





the locks, and entered each lock by means of wires 





bed over until the loads were able to clear, and then 





* 


Cans aap HYPE LY RETOIER NIT pe 


Ane re 


goatee? 


0p AI Fs tt Pale PAS SARNIA ERAN A ain a a PRES. 
































(Ese 2bngq vas ‘uoydisosagq 407) 





‘ANAL NOGTISVOMON ‘SHUUNIONGD “GQULINIT “OO GNV SNOSUVd ‘V ‘0 ‘SUSSHW AT AALOAULSNOO 


‘ODVOIHD AOH AOLVNAALTV-OdGANL “MI-0000¢ 














ANVUD GVEAHUAAQ THL woud ‘NOLLVELS uaaog FANWAY GHOANWUD 4HEL Ly SHUOLVYNUALIY aGNv SaNIGuOa Ty, 


ARCH 5, 1996, 


(To face page 299.) 


ENGINEERING, M 









































(‘Egz aBng 298 ‘uoudisosagT 40,7) 
“ANAL-NO-ATISVOMAN ‘SYUMANIONA ‘GaLIUNIT “OO GNV SNOSUVa VY 0 'SUSSAW Ad aaLOAUIsNoD 


ODVOIHD WoOA YTOLVNYALTV-Ody aL “MM-000°0¢ 


eee acneneensrmsesnesisscensesessieecee = ——— a es aa a 


PLATE XXXIII. 




















5, 1926, 
. Marcu 5, 1926.] ENGINEERING. 299 
advance of 20s. per week, exactly what will happen if 
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not required. 
All the packages were finally landed safe into 


the power station, and thus ended the importation 
of two of the heaviest and largest lifts ever con- 
veyed to the St. Lawrence, and discharged there, 
and probably also the heaviest and largest lifts 
ever conveyed thence to Chicago. 

The plant was completely erected and officially 
put into commission on May 25, 1925, barely nine 
months after the date of despatch from Wallsend. 
It was the third of three new plants to be installed 
simultaneously in the new Crawford Avenue Station, 
the first being a 50,000 k.w. reaction turbine by the 
Westinghouse Electrical and Manufacturing Com- 
pany of Pittsburg, and the second a 60,000 k.w. 
impulse turbo-alternator by the General Electric 
Co., of Schenectady. The prior completion of these 
two plants delayed the erection of the Parsons set, 
and up to the present the reheater pipes have not 
been connected. The machine is, however, in 
continual service, and has been satisfactorily 
operated at the maximum load obtainable without 
the reheater. 

On Plate XXXII and XXXIII, Figs. 87 and 88, 
and in Figs. 86, 89 and 90, pages 298 and 302, 
we reproduce some photographs of the set taken 
a few weeks ago. The bird’s-eye view repro- 
duced in Plate XXXIII, is a particularly striking 
one, and conveys to the eye a better idea of the 
scale of the plant than the more usual type of view 

reproduced in the other figures. In Fig. 87 the 

H.P. turbine and its alternator are shown on the 

right. The pipe on the left is one of those by which 
the circulating water leaves the condenser. A 
separate view of the H.P. turbine and alternator is 
reproduced in Fig. 86, page 298, whilst views of 
the I.P. and L.P. line of turbines and alternators 
are reproduced in Figs. 89 and 90, page 302. 





THE LATE MR. A. P. LUNDBERG. 


We regret to have to record the death, which 
occurred on Monday, February 22, of Mr. Andreas 
Peter Lundberg, the founder and senior partner of the 
well-known firm of electrical accessory manufacturers, 
Messrs. A. P. Lundberg and Sons. The early years 
of his life were spent in acquiring experience in electrical 
work with many of the pioneer organisations. After 
acting as an assistant for Messrs. Crompton and Co., 
Limited, at the Paris Electrical Exhibition in 1881, 
he returned home with the determination to start a 
manufacturing organisation of his own, and the next 
year witnessed the foundation of the business at 
Pioneer Electrical Works, Liverpool-road, London, N., 
which under his guidance and that of his sons Messrs. 
G. C. and P. A. Lundberg, has proved so successful 
in devising and constructing switchgear and electrical 
accessories. He received a bronze medal at the Inter- 
national Inventions Exhibition in 1885 for the switches, 
lampholders and other devices which he displayed, 
included amongst which was a new design of arc lamp. 
This was merely the beginning of the recognition of 
his work, for in many later exhibitions, such as that at 
the Crystal Palace in 1892 at Antwerp in 1894 and 
elsewhere, he was given similar awards. Mr. Lundberg 
was elected a Member of the Institution of Electrical 
Engineers in 1898. 





_TENDERS.—The Government Railways Commis- 
stoners, Victoria, Australia, are inviting tenders for the 
supply and delivery of plate-bending and straightening 
rolls, Sealed tenders must be presented at Melbourne, 
before 11 a.m., on April 21, 1926. Local representation 
's essential.—The Indian Stores Department, Delhi, 
India, is inviting tenders for two single-acting, three- 
throw power pumps, and two vertical oil engines of the 
or 4-stroke, semi-Diesel type to drive the pumps by 
belt drive. Tenders are due to be received at Delhi 
by April 7, 1912.—The General Management of the Port 
and Bar of Ric Grande do Sul, Brazil, is inviting tenders 
tor the supply and delivery of 10, 2,500-kilo capacity, elec- 
trically-o rated portal cranes, two 5,000-kilo capacity, 
electrically-operated portal cranes, and seven electric 
winches or capstans. ‘Tenders will be received at Rio 
Grande do Sul, until 3 p-m., April 15, 1926. 


plant of 170 h.p. Tenders must 
\ires not later than April 12, 192 
's essential. 

ubove tenders 


: . Local 
‘epresentation is essential—The Ministry of Public 
W orks, Buenos Aires, is calling for tenders for the supply 
“t one complete installation for rock drilling, one steam 
shovel, two aerial transporters, and one electric generating 
be S— in Buenos 
: 6. Local representation 
Further particulars*regarding any of the 


sions for Avoiding Disputes at the works of Messrs. 
R. Hoe and Co., The Engineering and Allied Employers 
National Federation followed the only course that was 
open to it. The men who precipitated the trouble, not 
only, in effect, broke a collective bargain to which their 
organisations were willingly parties, but flouted the 
authority of their executives and defied their employers. 
Moreover, some semi-official circles encouraged, i 
they did not actually support them in their rebellious 
conduct, and, so far as is known, none of the executives 
actually ordered their members to return to work. 
To-day’s resumed conference of executives—which 
is, by the way, to be attended by a strong represen- 
tation of the various district committees—may result 
in a change of attitude, but, at the time of writing, the 
signs are unhappily, not at all hopeful. On the facts 
as they are disclosed in the official report of last 
Thursday’s joint conference, the employers have shown 
commendable patience. The trouble had its origin as 
long ago as November 26, when a demand was made by 
Messrs. Hoe’s employees for a wages advance of 20s. 
per week, and an intimation given that, if it were not 
conceded, there would be a stoppage of overtime. 
The employers replied that the wages question should 
be negotiated through the proper channels, and, no 
doubt, at the same time, pointed out that a certain 
amount of overtime was permissible under the Over- 
time and Night Shift Agreement. Overtime was, how- 


ever, stopped. 


On December 3 a meeting took place between the 
management and the shop steward of one of the depart- 
ments, who suggested the institution of a collective 
bonus scheme under which the men would resume 
working overtime. The management declined to 
acquiesce in the proposed arrangement, and at a 
further interview on the following day, the shop steward 
stated that, if the firm were not agreeable to institute 
a collective bonus scheme, he would advise the men to 
strike and so bring the matter forcibly before their 
organisers and oblige them to take action. Apparently 
nothing was done along that line ; but on December 19, 
the following notice was posted in two departments :— 
‘* The order of the day is Go Stow. If you are hustled 
by the management, report to the shop steward.” 
The secretary of the shop stewards denied all knowledge 
of this notice, which was eventually cancelled by the 
shop stewards. Objections were next taken to the 
employment of non-union men, and on January 11 a 
stay-in strike began in one of the departments and 
was eventually extended to the others. At 4 p.m. 
the following notice was posted by the firm in all 
departments: ‘‘ Confirming the instructions given by 
the Shop Representatives at a meeting held this 
morning, these works will run as usual. Also those 
employees standing by and not working will not be 
paid for the period they have ceased to work. Also 
those who are not desirous of continuing working, will 
they please leave the factory ? ” 








‘* When the night shift men came on, the general 
foreman and the night-shift foreman ”’—we are now 
quoting from the official report of Sir Allan Smith’s 
statement to last week’s joint conference—‘“ handed 
each man his card, and asked if he was prepared to 
work, if allowed, in the factory. The men all agreed 
to work, but no work was done during the night. On 
January 12, at starting time, the foreman stood by the 
clock and informed the men that if they gave an under- 
taking to work they would be’ allowed to clock-on. 
The workpeople then rushed the foreman and forcibly 
entered the factory. During the whole of that day no 
work was done. When the night shift arrived they 
requested that the firm should post a notice that the 
works were closed. The firm did not agree to do that. 
On January 13, four labourers working in the yard and 
works offices were drawn out on the instructions of the 
secretary of the Lambeth Branch of the ‘Transport 
Workers’ Union. With regard to the non-union men 
who started on January 11, two of these men left on 
January 12, in the morning, and the other two the 
same evening. On January 24 a meeting of the strikers 
took place, attended by all classes of men concerned. 
They decided to take no notice of the executive council. 
They resolved to stand firm until their demands were 
agreed to. They had heard that the Federation was 
taking action, but that was nothing more than bluff, and 


resolution was passed unanimously.” 
in view of the foregoing, that, far from actin 


dealing with a body of determined trouble-makers. 





they were not going to any attention to it. ‘That 
sf sh: bt: ee It will be agreed, 
pre- 
cipitately in deciding to lock out, the Employers’ 
National Federation showed exceptional patience in 


At an earlier conference on Thursday last week Sir 


the unions as.a body, or by any union or unions, taken 
for the purpose of enforcing an advance in wages, either 
nationally, locally or sectionally, contrary to the policy 
of the Federation as set out in this resolution, be 
resisted to the fullest extent, even, if necessary, by a 
lock-out of the members of the union or unions con- 


f! cerned.” The representatives of the unions merely 


re-affirmed their resolution of January 28, which was 
as follows: “That, having regard to the length of 
time that has elapsed since our application for a national 
increase in wages was made, this meeting now decides 
to inform the Engineering and Allied Employers’ 
National Federation that, in the event of no advance 
being conceged, we inform the employers that negotia- 
tions are now terminated.” 

The Special Industrial Committee of the General 
Council of the Trades Union Congress has sent a 
circular letter on the subject of the mining trouble 
to all the affiliated organisations. It has, it states, 
“been in regular consultation with the Miners’ Feder- 
ation, and while it would be premature at the present 
stage to attempt to formulate any detailed policy 
which may have to be pursued, it has already re- 
affirmed the attitude of the trade union movement as 
expressed in July last—namely, that it would stand 
firmly and unitedly against any attempt to degrade 
further the standard of life in the coal fields. There 
was to be no reduction in wages, no increase in working 
hours, and no interference with the principle of national 
agreements. The committee is not unmindful of the 
preparations which the Government and the mine- 
owners are making, and it is giving this matter due 
consideration. It is important, therefore, that the 
Labour movement should guard against any precipitate 
action. At the same time the members of affiliated 
unions are specially asked to disregard the un- 
authorised and unofficial suggestions which are being 
made in many quarters regarding the mining problem. 
While the Miners’ Federation, in common with the 
General Council Industrial Committee, are anxious for a 
peaceful settlement of the mining problem, and are 
striving to that end, the committee has felt it desirable 
to make this preliminary announcement, and it is 
confident that the affiliated unions are fully conscious 
of the importance and gravity of the problem and the 
imperative necessity for rendering the most whole- 
hearted co-operation to the committee in its efforts to 
deal with the situation in the light of whatever 
developments may take place.” 





The establishment of a National Industrial Com- 

mission is one of the principal proposals in a report 

which the Industrial Policy Committee has prepared for 

submission to the I.L.P. Conference at Easter. Parlia- 

ment should place, it states, upon a National Industrial 

Commission the responsibility of supervising the 
organisation of industry. It should serve primarily as 
a co-relating body. Its duties would include (1) 
the relation of productive capacity to public require- 
ments; (2) the initiation and co-ordination of national 
industrial developments ; (3) the regulation of labour 
according to the needs of the various industries ; 
(4) the settlement of differences between industries, 
between an industry and the public, or between sections 
of workers; (5) examination of the balance-sheets of 
industries; the arrangement with the Treasury 
through the Minister of Industry, of any contribution, 
to or from the national funds; (6) the stabilisation of 
prices at home and in the world market, in conjunction 
with the National Banking Board and such international 
machinery as may be developed ; (7) the determination 
of the principles of remuneration, hours of labour, and 
working conditions, and the development of industrial 
research to safeguard health and improve production. 





British workers, who imagine that Russsian labour 
conditions are ideal, will find a good deal to interest 
them in the report which Mr. Tomsky gave to the 
14th Congress at Moscow of the Communist Party. 
Mr. Tomsky, who is chairman of the All-Russian 
Council of Trade Unions, says, for instance, that, in 
principle, strikes in State undertakings are pro- 
hibited. A strike in a proletarian State is a proof of 
some defect in the State machinery, or of the weaknes= 
of the trade unions, or of lack of education on the part 
of the workers. The trade unions must do everything 
in their power to settle disputes in State undertakings 
by means of conciliation or arbitration, and at all 
costs to avoid strikes. There have recently been 
certain irregularities in the settlement of disputes. 
Instead of being settled by conciliation and arbitration, 
some of these disputes have been referred to the 
Communist party organisations. Such action impairs 
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may be obtained from the Department of 


Allan Smith told the representatives of the forty odd 
unions, which are behind the demand for a wages 


the authority of the regular institutions, makes non- 
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party workers lose confidence in their union and in 
the impartiality of the decisions taken, and ends by 
embittering disputes and disorganising the whole 
labour movement. In private undertakings, on the 
other hand, any form of dispute is allowed ;, but a 
strike may be declared only in the event of the failure 
of conciliation and arbitration. In no case should the 
trade unions exercise any administrative pressure on 
the private employer, for this tends to weaken the 
worker’s notion of the class struggle and the power of 
the trade union. The trade union should rather streng- 
then the authority of the Commissariat of Labour as 
an impartial arbitrator. 





Mr. Tomsky, it will be observed, condemns the prac- 
tice of referring disputes to the Communist Party 
organisations. Yet, further on, he expresses the 
opinion that the trade unions can only fulfil their 
functions under the direction of the Communist Party. 
The Party is, he says, the organised vanguard of the 
working classes which directs the whole proletarian 
movement towards the single end of the struggle for 
Communism. On its side, the Party must secure that 
the trade unions are properly led by the Communist 
elements within them; but the Communist elements 
themselves must avoid the errors which hitherto they 
have failed to avoid, i.e., they must refrain from a 
meddlesome interference in the daily activities of the 
trade unions; they must also be chary of a bad choice 
of trade union leaders and of too often changing such 
leaders when once elected. The National Minority 
Movement, no doubt, exists in this country to “‘ secure 
that the trade unions are properly led by the Com- 
munist elements within them,” although its leaders 
are not quite so frank about it as Mr. Tomsky is. 





The Ministry of Labour states that, on February 22, 
1926, the number of unemployed persons on the regis- 
ters of Employment Exchanges in Great Britain was 
1,125,800 of whom 914,400 were males and 211,400 
females. On February 15, 1926, the number was 
1,139,228 made up of 925,262 males and 213,966 females, 
and on February 23, 1925, it was 1,236,065 made up of 
979,613 males and 256,452 females. Further details of 
the totals for February 15 and February 22 are given 
below :— 

















Persons Normally in 
Regular Employment. Persons 
Normally 
in Casual 
Wholly Temporarily |Employment. 
Unemployed.| Stopped. 
February 22— 
Miles... va 715,600 127,400 71,400 
Females 132,900 77,300 1,200 
Total .. a 848,500 204,700 72,600 
February 15— aS eae: 
Males a és 729,141 127,359 68,762 
Females 135,532 77,256 1,178 
Total .. 864,673 204,615 69,940 

















Although the Labour Party on Wednesday opposed 
the vote of 182,3811. for the Scottish Board of Health 
the sum included, it may be explained, advances towards 
the erection of steel houses —there was a hopeful 
feeling almost from beginning to end of the debate 
that eventually matters would be mutually adjusted. 





PrersonaL.—Mr. E. G. Walker, of Westminster, has 
joined the firm of Messrs. Maxted and Knott, Limited, 
on the retirement of Mr. Knott. The firm will continue 
to occupy their present temporary head offices at Dun- 
stable, and will retain their registered London offices at 
23, Queen Anne’s Gate, Westminster, S.W.1, pending the 
acquisition of suitable headquarters.—Messrs. Ferguson 
Superheaters, Limited, 3 and 4, Clement’s-inn, London, 
W.C.2, have been appointed by Messrs. Quantameters, 
Limited, sole selling agents, in the London district, for 
their remote tank level and flow indicators, &c. 

SumMMER CovuRSES IN ENGINEERING SCIENCE AND 
ELECTRICAL ENGINEERING.—The Board of Education 
announces that short courses of instruction in engineering 
science and electrical engineering will be held from 
Saturday, July 17, to Wednesday, July 28, at Oriel 
College, Oxford. These courses are confined to teachers 
in technical and other schools, and the numbers are 
limited to 45 for the course in engineering science, and to 
20 for the course in electrical engineering. The lectures 
in engineering science will be delivered by Professor 
F. C. Lea, D.Se., and Mr. A. R. Horne, O.B.E., B.Sc., 
and in electrical engineering by Professor J. MacGregor 
Morris, M.I.E.E., and Mr. J. Paley Yorke, M.Se., M.I.E.E. 
The lectures will be supplemented by a series of experi- 
mental lectures and demonstrations dealing with the 
latest developments in various branches of engineering. 
Forms of application and further particulars may be 
obtained from the Secretary, Board of Education, 
Whitehall, S.W.1. All applications must be submitted 
before the 26th inst. 








Waterworks Administration. By W. H. Parsons. 
London: P. 8. King and Son, Limited. [Price 18s. 


net. ] 

The Year Book of the Scientific and Learned Societies of 
Great Britain and Ireland, 1924-25. London: Charles 
Griffin and Co., Limited. [Price 15s. net.] 

Metal Spraying. Origin and Development, etc. By 
T. Henry TuRNER, M.Sc. and N. F. BupGeEn, M.Sc., 
London: Charles Griffin and Co., Limited. [Price 
15s. net.] 

The Quantum Theory of the Atom. By GrorceE Brrt- 
WISTLE. Cambridge: University Press. [Price 15s. net. ] 

Self-Instruction for Students in Gas Supply. Elementary. 
By “Mentor” Fourth edition. London: Ernest 
Benn, Limited. [Price 10s. 6d. net.] 

The Slide Rule Simplified. By Donatp E. RoGERs. 
London: Drawing Office Supplies, Limited. [Price 
5s. net.] 

Tragbare Akkumulatoren. By Dr. Ina Ricwarp AL- 
BRECHT. Berlin and Leipzig: Walter de Gruyter and 
Co. (Price 1.50 marks.] 

Die elektrische Telegraphie mit Drahtleitung I. Die 
Telegraphie mit Morsezeichen. By J. HERRMANN. 
Berlin and Leipzig: Walter De Gruyter and Co. 
{Price 1.50 marks. } 

Up-to-Date Air Brake Catechism. By Ropert H. 
BuackaLt, Thirtieth edition, revised, enlarged and 
rearranged by F. H. Parke. New York: Norman 
W. Henley Publishing Company. [Price 4 dols.] 

Transactions of the American Institute of Mining and 
Metallurgical Engineers, Vol. LXXI. New. York: 
Offices of the Institute. 

The ‘*‘ Express’? Per Gross and Per Dozen Reckoner. 
By J. Gaui Ines. London: Gall and Inglis. 
[Price 2s. 6d.]} 








ConstRUCTION OF A SLipway aT LoRteNntT.—The 
Chambre de Commerce de Lorient et du Morbihan, 
Lorient, Morbihan, France, are inviting tenders for the 
construction, in the fishing port of Lorient, of a side- 
slipway to be used for repairing coastal and deep-sea 
fishing vessels. The undertaking will also comprise 
the construction of hauling gear and machinery, and all 
auxiliary works and the slipway must be capable of accom- 
modating ships ranging from 82 ft. to 180 ft. 6 in. in 
length. Firms desirous of tendering are requested to 
notify M. Perret, Ingénieur en Chef des Ponts-et- 
Chaussées du Morbihan, 4 Vannes, Morbihan, France, by 
registered post, before 5 p.m. on March 15, next, and to 
enclose particulars of works of a similar nature previously 
undertaken by them. The applicants selected by the 
president of the Lorient and Morbihan Chamber of 
Commerce will then receive, by registered post, a detailed 
programme of the work to be carried out, together with 
conditions of tender. 





PRESENTATION TO Mr. Harry Bootu.—It is seldom 
that the representative men in any industry join 
together to honour members of the Civil Service, with 
whom they are brought into association through the 
necessity of complying with Government regulations, 
and the presentation made to Mr. Harry Booth at the 
Institution of Electrical Engineers on Friday last may 
be regarded as an exceptional testimony to the manner 
in which he carried out the duties of his office. The 
presentation was a tribute to the assistance Mr. Booth 
had given to the electric supply industry during the 
many years that he was in charge of the department 
of the Board of Trade concerned with electricity supply, 
and also in his capacity as a member of the Electricity 
Commission. Sir Harry Renwick made the presenta- 
tion, on behalf of the subscribers, of an illuminated 
address, a piece of plate, and a gold cigarette case. 
Testimony was borne to the vaiue of the services 
rendered by Mr. Booth in giving freely of his knowledge 
of the Electricity Supply Acts to all in the industry. 
Mr. Booth was happy, said Sir Harry Renwick, in 
having seen, before his retirement from office, a settle- 
ment of the London electric supply problem and the 
much-desired reorganisation of the electricity supply 
of the kingdom for which he had worked strenuously. 


UNIveRsITY oF LoNDON, UNIVERSITY COLLEGE, ENGI- 
NEERING SocieTty.—The annual dinner of the Engineering 
Society of University College, London, was held on Friday 
last, in the College Refectory, Gower-street, and proved, 
as usual, a very pleasant event. The function was not on 
so large ascale as on the previous occasion, but a number 
of guests and old students were present. Sir Ernest 
Moir, Bart., was in the chair, and towards the close of the 
evening delivered a short address illustrated by lantern 
slides, describing the erection of the new engineering 
wing and the conversion of part of the block formerly 
occupied by University College School. It may be 
remembered that we gave an account of these alterations 
in ENGINEERING (vol. cix, page 339 &c.) in 1920. The 
work was carried out when conditions were very un- 
favourable and tenders were so high that it was decided 
to do the work by direct labour. Several interesting 
problems developed during the reconstruction work, 
notably in connection with the underpinning of existing 
walls, and the completion of the upper stories and base- 
ments without interfering, to too great an extent, with the 
normal work of this branch of the institution. A saving 
on the lowest tender was ultimately made. During the 
evening, Professor E. A. Gardner proposed the toast of 
The Engineering Society, for which Mr.R. E. W. Butt, 
the present Secretary, responded. The toast of The 
Visitors was happily proposed by Professor E. G. Coker 
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NOTES FROM SOUTH YORKSHIRE, 


SHEFFIELD, Wednesday. 

Iron and Steel—The threatened national lock-out 
arising from the London dispute has cast a cloud over 
local industry at a time when the first real signs of 
recovery were appearing. There is widespread regret 
that the whole of the trade should be threatened with 
paralysis through a local dispute, and hopes of an early 
settlement by conciliatory means are freely expressed 
among both employers and operatives. Locally, at 
any rate, the industry is not in a condition to withstand 
the shock and strain that would be caused by a stoppage. 
Every order that can be attracted is needed to meet the 
burden of wages and overhead charges. Any suspension 
of activities would check the return of confidence among 
foreign buyers, impede the discharge of important work 
in hand, and pile up a bill of costs which the industry as 
a whole would have to meet, and which would constitute 
a further direct charge on production. Whether the 
developments in this dispute are the cause or whether it 
is a mere coincidence, there has been a contraction in the 
demand in several sections. After a spurt in buying, 
orders for open-hearth steel have fallen away so con- 
siderably that there is some talk of restricting output to 
avoid undue accumulation of stocks. The call for steel- 
making irons has eased, and prices of rolled materials 
have had to be shaded to meet the requirements of 
Continental and other buyers, notably in automobile 
engineering. The steel forges and foundries are doing 
rather better with the shipbuilding trades, but some of 
the tool-making branches are beginning to show weak 
patches. ‘The position should be eased by the expected 
receipt of substantial orders for files, farm tools, and 
implement parts from Russia. Mechanics and joiners’ 
tools are progressive lines, and there is a steady run on 
rustless iron for stove-grate manufacture and on stainless 
steel for domestic furnishings, cutlery making and fittings. 


South - Yorkshire Coal Trade—The demand for in- 
dustrial fuel is maintained at a firm level on inland 
account, but the export position has again weakened. 
Increased competition for new business has resulted in 
a reduction in quotations for shipments via Hull, the cuts 
averaging 6d. per ton in the case of Yorkshire and 
Derbyshire hards, a similar amount in bunkering coals, 
and 3d. per ton in washed doubles. Washed singles 
and slacks for export are quotably unaltered. Secondary 
grades of steam hards are in more plentiful supply for 
home consumption, and prices of both furnace and foun- 
dry coke favour buyers. The demand for house coal 
has fallen off, without so far affecting pit-top values. 
Quotations :—Best branch handpicked, 3ls. to 34s.; 
Barnsley best Silkstone, 28s. to 30s.; Derbyshire 
best brights, 26s. to 28s.; Derbyshire best house, 
248. to 25s.; Derbyshire best large nuts, 17s. to 20s, ; 
Derbyshire best small nuts, 12s. 6d. to 14s. ; Yorkshire 
hards, 17s. to 19s. 6d.; Derbyshire hards, 16s. to 19s. ; 
Rough slacks, 10s. to 12s. 6d.; Nutty slacks, 7s. 6d. 
to 9s. ; Smalls, 3s. 6d. to 6s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is still @ shortage in 
Cleveland pig-iron supply, but with customers showing 
marked disinclination to pay current rates, with the 
result that orders are few and small, and the fact that 
cheaper fuel has materially cheapened the cost of produc- 
tion, the position seems to indicate that prices are more 
likely to ease than otherwise in the near future, parti- 
cularly as one or two small export orders usually placed 
here are reported to have gone elsewhere in consequence 
of buyers having been able to purchase on compara- 
tively cheaper terms the products of other districts. 
Makers here, however, continue strongly to resist buyers 
endeavours to obtain price concessions. For home 
purposes, No. 1 is 72s. 6d.; No. 3 g.m.b., 70s.; No. 4 
foundry, 69s.; and No. 4 forge, 68s. 6d. For shipment 
abroad, 6d. above these figures is named. 


Hematite.—East-Coast hematite continues anything 
but plentiful, but the scarcity is much less acute than it 
has been. Both for home purposes and for dispatch 
to overseas destinations, Nos. 1, 2 and 83 are still quoted 
at 77s. 6d., and No. 1] remains at 78s., but these have 
become more sellers’ than buyers’ quotations. 


Foreign Ore.—Transactions in foreign ore are little 
heard of, consumers now having heavy stocks. Best 
rubio is 20s. 3d., c.i.f. Tees. 


Blast-Furnace Coke—Durham blast-furnace coke is 
plentiful and weak in price. Good average qualities are 
19s. 6d. delivered here. 


Manufactured Iron and Steel—Sales of manufactured 
iron and steel are few, but in some branches producers 
have a fair number of contracts on hand. Common 
iron bars are 111. 58.; iron rivets, 121. 15s.; packing 
(parallel), 8/.; packing (tapered), 111.; steel billets 
(soft), 7l.; steel billets (medium), 7/. 10s. ; steel billets 
(hard), 8. 2s. 6d.; steel ship, bridge and tank plates, 
7l. 78. 6d. ; steel angles, 7/.; steel rivets, 121. 10s. ; steel 
joists, 7/.; heavy steel rails, 8/.; fish plates, 12/.; an 
galvanised corrugated sheets, 161. 5s. 


Imports of Iron and Steel.—Statistics issued by the 
Tees Conservancy Commissioners this week give the 
apes of iron and steel to the Tees from Holland; 
Belgium, France, Norway, Sweden, Germany and coast- 
wise, for the four months ended February 28, together 
with the figures for the same months a year ago and 
for the corresponding pre-war period of 1913-14. Pig- 





and replied to by Mr. W. H. Patchell and Dr. J. Mould. 





iron imported to the end of last month, amounted to 
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21,200 tons, as against 3,947 tons a year ago, and 34 tons 
in the pre-war period. Crude sheet bars, billets, blooms 
and slabs unloaded tothe end of February reached 
52.426 tons, as against 40,166 tons a year ago, and 
14,300 tons in the pre-war period. Plates, bars, angles, 
rails, sheets and joists unshipped to the end of last 
month, totalled 4,780 tons as against 7,513 tons a year 
ago, and 7,206 tons in the pre-war period. 

Shipments of Iron and Steel_—February shipments of 
iron and steel from the Tees totalled 97,910 tons, com- 
prising 34,266 tons of pig-iron, 3,158 tons of manu- 
factured iron, and 60,486 tons of steel. Of the pig-iron 
cleared, 14,680 tons went abroad, and 19,586 tons went 
coastwise; of the manufactured iron despatched, 1,738 
tons went to foreign ports, and 1,420 tons coastwise, 
and of the steel shipped, 48,544 tons went overseas, 
and 11,942 tons coastwise. Scotland was the largest 
customer for pig-iron, totalling 14,301 tons; Australia, 
with an import of 452 tons, was the biggest buyer of 
manufactured iron; and India was the heaviest pur- 
chaser of steel, receiving 15,185 tons. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—There has been little change in 
the state of the Scottish steel trade over the week and 
only a moderate amount of new business has gone 
through. The outlook has again become more clouded 
with the fear of a stoppage in the engineering trade, 
and if such should come about there is the probability 
of general trade being dislocated throughout the country. 
This will be very unfortunate just at a time when the 
horizon is becoming clearer and we seem to be on the 
eve of better times. The demand for ship plates and 
sections is again a shade hetter, but export orders are 
not very plentiful. The inquiry over all is fairly good, 
but a certain amount of reserve still exists and buyers are 
not over anxious to enter into commitments. The black 
sheet trade moves along in a very satisfactory way and 
many of the makers are well booked ahead. The weekly 
shipments of galvanised sorts are good, and quite a fair 
amount of dealing has been taking place in the heavier 
gauges. Prices continue steady and the following may 
be taken as the current quotations :—Boiler plates, 11/. 
per ton; ship plates, 71. 10s. per ton; sections, 71. per 
ton; and sheets, under ;% to } in., 9/. per ton, all 
delivered Glasgow stations. 


Malleable Iron Trade——In the West of Scotland 
malleable iron trade improvement is very slow, and 
difficulty is still being experienced in securing sufficient 
tonnage to keep the works running. Inquiries are not 
very numerous. In the steel re-rolling departments a 
fair amount of business is going through. The price of 
“Crown ” bars is unchanged at 111. 5s. per ton, delivered 
at Glasgow stations. 


_ Scottish Pig-Iron T'rade.—The makers of Scottish pig- 
iron are not finding much fresh business at present. and a 
dull heavy tone prevails all round. Local buyers are 
not placing many orders, and foreign business would 
almost seem to be shrinking rather than showing signs of 
expanding. Prices are not too firm, and to-day’s quota- 
tions are as follow :—Hematite, 77s. per ton, delivered 
at the steel works ; foundry iron, No. 1, 79s. to 81s. 6d. 
per ton, and No. 3, 778. 6d. to 79s. per ton, both on trucks 
at makers’ yards. 


Scottish Pig-Iron Shipments——The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, February 27, amounted to 1,342 
tous. Of the total 1,058 tons went overseas and 284 
tons coastwise. For the corresponding week of last 
year the figures were 494 tons to foreign destinations 
and 85 tons coastwise, making a total shipment of 
579 tons. 

Shipbuilding.—Statements have been very general of 
late that the trade of the country was on the mend, and 
there are certainly some indications that this is the case 
in the shipbuilding industry. Judging from the number 
of new contracts placed during the past two months the 
outlook is decidedly better than it was towards the end 
of last year. Since the beginning of February the 
number of contracts intimated by Sccttish shipbuilders 
as having been fixed for new vessels was 25 and two 
Admiralty crane pontoons. Included in the list are 
several small craft, but also » number of larger tonnage, 
at least seven of the vessels being motorships. The 
booking of so many orders during the first two months 
of a year must surely be something like a record, 
and although we can scarcely expect a continuance of 
such activity on the part of the owners it is quite 
possible that further orders will be secured in the near 
future. The outlook from an employment point of view 
on the Clyde at any rate is certainly very much better, 
and before very long quite a number of additional men 
will be absorbed. The output from the various Scottish 
districts during the past month was 15 vessels of 35,307 
tons made up as follows :— 





; Vessels. Tons. 
The Clyde .., nee aoe 13 34,007 
The Forth ... ‘ea ads 1 200 
The Tay ... ve ne 1 1,100 

Total as ie 15 35,307 


‘ The Clyde total is nearly 7,000 tons less than for 
. vruary of last year, and the total for the two months— 
January and February—is 50,999 tons, which is 18,503 
rd under the fi for the corresponding period of 
1925, and short by 42,000 tons of the record of 1921 for 
the same two months. While it is not yet time to be 
too elated we cannot but feel that conditions in the ship- 





building industry have taken a turn for the better. 





NOTICES OF MEETINGS. 





THE JuNiIoR InstITUTION oF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Ordinary 
Meeting. ‘‘ Tendencies in Modern Electric Practice,” 
by Mr. J. M. Seddon. Friday, March 12, at 7.30 p.m. 
Lecturette: ‘‘ Paint Spraying,’’ by Mr. F. E. Webb. 


THE Royat InstiruTion.—To-night, at 9 p.m., at 
Albemarle-street, W.1. ‘‘London Traffic,” by Sir 
Henry Maybury. Saturday, March 6, at 3 p.m. Lec- 
ture: ‘“‘ The Rare Gases of the Atmosphere’’ (Lecture I), 
by Sir E. Rutherford. Thursday, March 11, at 5.15 p.m. 
Lecture: ‘‘The Atom of Light and the Atom of Elec- 
tricity” (Lecture III), by Dr. C. D. Ellis. Friday, 
March 12, at 9 p.m. ‘“ Radiation from Electric Dis- 
charges,” by Sir J. J. Thomson. Saturday, March 13, 
at 3 p.m. Lecture: “The Rare Gases of the Atmo- 
sphere ”’ (Lecture II), by Sir E. Rutherford. 


Tue InstiruTe oF British FoUNDRYMEN: LANCA- 
SHIRE Brancu.—Saturday, March 6, at 4 p.m., at the 
College of Technology, Manchester. ‘‘ Aluminium Foun- 
dry Practice,’’ by Mr. G. Mortimer. 


THe Instirution or ELectricAL ENGINEERS.— 
Monday, March 8, at 6 p.m., at Savoy-place, Victoria- 
embankment, W.C.2. Informal Meeting. Discussion 
on ‘‘ A Recent Development in A.C. Apparatus,” opened 
by Mr. F. Creedy. 


THe InstiTuTION oF StrRuUCTURAL ENGINEERS.— 
Monday, March 8, at 6 p.m., at Denison House, 296, 
Vauxhall Bridge*road, S.W.1. Students’ Meeting. Dis- 
cussion on ‘Contracts for Constructional Work,”’ by 
Mr. H. J. Deane. 


THe InstiruTIons oF MECHANICAL ENGINEERS.— 
Monday, March 8, at 7 p.m., at Storey’s-gate, S.W.1. 
Graduates’ Section. ‘‘ Aeroplane and Airship in Modern 
Air Transport,’”’ by Mr. 8S. 8S. Hall, B.Sc. Friday, 
March 12, at 7 p.m. Informal Meeting. Kinemato- 
graph exhibition, showing the manufacture of a 50,000 
kw. turbine and generator, the distillation of motor 
spirit, and other subjects of engineering interest. 


THE Braprorp ENGINEERING Socrety.—Monday, 
March 8, at 7.30 p.m., at the Technical College, Great 
Horton-road, Bradford. Lecture: ‘‘ Boiler Plant Develop- 
ments in Association with Pulverised Fuel,” by Mr. F. H. 
Rosencrants, B.Se. 


THE INstITUTE OF METALS: ScoTTisH LOCAL SECTION. 
—Monday, March 8, at 7.30 p.m., at the Institution of 
Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. ‘‘ Nickel and its Alloys,’’ by Mr. 
W. R. Barclay. 


THe InstituTION oF PETROLEUM TECHNOLOGISTS.— 
Tuesday, March 9, at 5.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. ‘‘ The Search for 
Oil in Australia,” by Dr. Arthur Wade, F.G.S. 


Tue INSTITUTION OF CIVIL ENGINEERS.—Tuesday, 
March 9, at 6 p.m., at Great George-street, S.W.1. 
Ordinary Meeting. Paper to be submitted fur discussion : 
“‘The Gezireh Irrigation Scheme, including the Sennar 
Dam on the Blue Nile,” by Mr. Oswald Longstaffe 
Prowde, B.A., M.Inst.C.E. 


Tue InstiruTIOoN oF ELECTRICAL ENGINEERS: 
ScorrisH CENTRE.—Tuesday, March 9, at 7 p.m., at the 
North British (Waverley) Station Hotel, Edinburgh. 
** An All-Electric House,”’ by Professor 8S. Parker Smith. 


Tue INSTITUTE OF BRITISH FOUNDRYMEN: LANCA- 
SHIRE BRANCH. BURNLEY SECTION.—Tuesday, March 9, 
at 7.15 p.m., at the Municipal College, Omerod-road, 
Burnley. ‘‘'The Usefulness of Wood Patterns Mounted 
on Boards,” by Mr. A. E. Wilson. 


Tue InstITUTE oF MeTaLs.—Annual General Meeting, 
Wednesday, March 10, and Thursday, March 11, at 
10 a.m., at the Institution of Mechanical Engineers, 
Storey’s-gate, S.W.1. Wednesday, March 10, at 10 a.m. 
“The Die-Casting of Aluminium Alloys—A Review of 
Current Methods,” by Mr. George Mortimer. ‘‘'The 
Hardness of Cold-Rolled Copper,” by Dr. Samuel L. 
Hoyt and Mr. T. R. Schermerhorn. “Note on the 
Softening of Strain-Hardened Metals and its Relation 
to Creep,” by Mr. R. W. Bailey. Wednesday afternoon 
at 2 p.m. “Crystal Growth in Recrystallised Cold- 
Worked Metals,” by Dr. W. Feitknecht. ‘“‘ The Inter- 
pretation of the Macrostructure of Cast Metals,’’ by 
Mr. R. Genders. ‘‘ The Brittle Ranges of Bronze,” by 
Mr. W.L. Kent. ‘‘ The Copper-Rich Aluminium-Copper- 
Tin Alloys,” by Dr. D. Stockdale. At 7.15 for 7.30 p.m. 
Annual Dinner at the Trocadero Restaurant, Piccadilly- 
circus, W.1. Thursday, March 11, at 10 a.m. “Some 
Experiments on the Soft-Soldering of Copper,” by 
Dr. T. B. Crow. ‘‘ The Influence of Gases on Copper at 
High Temperatures, Part I,” by Mr. A. Glynne Lobley and 
Mr. Douglas Jepson. ‘The Constitution of the Alloys 
of Silver and Tin,” by Mr. A. J. Murphy. ‘“‘ Researches 
on the Nature, Properties and Conditions of Formation of 
Intermetallic Compounds, with Special Reference to 
Certain Compounds of Tin.—Parts I-V,” by Mr. W. 
Hume-Rothery. ‘Thursday afternoon at 2 p.m. ‘The 
Mechanical Properties at High Temperatures of an Allo 
of Nickel and Copper, with Special Reference to Creep,” 
by Mr. H. J. Tapsell and Mr. J. Bradley. ‘“‘ Determina- 
tion of Zinc Oxide in Brass,’ by Dr. B. S. Evans and 
Mr. H. F. Richards. ‘‘ Note on the Corrosion of an 
Ancient Tin Specimen,” by Professor C. O. Bannister. 
“Striation Due to Working or to Corrosion in Micro- 
scopical Metallography : A Contribution to the Study of 
the Mode of Action of Etching Reagents,”’ by Mr. A. M. 
Portevin. 


‘were reduced by 5,889,154 to 52,259,468. 


Tue INstrruTION oF ELECTRICAL ENGINEERS: SOUTH 
MIDLAND CENTRE.—Wednesday, March 10, at 7 p.m., 
at the University, Edmund-street, Birmingham. “Electro 
Farming, or the Applications of Electricity to Agricul- 
ture,’’ by Mr. R. Borlase Matthews, Wh.Ex. 

THE INSTITUTION OF ENGINEERS-IN-CHARGE.— Wed - 
nesday, March 10, at 7.30 p.m., at the St. Bride Institute, 
Bride-lane, Fleet-street, E.C.4. ‘‘Modern Laundry 
Machinery,” by Mr. E. A. Alliott, B.Sc. 


THE ASSOCIATION OF ENGINEERING AND SHIPBUILDING 


DRAUGHTSMEN: BIRMINGHAM AREA TECHNICAL Com- 
MITTEE.— Wednesday, March 10, at 7.30 p.m., at the 
Chamber of Commerce, New-street, irmingham. 


Lecture, “‘ Boiler House Lay-out and Management,” by 
Mr. Philip S. Wooley: 


THE LiveRPOoL ENGINEERING SocreTy.—Wednesday, 
March 10, at 8 p.m., at the Temple, Dale-street, Liverpool. 
Informal Meeting. “‘ Flettner Rudder,” by Mr. F. A. Best. 


THE Royat Soctety or Arts.—Wednesday, March 10, 
at 8 p.m., at John-street, Adelphi, W.C.2. Ordinary 
Meeting. ‘“‘'The Microstructure of Coal,”’ by Mr. Rein- 
hardt Thiessen. 


THE INSTITUTION OF CHEMICAL ENGINEERS.—Wednes- 
day, March 10, at 8 p.m., at Burlington House, Piccadilly, 
Ww. ‘** Refrigeration in Chemical Manufacturing Pro- 
cesses,’’ by Mr. H. M. Dunkerley. 


THE Society or CHEMICAL INDUSTRY: CHEMICAL 
ENGINEERING Grovur.—Thursday, March 11, at 6 p.m., 
at the University, Bristol. Joint Meeting with the 
Bristol Section of the Society of Chemical Industry. 
“Sifting Plant,” by Mr. A. Ogilvie. ‘‘ Sifting Machinery 
and Processes,’ by Mr. T. J. Stevenson. = 

THE INSTITUTION OF MECHANICAL ENGINEERS: SOUTH 
Wares Brancu.—Thursday, March 11, at 6 p.m., at 
the South Wales Institute of Engineers, Cardiff. *‘ Appro- 
priate Metals, mainly Ferrous,”’ by Dr. F. Rogers. 


Tue Norru-East Coast INstTiruTIOoN oF ENGINEERS 
AND SHIPBUILDERS.—Friday, March 12, at 7.30 p.m., 
at the Literary and Philosophical Society, Newcastle- 
upon-Tyne. “‘ What is Sea Speed ? ” by Mr. R. J. Eyres. 

Tue Roya Sanitary InstrruTe.—Sessional Meeting, 
Friday, March 12, at 8 p.m., and Saturday, March 13, 
at 10.30 a.m., at the Town Hall, Hastings. Friday, 
March 12, at 8 p.m. ‘A City of Health,” by Professor 
H. R. Kenwood. Saturday, March 13, at 10.30 a.m. 
Discussion on ‘‘ The Effect of the Public Health Act of 
1925 on the Work of Municipal Engineers and Sanitary 
Inspectors,’? opened by Mr. J. Parkin. At 2.45 p.m. 
Various Visits. 

THe Instirure or TRANSPORT: NORTH-EASTERN 
Locat Srction.—Saturday, March 13, at 3 p.m., at the 
Town Hall, Neweastle-upon-Tyne. ‘‘ State Ownership 
of Waterways,”’ by Professor J. H. Jones. 

THE AssocraTION OF MINING ELECTRICAL ENGINEERS : 
Lonpon Brancu.—Saturday, March 13. Visit to 
Chislet Colliery, near Canterbury. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—Shipments of coal foreign as cargo 
from South Wales in the past week amounted to 504,630 
tons, compared with 470,010 tons in thé previous week 
and 398,010 tons in the corresponding period of a year 
ago, despite tonnage difficulties. Shipments to Algeria 
were increased from 9,100 tons to 18,100 tons, to 
Belgium from 13,640 tons to 15,540 tons, to Egypt from 
20,650 tons to 44,000 tons, to France from 132,550 
tons to 135,920 tons, to Greece from 4,500 tons to 
18,400 tons, to Italy from 63,900 tons to 87,100 tons, 
to Las Palmas from 9,500 tons to 15,900 tons, and to 
Spain from 14,810 tons to 25,190 tons, but to the Argen- 
tine were reduced from 41,000 tons to 20,250 tons, to 
Brazil from 37,830 tons to 18,950 tons, to Portugal from 
21,680 tons to 17,120 tons, and to the United States from 
47,630 tons to 32,620 tons. The Egyptian State Rail- 
ways will shortly be inviting tenders for 150,000 metrical 
tons of Welsh large coal. In December last orders were 
placed for 300,000 metrical tons of Welsh coal for ship- 
ment over the four months ending April, 200,000 tons 
being placed at 28s. 9d. per ton, c.i.f. Alexandria, 50,000 
tons at 29s. 10d. and 50,000 tons at 29s. 9d. According 
to Mr. Finlay A. Gibson, secretary of the Monmouth- 
shire and South Wales Coalowners’ Associations, 
3,715,9121. were lost by the Welsh coal-owners in 1925, 
the output being 45,513,000 tons, or 5,500,000 tons 
less than in 1924, and 11,250,000 tons lower than 
in 1913. Exports at 21,453,000 tons were 4,250,000 
tons less than in 1924, and 8,500,000 tons lower than 
in 1913. The number of person employed in the Welsh 
mines in 1925 at 200,675 were 43,926 less than in the 
previous year, while the number of man-shifts worked 

Though 
fewer people were employed in 1925, the wages bill 
amounted to 29,564,0001. for producing 45,513,000 tons 
of coal, whereas in 1913 they were paid just over 
21,500,0001. for producing 56,800,000 tons. The men, 
therefore, received 8,000,0007. more money for producing 
nearly 11,250,000 tons less coal. 


Iron and Steel.—Exports of iron and steel goods in the 
past week amounted to 23,318 tons, against 16,437 tons 
in the previous week. Shipments of tinplates and 
terneplates totalled 9,053 tons, against 7,875 tons, 
blackplates and sheets, 4,711 tons, against 523 tons, 
galvanised sheets, 6,576 tons, against 3,803 tons, and 





other iron and steel goods, 4,236 tons, against 1,978 tons. 
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SOME DEDUCTIONS FROM NOZZLE 
EXPERIMENTS. 

EarLy experiments on component elements of 
steam turbines led, undoubtedly, to many very 
unsound conclusions. As one consequence, nozzle 
efficiencies were much over estimated, and this led 
to a corresponding overestimate of. the bucket 
friction. Impulse turbines, having in the aggregate 
a capacity of some hundreds of thousands of 
kilowatts, have been proportioned on the assumption 
that the velocity coefficient of the nozzles used was 
96 per cent., and that the ratio of the velocity of the 
steam leaving a bucket to that of the steam enter- 
ing it, was 0-85. Thus, proportioned, the turbines 
gave, in the early days at any rate, test results in 
satisfactory accord with these premises. The sfan- 
dard of efficiency demanded has, however, steadily 
risen, and of late there have been, particularly on 
the Continent, some serious failures to realise 
guarantees confidently made. 

One reason for this seems to be disclosed by the 
Manchester experiments of the Nozzle Research 
Committee, appointed by the Institution of Mechani- 
cal Engineers. These experiments make it certain 
that the 0°96 velocity coefficient assumed by so 
many designers was not nearly attained in the tur- 
bines in question. These had nozzles, formed with 
cast-in diaphragm plates of medium thickness, and 
the theoretical velocity of efflux ranged between 
1,300 and 1,600 ft. per sec. The true velocity coeffi- 
cient was therefore probably at most, 93 per cent., and 
quite possibly even less. In fact, with the thinnest 
partition plates used at Manchester, the average 
velocity coefficient over the range above specified 
was 0° 945, whilst with the thick division plates the 
figure fell below 0°91. The higher of the two figures 
corresponds to an energy efficiency of 0-893 and 
the lower, to one of 0-828. The energy efficiency 
corresponding to a velocity co-efficient of 0°96 is 
0-922. 

The nozzle friction in these turbines would. there- 
fore seem to have been underestimated by possibly 
6 per cent. It should perhaps be added that 


‘| somewhat higher efficiencies for commercial forms 
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of nozzles have been recorded abroad, but the 
experiments in question have invariably been made 
with reaction testers, which, so far as yet con- 
structed, have only been suitable for making relative 
tests, and not absolute ones. In fact, efficiencies, 
exceeding 100 per cent. have in some cases been 
recorded with these reaction testers, which have 
all suffered from the defect that the efflux takes 
place into a discharge chamber in which the 
nozzle box swings. Now it is well known that 
the pressure is likely to vary from point to 
point of any chamber, through which a jet of 
steam is passing. As an extreme example, a 
pressure difference of 10 Ib. per square inch has been 
observed in a nozzle box feeding a series of nozzles. 
The late Capt. Sankey, again, found a pressure differ- 
ence of 2 or 3 lb. at different points of a box through 
the centre of which a current of air was maintained. 
Of course these are extreme examples, and it is not 
suggested that anything like such pressure differences 
are to be met with in the discharge chambers of 
reaction testers, but it seems pretty certain that 
some inequality of pressure must exist owing to 
the eddies necessarily formed in the discharge 
chamter. Moreover, in view of: the dimensions 
of the swinging nozzle box, it would seem that a 
difference of even as little as cea lb. per square 
inch on the front and rear faces of the box would 
sensibly effect the readings taken at the lowest 
velocities of efflux. 

In the Manchester apparatus the nozzles dis- 
charge into a large cage, which is the movable part 
of the apparatus. Eddies no doubt exist in this 
cage, but they cannot affect the readings because 
the cage moves.asa whole. In principle, therefore, 
the Manchester apparatus, though, perhaps, open 
to improvement in detail, is capable of giving 
absolute values, while it would seem difficult to 
justify a similar claim for any reaction tester of 
which particulars are as yet available. 

Confirmation of the view that nozzle efficiencies 
have been commonly over-estimated in the past 
is afforded by certain experiments on a Brown- 
Boveri reaction turbine which were described by 
Dr. Maguerre in the Z.V.D.I. in the year 1908. 
In ENGINEERING of October 13, 1911, page 482, 
certain rational formulae were deduced connecting 
the velocity of inflow into a group of reaction blad- 
ing, with the energy efficiency of the nozzle (denoted 
by m), and the efficiency M, with which the carry 
over from one row of blades was utilised in the 
next. 

With the aid of additional data, kindly supplied 
by Mr. Eric Brown, the values of M and m were 
in 1914-15 derived from Maguerre’s experiments, 
which were reduced by the method of least 
squares. 

The work was somewhat laborious, since the for- 
mulas used are decidedly complicated and thirty- 
one tests were available. Taking, however, the 
whole of these into account, the value found for m, 
the energy efficiency of the nozzles, was 0-8623, 
whilst M, the efficiency with which the carry-over 
was utilised, came out at 0-8714. These results 
were, as stated, calculated over ten years ago, but 
they seemed in such strong conflict. with the then 
accepted values of nozzle efficiencies, that there was 
hesitation in publishing them. An energy efficiency 
of 0- 8623 corresponds to a velocity coefficient of 0-93, 
which is extraordinarily close to the value found at 
Manchester for 3-in. Parsons blading discharging 
at a speed of 470 ft. a second,* which was about 
the mean steam speed in the tests analysed. The 
blading was the metric equivalent of Parsons 3 in. 
blades. 

From the foregoing it would seem that practice 
and experiment are in remarkably close agree- 
ment, and further support for the reliability of the 
Manchester experiments is to be found in the 
results of experience with velocity compounded 
wheels. As already noted, a coefficient of 0-85 
had been largely accepted by impulse turbine 
builders, as representing the ratio of the velocity of 
steam entering a bucket to its velocity as discharged 
therefrom.. It was, however, impossible to reconcile 
this figure with the actual results recorded with 





* See Third Report of the Steam Nozzles Research 
Committee, Fig. 9, or ENGINEERING, vol. exvii, page 681. 
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velocity compounded wheels. Since, however, ex- 
periment indicates that the efficiency of commercial 
nozzles was over-estimated, the fact that for many 
years test results accorded well with the velocity 
co-efficients of 0-96 for the nozzles and 0-85 for 
the blading, shows that the latter figure must have 
been under-estimated. 

The value of M = 0-8714, deduced from Maguerre’s 
experiments as above explained, corresponds to a 
velocity coefficient of 0-93. This is probably an 
upper limiting figure, since in reaction blading there 
can be none of that radial spreading of the jet, which 
occurs with badly-proportioned impulse blading. 
Where this occurs large losses may be expected, 
but there seems good reason for believing that with 
modern impulse blading this coefficient is at least 
0-90, and it may well be somewhat more. With 
this value, the results actually attained with velocity 
compounded wheels having as many as three or 
four rows of blades, become intelligible, and a long 
outstanding anomaly would disappear. 

It is, of course, quite true, that direct experi- 
ments upon this velocity coefficient made twenty 
years or so ago by different experimenters, yielded 
very low values. In some cases it was, in fact, 
less than 0-70. In those days, however, the 
importance of checking the spreading of the jet was 
very imperfectly realised. Indeed, some of the 
early builders of impulse turbines did not shroud 
their buckets nor make them of any definite length. 
They even claimed that this procedure was advant- 
ageous. Practical experience soon demonstrated 
the contrary, and some designers, at least, take very 
great pains in adjusting the area through the blades 
in exact proportion to the calculated speed of the 
flow. Whether extreme refinement is necessary in 
this matter is perhaps a moot point, since all stan- 
dard makes of impulse turbine seem to be about 
equally efficient. 

Another point of interest on which there is wide- 
spread misconception, is the best ratio of blade 
speed to steam speed in an impulse turbine. If the 
nozzle angle be zero it is easily shown that the best 
ratio of blade speed to steam speed is exactly 0-5. 
In practice, nozzle angles commonly range between 
12 deg. and 20 deg., and, this rule then no longer 
holds good. It has been commonly thought and, we 
must confess, to having shared the error, that with 
such nozzles the theoretical best blade is less than 
half the steam speed. Exact calculation, however 
shows that this is incorrect. With, for example, 
a 20 deg. nozzle angle, the theoretical best blade 


speed is about 0-525 of the steam speed. After 
making allowance for leakage losses and disc 


friction, the highest stage efficiency for an impulse 
turbine for which authentic data are available, 
seems, so far, not to have exceeded 0°815. This 
figure appears to have been reached in several 
cases, but so far does not seem to have been 
exceeded in any tests, of which adequate par- 
ticulars are forthcoming. Experience with water 
would justify the hope that it may, pe haps, be 
raised a little by improvements in details, but the 
margin is probably not large. 








THE AIR ESTIMATES. 


THE task of His Majesty’s Ministers in balancing 
what are regarded as the essential requirements 
of the Services against the existing need for economy 
in expenditure, is certainly an onerous one, and the 
difficulties are particularly acute in the case of the 
Air Service, the eventual developments of which 
can hardly be foreseen. It is, however, mainly for 
the immediate future that Ministers have to provide. 
In the next financial yea”, the Air Ministry proposes 
to spend 16,000,000/. in maintaining the air policy 
approved by successive governments in recent 
years, the sum mentioned exceeding that for 
the current financial year by 486,990/. and the 
difference being accounted for by expenditure in 
connection with the additional squadrons recently 
formed. 

The defence of this country against a possible 
attack from the air is, of course, the foremost con- 
sideration of British air policy, and for this purpose 
it is proposed eventually to provide a force of 52 
squadrons, of which 25 have already been formed, 
while three more will be added during the coming 


year. In consequence of the improved aspect of 
international politics created by the signing of the 
Locarno Treaty, the opinion of the Government, as 
expressed by Sir Samuel Hoare, the Secretary of 
State for Air, in introducing the Estimates in the 
House, on Thursday of last week, is that the for- 
mation of the complete defence force’ may safely 
be extended over a longer period than was originally 
intended. It is realised, however, that the delay 
may have an adverse effect upon the British air- 
craft industry, which is, of course, mainly dependent 
upon Air Ministry orders for its existence. Actually, 
it appears that 5,351,000/. are to be spent on aircraft, 
aero engines and spares in the year ending March 31. 
1927, as compared with 5,864,000/. in the current 
year, the reduction thus amounting to 513,000I. 
It is intended, however, to spread the orders so as 
to keep as many key men as possible employed in 
the various aircraft-manufacturing firms, this being 
obviously of the utmost importance in case it should 
become necessary to expedite construction in the 
future. 

Another announcement of considerable interest 
and importance to the aircraft industry was made 
in Sir Samuel Hoare’s speech. As is well known, 
the industry has experienced considerable difficulty 
in obtaining orders for machines from foreign 
clients, one reason for this being that the restrictions 
hitherto placed by the Air Ministry upon the sale 
of new models, have rendered it almost impossible 
for manufacturers to offer other than more or less 
obsolescent machines and engines. These restric- 
tions, Sir Samuel stated, were necessary for some 
years after the war, but he added that it had now 
been decided to relax them considerably. It will 
thus be possible, in future, to place new types of 
machines and engines on the foreign markets 
much earlier than has previously been the case. 
This, we feel confident, will eventually prove of 
material advantage to the aircraft industry, as 
well as to the country as a whole, by increasing 
the proportion of export to import trade. 

The upkeep of the experimental and research 
establishments will cost 95,000/. in the coming 
year, and a sum of 241,000/. has been allowed 
for miscellaneous research work. It will be remem- 
bered that the research department has been 
reorganised under a newly created Director of 
Scientific Research, and the new organisation, 
it is understood, is working well. The main 
problems under investigation are stability and 
control, metal construction, and supercharging of 
aero engines, although some additional problems 
have resulted from the invention of the auto-giro 
flying machine invented by Senor de la Cierva, 
and dealt with in our last volume on pages 521 
and 549. Machines of this type are now being 
constructed in this country in order to investigate 
more fully the possibilities of the invention for 
civil and military purposes. 

A sum of 332,0001. is allocated in the Estimates 
for airship development, as compared with 
440,000/. in the current year. The Government’s 
airship policy, which is now entering on its third 
year, comprises the construction of an airship of 
5,000,000 cub. ft. capacity at Cardington, and 
another, of the same capacity, by a private firm. 
The programme, however, has been retarded by 
the breakaway of the R.33 from her mooring 
mast at Pulham in the spring of last year, the 
accident having prevented necessary experimental 
flights from being carried out until late in the 
year. The flights then made—in the course of 
which, it will be remembered, an aeroplane was 
successfully released from and re-attached to the 
airship in flight—were entirely satisfactory. It is 
not now intended to carry out the flight to Egypt 
by one of the existing airships, originally planned 
for the current year, since the experience to be 
obtained from it is not essential. 

The net vote for civil aviation amounts to 462,0001., 
of which the main items are 216,500. for works, 
buildings and lands, and 180,000/. for subsidies. 
The expenditure covers the maintenance of the 
aerodromes at Croydon and Lympne, ancillary 
services on the regular air routes, operational 
experiments, and the supply of technical equipment. 
It is to be noted that the subsidy agreement with 





Imperial Airways, Limited, has been slightly 





modified, the annual minimum mileage requirement 
of 1,000,000 having been changed to a minimum of 
425,000,000 h.p. miles—presumably to allow for 
and encourage the employment of machines of 
higher engine power. An additional agreement has 
been entered into with the above-mentioned com- 
pany for the establishment of a regular fortnightly 
service, operated by three-engined machines, between 
Egypt and Basrah, via Baghdad, and between 
Basrah and Karachi, the object being eventually to 
establish a regular weekly service between Egypt 
and India. The item of 216,500/. for works, build- 
ings, and lands, includes a sum of 134,500/. to be 
spent on the enlargement and improvement of 
Croydon aerodrome, work which is much needed 
and has been long delayed. 

The meteorological services of the Air Ministry 
are of value not only to the Air Force and civil 
aviation, but to the community in general and to 
farmers and mariners in particular. Their utility, 
as is well known, has been greatly increased by the 
development of wireless telephony. In addition to 
the general forecasts regularly broadcast from all 
stations of the British Broadcasting Company, 
arrangements have recently been made for the 
broadcasting twice daily from the high-power 
station of that company at Daventry, of forecasts 
specially prepared in accordance with the require- 
ments of agriculturalists and navigators. More- 
over, the forecasting service has been reorganised, 
so that it is now possible for aviators in any part 
of the country to obtain, within a few minutes, a 
reliable report on the existing weather conditions 
along any air route and a forecast of the changes 
likely to occur in the course of a journey. The cost 
of the services remains practically unchanged, the 
total allowance for the ensuing year being just under 
126,000/., which can hardly be regarded as exces- 
sive in view of the general utility of the work. In 
addition to the recording and forecasting of weather 
conditions, a considerable amount of valuable work 
on the purely scientific side of meteorology is 
carried out by the department, especially at the 
Kew and Eskdalemuir observatories, although the 
allowance for this class of research, apparently, 
does not exceed 2,000/. The subjects at present 
under investigation include atmospheric  elec- 
tricity, terrestrial magnetism, and seismology, in 
all of which there is certainly need for increasing 
existing knowledge. 





THE STATE OWNERSHIP OF 
WATERWAYS. 


Ture words “state ownership of waterways ” 
suggest a comprehensive discussion of a_ broad 
subject, international in character. They have 
been applied, however, not altogether appropriately, 
by Mr. H. D. Dickinson to a much more restricted 
topic. Inthe paper which Mr. Dickinson read before 
the Institute of Transport on Monday last, con- 
sideration was confined to canals of this country, and 
not even to all of these. However, within his self- 
imposed limits, the author dealt with his points very 
fairly. There is little new to be said on the possi- 
bilities and prospects of canals in England. The 
subject has been discussed in public and in private 
from all points of view and makes no headway, but 
rather the reverse. Canal traffic dwindles and the 
carrying companies cease to carry. 

As regards the advantages and disadvantages of 
this form of transport in a country of this kind. 
Mr. Dickinson has produced no new facts, but he has 
marshalled his data in such a manner as to leave the 
impression, though he does not enforce the point, 
that he shares with many others the view that our 
canals are hardly likely ever again to become a 
valuable or prosperous system of transport. Cir- 
cumstances are against them, and although argu- 
ments based on what has been shown to be possible 
on the Continent appear plausible enough, they all 
break down when brought up against the depressing 
conditions of their present existence. 

To put a reasonably complete system into an 
effective state, on the lines of the so-called ‘ Cross 
scheme, would involve a cost of the order of 
45,000,000/., making provision for nothing more than 
100-ton boats. It is quite certain that private 
enterprise will not sink this money in our canal 


to 


he 
to 
ull 


Jom 


PPA nA BN ila ANd NEALE Eats > MAR SCA A AIDS RI RR 


a aes Co ee 


MARCH 5, 1926. | 


ENGINEERING. 





system. Ruling out State ownership and company 
management as unsuitable, owing to the restrictions 
which might be imposed on the operators and the 
difficulties of fixing fair terms of lease, Mr. Dickinson 
regards State ownership and State management as 
the only possible alternative to abandonment. It 
may be admitted, for the sake of argument, that since 
the railways have enjoyed a guaranteed return, the 
objection to the State management of the canals has 
less weight than heretofore, but we doubt whether 
the author will carry many people with him in his 
contention that experience during and after the war 
throws a favourable light upon the subject. During 
the war the country sank its interest in trade and 
commerce in order to deal with more pressing matters, 
but it does not follow that the methods then forced 
upon us by necessity would prove attractive under 
totally different conditions. We have little hesita- 
tion in saying that, while accepted as a war measure, 
neither the people of this country, nor those of the 
United States, would be inclined to pass a favourable 
opinion as regards State control. 

The unavoidable conclusion, which we arrive at 
from Mr. Dickinson’s recital of the case, is that the 
cost is not warranted by the prospects, and that an 
equal sum could be far better expended in several 
other ways. The canals, or most of them, have 
fallen on evil days, and it requires more than 
ordinary optimism to believe that they can ever be 
revivified into a valuable and economic agency. In 
principle the form of transport should undoubtedly 
be available, dovetailing into the other types and 
each being employed wherever it is the most 
advantageous from the economic point of view. 
But a rigid adherence to economic principles is not 
practicable in this world, because we have no absolute 
scale to go by, and, if we had, the people of this 
country would oppose all attempts to regulate their 
habits in ways which would become essential if 
these dictates held sway. The inevitable end toa 
somewhat miserable period of senile decay appears 
to be that, with some virile exceptions, our canals 
will simply gradually cease to be. 








THE NAVAL ESTIMATES. 


THE notes which Mr. Bridgeman, First Lord of the 

Admiralty, attached to his memorandum of the 
Naval Estimates, have aroused a good deal of atten- 
tion, and naturally the reduction of nearly three 
and a-half million pounds, in spite of an increase of 
nearly two million pounds in the cost of new con- 
struction, has pleased many interests. Perhaps 
the most satisfactory feature of the whole note 
from an engineering point of view is that the 
dockyard towns have to be content with one 
10,000-ton cruiser and one submarine of the “ 0” 
class, leaving the private shipyards with one 
10,000-ton and one 8,000-ton cruiser, five sub- 
marines of the “O” class, one submarine depot 
ship, one repair ship, and four motor launches. 
The last-named are, of course, very small, the two 
depot ships would not equal a single really good 
mercantile order, while the price of the submarines 
will be cut very considerably in consequence of the 
experience which numerous yards obtained in this 
class of work during the war. In spite of this, 
however, a lot of work will be provided for the 
shipbuilding districts which have been very hard 
hit during the last few months. 
_ Itis to be supposed that the Admiralty will take 
immediate steps to place the contracts for these 
ships, in contrast with their policy last year when 
the contract-built cruisers were left until the very 
last possible moment in order that the Admiralty 
might save the money on their first instalment until 
they had got well under way with a number of 
economies which they had planned, but which took 
Some little time to carry into effect. Nearly all 
these economies are now in working order, so that 
there is no need for further delay, while to the 
shipbuilding districts concerned it is of the very 
greatest importance that this work should be in 
hand during the months which are generally slack 
and when there is most distress in the country. 

Presumably it is the intention of the Admiralty 
thoroughly to test the new destroyers Amazon and 
Ambuscade before any more ships of this type are 
ordered. If this surmise is correct the decision is 





interesting in view of the fact that these boats are 
designed according to the ideas of their builders, 
Messrs. J. I. Thornycroft and Messts. Yarrow, re- 
spectively The First Lord’s memorandum states that 
these ships will be finished during the coming finan- 
cial year, so that the nine destroyers which are to be 
built under next year’s estimates need not be laid 
down until the Amazon and the Ambuseade have 
been thoroughly tried and the best points of their 
design decided upon. It was the Admiralty’s 
policy in the ‘nineties and the early days of the 
twentieth century to permit the private shipbuilders 
to work their own ideas into the designs of their 
destroyers, and to make a careful note of the best 
feature of each against the time when the department 
was to undertake its own designs. 

Generally speaking, the explanation of the esti- 
mates has been received with considerable satis- 
faction both in shipbuilding and naval circles, 
although, of course, it is only in matters of detail 
that any information is given over and above that 
contained in the published programme which is to 
cover the period until 1930. 





THE LEIPZIG FAIR. 


AurHoucH Leipzig Fair has a record covering 
nearly seven hundred years, during which time it 
has been an international meeting ground for 
traders in every variety of manufactured goods, 
the inclusion of a section devoted to those products 
particularly associated with the growth of scientific 
knowledge dates back only eight years. Its 
formation was the expression of a wish to group 
the hitherto scattered technical exhibits in one 
adequate home, and the success of the venture 
was shown by the rapid growth within the next 
few years of the so-called Technical Fair, which 
is housed in a group of specially-built halls in an 
enclosure outside the town, suggestive of Wembley, 
but without any amusement park or other popular 
amenities. The General Fair, it should be men- 
tioned, occupies about 100 halls in the centre of 
the town. 

At first, builders of machine tools withheld their 
support, but when they saw the possibilities 
inherent in the new arrangement, the Technical 
Fair rapidly expanded. The limit of expansion 
appears to have been nearly reached last year, and 
this year’s exhibit is little more than a repetition. 
This statement is not intended to decry the Fair, 
however, which is a very wonderful example of 
wholehearted support and organisation, the results 
of which as a whole were not bettered by our first 
Wembley Exhibition, although the Fair remains 
open for only ten days. 

The only increase in the number of buildings 
occupied in the Technical Fair is due to the 
opening of a hall for the exhibition of fuel and 
heating, which is really a 1e-grouping of last year’s 
exhibits in one building, and a hall devoted to 
road-making machinery and materials. The Union 
of Socalist Soviet Republics occupy a hall in this 
enclosure, but their exhibits are confined chiefly to 
raw material of a general nature and even their oil 
industry is not represented by more than a range of 
sample bottles illustrating crudes from the several! 
fields, and the refined distillates. 

To the engineer the large hall devoted to machine 
tools—the one used last year—must remain the 
centre of attraction. Here a very complete system 
is in force to aid the buyer. An inquiry bureau 
is open under the impartial direction of Professor 
Dr. Kurrein, head of the Machine Tools Laboratory 
at Charlottenburg Technical School, Berlin. He 
has prepared a series of key plans and indexed 
information sheets and cards, which make it possible 
for the buyer to go straight to those stands at 
which the plant in which he may be interested, is 
to be found, with an indication from the bureau of 
the standing and quality of the products on show. 

A first impression of the Machinery Hall suggests a 
predominance of woodworking machinery, especially 
of the general type, frame-saws, for instance, being 
shown on many stands. On closer investigation, 
however, there is every indication of a high standard 
of development of up-to-date milling, grinding, and 
boring machinery. Attentiqgn is being given to 
thread-milling and gear production, and not only 
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is a good quality of work being produced, but the 
design of the machines themselves follows advanced 
practice, and substantial proportioning is noticeable. 
Some of the more interesting of these developments 
we hope to deal with in a future issue. 


(To be continued.) 








STEEL CASTINGS AND FORGINGS. 


Ir was one of the greater prophets who en- 
visaged a time when swords should be beaten 
into ploughshares, but highly desirable as the 
consummation may be, the past experience of 
mankind gives warrant for the belief that had 
not the need for the sword, or its modern 
equivalent, existed, the farmer would have had 
to content himself with a very primitive equip- 
ment of agricultural implements. The develop- 
ment of the metallurgical arts in particular, from 
prehistoric times to the present, has been largely 
consequent upon the demand for weapons of war. 
The skill and knowledge expensively and laboriously 
gained in the preparation of these, has ultimately 
proved invaluable for the perfecting of the machines 
and tools required for agriculture and industry. 
As a specific instance Sheffield owes much to the 
Admiralty, whose requirements have been a main 
factor in making it commercially practicable for 
our steel makers to teach themselves how to 
handle and treat heavy steel forgings and castings. 
In regard to the latter the Admiralty rule that 
only British materials should be built into British 
ships has been specially beneficial. It must, we 
think, be admitted that, at the beginning of 
this century, our makers of steel castings had 
not developed their art to as high a pitch of 
perfection as had been attained by certain foreign 
firms. As a consequence many British users of 
these commodities, with a not unnatural reluctance 
to run avoidable risks, were prone to supply their 
needs from overseas, thus depriving our own steel 
makers of the opportunity of gaining the experience 
necessary to the securing of the best results. The 
Admiralty, however, held firmly by their rule, 
and largely in consequence of the practice thus 
afforded, improvement was rapid, so that to-day 
it is as unnecessary to go abroad for steel castings 
as it is for heavy forgings. 

This is fortunate since the marked trend towards 
higher temperatures and pressures in power station 
practice has made it necessary to use steel castings 
in ever-increasing quantities. Ordinary cast-iron is 
not merely relatively weak, but is apt to grow 
if subjected to temperatures of more than some 450 
deg. F. Growth commonly involves distortion, and 
with the small clearances between fixed and moving 
parts which are unavoidable in all types of the com- 
pound steam turbine, the risk of distortion must 
be guarded against with special care. Steel is 
free from the defect named, but it is a much less 
kindly material to deal with in the foundry. 
The demand for somewhat complicated castings is 
nevertheless insistent and must be met. Good 
examples of the kind of work steel founders are 
required to produce are illustrated in Figs. 1 and 2, 
page 306. These represent steam turbine casings 
cast in steel by Messrs. Thomas Firth and Sons, 


-| Limited, of Sheffield. To produce satisfactorily such 


castings demands much care and special knowledge 
on the part of the foundrymen, The latter are, in 
fact, apt to protest that designers think too 
exclusively in terms of the machine and erecting 
shop and ignore the foundry. 

Even in the case of cast iron it is recognised 
that abrupt changes of section are to be avoided, 
and this maxim applies still more emphatically 
when the casting is to be of steel. In the old 
days many draughtsmen had gained, either in 
the pattern shop or in the foundry itself, some 
practical acquaintance with the requisites for 
sound castings. With the greater specialisation 
now characteristic of drawing office recruits, this 
kind of experience is relatively less common than 
heretofore. Too many would seem, indced, to 
have adopted the attitude of a Swedish example, 
who, on complaint made, protested that he was 
an engineer and not a mechanic, and that it was 
the business of the shops to devise methods of 





executing his designs. Curiously enough we heard 
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almost this identical remark last summer in Belgium, 
when exception was taken to difficulties of execution 
unnecessarily introduced into certain designs. 

So, far as steel castings are concerned nothing 
but good can result from frequent conferences 
between the drawing office and the foundry. On 
the one hand there are, of course, limits to the 
concessions which it is practicable to make to the 
foundryman’s demand for simplicity, but there are 
many minor details of design which might well be 
modified so as to diminish the difficulty of producing 
castings of a sound character. 

Very similar considerations apply to the heavy 
forgings now in such demand for turbine and 
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master. In spite of the difficulties mentioned, 
however, very great success has been achieved in 
producing these difficult forgings. In support of this 
we give in the table below the test results of samples 
cut from a rotor forging 25 ft. long, which varied 
in diameter from 12 in. to 39 in. It weighed over 
20 tons, and was produced from a 50-ton ingot. 
The forging was supplied by Messrs. Thos. 
Firth and Co., Limited. The uniformity of the 
tests is very noteworthy, and the tests were in all 
cases well in excess of the requirements of the speci- 
fication. Still higher test figures are obtained with 
alloy steels ; specimens from a heavy turbine shaft of 
this material supplied by the same makers showed 
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of forging adopted ensures that the axis of the 
ingot remains the axis of the disc, and the metal 
here, where it is least likely to be reliable, is conse- 
quently completely removed from the finished forg- 
ing. For the larger discs, 5 ft. or more in diameter, 
a normalised carbon steel is employed, and samples 
cut axially from the interior of the hubs show a 
yield point of 21-5 tons per square inch, an ultimate 
strength of 49-9 tons per square inch, an elongation 
of 22-2 per cent. on 2 in., and a 37-3 per cent. re- 
duction of area. Corresponding figures for specimens 
cut longitudinally from the outer periphery are: 
yield point, 25-4 tons per square inch; ultimate 
strength, 44 tons per square inch; elongation on 
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alternator rotors. These often vary enormously in | 
diameter from point to point, making it impossible | 
to secure a uniform rate of cooling. There is 
thus a danger of setting up severe internal stresses. 
Moreover, the larger the mass of metal the greater 
is the risk of segregation owing to the length of | 
time over which the cooliiig is then prolonged. | 

The physical properties now specified, it may be | 
added, are obtainable oniy by heat treating these 
large forgings, and the process is rendered difficult 
by the large‘and abrupt changes in the cross sections. 
In many cases these are probably unavoidable, 
but it remains an open question as to whether 
they should be produced in the forging process 
or by subsequent machining of a forging of less 
irregular form. Both methods have their draw- 
backs, and the balancing, in individual cases, of 
the relative advantages and disadvantages of the 
alternatives seems a very suitable subject for 








compromise between the designer and the forge 


Steam TURBINE CASTING. 











Area, 

Angle of Bend 

| without Fracture. 
deg. 


___ per cent. 


Position of Specimen. 


Yield Point. 
tons per sq. in 
Maximum Stress. 
tons per 8q. in. 
Elongation on 
2 In. 
__Percent. _ 
Reduction of 


| 
| 
— 
| 
| 


20-4 | 36-4 | 





| 

Cut axially from one end 

Cut tangentially from one end | 
of large diameter .. -.| 21-2 | 38-4 | 28-0 44°8 

| 


| 180 
Cut radially from opposite} } | } 
end of large diameter .| 21-6 | 88-8 | 25-0 | 44-8 | 180 


a yield point of 56 tons per square inch, an-ultimate 
strength of 63-6 tons per square inch, an elongation 
of 20 per cent. and a 59°6 per cent. reduction of 
area. Equally satisfactory results are obtained 
with steam turbine discs such as are illustrated 
in Fig. 3. These can now be supplied by the firm 
mentioned up to 12 ft. in diameter. The process 
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3. Tourprne Disc Foreines. 


2in., 26-1 per cent. : reduction of area, 44-8 per 
cent. Yor discs up to 30 in. in diameter alloy steel 
is used, and the material is hardened and tempered. 
It then shows a yield point of 42-2 tons per square 
inch, an ultimate strength of 52-5 tons per square 
inch, an elongation of 26-5 per cent. on 2 in., and 
66 per cent. reduction of area. 

Another Sheffield product which has met a 
specific need of turbine designers is the stainless 
steel. This has now been sufficiently long in 








service, as blading material, to make it certain 
that it maintains indefinitely its remarkable 
resistance to corrosion and erosion. Turbine 
builders are now also experimenting with “ Stay- 
brite’ iron, which has the advantage over its 
predecessor of being more easily wrought since 
it can be cold pressed and drawn. In fact, 
“ Staybrite ”’ tubing is now a commercial article, 
and is giving satisfactory service in exceptionally 
trying conditions. 
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THE BRITISH INDUSTRIES FAIR 
AT BIRMINGHAM. 


(Concluded from page 263.) 


An entirely new feature of the Fair was a section 
devoted to motor vehicles. Although the number 
of firms showing exhibits of this nature was small, 
the area occupied was considerable, as an entire 
hall was practically taken up by the exhibits of the 
Ford Motor Company (England), Limited, and 
Fordson Industrial Equipment, Manchester. The | 





ber 11 of last year, page 338, in connection with 
a paper read by Mr. P. Johnson on ‘‘ The Roadless 
Transport Problem,”’ before the British Association 
at Southampton. A special feature of the vehicle 
is that it can be converted in a very short space of 
time into an ordinary wheeled vehicle. 

Apart from the Ford cars, the only example of 
an ordinary touring car was shown by the Monarch 
Motor Company, of Castle Bromwich. This car 
has been specially designed for the Colonial market. 
To meet the conditions abroad, it is essential that 
a vehicle should have an 8-ft. 6-in, track, good 
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products of these two firms are too well known to 
require any description in detail, but it may be 
mentioned that the changes which have recently 
been made in the Ford touring car rendered the large 
display of these vehicles by the former company 
a very attractive one. 

Messrs. Morris Commercial Cars, Limited, of 
Foundry Lane Works, Soho, Birmingham, were 
showing examples of their 1-ton tipping lorry, 
designed to meet the needs of the building and simi- 
lar trades, and of the Morris roadless 1-ton truck. 
The latter vehicle virtually consists of a standard 
Morris 1-ton chassis lengthened and fitted with a 
double-reduction gear-box midway between the 
ordinary gear-box and the back-axle. This dupli- 
cates the gear ratios provided by the standard 
three-speed gear-box, giving, in all, six speeds 
forward and two reverse, the lowest gear in the 
range being in the neighbourhood of 65 to 1. We 
described the track system in our issue of Septem- 
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ground clearance, and an engine capable of pulling 
well on top gear at low speeds. It should also be 
of rather more substantial construction than is 
necessary for British roads, and the cooling system 
should be so adequately proportioned as to 
prevent the engine overheating under the most 
unfavourable conditions of service. All these 
points have received due attention in the case of 
the Monarch car. The ground clearance is 10 in. 
The engine is a four-cylinder model of 75 mm. bore 
by 120 mm. stroke. The capacity is thus 2,120 c.c., 
and the Treasury rating 13-9 h.p. The pistons 
are of cast iron, but are so light that the engine 
may safely be run up to 4,000 r.p.m. The valves 
are of the overhead type, and the cylinder head is 
detachable, so that the engine is generally typical 
of the latest British practice, while being modified 
in detail to render it suitable for Colonial conditions. 
The capacity of the water system is greater than is 
usual, and the water spaces, especially round the 








valves, are very large. Thermo-syphon cooling is 
adopted as the normal system, but a pump can be 
fitted in addition, for service in particularly hot 
climates. The car has four forward gears, with 
ratios of 5-2, 9-4, 11-1 and 19-4 to 1. While, 
in our opinion, a three-speed box is rather more 
suitable for a Colonial model car, the makers state 
that they only fit lowest gear for emergency pur- 
poses, and that the three higher gears are those 
normally used, starting up being entirely satisfac- 
tory on second. 

The batteries exhibited by the Chloride Electrical 
Storage Company, of Clifton Junction, Manchester, 
included the latest types for radio work. Among 
these were batteries similar to those used by the 
British Broadcasting Company, and types for marine 
wireless installations, emergency lighting, and 
gyro-compass operation on shipboard. Exide- 
ironclad batteries for traction purposes were also 
shown, with cut-away sections illustrating the 
special construction of these cells. The Exide- 
ironclad battery is extensively used for electric 
vehicles, where short runs and frequent stopping 
and starting are factors which make the use of this 
type of vehicle a necessity. Electric trucks for 
handling merchandise in factories and warehouses 
also utilise this type of battery. A further applica- 
tion of the Exide-ironclad battery is in the lighting 
of ’buses, where robust construction for long-life 
are essential. Special cells suitable for miners’ 
handlamps and portable batteries were also exhibi- 
ted, and in contrast with these small type cells, large 
cells suitable for the underwater propulsion of 
submariies were shown. 

As in previous years, Messrs. W. and T. Avery, 
Limited, of Soho Foundry, Birmingham, ex- 
hibited both weighing and testing machines. The 
former included the latest types of automatic visible 
weighing machines, and also counting machines of 
various types. Among the testing machine exhibits, 
the firm showed their universal testing machine of 
the compound-lever type, an automobile-spring test- 
ing machine, a rubber testing machine, an Izod 
impact tester, and a special railway-chair testing 
machine. We illustrate the latter, which is a new 
design, in Fig. 31, annexed. The illustration shows 
a chair in position resting on supports at the two 
ends, the load being applied by means of a bridge 
piece inserted between the two forks. It may be 
mentioned that the machine is also suitable for bar 
tests. In this case the supports are transferred 
to the two ends of the table and bolted down 
3 ft. apart, the load being applied in the same 
manner as when a chair is being tested. The table 
forms the head of a ram, of which the base of 
the machine forms the cylinder; the pressure is 
produced by means of the hand pump shown in front 
of the machine in the figure. Three gauges are 
provided, that visible on the left being finely 
divided and having a maximum reading of 2 tons. 
The other two gauges both read up to 40 tons, 
the two being provided to check each other. After 
a pressure of 2 tons has been reached, the left-hand 
gauge is shut off by means of the cock to be seen 
in the line piping below it, the remaining readings 
being taken on the other gauges. The ram is of 
cast iron, and the table or platen is also of cast iron. 
It is guided by two mild-steel columns as shown in 
the illustration. The ram has: a stroke of 9 in. 
The two columns support a cast-iron bridge piece, 
which is bored and screwed to receive a mild-steel 
adjusting screw, to which is attached a cast-iron 
top platen. The screw is fitted with a hand wheel 
at the top of the machine, enabling a quick setting 
to be obtained, and an initial load of about 4+ ton 
to be put on the chair or bar. The scale mounted 
on the front of the column, which can be seen in 
the illustration, is for deflection readings when the 
machine is used for bar testing. The apparatus 
is strongly constructed to render it suitable for 
use in the foundry, and the controls and gauges 
are grouped in a convenient position for the 
operator. 

The Incandescent Heat Company, Limited, of 
Cornwall Road, Smethwick, showed an example of 
their new type of universal, natural draught, town- 
gas fired furnace, suitable for forging temperatures 
up to 1,400 deg. C. The furnace entirely dispenses 
with the use of blowers or other auxiliary equipment, 
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and for this reason it should be particularly suitable 
for small engineering shops. The temperature 
attained is sufficient for most of the operations for 
which a furnace is required in such shops, such 
as forging, heat-treating, case-hardening, and the 
melting of Babbitt and other soft metals. There 
are two chambers in the furnace, in the lower of 
which a working temperature of 1,200 deg. C. can 
be attained in 25 minutes, while in the upper a 
temperature of 900 deg. C. can be reached within 
30 minutes. The gas consumption, starting from 
cold, is maintained at the rate of 250 cub. ft. per 
hour for about 40 minutes to allow for thorough 
saturation of the heating chamber, after which a 
consumption of 180 cub. ft. per hour is sufficient 
to maintain a full working temperature. 

The same firm also showed a gas-fired, natural- 
draught oven and muffle-type furnace, suitable for 
heat-treatment operations, and a new type of gas- 
fired welding and forging furnace. Inthe former the 
temperature can be controlled to within 5 deg. C., 
and the atmosphere or furnace gases may be 
similarly controlled to give neutral, reducing or 
oxidising effects, as may be desired. The welding 
and forging furnace is designed to give a working 
temperature of 1,600 deg. C., and we understand 
that several of these furnaces have been installed 
with a heating chamber 18 in. wide by 15 in. deep, 
in which temperatures as high as 1,780 deg. C. 
have been registered with low-pressure gas and air 
supplies. Other exhibits by the same firm were an 
automatic producer-gas pressure regulator, strong 
weld case-hardening and annealing pots, and a range 
of malleable-iron castings. 

We have mentioned that the exhibit of motor 
vehicles formed an entirely new feature of the 
Fair, and the same remark applies to the display 
of electrical appliances. The latter were particu- 
larly in evidence and, in fact, represented the 
largest group forming a particular branch of the 
engineering industry. An unusually complete dis- 
play of electrical apparatus was made by the General 
Electric Company, Limited, their stand being the 
second largest in the exhibition. The various 
branches of the firm were each represented by typi- 
cal exhibits. Mention may, in particular, be made 
of a complete lift gear for installation at Messrs. 
Lewis’s store, Birmingham, shown by the Express 
Lift Company, Limited; cables by the Pirelli- 
General Cable Works, Limited; automatic and 
battery call telephones by the Peel-Couner Tele- 
phone Works ; and motors, generators, and switch- 
gear by the Witton works. Among the ‘ Magnet ” 
appliances was a mechanical refrigerator of very 
ingenious design, in which all the working parts 
are totally enclosed. We hope to describe this 
apparatus ina later issue, and need only say at this 
point that it is silent in operation and requires 
practically no attention, as neither oiling or re- 
charging is necessary. It is started and stopped 
by turning on or off a water tap connected to it. 
It is normally designed to be run from an electrical 
circuit, but if this is not available, it may be con- 
nected up to line shafting or driven by a small 
petrol or paraffin motor. 

We regret that owing to limitations on our space, 
we have been obliged to omit reference to many 
of the exhibits at the Fair. We have endeavoured 
as far as possible to deal with the most recent 
developments in engineering practice, as typified 
by the exhibits on the various stands, but it is im- 
possible to cover the ground at all fully in a rela- 
tively short account. Of the exhibits of which no 
mention has yet been made, we hope to deal with 
some at a later date, while others have recently 
been described in our eelumns. Among the latter. 
the products shown on the stand of Messrs. Thomas 
Firth and Sons, Limited, may be mentioned. 
These consisted of articles made from Firth Stain- 
less and Staybrite steels, and were dealt with in 
our issue of December 4 last, page 706, when describ- 
ing the Shipping, Engineering and Machinery Exhibi- 
tion at Olympia. A new application of Staybrite 
steel was shown at the Fair, in the form of various 
kitchen utensils, for which it should prove particu- 
larly suitable. We described some _ interesting 
temperature and humidity controllers, made by 
the Steam Fittings Company, Limited, of West 
Drayton, Middlesex, in connection with the same 





exhibition, and these were again shown at Birming- 
ham. Another exhibit with which we have dealt 
recently was an oxygen-jet cutting machine, shown 
by the Godfrey Engineering Works, of Boundary- 
road, Wood Green. This was described in our issue 
of December 4 last, page 703. 

The Fair closed on Friday last, the 26th ult., 
and appears to have been an unqualified success. 
The attendance is officially given as approximately 
60,000, and it is estimated that, apart from future 
business resulting from inquiries, orders were 
actually placed during the period of the exhibition 
to the value of 2,000,000/. These figures are 
sufficient to show that the policy of the organisers 
in making every effort to extend the range of 
exhibits is amply justified, and it may perhaps 
be hoped that on future occasions more support 
will be obtained from the firms representing the 
heavier branches of the engineering industry. The 
number of exhibitions held throughout the year 
in various centres is now so great that it is no 
easy matter for a firm to decide at which they 
shall be represented. That those who decided to 
exhibit at Castle Bromwich are satisfied with the 
soundness of their policy, however, is clearly indi- 
cated by the official statement that 90 per cent. of 
the exhibiting firms have asked for their stand 
space to be retained for next year, with an option 
of extension in nearly every case. Considerable 
prominence has been given to the fact that the 
Fair was intended to make a particular appeal to 
foreign buyers, and it is therefore interesting to 
note that a large proportion of the orders placed 
are for despatch to foreign countries or to the 
Colonies. Australia appears to have been the 
largest Dominion buyer, but orders of considerable 
value have also been placed by representatives 
from New Zealand, South Africa, India and 
Canada. 





THE PRODUCTION AND MEASURE- 
MENT OF HIGH VACUA. 


In his second lecture, delivered at the Royal 
Society of Arts on February 22, Dr. G. W. C. Kaye 
first dealt with the bugbear of the vacuum worker, 
leaks, and their detection. The stock method of 
searching for a leak was to raise the internal pres- 
sure by a tyre pump and immerse the apparatus 
in water. In the case of glass apparatus it was 
useful to send a current through it and to watch 
for changes in the colour of the glow when a swab 
soaked in petrol was passed over the outside; but 
there was risk of contaminating the apparatus. A 
small insulated external electrode of a Tesla coil 
might also be moved over the suspected portion, 
which would brighten up. <A good plan was to note 
the rate of rise of pressure by means of a vacuum 
gauge and to apply an external vacuum in turn to 
various parts ; a cessation in the rate of rise indi- 
cated that all the leaks had been located. This 
was recommended by the Oxygen Research Com- 
mittee of 1923 for apparatus which did not admit 
of degassing and for distinguishing between leakage 
and emission of occluded gas in liquid-air con 
tainers. Sometimes collodion or sealing wax might 
be applied to suspected parts of apparatus under 
rapid evacuation and the pressure would fall if the 
leak had been located. A very simple way was to 
smear the part with water; the pressure should then 
fall, if the water, drawn in instead of air, were 
absorbed by a liquid-air trap. In metal parts hair- 
cracks and blow-holes, which could be stopped by 
electroplating or tinning, might give endless trouble. 
Adjustable leaks were provided with the aid of the 
micrometer needle valve (Fig. 5), consisting of a 
steel needle 8 mm. long, and 0-5 mm. thick, mounted 
on a screw spindle and fitting into a plug with a 
straight bore. When rubber grease was used as 
lubricant, no gland was needed for the long thread 
of the spindle. 

For glass-to-metal joints the expansion co- 
efficients per deg. C. and melting points were of 
importance. These, in 10-§ units and deg. C., were: 
tungsten 4, and 3,350 deg. ; molybdenum 5, 2,550 
deg. ; platinum 9, 1,755 deg.; steel 10-5, 1,530 
deg.; nickel 13, 1,452 deg. ; copper 18, 1,083 deg. ; 
lead 28, 327 deg.; fused silica 0-5, 1,700 deg. ; 
pyrex glass 3, 800 deg.; -porcelain 3, 1,100-1,400 








deg.; soda glass 8-5, 550 deg.; lead glass 9-5, 
500 deg. Platinum for a long time was the only 
available material of the same expansion as glass, 
but had been replaced by copper when it was found 
that copper wire, especially when flattened to in- 
crease the contact area, would give a good joint 
with glass, which, W. G. Housekeeper, of the 
Western Electric Company observed, in 1923, 
would wet copper like water, when molten. When 
one of the two materials was thin, the stresses 
would accommodate themselves. The best design 
for leading-in wires was a feather-edged tape or 
ribbon inside a flat “‘ pinch” seal, the glass being 
thin all round. Copper tubing, turned down to a 
feather edge to give a taper joint, could similarly 
be joined to glass tubing, inside or outside, with 
afew millimetres overlap, and a copper disc could 
be sealed facewise over the flared end of a glass 
tube. A ring of glass should be sealed to the other 
face of the disc, care being taken that the glass did 
not spread over the edge. By passing a copper 
rod or wire at right angles through the disc a 
suitable seal for a vacuum-tube electrode was 
obtained (Fig. 6). Housekeeper was also successful 
with seals between lead glass and iron, brass and 
silver, but copper was preferred on account of its 
low elastic limit and high conductivity. Dr. Kaye 
exhibited some fine specimens of fairly large glass 
vessels joined with the aid of copper by the General 
Electric Company at Wembley, made as described 
and by other methods to be mentioned. The 
copper was heated in an oxidising flame until it 
was covered with black oxide and then dipped 
into strong borax solution and reheated, this being 
repeated until a film of ruby-red copper borate 
spread over the glass; the joint should only bea 
few millimetres in width. 

For most purposes, however, alloys of similar 
expansion to glass were now used in preference to 
copper. The expansion curve of nickel-iron, shown 
in Fig. 7, was due to Guillaume and had been sup- 
plemented in the National Physical Laboratory. 
The coefficient changed very much with the com- 
position and might become negative. The 36 per 
cent. nickel alloy, known as invar, was unsuitable 
for these purposes: but alloys with 50 per cent. 
(or a little less) of nickel were approximately equal 
to glass in expansion. In making joints, the glass 
was first coated with 0-001 in. of copper and then 
treated as described. The alloy edge was thinned 
down, less than for copper, and for large valves, 
&e., the glass was preferably made the external 
material. For sealing-in wires, a 40 per cent. 
nickel was more suitable than the 50 per cent. alloy 
which had a high electrical resistance. This alloy 
was further coated with about 20 per cent. (in 
cross section area) of copper; the overall expan- 
sion of the ‘“‘dumet’”’ wire thus formed, which was 
red with cuprous oxide and known in the trade 
as “red platinum,” was then of the right order. 
Tungsten filaments were simply pressed into this 
alloy, and connections to the plate and to the grid 
were produced by spot-welding the alloy wire to 
the nickel and copper terminals. Copper electrodes 
were inserted into glass by using a flared collar 
or thimble of alloy just threaded over the copper 
terminal, and then brazing the copper-alloy joint. 
The heating should be done before the flux was 
applied and the flame afterwards kept away from 
the work. Different kinds of glass and also silica 
were united in graded joints with the aid of several 
glasses in diminishing order of expansion co- 
efficients ; to join pyrex to silica, the pyrex was 
heated until it had lost sufficient boric acid. A 
tube of uniform appearance, about 9 in. long, lead 
glass one end, and silica the other, was exhibited 
at the lecture. 

An alloy of 75 per cent. of iron and 25 per 
cent. chromium, with an expansion coefficient of 
10 x 10-6, had been introduced by Philip’s Lamp 
Works, Eindhoven. It was not so rustless as stain- 
less steel, a little harder than mild steel, and could 
be heated to 1,000 deg. C., but it then became 
permeable to hydrogen. Toeffect a joint, the alloy 
was first slightly oxidised in an oxy-coal gas flame, 
and a thread of glass was then melted on to the 
edge of the proposed line of junction which was, in 
turn, fused to the glass component. The expan- 
sion coefficient of the alloy should exceed that of 
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the glass by 0-5 or 0-9 x 10-%. These chrome- 
iron joints were particularly useful for current 
terminals, valves, furnaces, &c. For heavy currents 
the terminal was developed into a stout cup with 
a feather edge, into which the conductor was 
screwed, as in Fig. 8. Dr. Bouwers, of Eindhoven, 
using a thin-walled corrugated cylinder of this 
alloy and a compression device operated from 
outside the glass vacuum enclosure, was able to 
move an electrode within the enclosure through 
several millimetres. Platinised metal-to-glass 
joints, obtained by painting a solution of colloidal 
platinum in essential oil on the glass, heating the 
part in a Bunsen flame and copper-plating the 
joint, were also still used. Ridyard dipped the warm 
platinised tube into molten lead and made a con- 
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nection to this lead coating by soldering. Tinned 
glass tubes could be soldered to tinned metal 
tubes. 

Clear molten silica was wetted by clean lead, and 
this property had been utilised by H. J. 8. Sand for 
making the lead seal explained by the diagram 
Fig. 9. A molybdenum wire (Fig. 94) was fitted 
into the capillary portion of the vitreous silica tube 
which was heated and pressed or collapsed on to 
the wire. ‘ihe tube was then exhausted and the 
lead in the wider portion higher up was fused, so 
as to trickle down. The upper end of the tube was 
now opened and the air pressure forced the lead 
against the interior wall of the silica container. The 
tube was finally cut and a tinned leading-in wire 
was inserted into the lead (Fig. 9B). Fine wires, 
not above one mil in diameter, of tungsten and 
molybdenum could be fused directly into silica. 
Ground joints, steel-to-steel and steel-to-glass, had 
been found satisfactory in the National Physical 
Laboratory up to 2} in. diameter. The merest 
trace of grease was necessary unless a mercury seal 
was used ; oil seals should be avoided. The grind- 
ing required male and female steel-grinding tools, 
either of glass-hard steel, or of soft mild steel, 
which soon acquired in working a protective surface 
of abrasive. The “tombac” flexible corrugated 
metallic tubing of the Waffen und Munitionsfabrik 
Karlsruhe (a brass with about 90 per cent. of 
copper) gave a vacuum-tight soldered joint with 
either glass or metal which should be thoroughly 
cleaned by steam, and dried before use. Dr. Kaye 
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also referred to cements, rubber and to the Brown- 
Boveri all-metal mercury vapour rectifier, which 
had an asbestos packing gland provided with a 
mercury seal for the anode (Fig. 10), able to resist 
high temperatures and low-working pressures. 

Tn passing to pumps, Dr. Kaye first mentioned 
backing or fore-pumps, water and steam injection 
pumps and others, and demonstrated that oil 
retains much air. His glass jar contained less than 
an inch of oil, but as the jar was being evacuated, 
an oil-froth rose up several inches, collapsed and 
rose again. That property limited the vacuum 
obtainable with a Geryk piston oil-pump to 0-02 
mm. In the Gaede rotary oil pump, a steel drum 
rotated within a steel casing, the two being main- 
tained in close contact at a point lying between 


Fig.6. COPPERTO GLASS DISC SEAL 
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an inlet and outlet port; two vanes attached to 
the drum were continually pressed by springs 
against the casing which they scraped, and “ parcels” 
of air were passed from one part to the other, a 
vacuum of 10-4 mm. being obtainable. Inthe Cenco 
Hyvac rotary oil-immersed pump, also of the 
scraping vane type, the inlet and outlet ports were 
only separated by a single vane which was pressed 
downward by a spring through the outer casing. 
The outlet port was closed by a small leather valve, 
replaced later by a steel ball, and a glass safety 
trap at the inlet prevented the oil from being 
sucked into the apparatus when the pump was 
stopped. A two-stage Hyvac pump was men- 
tioned on page 113 of our issue of January 22 
last; Gaede’s early rotary mercury pumps of 1905 
and subsequent years, then a great advance but 
now almost obsolete, were illustrated on page 379 
of our issue of September 19, 1913. 

The Gaede molecular pump, the first high-speed 
pump, involved a new principle. A steel drum 
rotating within a stationary steel casing, provided 
with two ports, dragged the gas with it in its peri- 
pheral clearance space. As long as the mean free 
path of the gas molecules was small compared with 
the width of the clearance (about 0-1 mm.), the small 
difference in pressure between the inlet and outlet 
depended upon the peripheral speed, the channel 
dimensions, and the gas viscosity. At a pressure 
reduced by a backing pump to 0-01 mm., the 
mean free path became of the order of several 
millimetres. Collisions between molecules were 
then few in number, and the gas viscosity was hence 
unimportant, while collisions with the walls were 
more frequent. If the walls were stationary, the 
velocity of rebound would be equal to the velocity 
of impact; with the drum moving, the relative 
velocities of rebound and evacuation increased. 
When the starting pressure of the backing pump 
was low enough (0-01 mm. of mercury was a good 





average), the ratio of inlet to outlet pressure 
depended simply upon the peripheral speed; the 
pump, however, would still function at a pressure 
of 20 mm., thoughslowly. Vapours were evacuated 
as well as gases, although more slowly when denser. 
Gaede’s pump, running at 12,000 r.p.m., would 
pump a volume of 1,400 cub. cm. down to 10-* mm. 
in one second, 

This pump had been developed and mechanically 
improved by Holweck in 1922 (see page 55 of our 
issue of January 11, 1924). The Holweck drum 
was made of smooth aluminium, and the clear- 
ance was 0-05 mm. On either side of the central 
inlet (Fig. 11) a helical groove, right and left- 
handed on the two sides, was cut into the casing ; 





the depth of the groove increased from 0-5 mm. 
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at the ends to 5 mm. at the central part where the 
two grooves united. The outer ends of the grooves 
communicated through a channel in the casing body 
with the outlet port ; to make it clear this outlet to 
the rough vacuum is shown to one side in Fig. 11, but 
is actually central. The gas in the grooves was 
dragged from the centre to the ends of the drum. 
The driving induction motor, the rotor of which was 
inside the pump casing, ran in ball bearings. The 
interior of the ends of the casing of the pump and 
rotor were under the backing pressure which 
obviated any chance of leakage through the joints 
to the high vacuum portion. The normal speed of 
the drum was 4,000 r.p.m., the pressure ratio was 
100,000, and the speed of pumping, down to 10-° 
mm., was 2,300 cub. cm. per second. Molecular 
pumps were inexpensive to run, and did not need 
a vapour trap when aspirating vapours; on the 
other hand, they were somewhat noisy, costly, and 
liable to mechanical troubles. 








INSTITUTION OF NAVAL ARCHITECTS PREMIUMS.—The 
Council of the Institution of Naval Architects have 
awarded two premiums for the year 1925, one to Mr. C. 
Frodsham Holt, D.Eng. for his paper on “Stability 
and Seaworthiness,”’ and the other to Mr. G. H. Hoffmann 
for his “‘ Analysis of Sir John H. Bile’s Experiments on 
H.M.S. Wolf, in the Light of Pietzker’s Theory.” The 
premiums will be presented on March 24, next, at the 
opening of the Annual General Meeting, which will be held 
at the Royal Society of Arts, John-street, London, W.C.2. 





Messrs. INTERNATIONAL COMBUSTION, LIMITED.— 
Messrs. International Combustion, Limited, Africa 
House, Kingsway, London, W.C.2, are extending their 
works at Derby in several directions. A new foundry 
section for heavy castings, with core-drying ovens, 
pattern shops and stores, cupolas, and provided with 
modern handling equipment, is to be started at once. 
The programme also includes a new machine shop, 
a sheet-metal working shop, the development of the 
loading and despatching systems, and office extensions. 
It is estimated that the total cost of the work will be 





about 100,000/. 
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LETTERS TO THE EDITOR. 


THE THEORY OF COLUMNS. 
To THE Eprror oF ENGINEERING. 

Sir,—In a letter in your issue of February 12, 
Dr. Morley criticises my brief discussion on the above 
subject as not containing a rigorous proof that the 
equilibrium curve of a strut is a sine curve, and hopes 
that none may think to avoid the calculus in this way. 
While the presentation may be considered suitable for 
the purpose in view, it can be rendered more complete 
by the following considerations of accuracy, which, it 
is hoped, will satisfy Dr. Morley’s desires, 

The equilibrium curve of the displaced strut AB is 
conditioned by the relationship Pup = EI, wu being 
the horizontal displacement of any point of the strut 
if its length be vertical, and p the radius of curvature 
at that point. 

With C, the middle point of AB as centre, draw a 
circle of radius a touching the centre line of the strut 
at D, and draw a sine curve, taking points, as E, on 
the circle, setting off CM = x x are DE, along CA, 
and drawing EP vertical and MP horizontal. This 
sine curve will pass through A and B if nra = I, the 
length of the strut. 

Now suppose a point to move round the circle with 
uniform velocity v. When at E its total acceleration 
is e/a along EC, and hence its horizontal acceleration 
is 'u/a*, where w= PM. Suppose that another point 





moves simultaneously along the sine curve, keeping 
in the same vertical line as the first point. Since 
CM = » x are DE, the vertical velocity of this point 
is nv, which is constant. When at P its total velocity, 
therefore, is nvsecd, where ¢ is the inclination of the 
sine curve at P to the vertical. Accordingly, the 
component of its acceleration normal to its path is 
n*v*sec*¢/p, p being the radius of curvature of the 
sine curve at P. But its total acceleration is hori- 
zontal, and hence this horizontal acceleration is 
nvésec*p/p. Since, however,: its horizontal move- 
ment is the same as that of the first point, the hori- 
zontal acceleration is the same, so that vu/a? = 
n**sec® p/p. 

Thus, in the sine curve pucos*¢ = n?a? = [?/7°. 

As in the strut pu is constant, the equilibrium curve 
of the strut is not a sine curve. 

Making EI/P = /?/:r*, the strut shape differs from the 
sine curve in virtue of the factor cos*¢?. By the con- 
struction of the sine curve, the greatest value of tan ¢ 
is 1/n, so that cos *@ varies from unity down to 
(1 + 2®a?/p2)"3, which for central displacements of 0-1, 
0-05, and 0-025 of the length of the strut has the 
values 0-87, 0-96 and 0-99, respectively. Thus, as the 
central displacement is made small, the equilibrium 
curve of the strut will conform very closely to a sine 
curve. 

That there are many who have not the opportunity 
to become familiar with the calculus and some who 
prefer elementary methods when possible, is the reason 
for my presentation of the matter without the aid of 
the more powerful methods. 

Yours faithfully, 
JaMEs J. GUEST. 

Abbey Wood, February 22, 1926. 








Coat ty MabaGascar,—-It is stated in a recent issue 
of La Technique Moderne that a new coal seam has been 
discovered in the Sakoa region of Madagascar, about 
81 miles from St. Augustin. Tests show that the coal is 
of good quality. 
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THE EVERTITE LOCK-NUT. 

From time to time solutions are attempted to the 
very vexed problem of how to keep nuts from slacking 
back under the influence of vibration. Many well- 
known devices are already on the market and in use, 
employing various principles, but in many cases suffering 
from a disadvantage of one kind or another. The 
common lock-nut is familiar to all; the castellated nut 
is a further development—and complication. The use 
of spring or clip washers has met with varying success. 
A newcomer in the field, of some promise, is illustrated by 
the two accompanying figures. These show sections 
of the Evertite lock-nut, developed and put on the 
market by Messrs. British Evertite Locknuts, Limited, 
St. Margaret’s House, 57 and 59 Victoria-street, London, 
$.W.1. This nut possesses two characteristic features, 
viz., a bevelled or convex under-face and a circular 
V-groove cut in the interior about two or three threads 
from the bottom face. The action will be at once 
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apparent. On tightening the nut against a face, the 
pressure on the bevelled face forces the lower part of 
the nut nearer to the upper portion, slightly closing the 
V-groove. The pitch of the thread is thus changed to 
a small extent between the two sections, and the 
nut, in taking up the strain, takes a firm grip on the 
bolt. 

This nut has been tested under very severe condi- 
tions, and has, we understand, stood up to the work 
exceptionally well. In permanent-way work, black 
nuts of this kind have proved successful, while bright 
nuts have been tested on, and adopted for, engine work 
of all kinds. Nothing more than an ordinary spanner 
is requisite, and on slacking off, the movement itself 
at once releases the lock. No sensible permanent 
deformation occurs, so that the repeated tightening of 
the nut does not affect its locking qualities. It may, 
perhaps, be pointed out that, whereas the action of the 
ordinary lock-nuts is usually dependent upon distor- 
tion of one pitch of the bolt or nut, the new nut does 
not depend upon local distortion of this kind, but upon 
the relative displacement of the pitch of the two sec- 
tions, each of several threads depth, and therefore 
each making full contact, to all intents and purposes, 
within commercial limits. 





THE GEZIREH IRRIGATION 
SCHEME.* 
By OswaLp Lonestare Prowpr, B.A., M.Inst.C.E. 

Tris paper deals with the building of the Sennar 
dam on the Blue Nile and the canalisation of 300,000 
acres on the Gezireh Plain in the Anglo-Egyptian 
Sudan. The dam, which is of granite rubble masonry, is 
founded on an outcrop of gabbro. The central portion, 
principally in the original river-channel, consists of a 
pierced dam with 80 sluices,2 m. wide and 8-4 m. 
high. Above these are 72 small spillways, 3 m. wide 
and 2 m. high, and at each end of the sluice dam there 
are 20 large spillways, 5 m. wide and 2 m. high. Beyond 
these spillways on the east and west of the dam there 
are portions of solid dam. The main canal-head 
regulator on the west bank consists of 14 sluices, 3 m. 
wide and 5 m. high. At each end of the dam there 
is a masonry core-wall with a rubble and earth bank 
behind. 

The maximum pressure on the masonry with the 
reservoir full (neglecting uplift) was calculated to be 
7:03 kg. per square centimetre (6-43 tons per square 
foot) on the downstream side, and with the reservoir 
empty 8-01 kg. per square centimetre (7-32 tons per 
square foot) on the upstream side. 

The principal dimensions of the dam are :— 
Length .... cee 3,025 m. 
Volume of masonry 422,440 cub. m. 
Greatest height .... sce ... 39-5 m. 

Coping level (above sea-level) ..... 422-60 m. 
Sill level of regulator sluices 411-20 m. 





* Abstract of a paper to be read before the Institution 
of Civil Engineers on Tuesday, March 9, 1926,  Illus- 
trated articles dealing with the Sennar Dam and 
Gezireh Irrigation Scheme have appeared in ENGINEERING, 





vol, cxiv, p. 404, and on p. 104, of the present volume.— 
Ep. E, 
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Sill level of main sluices, up- 

stream.... one = 
Reservoir level upstream 
Highest flood recorded (1917) .. 
Highest known flood (1878) esti- 


w- 404-20 m. 
«.. 420-70 m. 
.. 10,000 cusecs, 


mated .... eke eh ... 12,000 cusecs, 
Possible maximum flood allowed 
for 15,000 cusecs. 


The Sudan Government Railway runs across the 
dam, and will be extended later to join the exist- 
ing line at Kassala, which is connected with Port 
Sudan. 


masonry, the mortar consisting of 4 parts of sand 
to 1 of red cement. On the upstream face, a width 
of 1-50 m. is built in 3-to-1 Portland cement mortar, 
A similar mortar was also used for a depth of 0-60 m. 
on top of the foundation rock. The facework is rubble 
mosaic, pointed with 2-to-1 Portland cement mortar, 
The sluices are lined with granite ashlar set in 3-to-1 
Portland cement mortar, and pointed with 1-to-] 
mortar. 

The granite for the rubble masonry was at first 
brought from Gebel Moya, 35 km. from the dam, on 
the Sudan Government Railways, and later from 
Gebel Seggadi, a distance of 52 km., by rail. All the 
granite ashlar was cut at Gebel Seggadi. The sand 
was obtained from the bed of the Nile, and the cement 
produced at a local factory. The Portland cement 
conformed to the British standard specification. The 
red cement consisted of 70 parts of Portland cement 
clinker and 30 of burnt clay, ground intimately together 
inthe factory. Tests showed that, after twelve months, 
red cement mortar was equal in tensile strength to 
that made with Portland cement. The main sluices are 
provided with steel gates running in grooves on Stoney 
rollers, as at Assouan. These gates are lifted by two 
overhead cranes which run on rails on the top of the 
parapets of the sluice dam. 

Construction.—The most difficult part of the con- 
struction was that across the deep eastern channel 
of the river. This channel is about 300 m. wide, with 
a maximum depth of water below the lowest summer 
level of 13 m. There is an island in the middle of the 
river, and the channel to the west of this was cleared 
so that it was capable of taking the whole flow of the 
river up to early in July. Temporary dams (sudds) 
were then made across the deep channel by two suction 
dredgers upstream and downstream of the site of the 
masonry dam, between the island and the east bank 
of the river. : 

When they were completed, the water between 
them was pumped out, and excavation was continued 
by hand, principally in unsound rock. The sudds 
were commenced during the falling stage at the middle 
of October, 1923, but it was not until the end of January, 
1924, that it was possible to commence excavation in 
the deep channel itself. Masonry work was begun 
there on March 18, and the foundations were finished 
at the end of May. In order to complete the masonry 
before the arrival of the flood early in July, it was 
necessary to work in two shifts, building proceeding 
from 5.30 a.m. until 12.30 a.m., and quantities up to 
1,000 cub. m. were placed daily. During the 1924 
season, 158,000 cub. m. of masonry were built, of 
which 100,000 were in the deep channel. On the 
upstream side of the dam was a gantry carrying a 
crane-road, with two lines of rails behind; on the 
downstream side a number of travelling derricks were 
used. Masonry work extended over five seasons, 
commencing in 1921. 

The reservoir upstream of the dam contains 636 
million cubic metres of water, or, allowing for evapora- 
tion, 485 millions net. It will be filled during November, 
when the river is free from silt, and used for irrigation 
between the middle of January and the middle of April. 
From the middle of April to the middle of July, only 
a small quantity will be required for drinking purposes. 
This reservoir will enable the whole of the natural 
supply of the river to be passed on to Egypt, the 
Sudan only using water which would otherwise be 
wasted in the Mediterranean. The effect of the reservoir 
will be felt about 160 km. upstream of the dam. 

Canalisation.—Of the 300,000 acres _ irrigated, 
100,000 acres will be cultivated with cotton each year, 
and 100,000 acres with other crops. Of the latter 
about 50,000 acres will be under maize, the staple 
food the cultivator, and 50,000 acres will be under 
‘Jubia,” a leguminous bean suitable for cattle-fodder. 
The remainder will remain fallow. 

The main canal is 114 km. long and runs 57 km. 
before it reaches the area to be cultivated. At this 
point its water surface is above ground-level. The 
total excavation was 15-3 million cubic metres, of which 
5-2 millions was in branch canals and escapes. The 
main canal has the following dimensions : water-slope, 
7 cm. per kilometre ; bed width, 26 m.; water depth, 
3-40 m.; and side slopes, | to 1. Of the excavation, 
which was in black cotton soil (loess), 11-8 million 





cubic metres was carried out by 24 drag-line excavators. 





The bulk of the work is built in granite rubble 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 


DECEMBER. 1925. 
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(9501) DECEMBER. 1925. 


JANUARY. 1926. 


FEBRUARY. 1926. “exciveenina” 


Norz.—In the diagrams, the figures plotted for tin and copper are the official closing cash 
quotations of the London Metal Exchange for “fine foreign” and “standard” metal, respectively. 
The prices shown for lead are for English metal, whilst those for spelter are for virgin metal. 
Middlesbrough prices are plotted for steel plates and rails, and also for hematite and Cleveland 
pig-iron. The prices given, in the case of steel plates. are for ship, bridge and tank qualities, and 


those for steel rails are for heavy sections. 
Cleveland iron, both of No. 1 quality. 
which vary from 70 Ib. to 80 lb. 

cases the prices are per ton. 


The pig-iron prices are for East-Coast hematite and 

The price of quicksilver is per bottle, the contents of 
The price of tin-plates is per standard box, but in other 
Each vertical line in the diagram represents a market-day, and the 


horizontal lines represent 11. each, except in the case of the diagram relating to tin-plates, in 


which they represent 1s. each. 








r Tae DEVELOPMENT OF THE PorT oF Santos, BRAziL.— 
Ea Government authorities of the State of Sao Paulo, 
‘ razil, are considering the improvement of railway 
acilities to and from the port of Santos, which is in a 
qreeted State. The Sao Paulo Railway is, at present, 
by only line connecting the port with the interior, and 
- goods entering or leaving the port are handled by the 
ae ene Docas de Santos, which has a contract with 
mpage government giving it exclusive rights, The 
come of a new railway would not, in itself, ameliorate 
pes itions at the port, as. the resources of the dock 
di hee are already severely taxed. The solution of the 
uficulty would seem to lie in the Government taking 





over the docks and providing additional dock facilities. 
The Department of Overseas Trade, 35, Old Queen-street, 
London, S.W. 1, announces that the commercial secretary 
at Rio de Janeiro reports that the President of the State 
of Sao Paulo is stated to have sanctioned a law autho- 
rising the necessary survey work in connection with the 
proposed railway. While the whole scheme is still very 
much in its initial stages, the matter is worthy of the 
attention of British firms. The Department of Overseas 


Trade is prepared to assist manufacturers in various 
directions, and further particulars may be obtained on 
application to the Comptroller-General of the Depart- 
ment at the address given above. 


THE ROYAL METEOROLOGICAL 
SOCIETY, 


Tue usual monthly meeting of this Society was held 
on Wednesday, February 17, at the Society’s Rooms, 
49, Cromwell-road, South Kensington, with Sir Gilbert 
Walker, F.R.S., the President, in the chair. The 
following papers were read and discussed :— 

“On Temperature at High Altitudes. Meteorological 
Observations of the Mount Everest Expedition, 1924,” 
by T. H. Somervell, M.A., and “ Some Lessons from the 
Observations,” by F. J. W. Whipple, M.A. In his 
paper, Dr. Somervell set out the observations taken 
during the Expedition, both on the journey through 
Tibet and at the various camps on the slopes of Everest. 
These observations were often taken under exceedingly 
trying conditions, and it is remarkable that so complete 
a record was obtained. It is pointed out that the per- 
formance of any little extra work, such as even the 
recording of a temperature, is very irksome at high 
altitudes. Temperatures were usually recorded at 
8.30 h., 12 h. and 16 h. each day, as also were readings 
from a minimum thermometer freely exposed to the sky 
about 1 ft. above the ground. The lowest temperature 
recorded from this freely-exposed thermometer was 
at Camp III (21,000 ft.), the reading being —24 deg. F. 
Only a few observations were taken at Camp IV 
(23,000 ft.) towards the close of the Expedition. In the 
second part of the paper, Mr. Whipple discussed the 
significance of the observations and particularly the 
lapse rate of temperature with respect to height. 

The other paper was entitled ‘‘ Observations of Wind, 
Wave, and Swell on the North Atlantic Ocean,” and was 
by Dr. Vaughan Cornish. The relation between the 
speed of ocean waves and that of the wind by which 
they are produced was treated by Dr. Vaughan Cornish. 
When hove-to during a storm in the Bay of Biscay, the 
author measured the speed of the waves directly by the 
time taken to run the length of the ship, and the period 
by the intervals between their arrival, and found that 
the observed speed was in agreement with that calcu- 
lated from the period by the usual mathematical for- 
mula. On a voyage from Southampton to Colon and 
back, he devised a new and speedy method for deter- 
mining the period of waves at sea which permitted the 
separation of the wave proper from the swell, even 
when their direction was the same. On a later voyage 
from Ushant to Trinidad and back, the period of the 
waves, in deep water and far from land, was observed 
daily, and the velocity calculated there!rom was com- 
pared with that of the wind as recorded by an anemo- 
meter. When there was no crossing swell, the speed 
of the waves was so nearly equal to that of the wind 
that their crests were travelling in almost calm air, 
the breeze across them being too slight to direct an 
ordinary vane, such as is used ashore to indicate the 
direction of the wind. When, however, there was a 
crossing swell, the wind was unable to produce waves 
travelling with nearly its own speed, the deficiency 
being increased when the crossing swell was not from 
a following but from an opposing direction. The 
height of the waves was also kept down: by a crossing 
swell, and it was found that this condition of the sea 
leads to an underestimate of the force of the wind 
as entered in the ship’s log. Also, the effect of a cross- 
ing swell is to make the sea curl and break in a direction 
different from that of the wind, and this is another 
source of error in meteorological reports. The direction 
of the wind is more reliably recorded by the general run 
of the waves. 








THE LATERAL ConTROL OF STALLED AEROPLANES.—It 
is now certain that the problem-of obtaining adequate 
lateral control of aeroplanes is sufficiently understood to 
permit of a satisfactory solution in the case of an aeroplane 
of normal design. ‘The existing form of lateral control 
is the aileron, which introduces a moment tending to 
turn, as well as to bank, the aeroplane, and some device 
has long been needed which would give the required 
rolling. moment. without the accompanying yawing or 
turning moment. The most satisfactory means yet 
deviaedl for obtaining this type of control is the slot-and- 
aileron. Smaller improvements in other directions have 
resulted from the use of increased rudder control, and 
from the use of differential ailerons. R. & M. No. 1000, 
recently issued, commences with a general statement of 
the problem of the lateral control of stalled aeroplanes 
and outlines the general principles of satisfactory control. 
The data required and the methods of analysing the data 
obtained from models are next discussed in some detail, 
and an account is given of certain step-by-step calcu- 
lations made for the motions following from certain initial 
disturbances, The various devices tried for the improve- 
ment of lateral control are also described in some detail, 
and complete references are given to the whole of the 
work bearing on the investigation. The _ fore-and-aft 
control of stalled aeroplanes yet remains to be studied in 
detail. From practical experience there is no doubt 
that the conventional aeroplane can be controlled fore 
and aft when stalled to moderate angles, but con- 
siderably more study of the problem is required before 
it will be practicable to experiment on the problem 
of landing whilst in the stalled state. The report is 





obtainable from any of the branches of H.M. Stationery 
Office, price 2s. net. 








312 


ENGINEERING. 


[MARCH 5, 1926, 








MESSRS. T. W. GREENWELL AND. CO.'8, DRY DOCK, SUNDERLAND. 


MR. W. 


Fig. 73. PLAN OF PIPE & CABLE TRENCHES AT PUMP HOUSE. 
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MESSRS. T. W. GREENWELL AND 

CO.’S DRY DOCK, SUNDERLAND. 

(Concluded from page 228.) 

THE pump house is 50 ft. long by 26 ft. wide, with 
the floor level 5 ft. below low-water mark. The floor 
itself is 8 ft. thick, and underneath is the pump well, 
16 ft. wide and 12 ft. high, extending for the whole 
length of the pump house. The inlet to the pump well 
is a concrete culvert formed in the pump house wall, 
and connecting with the rectangular inlet and cross 
drain on the dock floor. As the space at the pump 
house was confined on three sides, the excavation was 
done by open timbered methods through the soft 
materials, the rock b ing removed by way of the open 
side of the dock body. The general construction of the 
pump house is shown on Figs. 4 and 6, Pla‘e XII, ante. 

The filling culverts ave constructed of cast-iron pipes 
4} ft. diameter, 9 ft. long, and 1} in. thick. The 
flanges are machined, and the lengths bolted together 
with 1j-in, diameter turned and fitted steel bolts. 
The sluice valves are 4} ft. diameter, faced on 
both sides with gun-metal, and have phosphor-bronze 
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spindles. They are operated by hydraulic cylinders 
of cast iron, 6§ in. diameter, lined with gun-metal 
and the working pressure is 700 Ib. per square inch, 
The valves were made by Messrs. Glenfield and 
Kennedy, Limited, Kilmarnock. 

The dock pumping plant consists of two twin- 
impeller, 36-in. Drysdale centrifugal pumps, each 
capable of delivering on an average 30,000 gallons per 
minute, when running 485 to 490 r.p.m. Each pump 
is driven independently by a 280-b.h.p., three-phase 
motor; the current is 440 volts, 50 cycles, supplied 
from a power house at the dock. The drive from the 
motors to the impellers is direct through a shaft with 
flexible coupling in each case. The main suctions are 
single pipes, 40 in. diameter, with bell-mouthed inlets 
5 ft. diameter across the mouth, and are grouted 
watertight into the pump-house floor. The top length 
of the suction pipe is bolted to the base of the pump 
casing, the latter being secured to a cast-iron bed 
plate on the pump house floor. Each impeller has a 
separate discharge pipe, and the twin pipes are con- 
nected up in front of each pump by a breeches piece 
to form a single main discharge, 36 in. diameter. A 







Fig.76, SECTION E.E. 
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reflux valve, 36 in. diameter, is fitted between the 
breeches piece and the main sluice valve. The sluice 
valves are 36 in. diameter, of the hydraulic type, with 
vertical cylinder, and are operated by a three-throw 
hydraulic pump, driven through spur gear by a 5-b.h.p. 
motor, at a pressure of 700 lb. per square inch. This 
pump also operates the 54-in. sluice valves on the 
filling pipes of the dock, referred to above. The 
main discharge pipes of the pumps are connected at 
the inside of the pump house wall to the discharge 
culvert pipe by tapered lengths and a breeches piece. 

The discharge culvert is a 64-in. diameter cast- 
iron pipe, in lengths of 9 ft., with machined flanges, 
connected by turned and fitted bolts. The outlet is 
at the Tidal Basin, where the terminal length is bell- 
mouthed, and protected by a heavy mild steel grating. 
For futyre augmentation of the pumping plant 4 
reserve outlet has been provided through the fitting-out 
quay wall, alongside that now in use (sce Fig. 4 ante). 
The main pumps can empty the dock of 7} million 
gallons of water (i.e., from high-water level) in 2} hours. 
For dealing with the leakage water into the dock @ 
10-in. vertical centrifugal pump, driven by a 35-b.b.p. 
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motor, is installed. It is capable of delivering 2,000 
gallons of water per minute against a head of 40 ft. 
The ballast pump is of similar design, driven by a 
35-b.h.p. motor, and capable of discharging 1,000 
gallons per minute, against a head of 60 ft. Under 
ordinary working conditions the dock leakage pump 
delivers from the pump well into the main discharge 
culvert, and the ballast pump delivers to the sea-water 
service main from the main discharge culvert, which is 
always open to the river, but arrangements are made 
so that either pump can perform the duties of the 
other in this respect, and they can also be run in 
series. When running under the latter condition, 
they are capable jointly of delivering against a head of 
100 ft. in the sea water service main, or can pump 
together from the pump well through the 10-in. 
suction pipe of the dock leakage pump. 

The remainder of the machinery installed in the 
pump house, is an electrically-driven exhauster for 
priming the centrifugal pumps, a small centrifugal 
electrically-driven drainage pump for dealing with 
leakage and waste water from the machinery, which is 
collected in a small sump in the pump-house floor, 
and a 30-kw. D.C. generator for 110 volts, driven by 
a 50-b.h.p. electric motor for the lighting of the dock, 
and repair welding on vessels. 

The main switchboard in the pump-house, is fitted 
up close alongside the pump-house wall, next to the 
dock, on a raised iron platform, and is accessible from 
the main stairway and the pump-house floor, a gallery 
being provided in front of it. The power supply for the 
whole of the machinery in the pump house is controlled 
from this switchboard, as well as the dock gate operating 
machinery, warping winches, and dock lighting. Messrs. 
Drysdale and Co., Limited, of Yoker, Glasgow, were the 
contractors for the pumping plant, the work being 
carried out to the requirements of Messrs. W. C. 
Mountain, Son, and Wood, Newcastle-upon-Tyne, who 
were also the consulting engineers for the dock crane, 
and the electrification of the repairing yard. 

The power house is situated at the East end of the 
dock, on the south side, and from this point electric 
and pneumatic mains are led in concrete trenches 
along the south side of the dock. Details of the pipe 
and cable trenches are given in Figs. 73 to 89, above and 
opposite. The electric cables are taken to the switch- 
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board in the pump house, from which distribution is 
made to the pumping machinery, dock gate winches, 
warping winches, and dock lighting. The sea-water 
service, for tank testing and water ballast supply, has 
its origin in the pump house, the salt water being 
pumped from the main discharge culvert which is 
always open to the river. For convenience in tapping 
the service mains, concrete branch trenches, with branch 
mains, are provided at intervals of 62 ft. along the 
south side of the dock, having openings through the 
cope. These are shown in Figs. 79 to 81. Figs. 82 
and 83 illustrate the branches provided along the 
filting-out quay at intervals of 110 ft. The service 
cables and pipes are carried across the dock in a pipe 
and cable recess, Figs. 87 to 89, fitted with removable 
timber covers in short lengths, so that they are easily 
accessible for inspection and repairs. The pipes and 
cables are led from the pipe and cable trenches at cope 
level on the south side of the dock through a vertical 
shaft or chamber (Fig.73), terminating in a tunnel under 
the dock wall, shown in Fig. 88, to the recess in the 
floor, and up again on the north side in a similar way, 
as may be seen in Figs. 84, 85, 87 and 89. The hydraulic 
pressure and return pipes for operating the sluice 
valve on the north filling pipe of the dock, are also 
carried across the dock by the same route, and the 
shafts and tunnels are made sufficiently large to permit 
of easy inspection and repairs to the various pipes 
and cables. The pneumatic mains are 6 in. diameter, 
and the sea-water mains 9 in. diameter, with valves 
at suitable points for controlling the supply, and 
cutting out sections requiring repairs. For conveni- 
ence in working on the bottom of a vessel, a secondary 
pneumatic main is carried along each side of the dock 
on the gutter step, the connection for power supply 
being made on the main which crosses the dock floor 
trench. These mains have ,cylindrical steel receivers 
at intervals, fitted with connections for the flexible 
pipes of the pneumatic hand tools. The dock bottom 
is lighted when required by portable electric lights, 
the switches for which are housed in recesses in the 
face of the cope altars, formed at intervals of about 
100 ft. apart. | 

As already mentioned the general scheme of the new 
graving dock and adjacent harbour improvements was 
prepared by Mr. William Simpson, O.B.E., M.Inst.C.E., 
Sunderland, and the new dock, fitting-out quay, and 
repairing yard have been carried out from his designs 
and under his superintendence for Messrs. T. W. Green- 





well and Co., Limited, Sunderland. Mr. W. H. Bowmer 
acted as resident engineer, and Mr. R. D. Simpson as 
assistant resident engineer on the works throughout the 
whole period of their construction. 





FLAMES OF ATOMIC HYDROGEN. 


At the Southampton meeting of the British 
Association, Professor R. W. Wood referred, during 
the discussion of a paper on stellar spectra, to the 
great activity of atomic hydrogen which Dr. Irving 
Langmuir had observed some years ago and had utilised 
in a blowpipe for fusing refractory metals. Particu- 
lars of this device, which we briefly mentioned on 
page 375 of our issue of September 25, 1925, have 
since been published by Dr. Langmuir. When 
tungsten or platinum filaments are heated in an 
atmosphere of hydrogen, the total heat loss (apart 
from radiation loss) increases as the 7th power of 
the absolute temperature, whilst the convection 
loss increases, in nitrogen, only as the 1-8th power. 
The hydrogen at low pressure, above 1300 deg. C. 
absolute, is converted into atomic hydrogen of great 
re-activity, which is able to combine with oxygen and to 
reduce oxides at ordinary temperatures, The degree of 
dissociation, in hydrogen at atmospheric pressure, is 
only 2 per cent. at 2,400 degs. C., but increases -to 
34 per cent. when the tungsten filament is heated to 
its melting point ; the metal acts as a catalyst. 

The dissociation of the hydrogen can also be effected 
by means of the heat of the electric arc. For this 
purpose a current of 20 amperes is passed through 
two tungsten rods, 6 mm. in diameter, mounted trans- 
versely across an alundum tube, 10 cm, in diameter, 
through which a stream of hydrogen is passed; the 
hydrogen burns at the open end. With 300 to 800° 
volts, Langmuir obtained arcs, 2 cm. long, of atomic 
hydrogen burning with a beautiful red colour. Iron 
rods, 3 mm. in diameter, held from 3 to 5 cm. above 
the arc, melted in a few seconds. By blowing a jet 
of ordinary hydrogen from a small tube into the arc, 
the latter could be extended into a long flame when 
the electrodes were brought close together, i.e., within a 
few millimetres. In this flame, molybdenum melted 
easily, quartz a little less readily, while tungsten rods, 
3 mm. in diameter, would also fuse when held close 
to the arc. The apparently smaller fusibility of quartz 
is assumed to prove that the catalytic action of the 
metal plays an important partin the phenomenon. The 
atomic flames are recommended for the welding of 
chromium, manganese, aluminium, and silicon, where 
oxidation must be prevented. The use of a flue is 
unnecessary, and the flame can be used for the pre- 
paration of alloys which must not be contaminated with 
carbon. It is noteworthy that P. Alexander, on the 
suggestion of Elihu Thompson, has used an arc between 
iron electrodes in hydrogen or nitrogen for similar 
purposes. The nitrogen does not appear to impair the 
iron alloys, provided oxygen be excluded. 








THE PHILADELPHIA COMMERCIAL MuseuM.—Main- 
tained by the City of Philadelphia, the State of Pennsyl- 
vania, and by private subscriptions from business firms 
in the United States, the Philadelphia Commercial 
Museum is an institution devoted to on general exten- 
sion of international commerce, and the dissemination 
of information regarding the commercial products of 
the world. 'The museum is erected on a plot of ground 
12 acres in extent, and comprises three buildings measur- 
ing 90 ft. by 360 ft., an exhibition hall, having a floor 
space 383 ft. long and 295 ft. wide, and a power house. 
The grant received from the city of Philadelphia 
(100,500 dols. in 1924) is devoted to the general upkeep 
of the public museum ; that received from the State of 
Pennsylvania (19,000 dols. in 1924) covers the cost of 
installation of exhibits, and of work done for the public 
schools of the State ; the funds derived from business houses 
in the United States (106,600 dols. in 1924), is expended 
on the services rendered to them and for the upbuilding 
and improvement of the Foreign Trade Bureau. Cor- 
respondence is carried on with all parts of the world ; 
many foreign business firms use the institution when- 
ever information of a commercial nature, concerning the 
United States, is desired. American manufacturers 
are supplied with systematic information regarding 
trade in any part of the world. The translation depart- 
ment, in which letters, catalogues and circulars are trans- 
lated into and from the various languages, and the com- 
mercial library, are important branches of the museum. 
The latter contains 45,000 books and 79,000 pamphlets, 
while some 600 trade, economic and scientific journals 
are also received. An export bulletin, containing prac- 
tical information about foreign countries, foreign com- 
merce, export shipping and inquiries for American 
goods, is published weekly by the museum authorities. 
Two monthly journals, Commercial America, in English, 
and América Comercial, in Spanish, are also published. 
The exhibits of the museum comprise systematic collec- 
tions illustrating the industries concerned with such 
products as corn, wheat, sugar, tea, coffee, flax, silk, 
wool, gums and resins, rubber, furs, leather, coal and 
petroleum. 
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ELECTRIFICATION OF A SECTION 
OF THE ORLEANS RAILWAY.* 
By H. Paropt. 
(Continued from page 278.) 

THE transmission lines at 60 kv., 90 kv., 120 kv. and 
150 kv., will be interconnected through five transformer 
sub-stations situated respectively at Chevilly, Chaingy, 
Eguzon, Vernéjoux and Commentry. The Chevilly 
sub-station connects the 60 kv. system of the Société 
l'Union d’Electricité to the 90 kv. and 150-220 kv. 
systems of the Orleans Company, by means of three 
banks of static transformers having a total capacity of 
75,000 kw., namely, two banks of 25,000 kw., trans- 
forming the current from 60 kv. to 90 kv., or vice versa 
and one bank of 25,000 kw., transforming the current 
from 60 kv. to 150 kv., or vice versa. This sub-station 
is intended to receive later three further lines at 150- 
220 kv., and eventually two extra lines at 90 kv. 

The Chaingy sub-station is a sectionalising, trans- 
forming and regulating sub-station. It contains two 
banks of static transformers, each bank having a 
capacity of 20,000 kv.-a. These transformers, of 
which the two high-tension windings at 150 and 90 kv. 
are star-connected, carry a third winding delta-con- 
nected at 6 kv. These 6-kv. windings feed the syn- 
chronous condensers, each of which is able to supply a 
maximum reactive power of 10,000 kv.-a., the current 
leading or lagging according to the excitation. This 
sub-station is intended to receive, in the future, two 
90-kv. lines, which are to be erected in the direction of 
Tours, and seven extra outgoing feeders at 150-220 kv. 

The Eguzon sub-station connects the Orleans 
Company's 90-kv. and 150-kv. systems through the 
intermediary of the 10,000-volt bus-bars of the Eguzon 
power station. The sub-station contains three banks 
of transformers, totalling 25,000 kv.-a., namely: 
Two for transforming from 90 kv. to 10 kv.; and one 
for 150 kv. to 10 kv. The plant for the Vernéjoux and 
Commentry sub-stations has not yet been ordered. 
Fig. 6 shows the general arrangement of the Chevilly 
sub-station, which has been in operation since October, 
1924. Fig. 7 is a view of the 60,000-volt switches 
in the Chevilly sub-station, and shows the incoming 
underground cables from Gennevilliers. 

Three-phase current at 50 periods is transformed to 
direct current at 1,500 volts at 11 sub-stations, repre- 
senting a total capacity of 54,000 kw. for the two 
sections from Paris to Vierzon (200 km. or 124 miles) 
and Brétigny to Dourdan (27 km., or about 17 miles). 
The plant con ists of twenty-seven 2,000-kw. sets of 
similar type. Each set comprises two 1,000-kw. 750- 
volt, rotary converters, conz.ected in series. _ Table 1 
gives particulars for each sub-station of the capacity 

of plant installed and available at peak load. Fig. 8 
is a view of the static transformers in the Aubrais 
sub-station. These comprise three 90,000/5,500-volt 
transformers feeding the rotary converters for the 
traction supply, each of which is rated at 2,000 kw., 
and has a maximum output of 6,000 kw., and three 
90,000/30,000-volt transformers for supplying the 
power and lighting requirements of the district. 





* Paper read before a joint meeting of the Institution 
of Electrical Engineers and the British Section of the 
French Society of Civil Engineers, Thursday, February 
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Fig. 9 shows a general view of the Etréchy sub- 
station, in which transformers, having a total capacity 
of 6,000 kw., are installed for the traction supply. 
Direct-current at 1,500 volts is distributed along the 
track by means of compound catenary lines having a 
double contact wire. The poles are placed on alternate 
sides of the track and are spaced 64 m. (210 ft.) apart. 
The main supporting cable is of phosphor bronze of 
116 sq. mm. section. The other cables are of electro- 























TABLE I, 

3 Number Number | Present 
—_— bee oad of sets of sets wer 

8e- | proposed. | installed. | available. 
Kv. Kw. 
Paris 13-5 4 3 12,000 

Ablon .. 13-5 4 3 12, 

Saint-Michel 90 4 3 12,000 
Etréchy 90 4 3 12,000 
Monnerville 90 3 2 6,000 
Chateau-Gaillard 90 3 2 6,000 
Aubrais .. 90 4 3 ,000 
La Ferté 90 3 2 6,000 
Nouan .. 90 3 2 6,000 
Theillay A 90 3 3 6,000 
Saint-Chéron .. } 90 3 2 6,000 
Totals .. — 34 27 96,000 





lytic copper of the following cross-section: auxiliary 
carrier 104 sq. mm.; contact wires, 107 sq. mm. 





18, 1926. Abridged. 





Fig. 10, page 316, is typical of the 4-track section from 

















60,000-VoLtt SwircHes aT CHEVILLY. 


Paris to Etampes. On the suburban section from 
Orsay to Brétigny a third rail,* used also as a feeder, 
is provided in addition to the overhead line. ‘The 
shape and method of support of the third rail are shown 
in Fig. 11. Beyond Brétigny the carrying capacity of 
the catenary line is increased by means of a copper 
feeder of 240 sq. mm. section. 


(To be continued.) 





THE YUNNAN Rattway.—The Yunnan Railway is 858 
kilometres in length, and links Haiphong harbour, Ton- 
king, with the capital, Yunnan, of the province of China 
of that name. Built by the Compagnie Frangaise des 
Chemins de fer de l’Indo-Chine et du Yunnan, it was 
opened to traffic in 1910. According to figures given 
in The Chinese Economic Bulletin, the number of pas- 
sengers carried by the railway has increased steadily from 
1,967,188 in 1915 to 4,001,042 in 1924. The tonnage of 
goods carried, has increased in the same way, during 
the ten years 1915 to 1924. In 1915 the merchandise 
traffic amounted to 115,587 tons and, in 1924, the ton- 
nage of goods carried reached 254,473 tons. The main 
imports into Yunnan are petroleum and cotton yarn, an 
the chief exports are tin and hides. 





* Experience has shown that this third rail allows 
current to be collected with certainty even inthe winter. 
Owing to two neighbouring tracks being provided 
with third rails having the ordinary type of surface 
contact, it has been possible to make definite com 
parisons, with the above-mentioned result, 
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CAST IRON FOR DIESEL ENGINES.* 
By A. Campion. 

_It is common knowledge that, very early in the 
history of the Diesel engine, considerable trouble was 
experienced owing to frequent cracking of cylinder 
heads, liners, and pistons, whilst in some cases alteration 
in size and shape of those parts of the engine which 
become heated, was the cause of much anxiety. Such 
occurrences led to the realisation of the fact that tem- 
perature, stress and pressure conditions in the internal- 
combustion engine are of a completely different order 
from those which obtain in steam engines, and from the 
demand for a material capable of standing up to these 
conditions. The investigations of the metallurgist, and 
experience of the engineer and founder, have shown 
to a large extent how best to overcome the difficulties, 
but as the modern trend of oil engine design is in the 
direction of increased size and power, and indications 
that the future success of the oil engine will largely. 
depend upon its ability to satisfy still more severe 
conditions, there is always the fear that with larger 
engines, developing greater power per cylinder, there 





* Paper read before the North-East Coast Institution 
of Engineers and Shipbuilders, Newcastle-upon-Tyne, on 
Friday, January 22, 1926. Abridged. ¥ 





may be a repetition of the early experiences. It there- 
fore becomes necessary to make preparation by studying 
all possible data relative to the conditions obtaining 
in those parts of the engine which are in contact with 
hot gases, the maximum temperature and temperature 
differences which may be expected in cylinder covers, 
liners and pistons, to enable the designer to proportion 
these parts soas to reduce the stresses to a minimum, 
and to enable the metallurgist to produce a metal to 
withstand them. 

The first essential is that the castings be absolutely 
sound. Minor defects which might be of little moment 
in ordinary castings would render oil engine castings 
useless, owing to the heavy duty imposed upon them 
under severe conditions, The term soundness as 
applied to the class of casting under discussion implies 
not only freedom from blow-holes, draws and other 
mechanical defects, but also that the metal is close 
grained, with strong crystalline cohesion and not cut 
up by large plates of graphite. The former is largely 
influenced by design, as crystallisation of the metal, 
whilst passing from the liquid to the solid condition, 
proceeds in a direction at right angles to the cooling 
surface towards the centre of the mass. Sudden 
changes of section or contour or re-entering angles 
are the causes of equally sudden changes in the 
direction of crystalline growth, leading to the formation 


of lines of weakness due to the imperfect interlocking 
of the crystals. In extreme cases actual davities may 
be formed between the crystallites. 

The essential properties of cast iron to be used in 
oil engine parts are: high strength, which must be 
retained at the maximum temperature to be expected, 
high resistance to wear by the rubbing action of piston 
rings, retention of size and form, with immunity from 
cracking when exposed to high or fluctuating tempera- 
tures. The chief factors concerned in the production of 
a cast iron to meet these conditions are: chemical 
composition, structural arrangement of the components, 
melting and casting conditions, and rate of cooling and 
solidification. The composition of the metal will vary 
within certain limits according to the nature of the 
casting and the conditions to which it will be exposed 
in practice. The properties of cast iron which make it 
so valuable for foundry purposes, in so far as it is 
initially cheap, easily and cheaply melted and readily 
cast even into intrinsically difficult shapes, are only to 
be obtained by a large carbon content. Unfortunately 
this feature, so valuable to the process, is equally 
detrimental to the product, especially for the class of 
product with which the author is dealing. The most 
important constitutional characteristic of cast iron is 
that the carbon can exist in more than one form, and 
thus greatly modify the physical and mechanical 
properties of the metal. The portion in combination 
with the iron, or iron and manganese, confers strength 
and hardness on the mass, whilst that portion which is 
uncombined produces weakness and softness. The 
relative proportion of the two forms, depends upon the 
total amount of the carbon and of other elements with 
which it is associated in the mass, and of the temperature 
influences during melting and casting. 

Structurally, cast iron is a conglomerate of two 
essentially very different parts, one, free carbon or 
graphite, embedded in the other, which is a metallic 
matrix very like steel. The principal difference between 
various castirons arises from the degree of weakening of 
the matrix by graphite ; as the graphite increases in size, 
or forms large flakes, the weakening increases. The 
matrix contains the carbon which is in combination, 
and may be considered as equivalent to a steel of 
similar carbon content, but broken up by plates of 
graphite. It might be anticipated that the maximum 
strength would result when the matrix contained 0-90 
per cent. of carbon, from the fact that the maximum 
strength of steel is reached when that amount of carbon 
is present, but it is found in practice that a somewhat 
smaller amount is required to give the highest strength. 
The reason for this is that, with the higher carbon, the 
cementite plates of the eutectic may be so thick that 
if any one of them breaks, a crack is liable to develop. 
A lower combined carbon content, i.e., 0:70 to 0-80 
per cent., gives a stronger metal owing to the gain 
in strength, due to the formation of les and finer 
pearlite outweighing the loss that might be expected 
from making the matrix of lower carbon content. 
Just as is the case with steel, so with cast iron: the 
strength varies with the percentage of carbide, although 
it is lowered in proportion to which it is cut up by the 
flakes of graphite. : 

When, as in Diesel-engine castings, the needs of the 
product require the weakening effect of the graphite 
to be minimised, the rational way of doing so is to 
reduce the total carbon content of the material, and 
thus reduce the amount of the graphite content, even 
if foundry costs and difficulties are increased by reason 
of the reduced fusibility and smaller range of fluidity. 
It should be remembered that for a given combined 
carbon content the less the graphite, the greater the 
strength. The author’s recommendations for carbon 
contents are:—Total carbon, below 2°8 per cent, 
Combined carbon, 0-70 to 0-85 per cent. 

Silicon ranks next to carbon in importance, not so 
much because of its direct action, but, because of its 
influence on the solubility and stability of the cemen- 
tite, the graphite tends to increase and the stability of 
the carbide to decrease with increasing silicon. 

The results of Andrew’s investigation seem to suggest 
that the decomposition of the carbide is assisted by 
silicon even at quite low temperatures, Stead* and 
Andrew} both arrived at the conclusion that in some 
irons, which are grey on cooling, two independent 
vementites crystallise out, one a silico-carbide of iron 
and the other a carbide of iron. The former separates 
first, and, as all silico-carbides are very unstable, 
they are the first to dissociate into silico-austenite 
and graphite. In irons containing very little phos- 
phorus two different cementites form and crystallise 
asan eutectic mixture. The notable greyness of 
commercial irons containing silicon is due to the ease 
with which these carbides are decomposed by the action 
of iron silicide. The carbide of iron itself is not com- 
pletely stable, and Stead has shown that pure white 
iron containing no silicon will after heating contain 





* British Association Reports, 1910. 





+ Carnegie Scholarship M emoirs, vol. vii. 
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some graphite, the amount of which is increased if the 
iron be heated in contact with silicon. Gonterman 
has confirmed the work of Stead, whilst Saniter has 
shown that pure carbide of iron partially decomposes 
on heating. The effect of silicon on the carbide has 
been very fully investigated by Charpy and Grenet* 
and Hatfieldf in a series of irons containing manganese. 
The action of silicon is to reduce the solvent power of 
iron for carbon, so that the eutectic alloy is much 
modified by additions of silicon as shown by Wist 
and Peterson.{ The capacity of iron for carbon is 
also affected by phosphorus, but apparently only to 
the extent to which iron is withdrawn to combine with 
the phosphorus. The graphite set free by silicon 
affects the properties of the iron according to its physi- 
cal condition and the manner of its distribution, as 
well as the actual amount present. The carbide is 
dissociated according to the silicon content of the iron ; 
if the silicon present be large in amount, the decomposi- 
tion is practically complete, leaving a matrix of silico- 
ferrite cut up by large plates of graphite. The silicon 
must, therefore, be kept as low as possible in all Diesel 
castings. It should not in any case exceed 1-5 per 
cent., and in liners and pistons it should be less than 
1-2 per cent. 

Manganese is a constituent of outstanding import- 
ance, as it acts as an efficient cleanser, neutralising 
sulphur, and thus promotes fluidity and clean running, 
with closeness of grain, which in turn induces sound- 
ness and strength in the casting. Manganese exerts a 
powerful influence in stabilising the cementite, as the 
carbides of manganese are more resistant to heat than 
the corresponding compounds of iron. It therefore 
plays an important part in preventing growth and loss 
of strength when the metal is subjected to high or 
fluctuating temperature conditions. The manganese 
may to some extent exist in solution in the ferrite, and 
so increase the strength and elasticity of the matrix. 
The graphitising influence of silicon is partially counter- 
acted by the presence of this element. Mangani- 
ferous irons have a greater resistance to wear, machine 
with a fine smooth surface and take a high degree of 
polish. The author recommends that Diesel castings 
should contain from 1-0 to 1-75 per cent. of man- 
ganese. 

Phosphorus is an eement about which much 
difference of opinion exists; it may be beneficial or 
otherwise according to circumstances, and conse- 
quently requires careful adjustment. If very large 
amounts be present, it tends to segregate, and to 
render the iron weak and brittle. In some quarters, 
especially America, it is considered necessary to reduce 
the phosphorus to an exceedingly small percentage— 
under 0-1 per cent.; but the author’s experience is 
that it is not only unnecessary, but undesirable, to 





* ENGINEERING, Vol. lxxiii, page 626. 
t Royal Society A., vol. Ixxv, 1911. 
¢ Metallurgie, vol. iii, page 811. 
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reduce the phosphorus to so small an amount. He 
has found that the most satisfactory limits for the 
element are 0-25 to 0-5 per cent. 

The actual percentages of the elements present in 
cast iron are usually of secondary importance. The 
mode of existence and the manner of distribution 
throughout the mass, that is the structural composition, 
are of vastly greater importance than the ultimate 
composition. The structural composition of the 
metal is largely determined by the temperature to 
which it is raised, the temperature at which it is poured, 
and the rate of cooling and solidification. The initial 
temperature in conjunction with the elements present 
determines the constitution of the liquid metal. The 
size of the graphite and the mode in which it is dis- 
seminated through the mass, are largely determined 
by the temperature to which the liquid has been heated. 
In some varieties of iron, the carbon is only taken into 
solution with difficulty, and requires heating for a 
prolonged time, or to be heated to a higher tem- 
perature. The influence of initial temperature has 
been known for a long time, although it has been 
somewhat neglected by foundry workers. It has, 
however, come into prominence within the last two or 
three years, as it is one of the underlying principles 
of some of the recent processes for the production 
of improved cast iron. The fundamental principles 
of these processes, some of which have been given 
fancy names, is control of the initial and cooling tem- 
peratures in conjunction with composition of the 
metal, with the object of obtaining a pearlitic matrix 
in which is embedded graphite of the smallest possible 
size and quantity. The amount of pearlite in com- 
mercial cast iron is governed by the conditions of the 
formation of graphite within a certain temperature 
range, and any attempt to control the amount of pearl- 
ite present is practically the same thing as controlling 
the amount of graphite present. 

The ideal temperature for casting would be such that 
the mould could be completely filled whilst all the 
constituents of the iron are in solution, and that they 
should begin to separate immediately thereafter ; 
this ideal is not always obtainable, but the nearest 
possible approach to it should be attained. Casting 
temperatures and cooling conditions require to be 
governed by the metal used and the size and form of 
the casting. The type of metal most suitable for 
Diesel castings belongs to what may be called an inter- 
mediate group. Hurst has referred to these as “* border 
line irons ”, having a chemical composition which, with 
small variations in the other conditions, principally 
initial temperature and cooling velocity, would be 
either white or grey, according to the direction in which 
these other conditions varied. There is, in fact, a 
critical percentage of certain elements for given tem- 
perature conditions above or below which graphitisa- 
tion is, or is not, effected. The adjustment of the critical 
composition to the temperature conditions is the funda- 





mental principle of several processes. The adjustment 
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may be mainly in the control of composition and cooling 
conditions, or composition and initial temperature, with 
or without the addition of a carbon precipitating 
agent. The latter method is now being used in America 
with success. The material maintains its strength 
at temperatures up to 450 deg. C. At normal tem- 
peratures, tensile strength averages 26 tons per square 
inch; transverse strength tests on 1 in. by 1 in. bar 
at 12-in. centres have given as high as 66 cwts. and a 
Brinell hardness test, between 240 and 280. The total 
carbon is 2-30 to 2-50, with silicon between 0-80 and 
1-2 per cent., according to size of casting. The structure 
of the metal consists of a pearlitic matrix in which 
is embedded very small nodular graphite. This material 
has the advantage that no alteration is required in the 
casting arrangements as it is cast in greensand moulds. 
It would thus appear to offer advantages over the 
German processes in respect to cost. The process is at 
present being tried in Great Britain, and from the 
results so far obtained it would appear that the claims 
made by the inventors are well founded. 

The author has investigated many varieties of cast- 
iron materials as regards resistance to heat and stress 
conditions, and is satisfied that the so-called semi-steel 
withstands such conditions in a higher degree than a 
straight iron mixture. The use of reverberatory 
furnaces, coal, oil or gas fired, for melting, offers many 
advantages in that more control of composition is 
possible—especially where very low total carbon con- 
tents is desired, and further, there is greater control 
of the temperature, and the metal can readily be 
raised to a higher temperature than is possible in the 
cupola. 

The fact that cast-iron will increase in volume or 
“grow”? when heated to even comparatively low 
temperatures, is now perfectly well known, and it is 
unnecessary to deal very extensively with it on the 
present occasion. At temperatures such as may be 
expected in modern engines, the amount of the growth 
is relatively small, but nevertheless sufficient to cause 
anxiety, especially as irons that show the most growth 
are those which deteriorate in strength to the greater 
extent, and also show the least resistance to wear. 
The full explanation of growth at low temperatures has 
not yet been found, but it is of a different order from 
that which occurs at temperatures above 600 deg. C. 
It is, however, clear that the phenomenon is closely 
connected with the stability of the carbide and the size 
and quality of the graphite flakes. The changes in 
volume that take place when ordinary irons and those 
suitable for Diesel work are heated and cooled for vary- 
ing periods have been dealt with somewhat fully by 
the author and Donaldson.* Reduction of total 
carbon and silicon, with increased manganese, minl- 
mises the growing properties of cast iron; the two 
former by reducing quantity and size of graphite 
flakes, and the increase of manganese by rendering 
the carbide more stable. Experiments have been 
made of adding certain other elements, i.e., tungsten, 
chromium, vanadium, &c., to cast iron, in the hope of 
still further increasing the stability of the carbide. 








* Proceedings, Inst .Brit.Foundrymen, vol. xv, page 21 1. 
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The results have, however, been disappointing, 
chromium being the only element that has any appre- 
ciable action. The author’s view is.that equally good 
results are to be obtained much more easily and cheaply 
by using manganese, while at the same time a better 
machining metal is obtained, If the castings, before 
they are machined, are suitably heat treated, marked 
changes in size will be avoided after the engine is put 
into use. Annealing of castings is to be recommended 
also as a means of removing initial strain due to cool- 
ing. The author, in collaboration with Donaldson,t 
has shown that very little alteration in tensile strength 
results from treatment at temperatures below about 
500 deg. C. for periods of six hours. At higher tem- 
peratures the tensile strength is gradually reduced, 
until at 700 deg. C. the reduction amounts to approxi- 
mately 20 per cent. This appears to be constant for 
all grades of cast iron, irrespective of whether the 
material is originally of high or low strength. The 
following results were obtained on a liner metal :— 


Annealing Tons Change 
Temperature, per per Cent. 
Deg. C, Square Inch. 

15 16-60 _ 
100 16-45 — 0-903 
200 16-50 — 0-603 
300 16-20 — 2-400 
400 16-80 + 1-204 
500 15-90 — 4-216 
600 14-90 — 10-240 
700 13-40 — 19-270 


_ The increase in strength at 400 deg. C. is character- 
istic of many cast irons. A maximum frequently 
occurs between 300 and 400 deg. C. Repeated heating 
and cooling at 450 deg. C. also appears to have very 
little effect upon the ultimate strength. In some 
Instances after 25 treatments an actual increase in 
tensile strength has been recorded. 

_ The transverse breaking strength appears to be very 
little effected by the treatment at low temperatures of 
high grade irons. It is interesting to note the erratic 
behaviour at temperatures in the vicinity of 250 
deg. C. Similar occurrences are noted in all experi- 
ments with heat-treated cast irons, whether tested at 
ordinary or elevated temperatures. This erratic 
behaviour has been difficult to understand, as neither 
microscopic nor pyrometric examination gave any 
assistance. The results of Chevenard’s work in dila- 
tometric analysis appear to offer an explanation ; he 
has shown that cementite, having ferro-magnetic 
properties, possesses a dilation directional change 
which is definitely pronounced, and Curie’s point is 
found at about this temperature. It is to be noted 


+ Ibid. 
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that the erratic range persists, and that the maximum 
resistance is obtained by treatment at 500 to 550 deg. C. 
It thus appears that a short annealing at about 450 
deg. C. would be of considerable benefit to all castings 
that have to do duty under high temperature condi- 
tions, by removing initial strain and stabilising the 
material. 

In Diesel engines the metal is subjected to stress 
whilst heated to a high temperature, so that it is not 
sufficient to determine the strength at atmospheric 
temperature even after annealing or other heat treat- 
ment, It is necessary, for the successful design of the 
engine, to know the strength and endurance of the 
metal under working conditions. A number of workers, 
notably Mellanby, Longbottom, Donaldson and the 
author, have made investigations in this direction. It 
has been shown that for short heatings of the metal 
in the cast condition, the ultimate strength shows 
little change below 250 deg. C.; it then usually falls to 
a minimum at 300 to 350 deg. C., rises to a maximum 
at somewhere about 420 deg. C., and then falls rapidly 
with increasing temperature. If the metal be sub- 
jected to a preliminary annealing for a few hours at 
400 deg. C. before testing, the curve becomes smoother 
between 200 and 400 deg. C., but otherwise is similar 
in form to that for the unannealed material. 





EXPLOSION OF A VERTICAL 
BOILER AT BOSCOMBE. 


In accordance with the provisions of the Boiler Ex- 
plosions Acts, 1882 and 1890, a preliminary inquiry 
has been conducted by the Board of Trade Surveyor 
at Southampton, with reference to an explosion from 
a vertical boiler, which occurred on July 9 last, at the 
reconstruction works, Boscombe Pier, near Bourne- 
mouth. The boiler was used for supplying steam to 
a pile driver and a pump, and was situated at the end 
of the pier. The explosion was due to the rupture of 
the uptake tube owing to circumferential grooving at 
the root of the upper flange on the steam side, and also 
to internal corrosion on the fire side. The fire-box 
crown, which was not stayed, collapsed, and the uptake 
tube was forced downwards a distance of 9 in., along 
with the furnace crown, the upper side of which became 
concave. The contents escaped through the aperture 
thus formed, and the force of the explosion displaced 
the boiler about a foot from its original position. 

Of the ordinary vertical type, the shell of the boiler 
was 9 ft. 73 in. in height and 4 ft. 2 in. in diameter ; 
it was constructed of plates 3 in. in thickness. The 
crown plate, 7 in. thick, was dished and flanged in- 
wards for attachment to the cylindrical shell ; the hole 
in the centre was 114 in. in diameter. The uptake, 





10} in. in diameter and in. in thickness, was flanged at 
both ends for attachment to the crown plate and fire- 
box crown respectively. The fire-box was 5 ft. 3} in. 
in height and 3 ft. 6 in. in diameter; the lower end of 
the cylindrical portion, which was in. thick, was 
enlarged for attachment to the shell. The crown of 
the fire-box was dished and flanged inwards for attach- 
ment to the cylindrical portion, and was 3 in. in thick- 
ness. Two rows of screwed stays were placed between 
the cylindrical portion of the fire-box and the shell 
plates, no stays, however, were fitted tc support the 
crown. Three cross tubes, 11 in. in diameter and 
% in. in thickness were fitted in the fire-box. 

The boiler was made by Messrs. Priestman Bros., 
Limited, Hull, in 1901, and was originally fitted on 
board a barge, which was used for dredging purposes. 
It was taken out of the vessel in 1908, as it was found 
to be too small for the work it was’ required to do, 
and was stored in a yard at Portsmouth for a con- 
siderable time. It appears to have been used intermit- 
tently, being shifted about from place to place as 
required. It was finally removed to Boscombe Pier 
in December, 1924, and was put to work there early 
in March, 1925. Messrs. The Ocean Accident and 
Guarantee Corporation, Limited, accepted the insurance 
of the boiler for a working pressure of 80 lb. per square 
inch. The boiler was washed out in April and June, 
1925, but, as far as could be ascertained, it had not 
been tested by hydraulic pressure since leaving the 
makers’ works. From evidence submitted at the 
inquiry, it would appear that the explosion was not 
due to shortness of water, and, from the appearance of 
the plates, there was no indication of overheating. 
The safety valve, however, was of a type which could be 
readily overloaded and, although there was no evidence 
that the regulating screw for adjusting the pressure 
had been tampered with, the boiler was evidently being 
worked at a greater pressure than it was intended for. 
The actual pressure on the boiler at the time of the 
accident was calculated to be about 100 lb, per square 
inch. 





AUTOMATIC INTERNAL GRINDING 
MACHINE. 


One of the most interesting exhibits at the last 
Machine Tool Exhibition was an internal grinder 
manufactured by the Heald Machine Company, of Wor- 
cester, Mass. We deseribed and illustrated this machine 
in our issue of September 19, 1924, page 404, in connec- 
tion with the Exhibition, and it will be recalled that its 
chief characteristics were the provision of a variable- 
speed hydraulic drive for the table, and of a wheel-truing 
device, which could be readily brought into action 
before finally bringing the work to size. Since that 
date the makers have added a number of refinements, 
and we illustrate the machine in its latest form in 
Figs. 1 to 7 on this and the following pages. The 
wheel-truing device is now brought into action at the 
correct moment without any attention from the 
operator; the correct speeds for the. grinding-wheel 
head, and rates of longitudinal and cross-traverse, are - 
engaged entirely automatically ; and on the comple- 
tion of the work the wheel is withdrawn, the emulsion 
cut off, and the whole machine is brought’ to rest. 

It might be anticipated that extensive alterations 
would be necessary to convert the original grinder to a 
full automatic, but a companion between Fig. 1 and 
our previous illustration on page 404, of Vol. CX VIII, 
will make it clear that the major parts of the machine 
remain substantially unaltered. To obtain the power 
to carry out the additional automatic operations, the 
functions of the hydraulic circuit have been somewhat 
extended; and, in addition, a generator has been 
added, enabling certain of the operations to be controll«d 
electrically. 

The description of the machine in detail will be greatly 
facilitated if we first recall the leading characteristics, 
mentioned in our account of the earlier machine, and 
also refer briefly to the functions of the more important 
units. As will be clear from Fig. 1, the work and wheel 
heads are mounted on a substantial base, which serves 
as the oil reservoir. The work spindle is driven by a 
belt from an overhead countershaft, stepped cones 
being provided with the machine to enable the counter- 
shaft, and therefore also the work spindle, to be driven 
at five different speeds. The wheel head is also driven 
from an overhead shaft. The work head is arranged to 
swivel for taper grinding, and is graduated in taper per 
foot, as well as in degrees. The machine table, which 
carries the wheel head, is traversed by the movement 
of a plunger in a cylinder, located inside the bed, 
and is supplied with oil at either end, according to the 
direction of movement required. The oil is circulated 
by means of a gear pump, mounted on the bac of the 
machine, and coupled to a back shaft. The latter is 
shown in Fig. 2 connected to the work head spindle, 
this illustration showing a motor-driven machine. 
When the machine is driven from true--hafting, the 
back shaft is driven by belt from the overhead gear 
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employed for the wheel spindle. The generator is also 
driven from the back shaft by gearing, and the same 
shaft carries a belt pulley for the emulsion pump drive. 
The latter is separate from the machine and is not 
shown in the illustrations. The oil pump and generator 
are shown ou tne extreme left and rigat re:pectively 
in Fig. 4. After leaving the pump, which is driven 
through a slipping clutch, as shown in the figure, 
the oil passes through a subsidiary throttle valve, 
visible above the shaft, and nearly in the centre of 
the illustration, in Fig. 4, to the main control 
valve, which’ is contained in the casing, having 
the appearance of a motor-starter, mounted on the 
front of the machine as shown in Figs. 1 and 6. 
From the main control valve the oil passes to the table- 
traverse cylinder, and the rate of traverse is regulated 
by the width of opening of the valve, which is controlled 
by the hand-lever visible in Fig. 6 on the valve casing. 
This is set in a particular position to suit any given 
job, and remains unaltered throughout the whole of 
the grinding operations. Since the subsidiary valve 
is in series with the main valve, it cannot be employed 
to increase, but only to reduce the speed of the table 
traverse, and it is used for giving a specially slow 
traverse for wheel truing and finish grinding. The 
reversing valve is mounted above the main control 
valve in the same casing, and is operated by the ball 
lever shown above the main valve control lever in 
Fig. 6. In addition to the valves already referred to, 
there is a by-pass valve which, when opened, by-passes 
the oil past both the main and subsidiary valves. 
This will evidently allow the table to travel at its 
maximum rate, and it is used to give the traverse for 
bringing the wheel up to the work when commencing 
operations, and to withdraw it to the extreme right 
when the work is completed. 

Dealing next with the electrical control gear, a 
master controller, shown in Fig. 7, with the cover 
removed, is cere with a diamond-tipped finger, 
shown on the left, which is held by a light spring against 
the front surface of the hole being ground ; the grinding 
wheel being in contact with the back surface. As the 
size of the hole is increased, the movement of the 
finger results in the closure of successive electric 
circuits. The completion of the first circuit energises a 
magnet in the box which can be seen to the left of the 
oil valve casing in Fig. 1, and is shown open in Fig. 6. 
The magnet operates mechanism which brings the 
truing diamond into position, lifts a latch which allows 
the table to run back for the wheel to pass across the 
diamond, and partially closes the subsidiary oil throttle, 
so that the truing is performed at reduced speed. The 
wheel is then caused to return to the work, and the 
final grinding is carried out at slow speed and a very 
fine feed. When the work is exactly to size, the second 
circuit is completed in the master controller, resulting 
in the wheel being withdrawn from the work and the 
machine brought to rest. 

We may now turn in more detail to the methods by 
which the various operations are performed, and these 
can best be followed by taking them step by step from 

-the commencement to the completion of the work. 
The vertical lever shown on the headstock in Fig. 1 
operatesa clutch. This allows the spindle to remain 
stationary while the clutch pulley is kept running. The 
back shaft will also be running in the case of machines 
driven from line shafting. The work is held in a collet, 
which is opened and closed by the long lever shown ina 
nearly horizontal position in the headstock. When the 
work is being chucked, the table will be well to the right, 
the truing diamond in the position shown in Fig. 5, and 
the master controller will be swung out at right angles to 
the position shown in the same figure. The reversing 
lever will be to the right, and to start the machine the 
operator pushes this to the left. Oil is then admitted to 
the table cylinder through the by-pass valve, and the 
table moves at full speed until the grinding wheel is on 
the point of entering the work. A cam on the table 
closes the by-pass valve at this point, and the oil is 
deflected through the main and subsidiary control 
valves. The latter is full open, and the speed of the 
table falls to a pre-determined rate, regulated by the 
opening of the main valve. Other cams on the table en- 
gage the work spindle clutch, turn on the emulsion, and 
release the master controller. The latter is swung into 
the position shown in Pig: 5 by the coil spring shown 
at its base. The mechanism for operating the clutch 
and turning on the emulsion cock is shown in Fig. 2. 
It will be observed that a lever, pivoted at a point near 
the base of the headstock, carries a roller on its end, 
with which a cam on the table makes contact. As 
this lever is lifted, it operates the clutch through the 
link motion shown above it, and the emulsion cock by 
the motion shown below. 

The wheel now passes backwards and forwards 
through the hole in the work, the travel in each direction 
being regulated by adjustable stops on the table. 
These stops are visible on each side of the small rocker 
arm, which projects above the control box, in Fig. 6. 
The cross traverse is brought into operation by an 
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adjustable cam, which can be seen projecting above the 
machine bed near its left-hand end in Fig. 6. The 
details of the cross feed are shown in Fig. 3. The 
inner of the two small ‘pinions on the traversing 
screw is fastened to the ball thrust housing and does 
not rotate, while the outer pinion is keyed to the 
screw. The two wheels which engage with those men- 
tioned are free to rotate on a pin projecting from the 
toothed disc shown, so that the rotation of the latter 
will turn the screw at a reduced speed. It will be 
observed that behind the disc there is a ratchet wheel, 
of approximately the same size. This is rotated by a 
pawl mounted on a swinging arm. The pawl is moved 
at the required point in the table travel by the roller 
on the end of the arm, making contact with the fixed 
cam on the bed of the machine, and the motion is 
conveyed from the ratchet wheel to the disc by a 
spring-loaded detent, which grips sufficiently for normal 
purposes, but slips when it is required to turn the disc 
without the ratchet wheel. The latter operation is 
performed by rotating the small pinion visible inside 
the micrometer head on the handwheel. This engages 
with the teeth on the disc, being driven by a small star 
wheel on one of the arms of the hand wheel. This 
provision is necessary in order to take up wear in the 
grinding wheel. During rough grinding, the pawl can 
be set to move the ratchet wheel over any desired arc, 
but for finish grinding the projecting piece, which can 
be seen between the disc and ratchet wheel, comes into 
operation and partially lifts the pawl, resulting in the 
latter advancing the ratchet wheel one tooth only at 
each movement. 

Returning now to the sequence of operations, rough 
grinding will continue until the first electrical contact 
is made in the master controller. It has already been 








explained that this will have the effect of bringing the 














Fig. 3, Cross TRAVERSE GEAR. 


truing diamond into position, increasing’the table 
traverse in the right-hand direction, and reducing the 
speed: of the table travel. These operations are 

tformed as follows. - Referring to Fig. 6, the energis- 
ing of the solenoid in the box on the left, causes it to 
move a bent lever, the upper arm of which is almost 
hidden behind the lever terminating above the’control 
box in the illustration. The result of this is that the end 
of the inner lever lifts the latch, which appears to be in 
contact with the end of the outer lever in the figure. 
By this means the table travel to the right is increased 
sufficiently to allow the wheel to pass across the 
diamond. Referring again to Fig. 6, it will be seen 
that the inner lever is extended downwards, and that at 
its lower end it makes contact with the end of an oil 
valve spindle. The movement of the lever opens the 
oil valve, and oil from the main supply then passes to & 
cylinder on the truing device, resulting in the diamond 
being swung into the path of the wheel. The reduction 
in the speed of the table is effected by partially closing 
the subsidiary oil valve on the back of the machine. 
This is performed by the overhanging lever shown in 
Fig. 2, which is moved inwards by the rotation of the 
truing device. The link mechanism for this purpose 18 
shown in the same figure. The next step is to shorten 
the stroke of the table again, and for this purpose it 
is necessary again to drop the latch alre dy referred 
to, this being effected by de-energising the solenoid. For 
this purpose a two-way switch is provided, shown 
above the point on which the two levers pivot, m 
Fig. 6, and operated by the projecting links hang- 
ing from the stop near the left-hand end of the 
table. The two links are out of line, as are also the 
corresponding projections on the two-way switch. 
When the travel of the table increases to provide the 
truing motion, the right-hand link catches the switch. 
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Master CONTROLLER. 








MASTER CONTROLLER AND TRUING DIAMOND. 


The circuit through the solenoid is then broken, but 
another circuit is completed through the second pole 
of the switch, the purpose of which will be explained 
below. 

Concurrently with the fall of the inner lever, which 
results from de-energising the solenoid, the oil valve 
is closed through the movement of its spindle. 
The truing diamond is then no longer held down by 
oil pressure, and a projection on the advancing table 
pushes it back to its original position. - As the overhung 
lever shown in Fig. 2 is connected with the diamond 
head, the movement of the latter will have the effect 
of re-opening the subsidiary oil valve. The latter is, 
however, only partially re-opened, as the end of the 
lever is slotted, with the result that when the wheel 
enters the work for finish grinding it is traversing at a 
slower speed than for rough grinding, but at a higher 
speed than for wheel truing. 

When the hole is finally to size, the second contact is 
made in the master controller, completing a circuit 
through the second pole of the two-way switch, and 
through a second solenoid mounted behind the one 
shown in Fig. 6. As a result, the outer lever is lifted 
into the path of the table dogs. This has the effect of 
cutting out the reverse stop; hence the table travels 
back to the right, and in doing so, opens the by-pass 
valve, The table now moves back at full speed, and 
in its passage the various cams disengage the work- 
spindle clutch, shut off the emulsion, and throw out the 
master controller ; so that when the table finally comes 
to rest to the extreme right, all parts of the machine are 
again in their initial positions. 





Raitway Rortine Stock MANUFACTURE IN 1925.—- 
The steel carriage and wazon works of Messrs. Cammell 
Laird and Co., Limited, Nottingham, were well occupied 
during the year 1925. Steel motor coaches to the number 
of 25 were built for the Great Indian Peninsula Railway 
Company. An order for 25 control trailer cars for the 
London Electric Railway was also completed, and good 
progress was made on the 50 main line steel vestibule 
carriages for the London Midland and Scottish Railway 
Company. Among other work carried out in the wagon 
department, steel hopper wagons were built forthe Bengal 
Nagpur Railway, carriage underframes for the East 
Indian Railway, and open wagons for the Bikaner State 
Railways.—Messrs. The Midland Railway Carriage and 
Wagon Company, Limited, Birmingham, which is con- 
trolled by Messrs. Cammell Laird and Company, con- 
structed 250 12-ton mineral wazons, and 250 merchandise 
wagons for the London Midland and Scottish Railway. 
and 250 covered goods wagons for the London and 
North Eastern Railway. Other orders, executed during 
the year, included 26 bogie composite trailer coaches for 
the electrified system of the Southern Railway and 5 
complete trains of two quintuple sets of carriages for 
the London and North Eastern Railway.—- Messrs. The 
Leeds Forge Company, delivered 300 all-steel wagons of 
50 tons capacity to the South African Railways; steel 
bogie wagons have also been supplied for service in 
Uganda, Tanganyika, and India. Early in 1925, the 
Newlay Wheel Company received, among other contracts. 
an order for the whole of the wheels and axles of 300 
goods brake vans for one of the leading English railways. 








THE SECOND NARROWS BASCULE 
BRIDGE AT VANCOUVER. 

THE port of the City of Vancouver is situated on the 
south side of Burrard Inlet where the wharf accommo- 
dation is becoming greatly congested. Opposite, on 
the north side of the inlet, is the growing city of 
North Vancouver, with ample space for water front 
development., As communication between the two 
places was maintained by ferry only, both goods and 
passenger traffic were hampered and port facilities 
restricted. The opening of the Second Narrows 
Bridge, on November 7, 1925, has now made both 
sides of the harbour fully available for wharfage. 

The Inlet comprises about 28 square miles of land- 
locked water, the constricted mouth being known as 
the First Narrows. About 3} miles east from the 
centre of each city, the harbour contracts again, and 
it is across these Second Narrows that the bridge has 
been constructed and from which it takes its name. 
Deep water extends beyond the bridge, and, at the end 
of one of the arms into which the Inlet divides, an oil 
refinery is situated. Access to this by tankers, and 
the need of anticipating future harbour extensions, 
necessitated the provision of a clear waterway through 
the new bridge and this has been arranged for by a 
bascule span. 

The bridge and its approaches have a total length of 
a mile and a quarter, including 4,500 ft. of solid em- 
bankment at the north end. From this, 850 ft. of 
trestle work extends, leading to two fixed spans of 
150-ft. each. Next comes a single span of 300 ft., 
followed by the bascule of 185 ft., which is operated 
by two 100 h.p. motors, with a stand-by of 75 h.p. 
The arm is balanced with 1,000 tons of concrete. There 
is next another fixed span of 150 ft., and finally, 
connection is made with the south shore by a further 
650 ft. of trestle work. The bridge is of the standard 
girder type, designed to Cooper’s E.50 loading. To 
this was added 100 lb. per square foot for roadway 
allowance, but later the loading was calculated for a 
15-ton live load. The bridge is a single-deck structure, 
and carries, in the centre, a single line of railway track 
shared by four of the transcontinental railway com- 
panies. The deck is continued outside the girder 
to carry a pair of 10-ft. one-way roads for vehicular 
traffic, the road on the eastern side having also a side- 
walk for foot passengers. Traffic is controlled by gates 
operated independently of each other. The bascule 
cannot be opened until both gates are closed. Special 
lamps are used for signalling having a colour visi- 
bility of from three to four miles in full daylight. 
The deck stands well above high-water level, there being 
22-2 ft. clearance between this level and the lowest 
chord. The longest piers extend 106 ft. below high- 
water level, there being 85 ft. of water at the centre, 
and the piers being carried to a depth of 21 ft. below 
the bed. These piers were constructed by means of 
compressed-air caissons. A seven mile tide runs at this 
point. 

In addition to adding about twelve miles to the prac- 
ticable harbour frontage by the railway connection 
across the bridge, it is anticipated that several residen- 
tial areas will be opened up, and a tourist traffic 
developed to the picturesque mountain regions lying 
to the north. 

The approximate cost of the bridge and approaches 
was 1,800,000 dollars and the work occupied about two 
years. The cost was borne by the District and City of 
North Vancouver, the City of Vancouver and the Dis- 
trict of West Vancouver. The Dominion and Provincial 
Governments assisted with grants. The contractors 
were the Northern Construction Company, Limited, 
and J. W. Stewart, Mr. Wm. Smaill, the chief engineer 
of the former company, being responsible for the design. 
The consulting engineer for the Bridge Company was 
Mr. A. D,. Swan, M.Inst.C.E., and Mr. E. H. James, 
A.M.L.C.E., was resident engineer. 








Tue Lystitution oF Fur, Economy ENGINEERS.— 
The second council meeting of the Institution of Fuel 
Economy Engineers was held in London, on February 12 
last, when four additional members were elected to 
the Council ; thirteennew members were also elected. It 
was decided that, for associate members, the annual 
subscription should be two guineas, and for students 
one guinea. Preferential terms will be given to full 
members, who are also full members of other leading 
Institutions ; the fee will, in such cases, be reduced from 
three guineas to two guineas. The main objects for 
which the Institution is established are: To promote 
the science and practice of fuel-economy engineering 
in all its branches, to give encouragement to the use of 
inventions, and to enable engineers and others interested 
in the preparation, use, and combustion of fuel, to meet 
and correspond. A meeting in connection with the 
formation of the Institution is being held to-day at the 
Insi.tution of Civil Engineers, and the next council 
meeting will be held in London on March 19. The 
temporary office, pending the opening of London head- 
quarters, is 29, Sherwin-road, Lenton, Nottingham, 








ENGINEERING, 


[MARCH 5, 1926. 











CATALOGUES. 


Draught Gauges.—Messrs. J. Hopkinson and Co., 
Limited, Huddersfield, have issued a card illustrating 
their three-dial boiler-draught gauge indicating on one 
instrument the pressures at the flue, grate and fan. 


Steel Bins ——We have received from Messrs. Harris 
and Sheldon, Limited, 46, Cannon-street, London, E.C.4, 
a new list of storage bins for small parts, suitable for 
workshops, stores, show rooms, &c. 


Grinders.—Circulars describing their hand-driven 
grinder for use on the bench or lathe, and their jig for 
holding twist drills while grinding, have reached us from 
Messrs. Crowther and Crowther, 3, Green-lane, Tuebrook, 
Liverpool. 

Recording Instruments.—The Uehling Instrument 
Company, 473, Getty-avenue, Patterson, N.J., U.S.A., 
have forwarded us circulars illustrating their instruments 
for recording COz and temperature, and their barometer 
and vacuum recorder. 


Batteries.—A new issue of their catalogue of train- 
lighting batteries, with lists of parts, tables and dimen- 
sions, and practical explanatory notes, has reached us 
from Messrs. Fullers United Electric Works, Limited, 
Chadwell Heath, Essex. 


Circuit Breakers —We have received two new cata- 
logues from the English Electric Company, Limited, 
Queen’s House, Kingsway, London, W.C.2, dealing with 
oil-immersed circuit breakers described as the O.K.B. 
class. 

Steam Lorries.—A catalogue of steam lorries, to hand 
from Messrs. Richard Garrett and Sons, Limited, 
Aldwych House, London, W.C.2, is of particular interest 
in showing the extensive applications of steam wagons 
to all kinds of heavy haulage work and the ingenious 
fittings for loading, tipping, lifting, pumping, &c. 

Lifting Gear, &c.—We have received a number of leaf 
catalogues from the Ernest Sinclair Hoist and Trolley 


Company, 14, Brompton-road, London, S.W.1, dealing’ 


with hoisting gear, trucks, wheels, castors, storage and 
transporting vessels, and a wide range of similar 
articles, 


Electric Lighting—A catalogue of the numerous 
fittings required in electric lighting, with illustrations, 
dimensions and prices for each article, is to hand from 
the General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2. It is well arranged for quick 
reference and will be welcomed by the contractor and 
wireman. 


Motor Starters.—We have received from the Igranic 
Electric Company, Limited, 149, Queen Victoria-street, 
London, E.C.4, copies of two new catalogues of their air- 
break and oil-immersed starters for alternating-current 
motors, both being of the hand-operated star-delta 
type. These catalogues are well illustrated and contain 
good descriptive matter. 


Motor-Car Accessories.—Messrs. S. Smith and Sons 
M.A.) Limited,‘ Cricklewood, London, N.W.2, have 
sent us catalogues of a mechanical wind-screen wiper, 
spot-light electric lamp, plain and signal mirrors, speedo- 
meter, thermometer, clock and other fittings for the 
motor-car. These can be seen at the firm’s showrooms 
at 185, Great Portland-Street, London, W.1. 
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Steam Plant.—The Mirrlees Watson Company, Limited, 
Scotland-street, Glasgow, have sent us three new cata- 
logues dealing with their pure feed-water distiller for 
sugar factories, feed-water evaporator for boiler-plants, 
and containing a description of the surface-condensing 
plant supplied by the firm for the mills of the Braidwater 
Spinning Company Limited, Ballymena, Ireland. 


Reducing and Reversing Gear——We have received a 
catalogue fully explaining the Burns reversing and 
reducing gears for fitting between the high-speed engines 
and the propeller shafts of launches, fishing boats, tugs, 
barges and similar craft. It is issued by the makers of 
the gear, Messrs. Stothert and Pitt, Limited, Bath. 
Some particulars of this gear will be found on page 673, 
of our last volume, 


Boiler-Water Circulators——A catalogue describing 
their circulators for steam boilers of all sizes and types, 
is to hand, from Messrs, Arthur Ross, Hotchkiss and Co., 
Limited, 1, Glengall-road, Old Kent-road, London, 
S.E.15. It deals with the advantages of thorough 
circulation in preserving the boiler by equalising the 
temperatures in all parts and in facilitating the rapid 
and economical generation of steam. 


Tool Steels.—A new edition of their catalogue of carbon 
tool steels is to hand from Messrs. Edgar Allen and Co., 
Limited, Sheffield. This edition contains additional 
matter on hollow mining-drill steel, heat treatment of 
mining-drill steels, forged steel shoes and dies for stamp 
batteries, and other matters. As usual with the cata- 
logues of this firm, the fullest practical advice and infor- 
mation is given in the form of notes referring to each 
steel. 


Electrical Machinery.—The . Westinghouse Electric 
and Manufacturing Company, East Pittsburgh, Pa., 
U.S.A., have issued a further batch of catalogues and 
other trade literature dealing with are-welding, electric 
railway cars, reversing motors for planing machines and 
laundry washing machines, an electric baking oven, 
a maintenance outfit for electro-pneumatic valves, 
induction frequency changers, an _ electro-pneumatic 
line switch, porcelain strain insulators, resistances, and 
terminal bolts. All these publications contain useful 
and interesting matter. 


Welding.—A catalogue illustrating vessels constructed 
by welding all the necessary joints has come to hand from 











Messrs. Robert Jenkins and Co., Limited, Rotherham. 
The vessels referred to are mostly large tanks for 
water, oil, petrol and liquid chemicals, and also for con 
taining electrical transformers. The transformer tanks 
are provided with outside circulating tubes for cooling the 
oil. One example of the firm’s products is a benzol 
still 8 ft. 6 in. in diameter and 11 ft. 6 in. long, mado of 
4-in. plate for the shell, with ends of %-in. plates, and 
having all the necessary inlet and outlet mountings. 


Cranes and Lifting Tackle-—Messrs. Holt and Willetts, 
Cradley Heath, have sent us two catalogues: one of 
cranes and the other of lifting tackle. The cranes 
include many types, hand-power and eleetrically operated, 
for fixed and portable use, with special designs for railway, 
dock and wharf work, overhead travelling cranes and 
forge-type cranes, the latter being a-r with a large 
clearance for manipulating the load. The second cata. 
logue deals with screw and hydraulic jacks from small sizes 
up to the four-pillar type for lifting locomotives or similar 
loads, and also gives particulars of an excellent series of 
rope, wire-rope and chain blocks. 


Steel Products.—Of three catalogues to hand from the 
United Steel Companies, Limited, Sheffield, the first 
contains a list of the sixteen associated companies which 
form the Union, with a detailed list of the special products 
of each company and a summary of the total annual 
productive capacity. This amounts to 1,225,000 tons 
of iron, 1,500,000 tons of ore, 2,780,000 tons of coal, 
614,000 tons of coke, 3,400,000 tons of steel ingots and 
finished products, &c., and 2,655,000 gallons of benzol. 
The second catalogue is devoted tocarbon, case-hardening, 
and alloy steels, and the third gives a list of railway 
material including axles, wheels and tyres, springs, rails, 
couplings, &c. : 

Fans and Gas Fittings.—We have received a circular 
issued by Messrs. James Keith and Blackman (Co., 
Limited, 27, Farringdon-avenue, London, E.C.4, offering 
to submit to factory and workshop owners estimates for 
dust-removal plants which will be guaranteed to satisfy 
the requirements of the Factory Inspectors. The same 
firm has issued six lists with practical information on the 
following subjects: centrifugal fans for all general 
purposes, gas soldering irons and stoves, indoor gas 
fittings for lights of 60 to 100 candle power, gas-heated 
laundry irons, gas-heated furnaces and blow pipes, and 
outdoor gas lamps. In all cases these fittings are for 
high-pressure gas. 


Pipe Fittings —The 1926 edition of their pipe and 
pipe-fittings catalogue, issued by Messrs. Walworth 
Munzing, Limited, 90, Union-street, Southwark, London, 
§.E.1, has been re-arranged and enlarged to some extent, 
but is compiled substantially on former lines and without 
alteration to the reference numbers. The section 
headings are: tubes and fittings and pipe hangers; 
valves and cocks; plumbers’ and gas fitters’ supplies ; 
pipe-fitters’ tools; and data tables. In preparing the 
catalogue the object has been to illustrate each item, and 
to give brief particulars and tables of dimensions and 
prices of all the goods deait with. The work of compila- 
tion has evidently been carried out with great care, 
which will be appreciated by those who have to rely on 
such catalogues in emergencies. 


Superheaters—A considerable amount of useful 
technical information is contained in a series of catalogues, 
enclosed in a loose-leaf binding, to hand from the 
Superheater Company Limited, 195, Strand, London, 
W.C.2. One deals with the economies of superheating 
steam, giving formul”, data of boiler trials, and extracts 
from marine-engineers’ logs. ‘The others deal separately 
with three types of marine superheater, machine- 
forged return bends, installing and operating, economies 
in the application to locomotives, practical details of 
the construction and replacement of superheater parts, 
header castings, power plant superheaters, &c. All the 
details and operating arrangements are illustrated and 
discussed in a manner that will be appreciated by 
engineers. 





TRAVELLING Facitities 1x East Lonpon.—In pur- 
suance of the powers conferred upon them by the Londoti 
Traffic Act, 1924, the London and Home Counties 
Traffic Advisory Committee have appointed five of their 
number, under the chairmanship of Sir Henry P. May- 
bury, Director-General of Roads, Ministry of Transport, 
to hold a public inquiry into the alleged inadequacy 
of travelling facilities to and from East London. The 
inquiry will take place in the Council Chamber, Guild- 
hall, Westminster, at 11 a.m.,on March 15 next. Any 

rson desiring to make representations upon the matter 
eer the Committee is asked to communicate, not 
later than March 8 next, with the Secretary of the 
London and Home Counties Traffic Advisory Com- 
mittee, 7, Whitehall-gardens, London, S.W.1. 





THE Nationat Coat REsources.—In pursuance of - 
policy of carrying out the work of the physical and 
chemical survey of the national coal resources, whic whe 
one of the main aspects of the fuel research work of the 
Department of Scientific and Industrial Research, : 
committee has been appointed to deal with the survey © 
the coalfields of Nottinghamshire and Derbyshi. 
The Midland Counties Colliery Owners’ Association, ‘he 
Notts and Erewash Valley Colliery Owners Associatio®: 
and the Midland Counties Institution of Engineers ind 
be represented on the committee, which will also inciuce 
the Director of Fuel Research, and other official ee. 
Committees are already established in the ogee 
and Cheshire, the South Yorkshire, and the ! aa 
Staffordshire areas. A committee to deal with ‘° 
Scottish coalfields was appointed recently. 
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THE FIRST BRITISH SCHOOL OF 
NAVAL ARCHITECTURE. 
By A. W. Jouns, C.B.E., R.C.N.C., M.LN.A. 


THE wide scope of the interesting paper on the 
Admiralty system of higher education, read by Mr. 
W. J. Berry, C.B., Director of Naval Construction, 
before the British Association at Southampton, and 
prepared jointly by him and Sir Robert Dixon, 
K.C.B., Engineer-in-Chief of the Navy (see Enat- 
NEERING, vol. exx, page 459), prevented more than 
a brief reference to the School of Naval Architecture, 
which was openedin January, 1811, at Portsmouth, 
and continued until 1832. The school deserves a 
prominent place in the history of technical education 
in this country, for if not the first, it was one of the 
earliest establishments in which a combined theo- 
retical and practical training was attempted. It 
has served as a model for later Admiralty and other 
Government educational establishments, and for 
not a few of the technical colleges and institutions 
in this country. The reasons for, and the manner 
of the inception of the School; the unrestricted 
field from which its students were selected ; their 
struggle for recognition in the face of violent pre- 
judices after leaving the school ; their initial failure 
and subsequent success: and the effect of political 
changes on their careers; these are all parts of a 
not uninteresting story, which has hitherto not 
been placed on record. 

The establishment of the School was the direct 
result of a recommendation of the Commission 
for the revision of the civil affairs of the 
Navy, presided over by Lord Barham, which pre- 
sented its report in 1806. Suggestions for such 
a school had however, been previously made 
on several occasions. Nearly a century and a 
half before, Sir William Petty, one of the first 
and most active Fellows of the Royal Society, 
proposed a school in which those who intended 
to adopt the profession of naval architects could 
be instructed, and had even prepared a syllabus 
of the subjects which they should study. Samuel 
Bentham,* a former apprentice to a master ship- 
wright of Woolwich and Chatham Yards, who rose 
to the rank of a general in the Russian Service, and 
from 1795 to 1813 was Inspector-General of Naval 
Works at the Admiralty, proposed in 1779 to esta- 
blish a school at each of the dockyard towns at 
which the workmen and apprentices might receive 
instruction, Using Petty’s syllabus as a basis he 
modernized and amplified it to an elaborate and 
impracticable degree. A year later Captain Kempen- 
feldt, drowned in the capsizing of the Royal George 
in 1782, wrote to Sir Charles Middleton, urging the 
opening of an Academy for the scientific instruction 
of those engaged in the design and construction of 
our warships. In 1791 the newly formed Society for 
the Improvement of Naval Architecture issued an 
address to the public, in which it was announced 
that it was one of the objects of the Society, ‘‘ to 
institute an Academy for the regular study not only 
of the art (of shipbuilding) itself, but of those sciences 
which ought to form the basis of it.” Sir Charles 
Middleton—afterwards Lord Barham—was a Vice- 
President of the Society. 

The primary reason for the suggestions of both 
Captain Kempenfeldt and the Society was the 
frequently reported and generally acknowledged 
inferiority of the seagoing qualities of our warships 
in comparison with those of France and Spain, 
and this was attributed to the lack of knowledge in 
the theory of naval architecture on the part of our 
designers and builders. Thanks to Jean Baptiste 
Colbert, the famous minister of Louis XIV, ship 
design in France had been placed on a far more 
scientific basis than in this country. In 1681 on 
his initiative, a conference of the leading French 
scientists was held in Paris, the difficulties of the 
naval constructors were explained, and they were 
requested to assist in their solution. The Academy 
of Science encouraged the study of the subject by 
offering premiums for the best papers submitted to 
it. There followed a series of learned disquisitions 
on many matters pertaining to ships which evoked a 





* A brother of Jeremy Bentham the prominent jurist 
and philosopher. Samuel was knighted whilst Tnapastee. 
General of Naval Works. 





great amount of discussion, into which at times the 
most famous mathematicians on the Continent were 
drawn. But from these rather abstruse controversies 
many useful hints were obtained by the French 
naval constructors, and the qualities of their 
warships gradually improved. Spain, Russia and 
Sweden followed the example of France, and Don 
George Juan, Daniel Bernoulli, Euler and Admiral 
Chapman contributed their share to the develop- 
ment of the science of naval architecture. In Eng- 
land the scientists had neither been invited nor had 
they volunteered to assist in the improvement cf 
ship design, and it was not until the end of the 18th 
century that the mathematician George Atwood 
presented two papers to the Royal Society on ship 
stability which were of any assistance to naval 
architects. English warship designers, hampered 
to a considerable degree by standardized dimensions 
from which they were not allowed to depart sub- 
stantially, had made no advance since the reign of 
Charles IT, and a great number of our warships were 
built on the models of French, Spanish and Swedish 
ships, which the fortunes of war had placed in our 
hands, and on trial had proved superior to our own. 
It was at such a time that the suggestions for a 
scientific training were advanced, and no one had a 
better knowledge of the circumstances, and the need 
for an alteration, than Lord Barham, who had 
served in the important position of Comptroller of 
the Navy from 1778 to 1790. 

Although our warship designers lacked scientific 
attainments, their keenest critics were ready to 
acknowledge that they had few equals in the art 
of shipbuilding. The Barham Commission re- 
ported, ‘‘ We believe them in general to be good 
builders of ships, and if they have but little know- 
ledge of the science and theory of naval architecture, 
the blame must be laid on the Government for not 
having formed any plan for their instruction so as 
to furnish them with an opportunity of obtaining 
it.” 

The Commissioners in their inquiries found 
another reason for their recommendation for the 
opening of a school, and this was the system of 
apprenticeship which had then been recently 
adopted in the Royal Dockyards. Previous to 
1801, the master shipwrights of the yards had each 
been allowed to take five apprentices, or articled 
pupils, to whom they imparted “the art or mystery 
of shipbuilding.”” With each pupil they received a 
premium of from twenty to fifty guineas, and they 
were also paid the wages of the apprentices during 
their seven years of service. The assistant master 
shipwright was allowed three apprentices, and the 
foremen and quartermen one each. Besides these, 
the most deserving of the working shipwrights 
were given permission to have one apprentice. As 
might be expected, the apprentices to the master 
shipwrights were of superior social and educational 
status to the others, those of the working ship- 
wrights being the lowest in the scale. The master 
shipwrights, naturally perhaps, recommended their 
apprentices for promotion, and on completing their 
indentures they were made quartermen, soon fore- 
men, and afterwards promoted to the higher posts 
as vacancies arose. The discovery of serious 
abuses attending this system led to the privilege 
of taking apprentices being withdrawn from the 
master shipwrights in 1801, and from the other 
officers in 1802 and 1804. There remained only 
the apprentices to the working shipwrights, but 
as at the same time the pay of these was appre- 
ciably reduced, the boys entered under the new 
regulations were even less educated than before. 
The majority could neither read nor write, and as 
there were no facilities for improvement in the 
dockyards, they were likely to continue in the same 
state of ignorance as when they entered. The 
1806 Commission reported that the newer regula- 
tions for the entry of apprentices ‘‘ have put matters 
in a worse state, and unless some means are taken 
to improve the education of apprentices we must 
not expect a succession of officers or artificers 
equal to those now in the docykards.” Instead, 
therefore, of an improvement in theoretical know- 
ledge, which was generally recognised as most 
necessary, the new regulations threatened our 
superiority in the art of shipbuilding. 

“To put an end to this want of foresight and due 





consideration which may finally lead to so much 
danger to this country,”’ the Commissioners in their 
report proceeded to outline their remedy. They 
recommended that two classes of apprentices 
should be entered into the dockyards, the first a 
‘superior ” class, from which the officers for the 
higher technical appointments at the dockyards 
and Navy office should be selected, and the second 
the ordinary apprentices, whose numbers were to 
be determined by those of the shipwrights required 
for service in the dockyards. 

The superior apprentices were to be attached to 
Portsmouth Yard and to receive their theoretical 
instruction at the Royal Naval Academy started 
there in 1733 for the education of young naval 
officers. The staff of the academy consisting of 
two mathematical, a writing and drawing, and 
a French master, together with dancing and 
fencing instructors, was to be increased by the 
addition of a professor or preceptor for the new 
students. 

Candidates for the ‘“‘ superior” class were not to 
be more than sixteen years of age, and were to pro- 
duce certificates of birth and of physical fitness and 
good constitution. Before admission they were to 
be examined by the professor, in the presence of 
the comptroller and the two surveyors of the Navy, 
the subjects of examination being vulgar and deci- 
mal fractions, the first six books of Euclid, and 
French. The Commissioners considered a know- 
ledge of French would be a great advantage to the 
students in studying the books on naval architecture 
in that language. The examination was to be con- 
ducted with candour and impartiality, the fittest 
and best alone’being chosen, while no consideration, 
except that of proficiency in the subjects mentioned, 
was to be allowed to influence the result. The 
members of the Navy Board present at the examina- 
tions were to sign and send certificates to the 
Navy Commissioner at the port, who was also 
Governor of the Academy, to whom the successful 
candidates were to be indentured for seven years. 
It was recommended that at the first examination 
for entry twelve lads should be chosen, to be 
followed by four others annually, until with the 
school in full operation, a maximum of twenty- 
five students would be receiving instruction. After 
joining the school, the mornings were to be spent 
with the professor in studying theoretical subjects, 
whilst in the afternoons the students were to be 
employed in the yard under the master shipwright, 
acquiring a practical knowledge of shipbuilding in 
its various branches. The heaviest kind. of labour 
was not recommended for these apprentices, but 
only such as would lead to the most accurate prac- 
tical knowledge in the construction, repair, fitting 
and qualities of all classes of vessels. The students 
were to be examined annually in the presence 
of the Navy Commissioners, the master shipwright 
and the professor, and a progress report sent to the 
Admiralty and Navy Boards, so that superior 
talent and merit might be noticed and duly re- 
warded. 

The seventh and last year of their apprentice- - 
ship was to be served at sea on one or more of 
H.M. ships, to obtain a thorough practical know- 
ledge of steering, sailing, trimming and ballasting. 
The students were to observe the motion and work- 
ing of the ship in bad weather and high seas, the 
standing and straining of the masts and spars, 
the positions of the standing blocks, the proper 
lead of ropes, &c., and consult with the carpenter 
and obtain from him all that his experience might 
enable him to communicate. Their observations 
whilst at sea, together with any suggestions for 
improvements in the construction, form or furniture 
of ships, were to be recorded in a journal, which 
when completed was to be forwarded to the Navy 
Board. 

Upon their return from sea having completed 
their apprenticeship they were to be employed at 
the dockyards as overseers, submeasurers, assisting 
the master shipwrights, his assistants or the foremen, 
or in any other position which met with the approval 
of the Navy Commissioner, until such time as 
vacancies permitted their promotion to officers of 
the yard: The salaries recommended during the 
seven years apprenticeship were 60/., 70I., 801. 








100/., 120/., 1407, and 1401. respectively, but a 
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sum of 8/. a year was to be deducted towards the 
professor’s salary. On returning from sea they were 
to be paid 150/. a year, increased after three years 
to 180/.—the maximum salary of an inspector of 
shipwrights—if they had not by that time been 
promoted to foremen. ‘Lhe siary of the latter was 
250/., and that of an assistant mas‘er shipweight 
4001, On admission to the school each apprentice 
was to enter inte a bond with two surcties to forfeit 
8001, if he left the dockyard service within ten 
vears of leaving the school. 

From this superior class of apprentice all officers 
from master measurer to surveyor of the Navy were 
to be chosen, a qualifying examination before the 
Commissioner, the master shipwright and the 
professor,- being passed prior to the first step in 
promotion. 

Apprentices of the ordinary class were to be 
allowed to compete in the entrance examinations 
for the school, and if found qualified for admission, 
their former indentures cancelled and new ones 
signed. The shipwright who had acted as the 
master or instructor of an apprentice selected for the 
superior class, was to be given another on the next 
entry of apprentices, but as the earnings of the 
latter would be smaller, the superior apprentice out 
of his salary had to make up the difference to his 
former master. 

The Commissioners in their report referred to an 
educational establishment at Glasgow, at which 
by the provisions of the will of a former professor, * 
a series of lectures had been arranged on subjects 


* This was probably John Anderson (1726-1796), 
Professor of Natural Philosophy in Glasgow University, 
who left estate tofound a college. The value was small— 
1,0007.—but the Andersonian Institution, now the Royal 
Technical College, Glasgow, was established by his 
friends. Dr. George Birbeck (1776-1841), the promoter 
of Mechanics Institutes, was Professor at the Institution 
from 1799 to 1804, started lectures to artisans in 1800, 
and continued these until he left. 
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likely to be of interest to those employed in local 
industries. These lectures were attended by about 
five hundred artisans, and as a result several in- 
genious workmen were discovered, and a num- 
ber of improvements in manufacturing processes 
suggested and adopted. The Commissioners recom- 
mended that the professor at the school should 
lecture at least three times a week after working 
hours, on subjects of interest to those engaged in 
shipbuilding. The officers of the yard, the ship- 
wrights and apprentices were to be allowed to 
attend, and, if they so requested, lent books on the 
subjects of the lectures from the school library. 
Such were the recommendations of Lord Barham’s 
Commission so far as they related to the education 
of shipwright apprentices, who were intended to 
become officers in the Royal Dockyards, and in 
their completeness and lucidity they left nothing 
to be desired. They were adopted by an Order in 
Council, dated September 20, 1809, and on June 25, 
1810, a notice appeared in the leading newspapers 
giving full particulars of the new School of Naval 
Architecture, and inviting candidates to come 
forward for the entrance examination. The details 
of this public notice differed in some respects from 
the recommendations of the Barham Commission. 
Candidates for admission were to be between 15 and 
17 years of age. The subjects for examination were 
English reading and dictation ; the first four rules 
of arithmetic, and the rule of three in whole numbers, 
vulgar and decimal fractions ; the first three books 
of Euclid, omitting certain propositions; and 
French. The last subject was not compulsory for 
the first entrance examination, but would be made 
so for the future, but if, in the first, several candi- 
dates were found equally qualified in the other 
subjects, their knowledge of French was to determine 
the result. The subjects to be taught after admis- 
sion to the school were geometry, algebra, plane 





trigonometry. mechanics. hydrostatics, fluxions, 
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drawing, French and theoretical naval architecture. 
The examination was to take place in the presence 
of the Navy Commission, the Lieutentnat-Governor 
of the College, and the Master Shipwright on 
November 7, 1810, beginning at 8 a.m., and candi- 
dates had to send in their names before October 24. 
Ordinary dockyard apprentices, with not more than 
three years’ service were allowed to compete, and 
were to be given time to study the subjects for 
examination. If successful, they were to attend 
the school for five years, if they had already served 
three as apprentices, six years if two, and seven if 
less than two. The salaries offered started at 60/. 
a year, increased by 101. a year to 1101. in the sixth 
year, and 1301. in the seventh, but no deduction 
was to be made towards the professor’s salary. The 
students had to board, lodge and clothe themselves. 
The bond to be signed on entrance to the school 
was for 500/., in place of 800/., recommended by the 
1806 Commission. Similar notices appeared in the 
newspapers in 1811, 1812, 1813, 1814, and 1815, 
the numbers entered being 4, 4, 4, 5 and 2 
respectively. 

By an Order in Council, dated January 30, 1816, 
the apprentices were to live in the college, and 
buildings were erected and furnished at a cost of 
about 19,0007. in 1816 and 1817 to provide the 
requisite accommodation. Apprentices were not 
entered during those two years, but in 1818 two were 
taken, and in 1822 eight. The subjects of exaln- 
ination were extended to include the whole © 
common arithmetic ; the first six books of Euclid ; 
the first rules of algebra, involution, evolution, surds. 
proportion, series, simple and quadratic equations, 
and problems involving them ; English grammar 
and dictation ; and French reading and translation. 
Board and lodging now being provided, the salaries 
were reduced to 25/., 30/., 35/., 401., 45/., 50/., and 
601. respectively. 

(To be continued.) 
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REINFORCED CONCRETE AUTO- 
MATIC SECTOR REGULATORS 
AT CAMARASA. 


Tue City of Barcelona derives its electric supply 
mainly from a series of hydro-electric stations 
belonging to a company termed the Riegos y Fuerza 
del Ebro, S.A. As its name implies, this company is 
interested in the development of resources on the 
Ebro and its tributaries. In addition, the company 
owns a steam-generating station in Barcelona itself, 
of 38,000 h.p. This is worked as a reserve in 
case of an accident to any of the hydro-electric 
plants, or for use in a very dry season. It can be 
operated in parallel with the hydro-electric plants, 
and at the same time serves as the main distribu- 
tion point for the city. Rising in the Pyrenees, 
close to the French frontier, is a river known as the 
Rio Noguera-Pallaresa ; this flows after a course 
through deep gorges into the Rio Segre, which finally 
joins the Ebro. On the Noguera-Pallaresa the 
company has two power plants, the furthest up 
stream being at La Pobla de Segur. This is only 
a small station of a capacity of 3,000 kw., utilising 
aheadof21m. This station was put in hand among 
the earliest of the works in crder to supply energy re- 
quired in connection with the manufacture of cement, 
air power for rock drills, the operation of cranes, 
&c., employed on the construction of a much larger 
plant at Tremp. At the latter place, about 12 km. 
below La Pobla de Segur, a large dam was built, 
with a power station of a capacity of 38,000 h.p. 
This dam has a length along the crest of 206 m., 
and a height above the bed of the river of 82 m., 
while from the lowest point of the foundation 
to the crest is 104 m. At its thickest part the base 
om the dam is 69-66 m., and the structure contains 
~71,000 cub. m.of concrete. It is an arch structure, 
the upstream face being struck to 300 m. radius. 
It provides a useful storage of 197,000,000 cub. m., 
hes centre of the tunnel leading to the power house 
eng 45 m. below normal full-water level. The 
head available at the station is 74 m., and the power 


is generated by four units of 9,500 h.p. each, at 
6,000 volts, transformed up to 110,000 volts for 
transmission. Below Tremp another plant has 
been projected, whilst still lower, at Camarasa, 
where the Noguera-Pallaresa joins the Rio Segre, 
is another large dam and power station. This 
dam impounds 163 million cub. m. of water, its 
height above the river bed being 92 m., or from the 
lowest point of the foundations to the crest, 
102 m. The length is 151 m., and the greatest 
thickness at the base 76 m. The volume of con- 
crete in the structure amounts to 218,500 cub. m. 
Water is led off from this reservoir through either 
a canal or a tunnel, according to the level. In 
both cases the length to the penstocks is about 
250 m. The maximum head utilised is 83 m., 
and the completed station will be capable of generat- 
ing 100,000 h.p. Till recently only two units of 
20,000 h.p. each have been installed and run; but 
a third unit of the same capacity has lately been 
added. Just above its junction with the Ebro 
there is another station on the Segre river, which 
has a capacity of 56,000 h.p., and utilises a head 
of 49 m. 

At both Tremp (or Talarn) and Camarasa the level 
is regulated in the reservoirs by automatic sluices. 
At Talarn these take the form of balanced hinged 
leaves, to which we hope to refer in more detail 
on a future occasion. At Camarasa the regulating 
sluices consist of sectors constructed of reinforced 
concrete. By the courtesy of Mr. Walter Diem, 
Chief Hydraulic Engineer of the Riegos y Fuerza 
del Ebro, S8.A., we are able to illustrate in Figs. 1 
to 39 on Plate XXXIV, and on pages 322 to 
325 and page 336, this interesting installation, 
which has been constructed to the designs of the 
Barrages Automatiques Société Anonyme, of Ziirich, 
to whom we are also indebted for several of our 
illustrations. The arch dam closing the gorge is 
shown very well in Fig. 1, page 322, the power station 
being visible in the middle distance below. To the 


Fig. 2 annexed, gives a better idea of the spillway 
seen from the cliffs above. The channel is divided 
into two by a central pier. In each bay an auto- 
matic sector sluice is installed. The pier also serves 
to carry a highway bridge across the channel, 
leading from a tunnel cut through the rock on to 
the crest of the dam, and thus across the gorge. 

A general elevation and plan of the spillway 
sluices are given in Figs. 3 and 4, Plate XXXIV. 
The general arrangements are shown to a larger scale 
in Figs. 5, 6 and 7, while other drawings on the 
plate refer to details with which we deal below. It 
will be gathered from Figs. 1 and 2 that the part of 
the channel next to the dam discharges in the open 
over the cliff. The bay nearest the side of the gorge 
leads direct into a large tunnel cut through the rock 
and opening out in the gorge side a little lower down. 

The two sectors of the regulator are each 27 m. 
(88 ft. 7 in.) in length and together allow of a maxi- 
mum discharge capacity of 2,000 cu. metres (70,633 
cu. ft.) of water per second. The fixed sill level 
of the spillway is at El. 369 (metres above datum), 
while the level normally maintained by the sectors 
is at El. 375, which can be increased to El. 375-98. 
Underneath the sectors are pits excavated in the 
rock, into which they can sink completely. Each 
sector is hinged on the downstream side of its 








right foreground is the spillway. -This is divided into 





two parts, only one of which is included in this view. 


pit as shown in Fig. 5. Water has access to the 
pits, and, the sectors being buoyant they rise if 
the pits are filled, thus increasing the spillway 
crest elevation. In order to vary this level, with 
alteration of the supplies flowing into the reservoir, 
so as to maintain a constant reservoir level, the 
water in the pits is allowed to run off, under auto- 
matic control. The central pier, separating the 
two sectors, has a width of 3 m. (9°84 ft.). At the 
dam end is a pier of double this thickness. This 
contains the regulating gear for both sectors, as 
shown in Figs. 4 and 7. The regulating gear for 
one sector is shown in Fig. 6, details of the parts 
being given to a larger scale in Figs. 8, 9 and 10. 
The main centrol is effected by the cylindrical 
valve and float, shown best in Fig. 8. This consists 
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REINFORCED CONCRETE AUTOMATIC SECTOR REGULATORS AT CAMARASA, SPAIN, 


CONSTRUCTED BY THE BARRAGES AUTOMATIQUES SOCIETE ANONYME, ZURICH. 
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of three parts, of which the innermost is a long 
cylindrical float and the outermost, an open-ended 
cylinder or sleeve, fastened to and moving with the 
float. Between these two parts is a second cylinder 
acting as a container for the float. This cylinder is 
fixed to a base piece. In the latter are ports lead- 
ing to the well which can be throttled by the move- 
ment over them of the outer cylinder, under the 
control of the float. The latter rises and falls in rela- 
tion to the supply of water to the interior of the fixed 
cylinder through the base, this supply being depend- 
ent upon the water level in the reservoir and the 
position of the sector. The supply to the interior of 
the float chamber is regulated by the gear shown in 
the adjacent well in Fig. 6, and in detail in Fig. 9. 
The arrangement consists of a vertical pipe fitted at 
its upper end with an adjustable funnel with a teles- 
copic neck. The level of the lip of the funnel is 
adjusted by a hand crank in a column fixed to the 
pier floor. The funnel pipe branches at its foot, as 
will be clear from Fig. 6, one branch supplying the 
float chamber, while the other runs in the opposite 
direction to a controlled discharge valve. The 
latter is shown in Fig. 6, on the axis of the sector, 
and in Fig. 10, while it is illustrated in detail in 
Figs. 24 (elevation) and 25 (plan) above. If the level 
in the funnel well, which is in connection with the 
reservoir, rises over the lip of the funnel, water will 
flow both to the float chamber and the discharge 
valve. The behaviour of the sector depends upon 
the relative volumes of these amounts. 

The well in which the float-controlled sleeve valve 
is placed is in communication with the sector pit, 
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at the bottom, while a drain runs from it into the 
open, on the down stream face of the dam. Water 
from the reservoir, as already noted, is free to 
enter the sector pit, whence it can flow up into the 
valve well and away to the drain. The amount of 
water thus escaping is controlled by the movement 
of the large sleeve under the action of the float. 
If, therefore, a rise of level in the reservoir occurs 
an increased volume of water will flow into the 
funnel. Until the regulating valve of Fig. 10 adjusts 
itself, any increased volume must escape by way of 
the float. This fits loosely only in its cylinder, and 
the water flowing up around it runs over the top of 
the cylinder and sleeve, and away to the drain. 
If the volume is sufficient to raise the float, the 
large sleeve is raised, and an increased amount of 
water from the sector pit will be allowed to escape. 
The sector thus tends to fall and to allow more 
water to escape over its crest, down the spillway. 
The regulating valve at the end of the second 
branch from the vertical funnel tube, is actually 
coupled to the sector itself,"as may be seen in 
Fig. 25, which shows the valve and part of the 
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this valve is, therefore, swung on its axis. This 
results in a larger discharge opening being provided, 
so that more of the water flowing down the funnel 
is allowed to escape this way and less by way of the 
float chamber. At the same time the reservoir level 
falls, and less water flows in at the funnel. As 4 
consequence, the float falls and the sleeve valve is 
throttled down, so that now less water escapes from 
the sector pit, and as a consequence the sector rises. 
This adjustment is continuous and automatic and 
any change of reservoir level results in automatic 
adjustment till conditions of equilibrium are again 
secured. The normal working level can be set 
within desired limits by regulating the height of the 
funnel and the height of the lip of the large sleeve 
valve, to the top of which rings are fitted, to secure 
the requisite amount of movement of the float and 
sleeve. The normal water level is, as stated, at 
El. 375. This can be increased to 375-98, so that 
the maximum may be impounded in time of flood, 
by raising the funnel. Under these circumstances, 
the sector would oscillate to some extent, but this 
could be rectified by adding another ring at the 





end of the sector in plan. When the sector falls, 


top of the sleeve of the cylindrical valve. 
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as shown in Fig. 25. Its end is pierced with aper- 
tures to permit of the free exit of any water from 
the interior, to the discharge control valve drain. In 
the event of water finding its way into the interior 
of the sector resulting in loss of buoyancy, the sector 
in falling opens the discharge valve from the funnel 
to some extent. This as already noted affects the 
float, &c., in such a way that the sector tends to 
rise, so that the tendency to fall is off-set. In its 
lowest position the sector rests on a concrete step 
covered with tarred roofing felt. 

Two types of hinges are adopted as shown in 
Figs. 29 and 30. They are 1 m. in length and one 
is situated opposite each rib. The drawings suffice 
in themselves without further explanation, though 
it may be stated that the two types alternate. 
There are ten in all for each sector, under the 
worst conditions the loading works out at only 
876 Ib. per square inch. All parts of the bearings are 
readily renewable. 

The drawings show an air pipe running along the 
crest of the sector. This pipe was installed and was 
covered with leather flaps, but it was not found 
necessary to make provision for the admittance of 
air at this point under the nap, and the device has 
been put out of action by being concreted up. 

For special purposes the float and sleeve valve 
may be raised by hand, or water may be admitted 
to the float chamber through an auxiliary valve 
in the funnel well. (Fig. 9). The regulating (dis- 
charge) valve (Fig. 10) is fitted with an indicator and 
the pipe leading to it with an air vent. 

In conclusion we may draw attention to the two 
views Figs. 22 and 23. The former shows one of 
the sectors finished and raised tc its highest position. 
The latter shows the same submerged and main- 
taining a constant reservoir level of El. 373-3. Each 
sector weighs 1,100 tons. 





ATOMS OF LIGHT AND OF 
ELECTRICITY. 


In opening the first of three Royal Institution 
lectures on “The Atom of Light and the Atom of 
Electricity.”” on Thursday, February 25, Dr. C. D. 
Ellis, Fellow of Trinity College, Cambridge, said 
that the title needed some explanation. There 
were atoms of electricity, but whether there were also 
atoms of light was very doubtful. The two theories 
of light now much discussed were mutually incon- 
sistent ; each, however, had peculiar powers of 
explaining certain groups of phenomena. The 
classical continuous-wave theory explained inter- 
ference and diffraction in remarkable detail, but for 
photo-electric and allied effects the corpuscular, 
light-quantum theory gave a far simpler explana- 
tion. In making that statement, however, Dr. Ellis 
pointed out that he did not wish to assert that we 
understand what light is. 

To speak of atoms of electricity signified that 
electricity consisted of a large number of individual 
minute particles which, as he would demonstrate, 
could be seen and be isolated and which flowed 
like the molecules of a stream of water. On the 
wave theory, light was a form of energy which, 
when emitted from a source, spread out in spherical 
waves, so that the whole space surrounding the 
source was filled with energy, the amount per unit 
volume diminishing with the distance. The light- 
quantum theory involved the emission of definite 
corpuscles of light, each self-contained and unin- 
fluenced by the others; the energy of each was 
proportional to the frequency of oscillation, and the 
number emitted depended only upon the intensity 
of the source. Dr. Ellis’ illustration of such a source 
was a sphere sending out arrows of equal lengths 
radially in all directions, and the experimental 
simile was the sheaf cf sparks produced when a 
steel rod was pressed against a grinding wheel. 

The quantum theory of light emission, Dr. Ellis 
continued, had been forced upon us in 1898, when 
Lenard, by experiments with photo-electric cells 
and by other experiments, established the rules of 
photo-electric light emission. The simple photo- 
electric cell, Fig. 1, consisted of an evacuated glass 
bulb, partly coated inside with a mirror of potassium 
or other alkali metal. In the centre was suspended 
a collecting wire ring joined to a battery, the other 
terminal of which was connected to the potassium 
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through the leaf of an electroscope. When the 
connections were made as in Fig. 1 and light fell 
upon the potassium, electrons were emitted by the 
metal; they collected on the ring, and momen- 
tarily discharged the electroscope, the leaf of 
which would be deflected again a moment later. 
By rotating his source of light, a tubular electric 
glow lamp, about its vertical axis, Dr. Ellis showed 
that signals could be sent and a bell be rung by this 
simple device when the very feeble photo-currents 
were magnified by a valve, although high amplifica- 
tion was required. Any radiations, from wireless 
to the shortest waves, could cause this emission of 
electrons, and there was no reason to believe that 
the phenomena differed in principle throughout 
the whole range. Dr. Ellis repeated the experi- 
ment by letting X-rays fall directly upon a plate of 
zine connected with the electroscope, and he 
demonstrated by these means, and by reversing the 
battery connections, that the particles emitted 


Fig. 1. 
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carried a negative charge. A plate of aluminium 
gave the same effect as zinc, and so would any 
other metal, but with the difference that the 
velocity of the electrons ejected was greater with 
X-rays as the source than with ordinary light. 

By these means it had been proved that the 
velocity of ejection depended only upon the fre- 
quency of the exciting radiation, and the number of 
electrons ejected depended only upon the intensity 
of the source. On the wave theory we should 
expect the two factors to be interconnected. Imag- 
ine, Dr. Ellis remarked, a storm on the seashore ; 
the waves struck the pebbles and threw some of 
them high up the beach. The next day the sea 
might be calm; then the waves, although as long as 
before, would only be able to shift the pebbles a little. 
Persons watching would be surprised to see the 
pebbles thrown up as during the storm ; but that was 
what we observed in the photo-electric discharge. 
Accelerated electrons hitting a plate gave rise to an 
emission of X-rays from the plate and the rays 
travelling on to any distance and then hitting a 
second plate, would eject from it corpuscles of the 
original velocity. This idea had been expressed, in 
the early photo-electric days, by Sir William Bragg 
in the following manner. Suppose a plank were 
dropped from a height of 100 ft. into the sea, and 
the ripples set up spread out to a distance of 
1,000 miles ; of infinitesimal dimensions, they then 
struck a wooden ship, and a plank was seen to fly 
up from the ship to a height of 100 ft. That would 


be as strange as the Lenard rule that the electrons 
should be ejected from the second plate with the 
velocity of the initial electrons. 

On the light quantum theory of Einstein, electrons 
of velocity v and energy E striking a plate (Fig. 2) 
would cause an emission of discrete quanta of 
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energy, E = hv, spreading out, not as a wave, but 
like sparks, the energy of the electron being con- 
verted into the energy of the corpuscle, the atom 
of light. Those corpuscles travelled on inde- 
pendently ; very few of them would reach the 
second plate (the distant ship), but those which did 
carried the original energy and could eject electrons 
with the initial energy E, reconverting the corpus- 
cular energy into electromagnetic energy. The 
expansion method of C. T. R. Wilson made this 
conversion of energy, the photo-electric effects in 
gases and the actual tracks of the ejected electrons, 
visible to the eye, Dr. Ellis exhibited some new 
slides of Mr. Wilson’s, two of which we reproduce 
in Figs. 3 and 4. In Fig. 3, X-rays were made to 
strike a plate of metal placed within a chamber 
containing air supersaturated with moisture. The 
electrons ejected struck the gas molecules breaking 
them up; when the gas in the chamber was 





suddenly expanded (the bottom of the chamber 
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being a movable piston), the ions formed acted as 
condensation nuclei for the moisture, and the 
winding tracks of the electrons could be traced by 
the small beads of moisture settling on the ions 
which the electrons had left behind. These tracks 
were crowded and ramified in. Fig. 3; in Fig. 4, 
where the rays came in from the right, only a few 
tracks were shown. 

These and many similar phenomena, of conver- 
sion and reconversion, could not well be explained 
except on the light-quantum theory. Every sub- 
stance, such ‘as a gas, had the characteristic 
property that it gave light of a definite wave-length 
when excited. On the wave theory, the atom 
was supposed to be the oscillating body, and the 
light should therefore be characteristic of the 
atom; a weak agency could and would produce a 
faint light. On the quantum theory, the atom, 
normally, had no power of emitting radiation. If it 
did emit light of frequency v, it could only do so 
when the amount of energy imparted to it by the 
exciting agent had reached the definite quantum 
minimum. Dr. Ellis exemplified this by an exper! 
ment due to G. Hertz. A glass bulb (Fig. 9) 
contained helium and mercury vapour at low 
gas pressure. Near the centre of the bulb, a hori- 
zontal strip of platinum was mounted and heated by 
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a current from a battery ; above it was a kind of 
pox, consisting of two aluminium plates with a hole 
in the bottom plate and open sides. When the 
heating current was switched on, the faint glow of 
the platinum was first seen; but as the battery 
potential was increased a strong green luminescence 
was observed. On further increasing the poten- 
tial, the colour of the glow changed to rose ; there 
were thus two stages in the glow. The electrons 
emitted by the hot platinum had a low velocity. 
When they were speeded up, the green mercury 
clow was first excited, and when the electrons had 
acquired a higher velocity they were able to excite 
the helium. This proved that the electrons must 
have a definite velocity to excite the atoms, and 
that the radiating atoms then radiated a definite 
amount of energy; there was no effect, and electrons 
would not act, before this critical level was 
reached. 

Summing up, Dr. Ellis emphasised the fact that 
he did not wish to suggest that the light-quantum 
theory had replaced the wave theory, but, he added, 
that the quantum theory offered advantages in 
cases where the energy relation was predominant. 
No decision could be made between the two 
theories, but they might, perhaps, be combined and 
reconciled to solve the most important problem of 
modern physics, viz., that of radiation. 





LITERATURE. 


—~———— 
Eclairage Electrique. By P. Maurer. Paris: Gauthier- 
Villars et Cie. 143 pp. 


Tue earliest commercial application of electric 
energy was that of electric lighting. That it has 
been one of the last to be placed on a scientific 
basis is not the fault of the lamp-maker ; rather it 
is the neglect of the study of the principles of correct 
illumination, which led to this generally disappoint- 
ing state of affairs. Improvement in this direction, 
however, has been rapid during the last few years 
owing to the advent of the illumination engineer ; 
the recognition of the importance of correct lighting 
as affecting the health and output of the worker 
and the well being of the general community ; 
and the development of the higher,efficiency type 
of glow lamp, with its increased intrinsic brilliancy. 

It may be said to their credit that manufacturers 

have kept pace with the demand for correct lighting, 

and it will be found that when the required intensity 
and its distribution have been determined, little 
difficulty is experienced in obtaining the proper 
lamp, shade, diffuser or reflector for any situation. 

In this little book every aspect of the subject is 
treated—from the principles of luminous radiations 
to practical details of line construction and house- 
wiring. The first portion which treats with stan- 
dards of light and illumination is the most useful, 
particularly the chapters on the calculation. of the 
illumination of interiors as affected by the type of 
lamp and shade, and the position and number of 
points. The subject is treated in a thoroughly 
practical fashion, typical examples with different 
distribution curves for the source of light being 
worked out. The second part of the book deals 
in a very summary way with distribution systems, 
systems of wiring, tariffs, and the calculations 
relating to the size of wire required in distribution 
mains and other branched circuits. As a state- 
ment of the fundamental principles involved in 
lighting and installation calculations, the book 
should be serviceable alike to the student and to the 
engineer, 

The Rigid Airship. By E. H. Lewrrr, B.Sc. (Lond.), 
M.1.Ae.E., A.M.I.Mech.E. London: Sir Isaac Pitman 
and Sons, Limited. [Price 30s. net.] 

AvraouGH the number of persons actually engaged 

in the design of rigid airships at the present time 

is comparatively small, there must be many students 
of aeronautics, and others interested in airship 
developments, who will welcome a complete treatise 
on the structural design and performance of rigid 
airships, such as has been produced by Mr. Lewitt. 

Having himself been engaged on airship design at 

the Bedford Works of Messrs. Short Brothers, and 

aleo at the Air Ministry, the author has had excel- 
lent opportunities of acquiring knowledge and 





experience on the subject and he has collected and 
arranged this in a logical sequence with the aid of 
clear diagrams and other illustrations on which 
both author and publishers are to be congratulated. 
Throughout the work the method of treatment 
adopted has been first to investigate each problem 
mathematically and then to compare the mathe- 
matical results with those obtained by experience— 
a method which is usually sound, and is likely to 
inspire confidence in the student. No great demands 
are made upon the reader’s mathematical knowledge, 
but he is expected to be familiar with the general 
principles of engineering to the standard of a uni- 
versity degree. The first four chapters of the 
book deal, respectively, with the development of 
the rigid airship, aerostatics as applied to airships, 
forces acting on airships, and the design of girders 
and struts. These subjects are well and clearly 
treated, but the most interesting and useful parts 
of the work are those dealing with the beam stresses 
in the hull and the forces in a wire diaphragm due 
to lateral gas - pressure. These constitute new 
problems in engineering design and are therefore 
treated exhaustively. In connection with the 
beam stresses in the hull, bending experiments on 
models and actual airships are described, and the 
theory of bending of short tubes is given and 
applied to tubes of various sections. The effect of 
the diagonal wiring on the bending stresses is dis- 
cussed and the application of the complete theory 
to an actual airship is explained. The greater part 
of the remainder of the book is devoted to the 
detail design of various structural members, in- 
cluding transverse and circumferential wiring, 
diagonal wiring, transverse frames, longitudinal 
girders, and stability and control members. In 
one of the final chapters, however, the general equa- 
tion for the weight of an airship hull is worked out, 
and equations for the performance and range of 
airships are also deduced. Finally, a design for a 
large airship, based on the methods explained in 
the book, is worked out in full. Actually two cases 
are taken—one in which channels and joints of the 
Zeppelin type are used and the other assuming 
tubular scantlings and pinned joints. The latter 
design, it is interesting to note, appears to have 
some advantages from the point of view of weight 
saving. Engines and machinery, although by no 
means negligible factors in the development of air- 
ships, are not considered in Mr. Lewitt’s book, the 
subject matter of which is confined entirely to 
structural design and performance. To mention 
this, however, is no disparagement of the work, 
which, as far as we are aware, is the only complete 
treatise on airship design yet published, whereas 
the literature of aero engines is comparatively 
extensive. 


Oil-Field Exploration and Development. By A. BEEBY 
Tuompson, M.I.Mech.E., M.Inst.M.M., F.G.S. Two 
Volumes: I. Oil-Field Principles. II. Oil-Field 
Practice. London: Croshy, Lockwood and Son. 
[Price 63s. net. each volume.] 

PROBABLY no industry sends out so many trained 

emissaries, geologists, engineers, and chemists to 

all parts of the world as the petroleum industry, 
while none contributes so little directly to the settle- 
ment of those parts. The winning of oil requires 
men, of ability, resource, courage, quick decision, 
perseverance and common sense, all of which 
characteristics are desirable in the settler. But 
the petroleum technologist who has worked in the 

West Indies and in Roumania is not only anxious 

to study his subject further under the different 

geological and climatic conditions in America, 

Persia and Burma, but also to return home, in order 

to exchange views with his colleagues and to 

recuperate after the hardships of working in the 
deserts and jungles which seem to be the localities 
most favoured by Nature for oilfields. Under the 
circumstances, it might be expected that oil- 
field practice would have become fairly uniform, 
and that terms like Baku bailing, Galician swabbing, 
and Californian rig would have little more than an 
historical significance. That is so to a certain 
extent. But the oil producer generally tries to get 
at something at the bottom of a drilled hole, 
hundreds of feet deep, and he does better to adapt 
himself to actual conditions than attempt to force 





these to conform to his own particular preference. 
In view of the starting growth of the oil industry, 
Mr. Beeby Thompson has refrained from endeavour- 
ing to revise his ‘ Oil-Field Development and 
Petroleum Mining,” which we reviewed on page 14 
of our issue of January 15, 1917. That book of one 
volume was out of print in 1922, and the two new 
volumes, compiled as ‘‘ A Practical Guide for Oil- 
Field Prospectors and Operators,” are cast and re- 
written on a different plan. 

Mr. B. Thompson opens his first volume with an 
introductory chapteron thedistribution of petroleum, 
which, he emphasises, is not geographically defined 
by any latitude or longitude or by present-day cli- 
mate, but is geologically allied to certain epochs con- 
nected with geosynclinal conditions, as first suggested 
by James Hall in 1859. In many parts of the world 
slow, gradual subsidences have been leading to the 
accumulation of sediments, finally of great thickness, 
in marine basins which were always shallow at the 
time. These sediments formed zones of weakness 
separating the more stable continental masses, the 
pressure of which subsequently folded the sediments, 
in accordance with the isostatic principle, and 
squeezed up the great mountain ranges. The great 
oil-fields now occur in these geosynclinal sediments ; 
they flank the chains of the Caucasus, Carpathians, 
Rocky Mountains and Iranian Ranges, but are not 
due to those mountains. Mr. Thompson points out 
that oil prospecting has not been successful in the 
cretaceous and tertiary strata outside their synclinal 
sediments such as occur in West Africa, Australia, 
and New Zealand. Otherwise the occurrence of 
petroleum is not restricted by geological age ; oil is 
found in all periods in which organic life can be 
traced. Geological features in America, Europe, 
Asia, Africa, &c., are more fully dealt with in three 
subsequent chapters, which, we notice, do not 
illustrate any characteristic fossils. 

Before that, however, Mr. Thompson discusses the 
origin of oil, the formation of and characteristics of 
oil measures, oil-field structures, oil indications, and 
phenomena associated with the development of oil- 
fields. It should be mentioned that he regards oil- 
fields and oil-shale deposits as of entirely different 
origin ; there are none but incidental references to 
Australia in the first chapters because Australia 
possesses oil shales but no oil-fields. Oil seepages 
(as well as mud volcanoes and other manifestations 
associated with the occurrence of oil) are found in 
Australia, New Zealand and South Africa, but the oil 
is attributed to the action of intrusions of igneous 
rocks on bituminous shales giving rise to natural 
distillation. These conditions are considered in the 
very interesting chapter on oil indications and their 
significance ; but oil shales do not form one of the 
main subjects of the book. With respect to the 
origin of oil, Mr. Thompson does not sum up in 
favour of any theory. Though rarely concentrated 
into commercial supplies, oil, he suggests, is a 
common product of the metamorphosis of carbona- 
ceous matter which may under diversified conditions 
pass into hydrocarbons through bio- and geo- 
chemical and dynamic agencies. Whether paraffin- 
base oils are of vegetable origin, and asphaltic-base 
oils of animal origin, is an open question, Oils of 
mixed base are common, however, and the two 
varieties cccur separate in vertical sequence, one 
type predominating to a certain depth. Mr. 
Thompson states that he has never, within the con- 
fines of a single pool, found asphaltic-base oil below 
the paraffin-base oils, though the reverse is frequent. 

In many respects the chapter on the phenomena 
associated with the development of oilfields, 
the life of wells, dangers from water ana from 
gas exhaustion, the economic spacing and working 
of wells, and other matters, for which national 
and international regulations are now being ad- 
vocated, is perhaps one of the most interest- 
ing to the general reader. We pass over the 
last chapter—on properties and treatment of petro- 
leum—and turn to what is said in the second 
volume on oil-field practice, well drilling and 
lining and subsidiary operations, location and 
isolation of oilfield waters, recovery and extrac- 
tion of oil, oil-field equipment, petroleum storage 
and transport, and natural gas. The introduction 
to this volume touches also upon legal matters 
and customs, leases, royalties and appraisals, and 
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we notice in various places verbatim copies, though 
abstracts should have sufficed for the purpose, ot 
agreements with drillers, &c., taking up work abroad. 
The machinery required is so varied and complex, 
and the tools so ingenious and intricate, that it 
would be unreasonable to expect more descriptive 
detail than Mr. Thompson gives. The illustrations 
are ample, and his experience is exceptional ; but 
he might with advantage have referred to papers on 
typical plants. His references to core samples and 
to the gasoline losses, due to bailing and to surface 
handling, as determined by the Soviet experts in 
Baku, and by the Bureau of Mines in America, are 
quite up to date. He would recommend the rotary 
drill, except in hard, compact stone, combined with 
percussion rigs, to meet all contingencies. Portable 
rigs have done well in Oklahoma and elsewhere, 
as he points out, for the development of shallow 
territory. To avoid the serious leakage and 
evaporation losses of kerosene in kerosene engines, 
in hot climates, suction gas plants fed by local 
charcoal are now, we notice, finding favour. The 
section on electric power and lighting is con- 
tributed by Mr. C. McCarthy-Jones, and Mr. 
Thompson acknowledges the assistance in other 
directions of several colleagues. 

A concluding remark will not be inappropriate. 
With the present fashion for heavy paper and lavish 
style of printing, books tend to become extremely 
bulky. The two volumes before us weigh together 
over 9 lb., and would occupy quite 10 in. by 4} in. 
by 7 in. on the shelves. The prospector has to 
carry about heavy tools, and he might reasonably 
wish to have his practical guide—the book is in- 
tended as such, as we have stated—in a less cumber- 
some form. Without sacrificing the superior form 
of the book, and without shortening the subject 
matter, the same information might easily have 


been given in two much more handy volumes. | 
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The general preface and the excellent index need 
hardly have been given in both the volumes. 





Der Talsperrenbau. By P. ZiecteR. Third Edition. 
Vol. I. A. Anlage Grosser Wasserkraft-und Wasser- 
sammel-Anlagen. B. Talsperren aus Erde und losem 
Steinmaterial. Berlin: Wilhelm Ernst und Sohn. 
{Price 24 marks. ] 

Wirt the introduction of the turbine and of electric 

power transmission, the old earthen dams, which 

had for many centuries been considered trustworthy 
for impounding water and for guarding river 
courses seemed to become of secondary importance, 
like the old-fashioned water wheels. In the first 
editions of his ** Design and Construction of Dams,” 
Mr. E. Wegmann confined himself to masonry 
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that he enlarged the scope of his book so as to 
include earth, rock-fill, timber and movable dams. 
Mr. F. Uren, writing in 1914 on ‘** Waterworks 
Engineering,” considered that earth dams should 
only be built when rock foundation could not be 
obtained, and then hardly above eighty feet in 
height. Yet the earth dam has meanwhile once 
more come into favour, especially in America. 

Mr. Ziegler’s advocacy of earth dams may 
partly be due to familiarity. He is an engineer 
at Claustal, the seat of the old mining academy 
in the Harz Mountains, where some sixty valleys 
have been developed for the supply of water 
and power to mining and metallurgical works. 
Most of the basins are small; their aggregate 





dams, and it was only in the fourth edition of 1899 


capacity is only about 10,000,000 cub. m., and 
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many of them date back to 1550. But they: have 
been well maintained and developed, and have been 
instructive to the young mining engineers who used 
to come to Claustal from all parts of the world, to 
study mining and metallurgy in the academy and 
in the famous copper, zinc and lead mines of the 
Harz, where silver and gold are also recovered. 
Mr. Ziegler, however, in the first volume of his book 
on Valley Dams deals with earth and loose stone 
dams because he believes in the advantages which 
those dams offer in many cases, and his 337 diagrams 
refer much more to dams recently erected in America, 
the British Empire and other countries than to 
German structures. Provided that the earth dam 
‘an rest upon a sufficiently firm subsoil, such a 
structure, Mr. Ziegler considers, is simpler and less 
expensive, and preferable to a masonry structure, 
which does not go down to the solid rock. Such 
a wedge of impervious material, penetrating with 
its broad basis into the subsoil, may be under- 
washed by the ground water, the flow of which it 
constricts. 

c he first of his two main divisions, “« A; General 
considerations for the construction of large water 
power plants and reservoirs,” only takes up eight 
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pages of a total of 244 pages. The main subject 
of “ B” is dams of earth or loose stones. In dis- 
cussing dam materials he starts with simple, core- 
less dams. A permeable sand may be rendered 
impervious by treating it in such a way as to 
cause denser stratification. Colloidal materials, 
clay, loam, dolomite are good materials as long as 
not exposed to alternating wetting and drying, but 
soils consisting of colloidal earth and stones are 
apt to slide. Stone rubble can be compacted 
by being cemented with clay; but Ziegler agrees 
with French experience, that no more clay should 
be used for this purpose than is necessary to cover 
the stone with a film of clay ; he would on average 
not use more than 11 per cent. of clay, whilst 
American practice favours 20 per cent. and more. 

A dam cannot be, and need not be, quite im- 
pervious. No rock nor stone wall is absolutely 
impervious to water, but most earth walls become 
less permeable in the course of time. The dams 
should so be designed that free water passages 
cannot develop and the underground flow is 
minimised. Angle of repose in air and in water, 
grain size, percolation and saturation are matters 
of importance in the calculations, but the various 





formule interconnecting these properties are applic- 
able only to a limited extent. It is generally 
stipulated that the saturation line should be well 
within the down-stream toe of the dam. This 
line is defined as the uppermost line of flow of the 
water through the dam and subsoil; the line will 
more or less coincide with the hydraulic gradient 
line, which joins the highest points to which the 
water would rise in a series of standpipes or bore 
holes along a vertical section. If the dam were 
perfectly uniform that would mean that the ground 
should be saturated at any point below the hydraulic 
gradient; in reality the line of saturation can 
hardly be determined. Mr. Ziegler discusses these 
problems with special regard to the prolonged dis- 
cussion of a paper on the ‘“ Design of Earth Dams,” 
which Mr. Joel Justin read in May, 1923, before the 
American Society of Civil Engineers. In this 
paper Mr. Justin referred to 64 failures of earth 
dams, 20 of which were coreless, and seven provided 
with solid cores of masonry, concrete, steel or timber. 
Seven of these latter core dams failed, and 24 of 
the total failures were ascribed to insufficient slip- 
way capacity, five to internal liquid pressure (one 
of these was the Gatun embankment), the rest to 
seepage, water creep along the culvert, and other 
causes. The prevention of the creep along culverts 
by means of concrete collars is one of the points 
examined by Mr. Ziegler. 

After dealing with the preparation of the reservoir 
bottom Mr. Ziegler passes to the compacting of 
the dam by means of surface coverings, cores and 
hydraulic filling. Puddled clay cores remain 
impervious because they are exposed to wetting only 
in their outer layers and not to both wetting 
and drying. The oblique “gunite” diaphragms 
of F. A. Noetzli, he is afraid, lack sufficient support 
above and below and are apt to slip. Gunite is a 
cement-sand mixture which is shot from a gun on a 
trench and an oblique face of the dam; the gunite 
slabs are covered with asphalt and wire netting 
and another layer of gunite, on which fine dam- 
material and finally a stone facing are placed. In 
order to hasten the settlement of the hydraulic- 
filling material—ground shale from the Harz mines 
—Mr. Ziegler first used an electrolyte, the magnesium 
chloride lye from the potash works. 

The further sections deal with the valve towers, 
culverts, pipe conduits, and large and small appli- 
ances for withdrawing the water, the construction of 
slipways, weirs, siphons, surge tanks, &c., and with 
special difficulties experienced in definite cases and 
noteworthy failures. Interposed are sections on the 
Harz reservoirs and on increasing the height of old 
dams. A very large amount of material is critically 
reviewed in these chapters, and the source of the 
information is generally indicated. The same dam 
is in many instances mentioned, and parts of it are 
illustrated, in several sections, and the want of an 
alphabetical index—which we have missed in several] 
similar publications—is very regrettable. The table 
of contents is not sufficiently detailed, and the dis- 
jointed style of Mr. Ziegler does not facilitate 
perusal ; he likes subdivisions and a note style with 
paragraphs of one short sentence each, consisting 
simply of nouns without verbs. His controversy 
with Professor Mattern should have referred to the 
latter’s ‘‘ Wasserkrafte ’’? of 1921, and not to his 
previous articles in the ‘““ Handbuch der Ingenieur- 
wissenschaften” of 1913. The reports on the 
World Power Conference were not at Mr. Ziegler’s 
disposal. But, on the whole, the third edition of the 
first volume of the “‘ Talsperren ” is rewritten, and 
not merely brought up to date, and can be recom- 
mended as an exceptionally comprehensive and 
instructive practical review of the present state of 
the subject. It should, however, have been men- 
tioned in the preface that the previous two editions 
appeared in 1900 and 1911, and that two further 
volumes are soon to follow. 








THE MACHINERY OF THE P. AND O. 
LINER ‘ RAWALPINDI.”’ 
. (Concluded from page 224.) 
To complete our account of the auxiliary 
machinery equipment of this interesting ship, we 
have still to deal with the refrigerating and elec- 





trical installations. The refrigerating plant is 
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illustrated in Figs. 38 to 43 on 
the two preceding pages. It 
has to maintain the usual storage 
temperatures required in the small 
insulated chamber for special 
cargo on the main deck, and in 
the range of insulated provision 
rooms on both sides of the upper Fie. 46 
deck shown in Figs. 19 and 20 on ae 
Plate XX XI, which was published 

with our issue of October 23 last. 

A double casing of two thicknesses 

of teak and two thicknesses of 

pine surround each range of these 

compartments, which are filled in 

between with charcoal, the doors 

being bedded in with felt. In 

addition to the numerous rooms 

for. meat, fish, fruit, vegetables, 

&c., provision is also made for 

such accessories as a cold cupboard 

and lockers in the first- and second- 

class pantries and chef’s work- 

room, and a marble slab in the 

pastrycook’s shop, three water 

coolers, one in the _ first-class 

pantry, one in the second-class 
accommodation, and one of larger = —- -_ 
size for general service. Two ice- ° 

making tanks are alvo provided, 

each preducing in about twelve |° 

hours a batch of moulds weighing 
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Fig. 47. 
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The refrigerating installation 
has been supplied by Messrs. J. /o 


and FE. Hall, Limited, of Dartford. 
The machine, shown in Fig. 43, is jo 
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one of their horizontal duplex 
type, working on the CO, system, 
lt has a compound surface-condensing steam-epgine 
with air and feed pumps, and the copper CO, 
condenser coils are arranged in two nests in the 
box bed of the machine. The evaporator coils are 
of solid drawn-steel tube, also arranged in two 
nests, and contained in a D-shaped steel casing. 
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The machine is designed so that each half forms a 
separate refrigerating unit. The circulation of the 
condensing water for the CO, and steam condensers 
is provided by a vertical duplex pump with bronze 
water end, and for the brine circulation there are 
two vertical duplex pumps, shown in Figs. 41 
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and 42, either of which is capable of perform- 
ing the whole duty. Arrangements are made 
for thawing off the snow deposited on the 
evaporator pipes with warm brine, by-pass 

to the general brine-circulation system. The CO; 
suction pipes outside the evaporator room are 
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lagged with 1}-in. sectional cork, wired on, covered 
with canvas, and painted; and the CO, liquid 
pipes outside the evaporator room are lagged with 
two layers of #-in. diameter sash-cord. All brine 
pipes outside the evaporator room have a minimum 
of 5-in. cork or equivalent lagging. The power of 
the refrigerating machine is based on providing an 
ample margin for working with sea water at a 
temperature of from 85 deg. to 90 deg. Fahr. A 
small air cooler is also provided for ventilating the 
provision chambers with cooled dry air, the circula- 
tion being effected by an electrically driven Sirocco 
fan with speed regulator. 

The refrigerating machinery is placed on a flat 
at the aft end of the main engine-room on the lower 
deck, in a convenient position for access by the 
engineers on watch as shown in Fig. 21 on 
Plate XXXI referred to above. The evaporators 
and brine control are contained in an adjoining 
insulated room on the same level, the evaporators 
extending up to the main deck. 

The electric generating machinery of the boat 
has a total capacity of 600 kw. provided in the 
form of four units of 150 kw. each, one of 
which is illustrated in Figs. 44 to 47 on the two 
preceding pages. Each unit consists of a com- 
pound vertical two-crank enclosed steam engine 
by Messrs. Alexander Shanks and Son, Limited, 
of Arbroath, coupled, as shown, to a compound- 


wound open-type dynamo by the _ General 
Electric Co., Ltd., of Witton. The engines 
have cylinders 12 in. and 20 in. diameter 


by 9-in. stroke, and are of Messrs. Shanks, stan- 
dard ship-lighting type with forced lubrication 
throughout. Each is fitted with a crankshaft 
throttle governor, which gives a variation of speed 
between full load and no load of only 2 per cent. 
to 3 per cent. The working pressure is 150 lb. 
per square inch. The generators are to the maker’s 
standard specification for large direct-current 
dynamos, so designed as to develop full rated load 
continuously for six hours with a rise of temperature 
not exceeding 40 deg. C., and to give a 25 per cent. 
overload for two hours without injuriously sparking 
or heating. They run at 400 r.p.m., and deliver 
current at 220 volts, 





LETTERS TO THE EDITOR. 


PROGRESS IN POWER STATION 
PRACTICE. 


To THE Eprror oF ENGINEERING. 

Str,—I noted with interest the consumption figures 
given for the Colfax station of the Duquesne Light 
Company in your issue of February 19. A 30,000 kw. 
set working from pulverised fuel boilers with steam at 
275 Ib. per square inch and 650 deg. F., gave a con- 
sumption figure from coal to "bus-bars of 12,752 
B.Th.U. per kilowatt-hour at full load, although the 
steam consumption of the turbine was as high as 12-84 
lb. per kilowatt-hour. 

This figure of 12.752 B.Th.U. per kilowatt-hour is 
equivalent to an overall efficiency of nearly 27 per cent. 
and is surprisingly good considering the poor turbine 
steamrate. This latter is accounted for, to some extent, 
by the fact that over a fifth of the total steam is bled 
for feed-heating. The points of bleeding, however, 
will be such that the steam has already given up the 
greater part of its useful energy before being taken 
from the machine, and I do not think, therefore, that 
an equivalent figure for “‘no bleed” running would 
give a steam consumption nearly as low as those 
obtainable with modern English plant of the same 
power. 

It is instructive to consider the heat balance for the 
boiler. The total heat passing through the stop valve 
(12-84 x 1,347 B.Th.U.) must equal the sum of the 
heat quantities passing in to the boiler, i.e., the heat 
from the coal, the heat carried from the condenser, 
and the heat added by the feed heaters. The heat 
passing to the boiler from ‘the coal may be taken as 
0-9 < 12,752 B.Th.U./kw.-hour, an efficiency of 
99 per cent. being as high a figure as one cares to 
assume even for aa American boiler. 

_ The condenser vacuum is given as 1-22-in. Hg. This 
gives a temperature of 86 deg. F., and a total heat of 
Water of 54 B.Th.U./Ib. The heat carried into the 
boiler _from the condenser is therefore 12-84 x 54 
B.Th.U. In this figure is included the condensed 
bled steam, for it is assumed that the various heaters 
will drain back to the condenser. 

We are told that over a fifth of the total steam is 


bled. Therefore assume that 2-8 lb./kw.-hour, at an 
average total heat of H B.Th.U./lb., are taken from the 
turbine for feed-heating. The total heat passed to the 
boilers from the feed-heaters will then be 2:8 x H. 
B.Th.U. 

Equating the two sides of the heat balance we get-— 
12-84 x 1,347 = 0-9 x 12,752 + 12-84 x 544 2-8H 
17,300 = 11,477 + 694 + 2:8H 
2-8H = 5,129 

H = 1,830 B.Th.U. 


That is to say, the steam at the point of bleeding 
has a far greater total heat value than at the stop 
valve ! 

I am, Sir, yours faithfully, 
GERARD P. ALLCOcK. 
3, Murray Street, Dalgleish-road, Dundee, 
February 24, 1926. 


[We have found considerable difficulty in clearing 
up the important discrepancy to which our correspon- 
dent calls attention. A reference to the original paper 
shows that although the “ heat rate ” of 12,752 B.Th.U. 
per kilowatt hour is thrice mentioned, no explanation 
is given as to what isimplied by the term. A table of 
tests is, however, included in the paper, and an analysis 
of these shows that what was meant by the author 
was not the “heat rate’? of the plant as a whole, 
but that of the steam cycle only. The boiler efficiency, 
therefore, does not enter into the matter, and the heat 
rate from fuel to switchboard will thus be very sub- 
stantially more than the 12,752 B.Th.U. per kilowatt- 
hour quoted.—Ep. Ene.] 








250-H.P. PETROL-ELECTRIC RAIL 
Cc . 
To tHe Eprror or ENGINEERING. 

Sir,—In connection with the article entitled ‘« 250- 
H.P. Petrol-Electric Rail Car,” appearing in your 
issue of February 12, 1926, some details of the elec- 
trical equipment maf be of interest. 

This consists of a compound-wound generator, 
having a differential series winding. The shunt field 
is separately excited by an exciter mounted on the 


Motor Field 
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armature shaft of the generator. The teaser field is 
excited by the battery. With separate excitation of 
the shunt field, it is possible to obtain a drooping 
voltage characteristic and a substantially constant 
kilowatt output throughout the cycle of operations. 
This means, that at the time of starting, when high tor- 
que is necessary, the current is high and the voltage low, 
a condition that changes gradually and automatically 
with the increase in the speed of the car. 

A diagram of the connections is shown in the above 
figure. 

Yours faithfully, 
W. Srarnszy, A.M.Inst.C.E. 
2, Hanger-lane, Ealing Common, W.5. 
February 18, 1926. 








THE THEORY OF COLUMNS. 
To tHE Eprror oF ENGINEERING. 
Sir,—Professor Guest, in your issue of March 5, has 
completed his proof of the problem of the critical load 
for the ideal long column of uniform section. He has 
now used, and inevitably used, the fact that when EI 





is constant the curvature is everywhere proportional 
to the lateral displacement, or, as he puts it, pw is 
constant. In these circumstances, for small displace- 
ments, the column bends to a sine curve if quantities 
of the next order of smallness be neglected. But this 
is only true if EI is constant, and in other cases the 
assumption of a sine curve would lead to gross errors ; 
hence the assumption, without some further support— 
I do not say rigorous proof—was unwarranted. 

For the trouble he has taken, I am grateful to 
Professor Guest, whose ingenuity I admire in this, as 
in other directions, but has he not incidentally demon- 
strated how long and how relatively difficult is the 
road by which a simple application of the calculus is 
to be avoided ¢ Are there really “‘ many who have not 
the opportunity to become familiar with the calculus ” 
and yet could follow this proof ? I do not think so. 

Yours faithfully, 
ARTHUR MoRLEY. 

Purley, March 6, 1926. 





GAS FOR BALLOONS AND AIRSHIPS. 
To THE Eprror oF ENGINEERING. 

Str,—An Airship Club has now been formed with a 
view to reviving small airships, craft which played a 
very important part in anti-submarine work and convoy 
duty during the war, when 2} million miles were flown. 
The whole of these airships and their personnel were 
ruthlessly swept away by the Air Ministry, their 
sheds pulled down, and gas plants destroyed. No 
airship pilot has been trained since the war. The 
Airship Club has acquired a balloon and hopes to have 
an airship in a few weeks, and to start ballooning and 
airship flying as a sport. For the former craft we 
require good coal gas, for the latter, hydrogen. Many 
of the sources of supply available in the old days are 
not available now and new ones must be found. 
May I appeal to your readers who are in a position 
to supply gas to communicate with me at the above 
address. Their co-operation would be very much 
appreciated. 

Yours faithfully, 
F. L. M. Bootnsy, Commander R.N. (Ret.) 
Hon. Sec. Airship Club. 
The Royal Aero Club, Clifford-street, W.1. 
March 5, 1926. 





THE HYDRODYNAMIC THEORY OF 
TURBINES AND CENTRIFUGAL 
PUMPS. 


To THE EpiToR OF ENGINEERING. 

Str,—A theory which could explain and enable us 
to predict with real accuracy the characteristic and 
efficiency of a centrifugal pump would have a value 
which could hardly be over estimated, and would save 
a great amount of expensive experimental work in 
design. It is likely, therefore, that Dr. Eck’s articles 
on pages 98 and 125 of the present volume may attract 
attention from designers who are perhaps unable to 
follow the mathematical reasoning, but may be willing 
to accept the results as modifying profoundly the theory 
of pumps and turbines. It may, therefore, be not 
unprofitable to enquire to what extent this treatment 
is likely to improve the present position. 

In the first place, Dr. Eck exaggerates somewhat the 
discrepancy between the results of present theory and 
experimental fact. It has not, I believe, been accepted 
in this country for many years that even an ideal 


: 2 * ‘ 
pump wil! produce a head H, = = when delivery is 


2 
stopped, or in general a total head H.= ae es @ 


at varying delivery. Omitting frictional loss oi head in 
the runner, the pressure rise therein is 


] 
a9 [ we? — uy? — yg? + vat | 


where wu, v,, represent the peripheral velocity of the 
runner and the relative velocity of the water along 
the blades at discharge, and w v,1 refer to entry. 
In addition to this increased static head, the water 


2 
leaves the runner with a kinetic energy 5 , and the con- 


version of this into static head can only be effected by a 
diffusing device separate from the runner. This device 
depends for its action upon the passage of water and 
will operate very little, if at all, when there is no delivery, 
and only imperfectly at deliveries other than that for 
which the pump is designed. When a diffuser ring or 
volute is employed, it can be shown that the loss of 
head due to sudden change of velocity on leaving the 
runner (without reference to frictional effects) will be 


2 
about o (1 —K)? where K is the ratio of actual to 
“‘rated’’ discharge, and the corresponding Joss at 

2 
entry to the runner is 7 (l—x). Neglecting fric- 
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tional and other effects, the characteristic of an ideal 
pump, with recurved blades, would be expected to 
follow the parabolic form shown as AB in the diagram. 
Due to frictional losses, which vary nearly with the 
square of the delivery, this line, for a pump whose 
hydraulic efficiency is 80 per cent. at the delivery for 
which it is designed, will be expected to fall to AC. 
Due to the tractive effect of viscosity, at low deliveries 
the fluid in the eye of the pump, and to some extent 
in the volute or diffuser, will be entrained, so that a 
vortical rise of pressure occurs therein, increasing the 
discharge pressure to give a final characteristic some- 
thing like DC. It will be seen therefore that the present 
theory is capable of accounting for the actual charac- 
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teristics of pumps with a better accuracy than Dr. 
Eck admits. 
The theory now put forward proposes, in brief, to 


substitute for the equation M = 7 (T2Cug — 71 Cy) 


the expression M = 2. 


r where f is the circulation 
due to each of z vanes. Its value is therefore 
limited to the removal of errors and uncertainties 
in the use of the former expression, which embodies 
the principle of momentum and is in itself incontro- 
vertible, provided the correct values of r, and Cu are 
known and applied. In giving to these the usual 
values corresponding to the radii of the runner the 
assumptions are made that: The runner has no trac- 
tive effect on the fluid before it enters at radius 71 or 
after it leaves at radius 7,, and that the mean velocities 
of whirl at these radii are C,,1 and C,,9. 

Now when, as is commonly the case, there are no guides 
at the entry to the runner, the whole of the angular mo- 
mentum of the fluid leaving the runner, whether partly 
or not due to traction before entry, is derived from the 
runner itself. Errors due to uncertainty of conditions at 
entry are therefore removed if we omit the term r; C,,1. 
Beyond the discharge radius, any frictional effect will 
be transmitted by the water in the runner passages and 
can therefore only exist by virtue of a change in the 
velocity of whirl and the radius of discharge. This 
must depend largely upon the arrangements made for 
dealing with the water on leaving the runner, which are 
not taken into account in the new treatment. Whether 
the average velocity of whirl at discharge from the 
runner is that derived from the usual velocity diagram 
must depend on the number and design of the vanes, 
and the greater their number the more nearly will the 
assumption hold. (For evidence c.f. Gibson, page 571). 
On this point, in which circulation is definitely involved, 
the theory advanced by Dr. Eck may afford useful 
information. 

Whatever the merits of the theory therefore, it is not 
likely in itself to account for the discrepancy between 
the sets of curves given in Fig. 3, page 99, but may show 
the correction necessary in the accepted formula when 
account is taken of the number of runner vanes. 

The theory itself in course of development is based 
upon certain assumptions which may not be accepted 


by all. A flat vane, foi example, for which © may be as 


great as 0-3, correspording to a ratio of outer to inner 
diameters of about 2:1, is apparently represented by 
a single vortex at the mean radius and the radial 
velocity of the water regarded as parallel and uniform, 
although the treatment is two dimensional. Further- 
more, any discontinuity in the velocity of the water, 
such as must occur at entry to the runner and discharge 
into the diffuser, at all deliveries other than that for 
which the pump is designed, must surely vitiate the 
assumed conditions. Again, in considering the inter- 
ference of vanes, the velocity due to circulation round 
a vane may only be regarded as tangential to a circle 
centred on the mid-point of the vane, and as having 





when the point under consideration is 


¥ 
2rd 


the value 


remote, and it is very clearly shown in Figs. 11 and 15 
of your article of January 25, 1924, page 100, that it is 
by no means true in the immediate neighbourhood of 
the vane itself. When, as is usual, the vanes are close 
to one another, the theory in itself is therefore not 
conclusive. 

Such assumptions can in fact be justified only in 
their results, and here again the engineer does not 
find much encouragement. For example, the theory 
gives, with runners of different proportions, a head 
which, with radial vanes, is from 70 to 100 per cent. 
greater than with vanes recurved at 30 deg. Again 
a certain fan, it is stated,‘ will give a pressure head 


equal to 0-64 yl and hence only 0-64 times as much as 


an ideal fan having an infinite number of blades.” But 
the value found by making 2z infinite is not within 
20 per cent. of unity. As a finalexample, the results do 
not explain, even qualitatively, the fact, illustrated in 
the figure, that, with recurved blades and a diffuser, 
the characteristic of a pump may rise with discharge 
as much as 20 per cent. or more. There is, in fact, a 
pump in the laboratory here which produces a head 
from 130 to 170 per cent. of the ideal according to 
Dr. Eck’s theory, but 77 per cent. of the ideal according 
to accepted views. 

Tt would seem, therefore, that when account is taken 
of the various conditions in a pump which throw doubt 
on the basis of the new theory, and of the many 





7? 
the two. With a wing or airscrew, the induced drag 
gives rise to losses which are additional to friction, and 
these would be met with even in the case of a frictionless 
fluid. Now it is possible to calculate mathematically 
the losses due to the induced drag, and to propose 
measures easily practicable which will diminish these 
losses and therefore increase the efficiency of a wing. 
As turbines and centrifugal pumps are not subject 
to this induced drag, the discussion of their operation 
on the hypothesis of a frictionless fluid is a more 
thankless task, and this, I believe, is the principal 
reason why very little has yet been worked out. 
Nevertheless, one can gain valuable information on 
this assumption, especially with respect to the shaping 
of the blades and waterways. The streamlines can 
be found by calculation or graphically, if we know 
from experimental data the value of the circulation. 
The determination of the ideal power is, in a similar 
way, a problem which can be solved on the assumption 
of a frictionless fluid. By means of the equation 


H= 1 [ue Cug — 4 Cur] 
g 


or PS [up2 — wy2 — vy22 -- 12] 

<9 

we know the solution for an infinite number of blades. 
There then arises the question : What is the influence 
of a finite number of blades? This may be divided 
into two parts, viz. :— 
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important factors which require consideration before 
its results could be used as a basis of design—entry, 
discharge and diffuser losses, the effect of shrouding 
and fluid friction are neglected—the designer would 
hardly be justified in putting aside the mainly empirical 
data on which he works at present. 
Yours faithfully, 
H. W. Swit. 





Leeds, January 31, 1926. 


To tHE Epiror oF ENGINEERING. 

Srr,—The remarks of Mr. Swift on my article in 
your issues of January 22 and 29 give me a welcome 
occasion to elaborate certain points. The necessity 
for brevity in the mathematical discussion has given 
rise to certain misunderstandings, and I am accordingly 
said to have expressed opinions which, as a matter of 
fact, I do not hold. 

My theory is based on the assumption of a friction- 
less water, and the results, therefore, are not concerned 
with frictional and other losses. The problem which 
I considered was the calculation of the power of an 
ideal turbine working with an ideal fluid. I cannot, 
therefore, obtain on this restricted basis an estimate 
of the efficiency of, or an exact definition of, the right 
characteristic for a turbine when the frictional losses 
are included. As a matter of fact, the designer is 
not able to calculate in advance the ideal power, 
but has to rely on experimental methods. It seemed 
to me not to be an idle occupation to try to apply to 
pumps and turbines the theory which has led to such 
important results in aeronautics. This seemed par- 
ticularly desirable because the diminution of the power 
with the number of blades used was found to be some- 
times 20 to 30 per cent. more. 

If 1 did not succeed at the first attempt in obtaining 
results applicable to all kinds of hydraulic machines, 
I beg Mr. Swift not to reproach me with this, because 
the mathematical difficulties involved are by no means 
small. 

I may, perhaps, point out that there is one im- 
portant difference from the physical point of view 
between an aeroplane wing and a turbine, and this 





must be considered -in-any fair comparison , between 











1. What is the form of the characteristic, and is it 
straight ? 

2. What is the ideal power of a runner with a finite 
number of blades ? 

In reference to the first question, it can be definitely 
proved that the characteristic is straight, as it is with 
an infinite number of blades. I have given the exact 
mathematical proof in a lecture at last year’s meeting 
of the Wissenschaftlichen Gesellschaft fiir Luftfahrt in 
Mianich (September 12, 1925), the lecture being printed 
in the annual report for 1925 of this society. _ 

The second question, owing to the following con- 
siderations, takes a certain direction. The character 
istic for an infinite number of blades (Fig. 1) has two 
distinct points— 

H =0 and Q = 0 

It is easy to understand that 

eet 
oes 
Quo =7.D.2 oe 

From limit values we can conclude that, for 4 
definite number of blades, the characteristic begins at 
the same point of the. discharge axis. Now, in this 
case, for every discharge and all speeds of revolution. 
Hu is constant, and this number 3, 


and 


the ratio « = 


therefore, a constant for each turbine, just as is the 
diameter. , 

This last fact is very important for the mathematical 
calculation of turbines, because we only need to calcu- 
late the condition under no discharge as I have done 
in my work, but without calling special attention to 
this point. : 

From this point of view, the coefficients ¢, just men- 
tioned, gain a general importance and will give much 
help to the designer if once the exact values 4m 
calculated for turbines of all kinds. . 

If one turns to the case of an imperfect fluid, we find 
two principal sources of loss. The friction on the 
walls causes a parabolic change of the characteristi¢ 
(See A, in Fig. 1 above), and secondly there are the 80 
called losses by “‘ shock,” which arise if the discharge 
is different from the normal one. This is also paraboli¢, 
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as represented by h, in Fig. 1. For any discharge 
the hydraulic efficiency is » = while the coefficient 


ee A Cc as we see, has nothing to do with the efficiency. 
The discrepancy I am trying to show is the diminution 
AD — AC (I draw your attention to the fact that 
this is not a loss) of the ideal power caused by the 
use of a finite number of blades. My diagram, therefore, 
shows the complete analysis of a turbine runner. 

(See also the velocity diagram, Fig. 2.) 


2.0-T introduced in my 
9 7 g 





The new equation H = 
theory instead of H = ; [wt Cue — #1 Cu1], has the great 
advantage that the circulation f can be found by ex- 
periment, and can be used, as I mentioned before, for 


mapping the stream lines. I remark that one can bring 
it into harmony with the old equation 


H = 1 [we Cuz — u1 Cur] 
g 


if we take for Cy not the value fixed by the angle 


of the blades but the mean value 
co 1 2a 
“Fe | Cuddy 
0 


or, in other words, if we measure Cu at such distance 
from the runner that the anomalies due to the finite 
number of blades are equalized. Of course, in this 
case, both equations become identical. 

2.01 


l me = 
H = Qeg "9 [we Cug — %4 Cur) 


if 2G 23 
[ * a Cigd gp — Uy | Cudo | 
gy 20 27 J\o 
“0 


Different opinions may be held regarding these 
two formulas. Against the second one the fact is 
that the mean value Cy does not really exist and has 
only a fictitious character because the diffuser or the 
guides prevent its attainment. 

The remark that the circulation is diminished by 
friction, so that working with this would be difficult, is 
not in accord with experience. The conditions are 
here the same as for the wing or the airscrew. The 
influence of friction on the circulation is that the 
fluid does not move off tangentially but leaves the sur- 
face a little earlier, thus forming a dead water space 
as is to be seen in the photographs of Ortli. If we 
deduce from the photograph the value of the circulation 
and calculate the power from this, we obtain nearly the 
exact power as measured. The reason for this fact is 
that the friction scarcely changes the stream lines of the 
frictionless motion, except for the above-mentioned 
influence on the value of the circulation. Because the 
physical condition for the separation of the fluid stream 
from the surface are not yet sufficiently known, we 
ire not able to calculate mathematically the true circu- 
lation. The assumption of a tangential flow can only 
exist in the case of a frictionless fluid. If we knew 
the right conditions for the production of the circulation 
we could also predict the right characteristic. 

As regards the accuracy and the applicability of mv 
theory, I have to say the following: For long blades 
which are also shrouded, such as are used for centrifugal 
pumps, the assumption of a single vortex is inadequate, 
because the influence of the neighbouring blades is 
too preponderant. In this case, my results are too 
unfavourable. They fit in much better with radial 
blades, especially those with a small angle aj. Then 


a 
we can use the results until; = 0-3, while for 


shrouded blades this value is certainly too high, the 
discrepancies given by Mr. Swift as found in a pump 
in his laboratory appear to me to be too large. As I 
have not the data of this pump I am not able to prove 
this. But I may remark that it is not permissible 
to put in the length and the angle of curved blades 
directly, but the length of the chord and also its angle 
because this straight blade has nearly the same circu- 
lation as the curved blade. I believe that the discre- 
pancies would in this way be reduced. 

But I repeat, in the present form my theory gives 
good results only for small blades shrouded and larger 
radial blades, such as are used for fans. For the other 
cases, further corrections are needed, due to the influence 
of the adjacent blades. For some time past I have 
been engaged in studying this particular matter. By 
compensating the influence of these blades by bound 
vortex lines, I get the right value for the current 
round a blade between these two. At the outset I 
tried a more simple application based on the theory of 
a biplane (Neuartige Berechnung der aerodynamischen 
Eigenschaften eines Doppeldeckers in Zeitschrift fir 
Flugtechnik und Motorluftschiffahrt (1925, Heft 9), 
and obtained a result which agrees with the tests 





within 2 or3 percent. I hope, in this way, to get a better 
agreement for the long blades of centrifugal pumps 
than I have so far reached on the simpler hypothesis. 
Bruno Eck. 
Aichen Feb. 22., 1926. 





LABOUR NOTES. 


As was expected, lock-out notices, intended to take 
effect on March 13, were posted at all federated engi- 
neering establishments on March 5. They were in 
the following terms :— 


ENGINEERING AND ALLIED EMPLOYERS’ NATIONAL 
FEDERATION. UNCONSTITUTIONAL STOPPAGE OF WORK. 


Members of the Amalgamated Engineering Union, 
the United Pattern Makers’ Association, the Electrical 
Trades Union, the National Brass and Metal Mechanics, 
the Workers’ Union, the National Union of General and 
Municipal Workers, and the Transport and General 
Workers’ Union, in the employment of Messrs. R. 
Hoe and Co., Lintited, ceased work on January 11, 
1926, in violation of the procedure laid down in the 
agreements at present existing between the Federation 
and the foregoing and other trade unions, dated June 
2 and 13, 1922. Paragraph II (f) of the agreements 
provide that until the procedure therein laid down has 
been carried through, there shall be no stoppage of 
work either of a partial or of a general character. 
The unions have taken no effective action to secure a 
resumption of work in accordance with the constitu- 
tional procedure referred to, although they have been 
repeatedly requested to do so. The Federation has 
accordingly resolved that as from stopping time on 
Saturday, March 13, 1926, the service of members of 
the unions concerned shall be dispensed with until 
the unions have carried out their obligations under 
the agreements referred to. 

(Signed) JamMES Brown. 
W. G. CAMPBELL. 


This notice does not apply to apprentices, workmen 
working abroad, males under 21 years of age other 
than apprentices, and women and girls.” 





At a meeting on Friday of the executives of the seven 
trade unions involved in the trouble at Messrs. Hoe’s, 
it was decided that representatives of the Councils 
and district committees ‘“‘should place the situation 
before their members employed at Messrs. Hoe and 
Co.’s, and instruct them to return to work and allow 
the procedure to operate that will place the unions 
concerned in a constitutional position.”” That the 
London District Committee ever instructed the Hoe 
men to return is doubtful; but on Wednesday the various 
executives did so at a meeting in the Memorial Hall, 
Farringdon-street. The disaffected workers remained 
obdurate, however, declaring that they would not 
resume until the non-unionists were dicharged, and a 
substantial addition to wages was assured, and the 
executives were, as a consequence, obliged to consider 
action along another line. A small joint committee 
was appointed to interview Sir Allan Smith, and was 
received by him in the late afternoon, at the head- 
quarters of the Engineering and Allied Employers 
National Federation in Westminster. 





The following official statement was subsequently 
issued—from Broadway House :—‘‘A deputation 
representing the executive councils of the seven trade 
unions whose members are concerned in the stoppage 
at Messrs. R. Hoe and Co.’s works, met the chairman 
of the management board of the Federation on 
March 10, 1926. The deputation stated that all the 
executives had decided that a resumption should take 
place. The workpeople, however, refuse to conform 
to the instructions given. The unions other than the 
A.E.U. are in a position to act but the A.E.U. council 
desire to summon aspecial meeting of their National 
Committee to deal with the matter. This meeting 
cannot take place before Saturday, March 13, 1926. 
The deputation accordingly requested suspension 
of the notices so that the procedure referred to may be 
carried out and an opportunity afforded of giving 
effect to any decision the National Committee may 
take. The intention is to secure a simultaneous 
resumption by all the workpeople. The chairman of 
the management board, in view of the representations 
made by the deputation and having regard to the 
declared policy of the executives, agreed that the 
operation of the notices be suspended until stopping 
time on Thursday, March 18, 1926, and that intimation 
to this effect will at once be given to the federated 
firms.” The statement was signed by Alan M. Smith 
(Engineering and Allied Employers’ National Federa- 
tion), J. T. Brownlie, P. Dickinson and A. H. Smethurst 
(Amalgamated Engineering Union), Jonn Mills (United 
Patternmakers’ Association), J. Rowan (Electrical 
Trades Union), A. H. Gibbard (National Brass and 





Metal Mechanics), John Beard (Workers’ Union), 





Will Sherwood (National Union of General and 
Municipal Workers), and John Cliff (Transport and 
General Workers’ Union. 





A summary of a special report on the protection of 
labour submitted to the seventh Congress of the Union 
of Workers in the Metal Industry at Moscow in 
November last, is printed in the latest issue of Indus- 
trial and Labour Information. Accidents were stated to 
be very numerous and on the increase. This was due 
to the fact that technical protective measures were 
hardly ever applied, not only through lack of the 
necessary funds, but also on account of want of goodwill 
on the part of the State managing bodies in charge of 
undertakings. There were many cases in which the 
trade unions had been compelled to prosecute the 
management before the courts, and even so, in spite of 
the decisions of the courts, the undertakings still failed 
to discharge their responsibilities. The poor quality of 
the machinery and, above all, of the boilers, which 
often exploded the moment steam was generated, 
were a frequent cause of the growing number of 
accidents (nearly 150 per year per 1,000 workers 
employed). Finally, the introduction of unlimited 
piece work had had a most disastrous effect on the 
number of accidents and the health of the workers in 
general. It is generally known, says the report, that 
the introduction of unlimited piece work, in order to 
prevent the otherwise inevitable fa!l in wages, has led 
to a terrible increase in accidents of all kinds. Thus, 
according to statistics in a great metal-working under- 
taking at Nicolaéff, the number of accidents was 652 
in January, 1925; 731 in February, 894 in March, 927 
in April, and 962 in May. The special committee which 
investigated the reasons for this increase came to the 
conclusion that it was the result of the increase in the 
minimum standards of production (calculated for the 
purposes of piece work) by 12 per cent., and also of the 
abuse of overtime. The workers hurry unduly over 
their work, grow tired and, as a result, the number of 
accidents increases. 





The factory inspectorate in Russia is, the report 
states, inadequate as regards both the number of 
officials and their technical training. The main reason 
for that is said to be the poor pay and overwork of the 
inspectors. Their numbers are insufficient for the 
tasks they have to do and their work suffers. Moreover, 
the inspectors are not always adequately trained and 
this prevents them from forming sound opinions on 
questions with which they ought to be acquainted, and 
often from observing infringements of labour legisla- 
tion. Finally, as the Commissary of Labour stated 
recently, the inspectors are often too zealous in their 
inspection of private undertakings and are too fre- 
quently slack in regard to the State undertakings, for 
fear of complications. 





According to the same report, the weekly rest is not 
observed in certain State metal-working. undertakings 
in the South of Russia, and the workers do 30 days’ 
work per month, instead of 26. Certain delegates at 
the Congress thought it was impossible to introduce the 
weekly rest everywhere in all cases, since the resulting 
reduction of wages would involve the departure of 
skilled workers, as happened in the Ukraine in under- 
takings where between 30 and 40 per cent. of the total 
wage was earned by work done on Sundays and by 
overtime. It would only be possible, they held, to 
maintain the weekly rest if wages were raised. Other 
delegates pointed out that the maintenance of the 
existing situation would have a disastrous effect both 
on the psychology of the worker and on production. 
This was also the view of the author of the report, who 
stated that the number of unjustifiable absences in 
undertakings where the weekly rest was not observed, 
was very considerable. This, said the report, was 
exceedingly bad for the workers and should, if possible, 
be avoided. 





The agreement between the National Union of 
Vehicle Builders, the Amalgamated Society of Wood- 
cutting Machinists, and the United Kingdom Wages 
Board of Employers is due to terminate on March 31. 
A new arrangement proposed by the unions asks for 
an increase of ld. per hour on current skilled rates, 
2d. per hour on the scheduled minimum rate, and 
3d. per hour on all semi-skilled rates, the recognised 
working week to be 44 hours, and the agreement to 
stand for two years. The employers have replied 
to the effect: that, in their opinion, the interests of the 
industry will be best served by a continuation of the 
present agreement for a further twelve months. 





The Ministry of Labour states that on March 1, 
1926, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,107,100, of whom 901,300 were males and 
205,800 females. On February 22, 1926, the number 
was 1,125,760, of whom 914,392 were males and 211,368 
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females, and on March 2, 1925, it was 1,235,618, of 
whom 983,328 were males and 252,290 females. The 
details of this year’s totals are given below :— 





| Persons Normally in | 
Regular Employment. | Persons 
} | Normally 
aay | in Casual 
|__ Wholly Temporarily |Employment. 
| Unemployed., Stopped. 





March 1, 1926— 
Males 














] a ig 696,400 132,400 | 72,500 
Females .. ..| 130,100 74,500 1,200 
Total .. ..| 826,500 206,900 | 73,700 

February 22, 1926— 
Males ee ..| 715,616 127,394 | 71,382 
Females... cat 132,827 77,322 | 1,219 
Total .. s 848,443 204,716 | 72,601 








In a poster displayed at the Poplar, Victoria and 
Albert and South Lambeth goods stations of the Great 
Western Railway, Sir Felix J. C. Pole calls attention 
to the serious effect of the recent ‘‘ working to rule”’ 
action taken by the men. The work at the stations 
has been very seriously interfered with, it is stated, 
with widespread unsettling effects on the railway 
service. Extracts are given from a number of letters 
of complaint from Dorchester, Pontnewydd, and 
Hereford, and from London firms. Some of these 
express an intention of sending traffic in future by 
road transport or by other lines. ‘“‘ Having regard to 
the conciliation machinery which exists for dealing 
with applications or complaints by the staff,” the poster 
continues, ‘‘ and to the fact that a deputation of the 
staff can always secure an interview with the chief 
goods manager, general manager, or, if necessary, 
the board of directors, interruption of work by either 
a strike or ca’ canny methods is absolutely unjustifi- 
able. You have been quarrelling with your bread 
and butter. Resolve not to do it again, and let us 
co-operate to remove quickly the effect of recent 
action.” 





THe Moror Tue “ Nont.’’—Messrs. James Pollock, 
Sons and Co., Limited, 3, Lloyd’s-avenue, London, E.C.3, 
have just completed the motor tug Noni, at their Faver- 
sham shipyard. The vessel has a length, between 
perpendiculars, of 50 ft., a breadth of 13 ft., a draught 
aft of 4 ft. 9in., and is fitted with a 100-brake horse-power, 
two-cylinder Bolinder engine. 

ANNUAL PARADE OF COMMERCIAL MoTOR VEHICLES.— 
In connection with the twentieth annual London parade 
of commercial motor vehicles organised by the Com- 
mercial Motor Users’ Association, 50, Pall Mall, London, 
S.W.1, a luncheon will be held at the Savoy Hotel, on 
Saturday, March 27, next. The principal guest will be 
Lieut.-Col. the Right Hon. Wilfrid W. Ashley, M.P., 
Minister of Transport. 





WarterRLoo TuBE Station ReEcONSTRUCTION.—One 
feature of the linking up of the Hampstead and Highgate, 
and the City and South London lias of the London 
Underground Railways, will be the development of Water- 
loo tube station as an important exchange station 
between the Hampstead and the Bakerloo lines. Recon- 
struction work at Waterloo is now proceeding. There 
will be three escalators running from the top landing, 
which is 6 ft. below the Southern Railway passenger 
subway, to a lower landing, 56 ft. deeper. These esca- 
lators, the central one of which will be reversible, will be of 
the comb type and will supplement the existing battery 
of four lifts. The works at the lower landing of the 
escalators include the construction of new foot-bridges, 
passages and staircases, leading to the new Waterloo 
station of the Hampstead Railway, and connecting 
with the existing passages leading to the Waterloo station 
of the Bakerloo Railway. At the upper level of the 
escalators there will be a booking hall 52 ft. wide, which 
will be provided with passimeters. 

THe YeAR Book oF SCIENTIFIC AND LEARNED 
Socretres.——The 42nd annual issue of the ‘* Year Book 
of the Scientific and Learned Societies of Great Britain 
and Ireland,”’ was published recently by Messrs. Charles 
Griffin and Company, Limited, 42, Drury Lane, London, 
W.C.2. It contains a record of the work done in science, 
literature and art, during the session 1924-1925, by 
numerous societies and government institutions. The 
book is compiled from official sources and is divided into 
fourteen sections, namely, science generally ; astronomy, 
mathematics and physics ; chemistry and photography ; 
geography, geology and mineralogy ; biology ; economic 
science; mechanical science and architecture; naval 
and military science; agriculture and_ horticulture ; 
law; literature, history and music; psychology ; 
archeology ; and medicine. The full designation and 
address of each society or institution is given, together 
with the names of its officers, the dates at which meetings 
take place, the subscriptions and membership fees, 
and the publications issued by the society. A list of the 
papers read or submitted te each institution, during the 
1924-25 session, is also included. The book contains 
over 400 pages and is well indexed ; the price is 15s. net. 





BOOKS RECEIVED. 


United States Bureau of Mines. Bulletin No. 256. 
Garnet: Its Mining, Milling and Utilization. By 
W. M. Myers and C. O. ANDERSON. [Price 15 cents. ] 
No. 257. Review of Safety and Health Conditions in the 
Mines at Butte. By G. S. Rice and R. R. Sayers. 
[Price 10 cents.] Technical Paper No. 320. The 
Bureau of Mines Orsat Apparatus for Gas Analysis. 
By A. C. FIELDNER and others. [Price 5 cents.] 
No, 346. Properties of Typical Crude Oils from the 
Producing Fields of the Western Hemisphere. By 
A. J. KRAEMER and L. P. Catxin. [Price 5 cents. ] 
No. 347. Value of Bituminous Coal and Coke for 
Generating Steam in a Low-Pressure Cast-Iron Boiler. 
By C. E. AvucustINE and others, [Price 10 cents.] 
Washington : Government Printing Office. 

Centrifugal Dryers and Separators. By Eustace A. 
ALLiIoTT, B.Sc. London: Ernest Benn, Limited. 
[Price 6s. net.] 

Modern Drying Machinery. By H. B. Cronsuaw, B.A. 
London: Ernest Benn, Limited. [Price 6s. net.] 

Hydraulics. Gauging of Sewage Flows, &c. By Tuos. 
Bartow. London: Crosby Lockwood and_ Son. 
[Price 68. net. ] 

A Dictionary of Applied Chemistry. Vol. VI. S. Acid- 
Tetryl. By Sir Epwarp Tuorpe, LL.D., F.R.S. 
Revised and Enlarged Edition. London: Longmans, 
Green and Co., Limited. [Price 60s. net.] 

Telephone Communication Systems. By Royce GERALD 
KLOEFFLER. New York: Macmillan Co. London: 
Macmillan and Co., Limited. [Price 17s. net.] 

Annual Report of the Director, United States Coast and 
Geodetic Survey to the Secretary of Commerce for the 
Fiscal Year ended June 30, 1925. Washington: 
Government Printing Office. [Price 50 cents. | 

United States Bureau of Labor Statistics. Bulletin 
No. 394. Wages and Hours of Labor in Metalliferous 
Mines, 1924, Washington: Government Printing 
Office. [Price 10 cents. ] 

The Practical Saw Doctor. By R. W. Topp. London, 
William Rider and Son, Limited. [Price 5s. net.] 
United States Geological Survey. Mineral Resources of 
the United States. I: 8. Silver, Copper, Lead and 
Zinc in the Central States in 1924 Mines Report. By 
J. P. DuNLop and F. Begeman. II: 14. Asphalt 
and Related Bitumens in 1924. By K. W. CorrTrREtt, 
[Price 5 cents each.] Washington: Government 

Printing Office. 

United States Bureau of Mines. Technical Paper No. 347. 
Analyses of Alabama Coals. [Price 15 cents.] Washing- 
ton: Government Printing Office. 

Cours de Thermodynamique. By G. Bruuat. Paris: 
Masson et Cie, [Price 40 francs. ] 

The Radio Press Year Book 1926. London: Radio 
Press, Limited. [Price 1s. 6d. net.] 

Higher Mathematics for Students of Engineering and 
Science. By FREDERICK G. W. Brown, M.Sc. London: 
Macmillan and Co., Limited. [Price 10s. net.] 

An Introduction to the Theory of Infinite Series. By 
T. J. Pa. Bromwicu, M.A., Sc.D. Second edition, 
revised. London: Macmillan and Co., Limited. 
[Price 30s. net.] 

Applied Elasticity. By S. TimasHENKO and J. M. 
LessELLs, B.Sc. East Pittsburgh, P.A.: Westing- 
house Technical Night School Press. 

United States Bureau of Standards. Scientific Papers, 
No. 515. Thermal Expansion of Tungsten. By 
P. HipNERT and W. T. SwEENEY. [Price 5 cents.] 
No. 518. Metallographic Etching Reagents. III. For 
Alloy Steels. By E. C. Grorsspeck. [Price 25 cents.] 
Technologic Papers. No. 302. Investigation of 
Synthetic Tanning Materials. By E. WALESENSKY. 
{Price 15 cents.] Washington: Government -Printing 
Office. 





PERSONAL.—Messrs. Carters, agents in the United 
Kingdom for the Skoda Steel Works, A.-G., Czecho- 
Slovakia, have removed from 5, Moorgate to 6, Prince’s- 
street, London, E.C.2.—Messrs. William Beardmore 
and Company, Limited, have appointed Squadron 
Leader de Haga Haig as outside manager in connection 
with their aviation and aero-engine departments. 








"FENDERS.-—The Municipal Council of Johannesburg, 
South Africa, is inviting tenders for the supply of a 
petrol-driven tower wagon. Tenders must reach the 
Town Clerk, Municipal Offices, Johannesburg, not later 
than noon, April 17, 1926. Local representation is 
practically essential—The Indian Stores Department, 
Simla, is calling for tenders for the supply and delivery 
of lifts for the Imperial Record Office at Raisina, Delhi. 
Tenders will be received at Simla until April 19, 1926. 
Further particulars regarding either of the above tenders 
may be obtained from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1. 

THE INSTITUTION OF MINING AND METALLURGY.—The 
Council of the Institution of Mining and Metallurgy 
have awarded the gold medal of the Institution to Sir 
Robert M. Kotzé, government mining engineer to the 
Union of South Africa, in recognition of his distinguished 
services to the mining industry. The Council of the 
Institution have also awarded ‘‘ The Consolidated Gold 
Fields of South Africa, Limited,”’ gold medal to Pro- 
fessor L. H. Cooke, A.R.S.M., in recognition of his 
services, extending over many years, in the advance- 
ment of the science and practice of mine surveying, and 
the improvement of surveying instruments. ‘ The 
Consolidated Gold Fields of South Africa, Limited,” 
premium of forty guineas has been awarded to Dr. H. C, 
Boydell for his paper on ‘‘ The Réle of Colloidal Solu- 
tions in the Formation of Mineral Deposits.” 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The uncertainty as to the course which 
the engineering crisis is likely to take renders the outlook 
of the steel and engineering trades of this district obscure, 
though at present improvement is recorded in several 
sections. In the raw steel trade, the recent downward 
tendency is still noticeable, but on the contrary in 
the finished steel trades, orders are more numerous. 
Several firms in this area engaged in the manufacture 
of railway parts and furnishings have benefited from the 
contracts placed by the London, Midland and Scottish 
Railway. Messrs. Cravens are to supply 250 wagons, a 
like number are to be made by both Messrs. Cammell 
Laird and Co. and the Butterley Company, 100 by 
Messrs. Harrison and Camm, and 50 by The Derbyshire 
Wagon Company. All these firms operate in this district. 
A subsidiary firm of Messrs. Hadfields, Limited, has 
received a contract for the supply of 59 express passenger 
locomotives. A more hopeful tone is prevalent in the 
ship steel industry. Automobile engineers continue to 
be good customers for motor-car steel and _ fittings. 
Colliery developments in South Yorkshire are responsible 
for a better call for mining gear and colliery equipment, 
but the depression experienced in the general coal trade 
is reacting against this industry. Agricultural imple- 
ments are in stronger demand by home users, while 
the Colonies are importing bigger quantities along with 
machinery and small tools. The electrical trades are 
working more satisfactorily, and employers contemplate 
more business when electrification schemes abroad take 
definite shape. There are signs of improved trading 
conditions with Russia. Patchy conditions prevail in 
the lighter industries. Saws are not in such good request, 
but pliers, twist drills, axes, and all descriptions of garden 
tools occupy a better position. 


South Yorkshire Coal Trade.—A falling-off in the demand 
for most classes of fuel has been experienced, but industrial 
sorts have the appearance of being firmer. In both 
washed singles and doubles, export requirements have 
diminished, and consequently quotations have weakened. 
Business in the housecoal section shows a tendency to 
decline, though in best quality grades the demand is 
fairly firm. Foundry and furnace coke are still a weak 
section. Quotations: Best branch hand _ picked, 31s. 
to 34s.; Barnsley best silkstene, 28s. to 30s.; Derby- 
shire best brights, 26s. to 28s.; Derbyshire best house, 
24s. to 25s.; Derbyshire best large nuts, 17s. to 20s.; 
Derbyshire best small nuts, 12s. to 14s.; Yorkshire 
hards, 17s. to 19s. 6d. ; Derbyshire hards, 16s. to 19s. ; 
rough slacks, 10s. to 12s. 6d. ; nutty slacks, 7s. 6d. to 9s.; 
smalls, 3s. 6d. to 6s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Producers of Cleveland 
pig-iron are in a strong statistical position having prac- 
tically no stocks, and being fairly well sold, with the 
result that they are able to maintain quotations, but 
customers are very backward and little new business is 
passing. Nearly the whole of the limited output is 
going into home consumption, shipments to destinations 
abroad being light. Makers continue resolutely to resist 
buyers’ endeavours to secure price concessions, and as a 
consequence one or two orders that promised to be 
placed in this district are reported to have gone to other 
areas. For home purposes No. 1 keeps at 72s. 6d.; 
No. 3 g.m.b., 70s.; No. 4 foundry, 69s.; and No. 4 
forge, 68s. 6d.; and for shipment abroad 6d. above these 
figures is quoted. 

Hematite.—Scarcity of East Coast hematite is not so 
marked as it has been, but the continued shortage of 
supply keeps values fairly steady. Makers are very 
disinclined to name below 77s. 6d. for both home and 
export trade in mixed numbers, and No. 1 is at a premium 
of 6d. Buyers, however, are disinclined to pay the 
foregoing figure, and there are reports that rather less 
has been accepted. 

Foreign Ore.—Business in imported ore is very quiet 
and likely to be so until some of the heavy stocks con- 
sumers have accumulated have been reduced. Best 
rubio is 21s, 3d. c.i.f. Tees. 


Blastfurnace Coke.—Durham blastfurnace coke is in 
only very moderate request, and with supply plentiful 
quotations are irregu'ar and weak. Good average 
qualities are put at 19s. to 19s. 6d. delivered here. 


Manufactured Iron and Steel—A moderate home 
business is passing in one or two branches, but in other 
departments sales are very few and small. Inquiries 
from abroad result in little trade. There is keen price- 
cutting for foreign business, but for home purposes 
recognised market rates remain: Common iron bars, 
111. 5s.; iron rivets, 120. 15s.; packing (parallel), rd 
packing (tapered), 11/.; steel billets (soft), 7J.; aKer 
billets (medium), 7/. 10s. ; steel billets (hard), 81. 28. 6d. 5 
steel ship, bridge and tank plates, 7/. 7s. 6d. ;_ steel angen, 
7l.; steel rivets, 127. 10s.; heavy steel rails, 8I. ; “— 
plates, 12/.; and galvanised corrugated sheets (No. = 
gauge), 161. 5s. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Scottish Steel Trade.—A certain amount of depression 
has been noticeable in the Scottish steel trade during 
the past week, and buyers have not been much in orien 
The possibility of the engineering employees having t 
cease work at the end of this week, and uncertainty as te 
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the future of the coal trade, have caused a dullness in the 
steel industry at the moment. Dealing has been on a 
small scale and no little difficulty is being experienced 
in the majority of cases to secure a sufficiency of speci- 
fications against contract to keep the rolling mills in 
employment. Inquiries on the whole are not very heavy. 
Prices are without quotable change, but, with makers in 
the south offering very keen prices, the local producers 
are feeling it more and more difficult to pick up fresh 
business. In the black sheet trade there has been. no 
lack of demand for the lighter gauges, and galvanised 
sorts in particular are moving freely. Some makers are 
covered for a good few months ahead. The heavier 
gauge sheets are not in much request at present. The 
following are the current market quotations : Boiler 
plates, 112, per ton ; ship plates, 71. 10s. per ton ; sections, 
71, per ton; and sheets, under ; in. to $ in., 91. per ton, 
all delivered Glasgow stations. : 


Malleable Iron Trade.—No change has taken place in 
the state of the malleable iron trade of the West of 
Scotland since last report. Business is not being secured 
in any volume and all works are quiet. In the steel 
re-rolling departments there is also a certain amount of 
dullness this week. The price of “Crown” bars is 
unchanged at 111, 5s. per ton, delivered Glasgow stations. 


Scottish Pig-Iron Trade.—The Scottish pig-iron makers 
report no change in conditions either on home or export 
account. Local buyers are doing little, and export 
orders show no signs of improvement. Hematite iron is 
very slow of sale and the same may be said of foundry 
grades. Prices are nominally steady and are as follows : 
Hematite, 77s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 79s. to 81s. 6d. per ton, and No. 3, 
76s. 6d. to 798. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, March 6, was 485-65 tons. Of that total 
321-65 tons went foreign and 164 tons coastwise. For 
the corresponding week of last year, the figures were 
780 tons overseas and 45 tons coastwise, making a total 
shipment of 825 tons. ; 


Clyde Shipbuilding.—Messrs Ailsa Shipbuilding Com- 
pany, Ltd., Troon and Ayr, has secured an order to build 
and engine a single-screw steamer for the coastal service 
of a British firm of shipowners. This vessel will be of the 
raised quarter-deck type, and hull and machinery will 
be built under the special survey of the British Corpora- 
tion Registry. She will be built and engined at the 
Troon works of the builders.—Another contract reported 
is for a large motorship for the Houlder Line, to be built 
by the Fairfield Shipbuilding and Engineering Company, 
Limited, Govan. This new vessel is to be similar in most 
respects to the Upwey Grange, built last year at the 
Fairfield yard for the same owners. She will also be 
propelled by Fairfield-Sulzer Diesel engines. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—Tonnage difficulties, caused by 
stormy weather, and a disposition on the part of buyers 
to await the Coal Commission report, coupled with the 
depreciation in the value of the French franc, has checked 
new business. Despite these factors, some’ collieries 
have been able to maintain their prices, especially those 
producing superior Admiralty large and best Monmouth- 
shires, but most other classes of coal were in need of 
orders which would give them quick shipment and for 
these, salesmen in the majority of cases were prepared 
to cut their quotations by about 6d. per ton. The Pales- 
tine Railways have placed an order with a Glasgow firm 
for 32,000 tons of Welsh Admiralty large coal, delivered 
at Haiffa over the six months, commencing April, at 
5,000 tons a month. The Swedish State Railways are 
also inviting tenders for 68,000 tons of locomotive coal, 
delivered over April-June, but the bulk if not all of this 
business will probably go north. Exports of coal as for 
eign cargo from South Wales, in February, amounted to 
2,038,194 tons, which was the largest quantity shipped 
'n any month since December, 1924, notwithstanding 
that February contains the smallest number of working 
days of any month of the year. In the past week 
foreign shipments totalled 450,800 tons compared with 
504,630 tons in the previous week, and 377,050 tons in 
the corresponding period of last year. Exports at Newport 
were raised from 97,400 tons to 98,450 tons, but at Cardiff 
were reduced from 293,590 tons to 267,640 tons, at Swan- 
sea from 62,480 tons to 35,430 tons, at Port Talbot from 
48,970 tons to 47,700 tons, and at Llanelly from 2,190 
tons to 1,580 tons. Shipments to Algeria were raised 
trom 18,100 tons to 20,000 tons, to Argentina from 20,250 
tons to 51,530 tons, to Belgium from 15,540 tons to 
25,400 tons, and to Spain from 25,190 tons to 43,030 tons, 
hut to France were reduced from 135,920 tons to 91,830 
tons, to Greece from 18,400 tons to 15,580 tons, to Italy 
from 87,100 tons to 68,240 tons, and to Portugal from 

7,120 tons to 16,840 tons. ; 


Cardiff and Barry Pilotage-—Though a sub-committee of 
the Cardiff and Barry Pilotage Authorities have passed 
« resolution recommending a fusion of the Cardiff and 
Barry pilotage services the Barry pilots have sent a 
deputation to the Barry District’ Courcil asking them 
to oppose the proposed amalgamation. The Council 
has decided to send a deputation to the pilotage depart- 
ment of the Board of Trade, who will probably hold an 
‘inquiry into the matter. The Cardiff Pilotage Authorities 
have, however, appointed a committee to proceed with 
the amalgamation. 


ENGINEERING. 





NOTICES OF MEETINGS. 


Tue INSTITUTION OF MECHANICAL ENGINEERS.—To- 
night, at 7 p.m., at Storey’s Gate, S.W.1. Informal 
Meeting. Kinematograph Exhibition showing the Manu- 
facture of a 50,000-kw. Turbine and Generator, the 
Distillation of Motor Spirit, and other subjects of engineer- 
ing interest. Friday, March 19, at 6 p.m. General 
Meeting. “The High-Efficiency Oil Engine,” by 
Mr. Alan E. L. Charlton. 


THE JuNiIorR INSTITUTION OF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecturette. 
‘** Paint Spraying,” by Mr. F. E. Webb. Friday, March 19, 
at 7.30 p.m. “Pipe Work—Its Manufacture and 
Layout,” by Mr. J. H. Willett. Saturday, March 20, 
at 2.15 p.m., Visit to Barking Power Station of the 
County of London Electric Supply Company, Limited. 


THe Rattway Cius.—To-night, at 7.30 p.m., at 65, 
Belgrave-road, 8.W.1. ‘‘ The Early History of the Great 
Northern Railway,” by Mr. W. N. R. J. Back. 


THE Roya InstrruTion.—To-night at 9 p.m., at 
Albemarle-street, W.1. ‘‘ Radiation from Electric Dis- 
charges.”” By Sir J. J. Thomson. Saturday, March 13, 
at3p.m. Lecture, ‘“‘ The Rare Gases of the Atmosphere ’ 
(Lecture II), by Sir E. Rutherford. Tuesday, March 16, 
at 5.15 p.m. Lecture, ‘“‘The Growth of Crystals” 
(Lecture I), by Professor C. H. Desch. Saturday, 
March 20, at 3 p.m. Lecture, “‘ The Rare Gases of the 
Atmosphere ”’ (Lecture III), by Sir E. Rutherford. 


THe Institute oF TRANSPORT, MIDLAND LocaL 
Section.—Monday, March 15, at 6 p.m., at the Queen’s 
Hotel, Birmingham, “ Industrial Traffic Management,” 
by Mr. A. G. Marsden. 


Tue INSTITUTION OF ELECTRICAL ENGINEERS: NORTH 
EASTERN CENTRE.—Monday, March 15, at 7 p.m., at 
Sopwith’s Lounge, Northumberland-street, Newcastle- 
on-Tyne. Informal Discussion on ‘“ Power Station 
Economics.” 

THE INstiruTION OF ELECTRICAL ENGINEERS: MER- 
SEY AND NorTH WALES (LIVERPOOL) CENTRE.—Monday, 
March 15, at 7 p.m., at the University, Liverpool. 
Discussion on “ Electricity on Board Ship,”” opened by 
Mr. J. E. Allan and Mr. A. G. Barnard. 


THE SHEFFIELD Society OF ENGINEERS AND METAL- 
LuRGISsTS.—Monday, March 15, at 7.30 p.m., at the 
University, St. George’s-square, Sheffield. ‘Iron and 
Steel Manufacture in India,” by Mr. R. Mather. 


THE BRADFORD ENGINEERING Socirety.—Monday, 
March 15, at 7.30 p.m., at the Technical College, Great 
Horton-road, Bradford. Lecture: ‘The Production 
and Modern Applications of Dissolved Acetylene,” by 
Mr. W. C. Freeman. 

THE Junior Institution OF ENGINEERS: NORTH 
WESTERN SeEcTion.—-Monday, March 15, at 7.30 p.m., 
at the Manchester Geographical Society, 16, St. Mary’s 
Parsonage, Manchester. ‘‘ Roller Bearings, with Par- 
ticular Reference to Taper Roller Bearings,” by Mr. 
G. H. Ayres. 


THE Roya Society or Arts.—Monday, March 15, 
at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture: ‘‘Thermometry ”’ (Lecture I), by Mr. W. F. 
Higgins, M.Sc. Wednesday, March 17, at 8 p.m. 
Ordinary Meeting. ‘‘Co-Partnership,’”’ by Lieut.-Col. 
John Herbert Boraston. Friday, March 19, at 4.30 p.m. 
Indian Section. ‘“‘Women and Children in Indian 
Industries,” by Lady Chatterjee, M.A. 


THE INsTITUTE OF TRANSPORT.—Tuesday, March 16, 
at 5.30 p.m., at the Institution. of Electrical Engineers, 
Savoy-place, Victoria Embankment, W.C.2. Graduates 
and Students’ Lecture. ‘‘ Transport from a Trader’s 
View-point,”” by Mr. R. E. Morley. 


THE INSTITUTION OF ELECTRICAL ENGINEERS: NORTH 
WESTERN CENTRE.—Tuesday, March 16, at 7 p.m., at 
the Engineers’ Club, 17, Albert-square, Manchester. 
“*Developments in High Power Fuses,’’ by Mr. L. C. 
Grant. 

THE InstTITUTION OF AUTOMOBILE ENGINEERS: 
WOLVERHAMPTON CENTRE.—Tuesday, March 16, at 
7.30 p.m., at the Engineering and Scientific Club, Queen- 
street, Wolverhampton. “Electric Ignition Equip- 
ment,” by Capt. A. C. Burgoine. 


THe Institute oF METALS: 
Section.—Tuesday, March 
University, St. George’s‘square, Sheffield. ‘ Alumin- 
ium: Where and How it is Made,” by Mr. G. B. Brook. 


Tue Socrety or Guass TEcHNoLoGy.— Wednesday, 
March 17, at 2.30 p.m., at the Talbot Hotel, Stour- 
bridge. ‘“‘ The Effect of Chlorides on the Melting and 
Working of Potash-Lead Oxide-Silica Glasses,’’ by 
Miss Edith M. Firth, B.Se., Mr. F. W. Hodkin, B.Sc., 
Miss Constance M. Muirhead, B.Se., and Professor 
W. E. S. Turner. ‘“‘ The Production of Opalescence by 
Chlorides in Potash-Lead Oxide-Silica Glasses,” by 
Miss Edith M. Firth, B.Se., Mr. F. W. Hodkin, B.Sc., 
Miss Constance M. Muirhead, B.Sec., and Professor 
W. E. S. Turner. “The Flashing of English Crystal 
by Cobalt Blue Glass,” by Professor W. E. S. Turner 
and Mr. Francis Winks, M.Se. ‘“‘Some Notes on the 
Use of Sillimanite in Glass Works Practice,’’ by Mr. A. 
Cousen, M.Se., and Prof. W. E. S. Turner. ‘‘ Some 
Remarks on Recuperative Gas-fired Furnace Practice,” 
by Mr. Percival Marson. 


Tue InstiTuTION oF Cr1vit ENGINEERS.—Wednesday, 
March 17, at 6 p.m. Students’ Meeting. ‘‘ The Pro- 
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duction of Gaseous Fuel,”’ by Mr. James Gilbert Kimber. 
THE MANCHESTER METALLURGICAL Soctety.—Wed- 
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Manchester. ‘‘Steel Castings: their Manufacture and 
Heat Treatment,” by Mr. G. E. Wells. 


THE Royat MeTEeoROLOoGICAL SocreTy.—Wednesday, 
March 17, at 7.30 p.m., at 49, Cromwell-road, South 
Kensington, 8S.W.7. G. J. Symons Memorial Lecture, 
“Some Recent Advances in Atmospheric Physics,” 
by Dr. Sydney Chapman, M.A., F.R.S. 


THe Institution oF StRucTURAL ENGINEERS.— 
Wednesday, March 17, at 8 p.m., at Denison House, 
296, Vauxhall Bridge-road, S.W.1. Joint Meeting with 
the British Section of the Society of Civil Engineers 
of France. ‘‘ Notes on the Restoration of the Palace 
of Versailles and the Trianon,’’ by Mr. A. Knappen. 


THE LIVERPOOL ENGINEERING SocieTy.—Wednesday, 
March 17, at 8 p.m., at the Temple, Dale-street, Liver- 
pool, ‘‘ Practical Refrigeration,” by Mr. John A. Bolton. 


THe Institution oF ELEcTRICAL ENGINEERS,- 
Thursday, March 18, at 6 p.m., at Savoy-place, Victoria- 
embankment, W.C.2. Ordinary Meeting. ‘‘ Develop- 
ments in High-power Fuses.” by Mr. L. C. Grant. 


THE Royat AERONAUTICAL Soctety.—Thursday, 
March 18, at 6.30 p.m., at 7, Albermarle-street, W.1. 


Lecture, ‘“‘ Long-distance Aeroplane Flights,” by Mr. 
A. J. Cobham. 
THe INstTITUTION OF MECHANICAL ENGINEERS: 


Miptanp Brancu.—Thursday, March 18, at 6.30 p.m., 
at the Queen’s Hotel, Birmingham. “Fracture of 
Materials,’”” by Professor Cyril Batho. 


THE INstiITuTION OF MECHANICAL ENGINEERS: 
WESTERN Brancu.—Thursday, March 18, at 7 p.m., 
at the Merchant Venturers’ Technical College, Unity- 
street, Bristol. ‘The Engineering Problems of a 
Hospital or Institution,” by Mr. W. N. Haden. 


THE BELFAST ASSOCIATION OF ENGINEERS.—Thursday, 
March 18, at 7.30 p.m., at the Municipal College of 
Technology, Belfast. ‘“‘ Notes on Alternating-Current 
Working,” by Mr. J. R. Struthers. 


THE INstITUTE OF MeTaLs: Lonpon Locat SEcTION. 
—Thursday, March 18, at 7.30 p.m., at the Institute of 
Marine Engineers, 85-88, The Minories, Tower-hill, E.1. 
“The Preparation and Structure of Wires of Pure 
Tungsten,”’ by Dr. C. J. Smithells. 


THE INSTITUTION OF MECHANICAL ENGINEERS: 
NoRTH-WESTERN BRANCH.—Thursday, March 18, at 
7.30 p.m., at the College of Technology, Manchester. 
Thomas Hawksley Lecture, “Some Railway Notes, 
Old and New,” by Sir John A. F. Aspinall. Repetition 
by Sir Henry Fowler. 


Tue InstiruTion oF MUNICIPAL AND County EN- 
GINEERS: NortTH-WESTERN District.—Friday, March 
19, at 2.30 p.m., at the Victoria Hotel, Deansgate, 
Manchester. Address, ‘“‘New Legislation Affecting 
Local Authorities, including the Public Health Act, 
1925, and the Roads Improvement Act, 1925,” by 
Sir Lewis Beard. 


West Bromwich ENGINEERING Society: Rapio 
SEecTion.—Friday, March 19, at 7.30 p.m., at the 
Technical School, West Bromwich. ‘“ Radio Distortion,” 
by Mr. J. A. Cooper. 


THE InstiTuTE or British FOUNDRYMEN: LANCA- 
SHIRE BRANcH, JUNIOR Srection.—Saturday, March 20, 
at 7 p.m., at the College of Technology, Sackville-street, 
Manchester. ‘‘A General Talk on Foundry Work,” by 
Mr. Arnold Hodgkinson. 


THE Hutu AssocIATION OF ENGINEERS.—Saturday, 
March 20, at 7.15 p.m., at the Technical College, Park- 
street, Hull. Lecture, ‘Machinery and Plant Main- 
tenance in the Textile Trade,” by Mr. W. A. Jackson. 





HEALD AUTOMATIC INTERNAL GRINDER: ADDENDUM. 
—wWe regret that in describing the automatic internal- 
grinding machine, constructed by the Heald Machine 
Company, of Worcester, U.S.A., in our issue of March 5, 
page 317, &c., ante.,no mention was made of the fact 
that the sole agency for these grinders in this country is 
held by Messrs. Alfred Herbert, Limited, of Coventry. 
We may add that we are indebted to Messrs. Herbert 
for giving us facilities in connection with the article and 


16, at 7.30 p.m., at the! seeing one of the machines in operation at their works. 


ContTracts.—Messrs. The General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, 
have received the following orders for tramways motor 
equipments: 16 46-h.p. motors and auxiliary gear for 
Bury Corporation Tramways; 80 70-h.p. motors and 
auxiliary gear for Leeds City Tramways, and 50 50-h.p. 
motors for Manchester Corporation Tramways.—Messrs. 
N. V. Internationale Scheepsbouwmij “ De Maas,”’ of 
Slikkerveer, Holland, have received orders for the building 
of four cargo and passenger steamers for service in the 
Borneo coasting trade. The principal dimensions of the 
vessels are, length 299 ft. 10 in.; breadth 45 ft. 11 in., 
and. depth 17 ft.—Messrs. James Gordon and Co., 
Limited, Windsor House, Kingsway, London, W.C.2, 
have received orders for over 70 equipments of Copes 
automatic feed-water regulators, Eight of these are for 
the Oldham Electricity Works, another eight equipments 
are for Synthetic Ammonia and Nitrates Company, and 
a further number are for export.—The Osaka Shosen 
Kaisha have ordered two vessels, of 1,500 tons gross 
register, to be constructed at the Kobe shipyard of 
Messrs. Mitsubishi Zosen Kaisha. Each ship will be 








nesday, March 17, at 7 p.m., at the College of Technology, 





equipped with two sets of Vickers 600 h.p. Diesel engines. 





y 
‘UGLY YXGNQ “WT asHuD 
*€°$LE ‘1 AO IMAG] V ATIVOILVNOLOY DNINIVENIVIT ‘NOILVUGIQ NI uOLOHg ‘EZ DIA “S-€L6 ‘1H “IHAGT UBLVM { NOLLISOg LSHHDIPZ NI SNILVOTY AOLOAG GAHSINIG WY “ZZ ‘OWT 





[MARCH 12, 1926. 














“NOILOQULSNOD AO GOVLG ATUVY NV LV SHOLOEG HHL JO ANQ ‘QZ 3) A | 


= = 








\ 
ld 


ea <7 a) 7 


O 
Z 
| 
a) 
od 
wz; 
v 
Z 
f2) 


ee f 
A Str seere we SS Er Wee aS 





ao GO, a ae 
= mid hnridemskankedr2 

toda” ser oMPRRS ES 

AM PED SERRE 


ae 


“4 ae 


~ * Geteiere 








("zg abng aas ‘uoudesoeag 40g) 


‘HOIMNZ ‘AWANONYV ALHTOOS SANOILVNOLOY SADVYUVA AHL Ad CWaALOAULSNOO 


‘NIVdS ‘“VSVUVAVO LV SHOLVINDAY YOLOIS OILVNWOLAVY ALAYONOO CHO4OANTAY 


























‘UTLVM UAGNQ ‘'W [| LsaUD 


as ee A WET. Ae eS Se. 6 A Lee - ee ee ee ee ee” a eee Pes ee Pe ee iis. -. ae ee eae, Pe er ee a ao, ee 


















































apepaargete I S = 
2 7 . 5 ¢ Roiteaet . | © 
| \ i! | ‘ SIATOA 4 aes } 
\ \ 1 | | ‘ A. yt. ny 1 | 
oy. ! : 
IT oN’ \ 409928) Same a at 
ae date aa = + \ T eds 
<a = SF eS | = =a => are es | NOILSZS 9°] 
' 4=4- 
H | | rT 
peers || | | erected 
| 1! 
! \ \ \ to 
aj 
F t-_--+ 
pdm — — bender ne — tL 3 


nous vsvarniiny 
ring) | Moy puuny puoy 














- % 

en seuininites + 6 RE y 

= eee pear — -= : 
eee ec RG tsi 1 fe Val AeA 








hae! mbz 





a SOS 
ie f c 





Ne) 00698" ; 
YE) nM rosy | 




















| anita | #XO 
: (9926) ae os ae | 3 : | 
4 —_———_== — 7 Cr + a —— | 
1 00> RG SPCR a BE SLE ee 
VY | | 
INTOAANIONG { | 4 
| Ost | 
LUES* OS9 +! La0E +0Se+ 





‘Ganomo3s 339g by 


ar ame: wae %*oeroe - Md. A peror nx ———— ] 
“= OS LIEI YZ [t toszge , Ss : 













































































4 
0298) |+-0 } 4 | = 
i - oer | 3 ' \ 
; j 4 fh ' A 
4 FS AS 
. is o” ae 
U 4 a = re aie 
| 4 | : 2 +~-----O01% 00e« 00Le : ze) 
Y | i] a ——;-- _ = _ ir —— + ~ 
| : (=) oe 
, , = ri OF : 
] eo csustee a : 
Z) x ‘ a . ) 
j | | e, “a T3 Y Pee ole 
} at] | 407 T9S JO SIX 
| 4 ares params *- a“ iprennenccangemcatess | igenennes age mam oma —= 
G | ben| wy j fase E a ee a oe ee + ° : 
] Sie | % : ee 
i | sis , 4 / : 
WAAAY | 4 | L | Aint tee 
g { { | j oe | Vax! + fk i 
| 4 
= & 
j ~ 1 
| | | 
| | : { { 
| | * H Y 
| { | 
| | 06a 
| ~ 
\ S 
| Ss 
| | 
\ 
k 





ay ED Lok bth A) LL he) 








| 1066 « ~ 00te we -00'L2- 
| > Y 
| 7 Y, 











06-G1EF 





(hee ee 
Ss 

















NL ei as “Ir hy 





x 


08-98 : 
00-2463 


Pa 
































SEER REE 
Ol -. = 


(Eezg svg aas ‘uoydiassagq 407) 


‘HOIMAZ ‘ANWANONV ALAIOOS SHAOLLVYNOLAY SAOVUUVA AHL AG AALOAULSNOO 


NIVdS VSVUYVNVO LV SYOLVTNDAA AUOLOYS DILVNWOLNV ALHAONOD CGHDAOANIAA 





“AIXXX ULV Td ‘9261 “ZI HOUVIN ‘ONIUAANIONG 

















po ederoctes! 5 iecemtema 





8 HPL 















0F-0L — 














































“yy nonozs “91 Od 


etl 
>) 

' to 

n — 














 Yg@oe 
Eo A 





AME o NA S985 C\ , 
G8MLE = E a” re 





——- 


ep big 








aie 


i 


» 06" 06*08> Sm 


r 


| 





i 


i 


ay 


ToT 


| |] 
LI 


ak 


Ob 





|| 
Lt 


Y “00-0L 






































TM WU0Ly 

























































by 


ors 


} 














: Tot: 


























‘O'INOILIIS I} ‘bry 


'9°9 NOILOIS ‘2 bg 
































Fore 
plete 
commu 
the age 


Whe 
Orders 


= 


The | 
Headin 
Tender 
or und 
The lir 
ment n 
inch, 
adverti 
guaran’ 
the wre 
on app 
wide, 
Serial a 
able re 
guarant 


TIM] 


Adve 
curren 
later t 
sequen 
early \ 
for sta 
10 day 


All ac 
Cheque: 
Bank, | 
Orders 
Strand, 


AC 


AUSTRALI 
Br 





GLASGOW 
Co. 


INDIA, Ca 

anc 
ITaLy: U 

anc 
JAPAN, To 
LIVERPOO: 
MANCHES} 
NEw ZRAI 

ling 
Norway, 


‘ 
ROTTERDA 
Sourn AF 

Joh 
Blo 
stal 
(Sor 
‘TASMANIA 

















MARCH 12, 1926.] aes 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 
ire to call the attention of our readers to 
ae that the above is our SOLE ADDRBSS, 
and that no connection exists between this 
Journal and any other pubiications bearing 

somewhat similar A aun 
E G HIO “ Aes A ND 

. “ee LONDON 


ADDRESS 4 
TELEPHONE NumMBERS—3663 and 8598 GERRARD. 


“SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months payable 
in advance :— 











For the United Kingdom ............::ss0 £3 5 0 
For Canada— 
Thin paper COPIES ..........cscserseesees £218 6 
Thick paper COpICB...............ssssee00 £3 3 0 
For all other piaces abroad— 
Thin paper COpieS ...........ecscsersesee £3 3 0 
Thick paper COPiIES............cceseee £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address, 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s, per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed, 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “ENGINEERING,” Ltd. 
Cheques should be crossed “The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2,00 ei eee 

AGENTS FOR “ENGINEERING.” 
AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney, 
N.S.W. T. Willmett and Co., Townsville, North Queens- 
land. W.C. Rigby, Adelaide, South Australia. Melville 
and Mullen, Melbourne, Victoria. 
BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 
CANADA, Toronto, Ont.: Wm. Dawson and Sons, Limited, 
87, Queen Street East. 
EDINBURGH: John Menzies and Co., Limited, Rose-street. 
FRANCE, Paris: Boyveau and Chevillet, 22, Rue de la Banques. 
For Advertisements, Office de Publications Commerciales, 
167, Rue Montmartre, Paris (2e). 
Gunma a Hermann H. Fromm, Liitzowstrasse 84, Berlin. 


GLascow : William Love, 221, Argyle-street. John Menzies and 
Co., Limited, West Nile-street. 

INDIA, Calcutta: Thacker, Spink and Co., Bombay; Thacker 
and Co., Limited. 

ItaLY: U. Hoepli, Milan. Anonima Libraria Italiana, Torino, 
and any post office. 

JAPAN, Tokio: Maruzen Co., Limited. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 

MANCHESTER: John Heywood, 143, Deansgate. 

NEW ZEALAND: Gordon and Gotch Proprietary, Limited, Wel- 
lington, Auckland and Guan 

ees on f Cammermeyer’s Boghandel, Carl Johans Gade, 

an l 

ROTTERDAM: H. A. Kramer and Son, Limited. 

SourH AFRIoA: Central News Agency, Limited, Head Office— 
Johannesburg ; and Pretoria, Cape Town, Port Elizabeth, 
Bloemfontein, Durban, and various branches and book- 
stalls throughout South Africa. Wm. Dawson and Sons 
(South Africa), Limited, 29, Long-street, Capetown. 

‘TASMANIA: Gordon & Gotch, Prop’ty, Ltd., Launceston ; Hobart. 

UNITED StTaTES: For Subscription, New York: John Wiley and 
Sons, 440, Fourth Avenue. For Advertisement: J. 8S 
Allan, 30, Ohurch-street, New York, 


























desta te 


CONTENTS. 
The First British School of Naval Architecture 
Reinforced Concrete Automatic Sector Regulators 
Fe LS aren ak: int OEE 323 
Atoms of Light and of Electricity (/llus.) ................ 326 
Literature.—Eclairage Electrique. The Rigid Air- 
ship. Oil-Field Exploration and Development. 
Der Talsperrenbau.......... 
The Machinery of the P. and O. Liner ** Rawal- 


MORRDOR 5 MINN snc soca ce aceacanvjecspat sl Some ah iSO 
Letters to the Editor.—Progress in Power Station 


PAGE 
321 


Practice. 250-H.P. Petrol-Electric Rail Car 
(Illus.). The Theory of Columns. Gas for 
Balloons and Airships. The Hydrodynamic 


Theory of Turbines 


RIES Boho cette te ha ctih adeno se 331 
Labour Notes...................... Bithinitai aha ceee eee 
Books Received ................. bcc coh bade craseaticgsscs eee cee 334 
Notes from South Yorkshire.....0.......00.cccccccccceceeeeseeeee BOF 


Notes from Cleveland and the Northern Counties.... 334 
Notes from the North . om fic ecko eee eee 
Notes from the South-West ..................cc0ccceccceceeee BOO 
Notices of Meetings ........ BAL teri roan oeeen eR tl 


Transatlantic Wireless Telephony ............................ 337 
The Coal Commission Report ................0cceees B88 
Phe Enatitete of Metals: oni... sccclidsclecsilethesscecsesnenetes 338 
SBlies Eecapemags Waae CLM) ra. 4 sss csies 23 Zaiich he ovtaccae<nciesnes 340 


The Constructive Work of the Engineer 341 


The Production and Measurement of High Vacua 
CIN Mes cerca: en ad de ABA foyer. Seis 341 
Institution of Fuel Technology...................... Pha 
The Late Dr. Johan August Brinell............................ 348 
Die-Casting of Aluminium Alloys (Jllus.) ................ 344 

Gas Detector for Miner’s Electric Safety Lamps 
CHR is 2 cok ARR Bcd ct AB 346 
The Hardness of Cold-Rolled Copper (/llus.)............ 346 
The Brittle Ranges of Bronze (Zilus.)................00000+: 349 


The Gale Indicator for High-Speed Engines (ilus.) 350 

The Softening of Strain-Hardened Metals and Its 
Relation to Creep (Jllus.)...........00.0.000.. fearen . 351 

Two- Page Plate. — REINFORCED CONCRETE 
AUTOMATIC SECTOR REGULATORS AT 
CAMARASA, SPAIN. 








“ENGINEERING. 


FRIDAY, MARCH 12, 1926. 


TRANSATLANTIC WIRELESS 
TELEPHONY. 


Ir is certainly a decidedly remarkable coincidence 
that the 50th anniversary of the first electrical 
transmission of intelligible speech over wires 
should mark an important step in the development 
of telephonic communication which certainly could 
not have been foreseen at the time of Dr. Alex- 
ander Graham Bell’s epoch-marking invention. On 
March 7, 1876, Dr. Bell, a native of Edinburgh 
who emigrated to Canada and afterwards settled 
in Boston, was granted a patent in the United 








_.| States for an invention which covered the electrical 


transmission of speech by undulating currents, and 
exactly 50 years later, that is on Sunday last, a 
large number of persons in London were able, by 
the latest development in telephonic communication, 
to curry on individual conversations with persons 
in New York at a definite time and in accordance 
with a pre-arranged programme. This was, of 
course, by no means the first time that speech has 
been transmitted across the Atlantic by wireless 
telephony, but it was, we believe, the first occasion 
on which wired and wireless telephony had been 
employed in conjunction to enable many persons 
separated by some 3,000 miles of ocean and about 
600 miles of land to converse with each other as 
freely as if they had been in the same room—or at 
least in the same city. 

This feat, for it must be regarded as such, was 
made possible by the completion of the wireless- 
telephony installation at the Rugby station of the 
Post Office, and the experimental demonstration 
on Sunday was carried out by the Wireless Section 
of the Engineering Department of that organisation, 
under the direction of Mr. E. H. Shaughnessy. 
Its success, however, must not be taken as an indica- 
tion of the early inauguration of a public telephone 
service between this country and the United States, 
although that will possibly follow in due course if 
the experimental transmissions, which will be carried 


“| on throughout the year, continue to give satisfactory 








337 


results. Atmospherics, of course, constitute the 
chief obstacle to a regular service, and it remains to 
be seen whether or not the strength of the received 
signals, relative to that of the atmospherics when 
these are most severe, can be maintained at such a 
standard that messages can still be heard distinctly. 

The system employed was that introduced by the 
Western Electric Company, now Standard Tele- 
phones and Cables, Limited, and the transmitting 
apparatus at Rugby, we understand, was largely of 
their manufacture, though important parts of it were 
designed and constructed by Post Office engineers. 
The system was dealt with in our issue of January 19, 
1923, on page 80, in describing some experiments 
made about that time in which messages trans- 
mitted from the United States were received in this 
country, but duplex working was not then 
attempted. Further particulars will be found on 
page 272 of our issue of March 2, 1923, in an article 
based on a lecture delivered to the Institution 
of Electrical Engineers by Dr. H. W. Nichols, of 
the Western Electric Company. In these articles, 
the system, known as the side-band system, was 
described in some detail, but it is perhaps desirable 
now to give an indication of the principles involved. 
In wireless telephony, as employed for broadcasting 
and other common applications, a continuous 
wave of uniform frequency is modulated, that is 
to say its amplitude is varied, at the acoustic 
frequency of the speech or music to be transmitted. 
By means of a valve or crystal detector, a modulated 
wave of this type, picked up on a receiving aerial, 
is rectified and an undulating, but unidirectional. 
current is produced, the undulations corresponding 
to the acoustic frequencies impressed upon the 
continuous wave, or carrier wave as it is called. 
By passing the rectified current through a telephone 
receiver, the sounds are rendered audible. A carrier 
wave modulated as described can be shown to consist 
of three components, one having a frequency equal 
to that of the carrier wave and the two others, 
known as side bands, having frequencies equal to 
the carrier frequency plus the acoustic frequency 
and the carrier frequency minus the acoustic 
frequency, respectively. In the system to which 
we are now referring, only one of the side bands is 
transmitted, the other side band and the carrier 
wave being suppressed by filter circuits. At the 
receiving end, however, the carrier wave is re-instated 
by coupling a local oscillator to the circuit, and the 
combined wave, when rectified in the usual manner, 
produces the same effect in a telephone-as the 
rectified modulated carrier wave, so that the 


sounds can be heard. 


The circuits employed on Sunday last terminated, 
in this country, at the London Trunk Exchange of 
the Post Office in’ Queen Victoria-street, and, in 
New York, at the long-distance telephone head- 
quarters of the American Telegraph and Telephone 
Company in Walker-street, this Company having 
co-operated with the British Post Office authorities 
in carrying out the experiments. Speech from 
London was conveyed to the Rugby Station by an 
underground line about 80 miles in length, and 
from Rugby was transmitted some 2,900 miles by 
wireless on a wave-length of 5,770 metres to a 
receiving station on the American coast at Houlton, 
Maine. Thence it was conveyed by a land line, 
a distance of 600 miles, to New York City. In the 
opposite direction, speech was first conveyed by a 
land line about 70 miles long to the transmitting 
station of the Radio Corporation at Rocky Point, 
Long Island, and thence radiated by wireless, on a 
wave-length of 5,260 metres, to a British Post 
Office receiving station at Wroughton, near Swindon, 
in Wiltshire, the distance between Rocky Point and 
Wroughton being about 3,300 miles. Finally, an 
underground line brought the speech to London, 
a further distance of about 90 miles. It should be 
mentioned that two repeater stations were used on 
each of the four land lines required for duplex 
working, and it is certainly a remarkable character- 
istic of the thermionic valves used throughout that 
the numerous energy transformations involved were 
effected without any notable distortion of the speech. 

The power used at both of the wireless trans- 
mitting stations was nominally 200 kw., but it 
should perhaps be pointed out that a station of this 
capacity operating on the side-band system of 
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transmission is some two or three times as effective 
as one of the same nominal power radiating an 
ordinary modulated carrier wave. The trans- 
mitting plant at Rugby comprises a bank of water- 
cooled valves, each of 10 kw. capacity, made at the 
New Southgate Works of Standard Telephones and 
Cables, Limited. There are 12 steel masts of 
triangular section, 820 ft. in height, and placed 
1,320 ft. apart at Rugby, and of these masts, eight 
are used for supporting the aerials employed on 
telegraphic work, and the remainder carry the 
telephony aerial. This is of the “sausage” type, 
12 ft. in diameter, and arranged in two portions, 
each about half a mile in length. At the Wroughton 
receiving station, it is interesting to note, a Beverage 
aerial is employed. This consists of a single wire 
7 miles in length, supported in a straight line about 
30 ft. in height above the ground and pointing 
towards the transmitting station, the receiving 
apparatus being located at the more distant end. 
Its action depends upon the presence in the received 
wave of a horizontal component of the electric field, 
due to the tilting of the wave front by the imperfect 
conductivity of the earth. This type of aerial 
has the particular advantage, for this class of work, 
of being highly directional, so that it is but little 
affected by signals or atmospherics coming from 
directions other than that in which it is pointing. 
The whole of the receiving and amplifying apparatus 
at Wroughton was constructed by the Post Office 
Engineering Department in their research station 
at Dollis Hill, London. 

In the course of the demonstration, each person 
present was permitted to converse for two minutes 
with another person in New York, using a wall 
instrument of the type usually employed in public 
call boxes, but fitted with a special microphone. 
In all cases, as far as we are aware, speech was heard 
with little or no difficulty at both ends, atmospherics, 
fortunately, being almost entirely absent. It must 
thus be regarded as an unqualified success on which 
both British Post Office engineers, as well as those 
in the United States, are to be warmly congratulated. 
Our representative present at the demonstration 
took the opportunity in the course of his brief 
conversation with Mr. W. D.. Hassett of the Inter- 
national News Service in New York, of offering our 
congratulations to American engineers and scientists 
on the important part played by them in developing 
the system to the stage it has now reached. Mr. 
Shaughnessy, however, particularly emphasised the 
fact that many problems have still to be solved, 
not only in connection with the wireless transmission 
but also with the land-line circuits, before it will be 
possible to operate a commercial telephone service 
between this country and the United States. The 
efforts of British and American engineers, however, 
will doubtless now be concentrated on overcoming 
the remaining difficulties, as a complete solution 
to the problem would, we should imagine, be of 
inestimable value to the business communities of 
both countries. 





THE COAL COMMISSION REPORT. 


In the course of a speech at the dinner of the 
Institution of Civil Engineers on Wednesday 
evening, Viscount Cave referred to the publication of 
the Report of the Roval Commission on the Coal 
Industry (1925). He suggested that no hasty 
judgments should be made about the proposals 
until they had been thoroughly understood and their 
full significance appreciated. This we consider 
admirable counsel and therefore defer any criticisms 
until a later issue, contenting ourselves for the present 
with the bald statement of the provisions. 

In their Report the Commission differentiate 
between the temporary problems that face the 
industry and those of a more permanent character 
that will affect its position in the future. The 
industry is marked by great diversities. Many 
collieries are old and, according to modern standards, 
are badly planned. Very many collieries are too 
small to be good units of production, a number are 
defective in equipment and some in arrangement. 
The methods of using coal are unscientific. Four- 
fifths of the coal consumed in the country is burnt 
in the raw state. Mining, the Commission recom- 


associated with other industries, such as gas, 
electricity, smokeless fuel, oil, chemical products, 
blast furnaces and coke ovens. The selling organisa- 
tions and methods of transport are too costly and 
do not permit of the best financial results being 
obtained for the collieries and therefore for the 
workers employed in them. While the relations of 
employers and employed are generally better than 
appears on the surface the organisation of the 
industry on its labour side calls for many improve- 
ments. The Commission report against nationalisa- 
tion of the mines because of the grave economic 
dangers involved, and the fact that it offers no 
advantages that cannot be obtained as readily or 
more readily in other ways. While contemplating 
the continuance of the industry under private 
enterprise, it is recommended that the mineral 
rights be acquired by the State—by purchase 
where they have a market value and by declaration 
of State ownership in the case of unproved coal 
or coal at deep levels which has now no market 
value. Amalgamation of existing small units of 
production is both desirable and practicable. While 
this may often be effected from within, in other 
cases it is only possible if outside assistance is 
given. The State as mineral owner will be able to 
promote desirable amalgamations when granting 
new leases or renewing old ones. Legislation is 
suggested to provide for compulsory transfer of 
interests under leases where desirable amalgama- 
tions are prevented by the dissent of some of the 
parties or their unreasonable claims. The develop- 
ment of electrical supply under the new proposals 
of the Government should be closely co-ordinated 
with the generation of electricity at the mines. The 
heat, power and light requirements of the country 
should be under the constant and comprehensive 
survey of a National Fuel and Power Committee. 
Research provisions by the industry with the support 
of the State must be largely extended. New 
methods of winning and utilising coal must be found 
if the prosperity of the industry is to be restored 
and a proper standard of wages and working con- 
ditions assured to the workers. The State should 
give financial support to experiments on a commer- 
cial scale with low-temperature carbonisation. 

Co-operative selling agencies, especially in the 
export trade, offer large financial advantages. 
Selling on specification and guarantee could be 
encouraged were a Covernment system established 
for the sampling and analysis of coal. Local 
authorities should be empowered to engage in the 
retail sale of coal. Measures are proposed to 
secure the adoption of larger mineral wagons on 
the railways. The principle on which recent wage- 
agreements have been based is sound, but some 
amendment is necessary in the method of escer- 
taining the proceeds of the industry for the fixing 
of wages. The standard length of working day, 
now on the average 7$ hours underground, should 
remain unchanged and the multiple shift system 
should be extended. Other labour proposals are 
the introduction of a family allowance system and 
the adoption of profit sharing. 

In dealing with the immediate problem, the 
Commission report against dny continuance of the 
subsidy and do not approve of the suggestions of 
the Mining Association that the gap between 
costs and proceeds should be bridged by an increase 
of an hour in the working day, reductions in wages, 
and a large diminution in railway rates to be 
effected by lowering the wages of railwaymen. 
To meet the case it is proposed to revise the 
‘““minimum percentage addition, to standard rates 
of wages ” fixed in 1924. This is not a “ minimum 
wage’’ in the usual sense and the wages of 
the lowest paid men will be safeguarded by a con- 
tinuance of the system of subsistence allowances. 
The reductions contemplated will still leave the 
mine-owners without adequate profits in any of the 
wage-agreement districts and without any profits 
in most districts. If trade improves and prices rise 
a profit will be earned. Should prices not rise an 
adequate profit must be sought in the improved 
methods proposed, which should in any case be 
adopted. Immediate collapse of the industry might 
be saved by the revision of the minimum percen- 
tage, but it seems inevitable that a number of 


THE INSTITUTE OF METALS. 


THE eighteenth annual general meeting of the 
Institute of Metals opened at 10 a.m., on Wednesday 
last, the 10th inst., in the Hall of the Institution 
of Mechanical Engineers, Storey’s-gate, West- 
minster, London, 8.W.1, and was brought to a 
conclusion in the afternoon of the following day, 
At the outset of the proceedings, the Chair was 
taken by Professor T. Turner, the retiring president, 


REPORT OF THE COUNCIL. 


The report of the Council on the work for the 
past year, which was read by the secretary. showed 
that the membership of the Institute had risen 
from 1,571 in December, 1924, to 1,692 in December, 
1925, an increase of 121. This figure had not 
been exceeded in any year since the war. More 
papers were now received than the Institute could 
publish, and, in the work of selection, the publication 
committee was greatly helped by the reports 
received from the referees who were appointed to 
examine each paper. The six local sections of the 
Institute had continued to do admirable work 
during the year. The Council was glad to be able 
to report that the vitality of most sections was 
at a high level, and that the attendance at the 
meetings was well maintained. They hoped that 
local sections of the Institute would shortly be 
formed abroad in countries or cities where the 
membership was sufficiently extensive. 

In accordance with the reorganisation which took 
place last year, the Corrosion Research Committee 
had continued the technical work connected with 
condenser-tube corrosion. This work had been 
carried out at the Royal School of Mines, where 
apparatus had been arranged for tests on a much 
larger scale than previously. Useful information 
had been collected on the relative behaviour of 
different types of condenser tubes, and also on the 
effects of certain types of coating. The main 
investigation during the past year had been a 
study of the influence of iron compounds on corrosive 
action and scale formation. An investigation of 
the practical conditions which produced local 
pitting had given a number of interesting results. 
The information, however, was not complete. 
The preparation of a revised edition of the pamphlet 
entitled ‘‘ Notes on the Corrosion and Protection 
of Condenser Tubes,” was completed, and the 
pamphlet had been published. 

The honorary corresponding members to the 
Council had continued to render most valuable 
service to the Institute. Two new appointments 
had been made during the year; Professor J. Neill 
Greenwood, D.Sc., now represented the council in 
Australia, and Professor A. Sapojnikoff, K.C.M.G., 
was the new representative in Russia. At three 
conferences held abroad, at which the repre- 
sentation of the Institute was invited, the Council 
was regretfully unable to arrange for representation. 
It was suggested that in future budgets a sum should 
be allocated which would permit the Council to 
appoint representatives to attend conferences 
overseas. 

Hon. TREASURER’S REPORT. 

The report for the financial year ended June 30, 
1925, showed that last year’s deficit of 6/. 7s. 4d. 
had been converted into a surplus of 710/. 15s. 84. 
This improvement was in great part attributable 
to the increase in the membership of the Institute. 
The principal item in the expenditure had always 
been the Journal, and the cost of this had been 
reduced from 2,8981. 3s. to 2,314/. 10s. 6d. 


THE New PRESIDENT. 


The preliminary business having been con 
cluded, Professor T. Turner, the retiring President. 
inducted Sir John Dewrance, the incoming President 
into the Chair. The latter announced that, by the 
wish of the Council of the Institute, his Presidential 
Address had been postponed to a later date. Sir 
John Dewrance also announced that the Autumn 
Meeting of the Institute would, this year, be held 
at Liége, Belgium, from September | to 4. 


Dre Castine oF ALUMINIUM ALLOYS. 


The first paper taken, contributed by Mr. G. 
Mortimer, had for its title ‘“‘The Die Casting © 
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It was read in abstract by Mr. Mortimer. The 


first portion of the paper is reproduced on page 344 
of the present issue. 

The discussion was opened by Dr. R. S. Hutton, 
who stated that the paper was of a type which 
stimulated discussion ; it gave a valuable survey of 
present conditions of die-casting practice. He 
wished such a paper had been available some 10 
or 12 years ago. Among other points raised by the 
author, the difficulties of pressure casting had been 
clearly brought out. He thought the expression, 
“shooting metal into the mould,’’ used by the 
author, was an accurate description of what took 
place in pressure casting. 

Mr. S. L. Archbutt said that an important portion 
of the research onaluminium alloys, conducted at the 
National Physical Laboratory for the British 
Non-Ferrous Metals Research Association, had 
reference to the process of die casting. The great 
possibilities in the die-casting of aluminium alloys 
lay in the properties obtainable; as Mr. Mortimer 
had said, the properties of die-cast aluminium alloys 
approached those of forgings. In connection with 
pressure casting, he would like to ask if nitrogen 
could be used, as this gas was insoluble in the alloys 
even under pressure. He would also like to ask 
if it would be possible to squeeze the metal during 
solidification. Mr. Mortimer’s paper showed that 
the old spirit of jealously guarding trade secrets 
was giving way to a more enlightened policy. 

The next speaker, Dr. F. Johnson, asked if the 
presence of zinc in the aluminium increased or 
aggravated the action of the molten metal on the 
iron die. With reference to the author’s Fig. 13, 
he desired to know if the riser was of the same 
cross-sectional area as the gate and, if this were so, 
asked if feeding would take place through such a 
narrow runner. Mr. Mortimer had said little about 
low-temperature annealing to remove internal 
stresses in casting; he would like to ask if this 
process could be profitably applied on a commercial 
scale. He was interested in the author’s remarks 
concerning the Cothias system of casting. He had 
tried this process on a small scale, using brass, and 
thought that it possessed advantages. 

Dr. W. Rosenhain was of the opinion that a 
practical paper such as the one they were discussing 
was of great utility, not only to practical men, 
but to scientific men as well. He thought it was a 
pity that the term “‘ die casting ” had been used for 
all processes of casting in permanent moulds. It 
should, in his opinion, have been restricted to 
pressure-casting operations. The words “chill 
casting’ might be used for other methods of 
casting in permanent moulds. Coming to the 
question of crystallisation shrinkage of different 
aluminium alloys, if one attempted to measure that 
Shrinkage one obtained a figure for the total 
shrinkage. When this determination was made on 
a large number of alloys, it was found that the 
figures obtained were almost identical; the 
behaviour of the alloys in the foundry, however, was 
different. It was important to know, therefore, 
when this shrinkage actually occurred. A deter- 
mination of the density of the casting should be 
made in addition to the estimation of the total 
contraction. One could only place reliance on the 
contraction determination if the resultant metal 
had a full density. A casting possessing a good 
surface, but having an unsound interior, was 
obviously of little practical value. Porosity was 
equally bad. 

Paying attention to the pouring was only one 
of the factors which had a bearing on the soundness 
of chill-cast aluminium alloys. The rate of solidi- 
fication was very important: indeed, it was 
probably the most important factor of all, as it 
affected shrinkage and the liberation of gas. Any 
‘reatment which tended to reduce the gas content 
in a casting went a long way towards improving 
the final product. The suggestion to use nitrogen 
in pressure casting was interesting; whether it 
would reduce the tendency to form gas voids in 
the metal remained to be proved. 

, lhe Squeezing of metal during solidification had 
een tried in the case of steel, and had not been 
very successful. The Harmet process, however, in 
which a tapered ingot was forced into a conical 
mould by means of a hydraulic plunger, had given 
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good results. The application of such a process 
to aluminium presented grave difficulties. The 
squeezing of aluminium-alloy ingots during solidifi- 
cation would probably damage rather than improve 
them, and possibly the only advantage gained 
might be a slight reduction in the size of the gas 
bubbles. In conclusion, he hoped that more papers 
of this type would be submitted by members of 
the Institute. 

Dr. H. Moore stated that the comparisons made 
between the pressure and gravity methods of 
casting were particularly interesting. He thought 
that the statement of the author that pressure 
casting gave a more unsound product than gravity 
casting was of the highest importance. The 
production of sound metal was the real problem, 
and if a perfectly sound die-cast alloy could be 
obtained our troubles would be at an end. The 
paper was of great value to himself and his 
co-workers at the Research Department, Woolwich 
Arsenal, because they were investigating the 
die-casting of brass and bronze alloys. 

Dr. J. W. Jenkin stated that he had taken part 
in the researches carried out at the National 
Physical Laboratory, mentioned by Mr. Archbutt. 
Mr. Mortimer had stated that, in the case of a 
gravity mould, the relative temperatures of metal 
and mould, and the rate and the direction of 
pouring, might be so regulated that the casting 
froze more or less progressively as the mould 
slowly filled. Each layer as it froze could be 
automatically fed by the fluid layer above, and 
this factor could do much to counteract any evil 
effect of the crystallisation shrinkage on the strength 
of the subsequent casting. The author had stressed 
this point of progressive freezing. Did he regard it 
as an essential to success? When dealing with 
pressure casting, the author had said that metallic 
plungers had been gradually abandoned in favour 
of compressed air, and machines employing this 
flexible medium were now used widely. The 
discarding of the plunger was probably due to 
the fact that it was attacked by the molten metal. 
On the other hand, the container would be attacked 
in a like manner, and he was desirous of having a 
little further information on the matter. The 
locking device the author had mentioned was 
ingenious, but, in the case of heavy dies, no such 
arrangement was necessary. He quite agreed that 
ejector pins invariably left marks on the casting, 
but he could not quite agree with the author that 
it was possible to omit them altogether by careful 
design. He was of opinion that rapid extraction, 
by tapping the die with a lead hammer whilst 
grasping the casting at a gate or riser by means of 
tongs, was a somewhat risky operation. 

In _ his reply, Mr. Mortimer, stated that the use 
of nitrogen in pressure casting struck him as a 
practical suggestion. A process of a somewhat 
similar nature had been employed, this consisted 
in creating a vacuum within the die and then 
sucking the molten metal into it. With regard to 
the application of pressure after the casting opera- 
tion, he thought it would be necessary to employ an 
extrusion pressure and this would necessitate an 
extrusion temperature. It would entail time 
and expense and the crux of the whole question of 
die casting was rapidity of production. In answer 
to Dr. Johnson’s question, he thought that the 
presence of zinc in the aluminium did not materially 
affect. the action of the molten metal on the iron 
die. Whatever the alloy used, the action was more 
or less identical. It was his experience that iron 
pots failed chiefly from the outside, owing to the 
action of furnace gases, and the nature of the 
aluminium alloy melted within the pots had no 
appreciable effect on their life. The riser in 
Fig. 13 had ‘exactly the same cross-sectional area 
as the gate. The main reason for this arrange- 
ment was to equalise the temperature throughout 
the casting. The object of the gate described, was 
to enable the mould to be filled very gradually ; 
when the metal was half-way up, the bottom of 
the casting had already set. On this type of casting, 
it was usual to have a false top which could be cut 
away afterwards. 

The annealing of accurate and delicate castings 
was apt to cause distortion and it was advisable 
to aim at producing castings free from stresses. 
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The application of the Cothias method to brass and 
bronze was of considerable interest. He quite 
agreed with Dr. Rosenhain in the matter of the 
strict application of the term die-casting. In 
America, die casting always implied pressure cast- 
ing; in this country, however, die-casting had 
come to mean any form of casting in which a 
permanent mould was used. A more extended use 
of the term “chill casting,” as had been suggested, 
however, introduced complications. Dr. Jenkin 
had asked whether progressive freezing was essential. 
It was bound to lead to better results, but it did 
not need be carried to undue lengths. It was a 
very good principle to concentrate upon when 
designing the gate, and was essential if the best 
results were to be secured. There was nothing 
detrimental in raising the temperature of the die ; 
when casting crank cases and _highly-stressed 
parts, he worked with the dies nearly red hot. The 
only trouble was that the latter did not last so 
long. He quite agreed that locks on dies were not 
always necessary ; the device described by him was 
merely one method of drawing the two halves of 
a mould together. The abandonment of metallic 
plungers in pressure casting was due to the diffi- 
culty of obtaining a tight joint between the static 
portion of the apparatus and the plunger if the 
latter had suffered from corrosion or erosion. The 
deterioration of the static portion of the die was 
a somewhat different question. : 


StrrRaIn-HARDENED METALS AND CREEP. 


The second paper taken was a note on “The 
Softening of Strain-Hardened Metals and Its 
Relation to Creep,” by Mr. R. W. Bailey. We 
reproduce the paper on page 351 of this issue. 
Owing to the absence of the author on account of 
illness, the paper was not read and only briefly 
discussed. 


HARDNESS OF COLD-ROLLED COPPER. 


The last paper considered on Wednesday morning 
was by Dr. 8. L. Hoyt and Mr. T. R. Schermerhorn ; 
it was entitled “The Hardness of Cold-Rolled 
Copper.” We reproduce an abstract of this paper 
on page 346 of this issue. In the absence of the 
authors, the paper was taken as read, but discussion 
on it was invited by the Chairman. 

Dr. F. Johnson stated that, some years previously, 
he had been engaged in the determination of the 
progressive hardness of cold-rolled copper. He had 
used much thicker metal than the present authors 
had. He was interested to see that they started 
with copper containing less than ‘the customary 
0-05 per cent. of oxygen. With regard to the 
ageing of work-hardened specimens, he had found 
what appeared to be definite ageing in some of his 
samples. In Armco iron, he had found that ageing 
was the more intense the greater the deformation. 
With regard to hardness in the direction transverse 
to the rolled face, he had found little difference 
between the top, middle and bottom, using the 
schleroscope. The authors had referred to the fall 
in the Brinell hardness ; he had found a definite fall 
in Brinell hardness at a thickness representing a 
degree of reduction of about 80 per cent. The 
authors were not prepared to accept the “ Alkin’s 
effect,” but he was convinced that this did exist. 

Dr. H. Moore thought that the authors were 
treading on a well-worn path, but that they had 
added materially to our knowledge. He was glad 
to find that they disagreed with Rawdon and 
Mutchler; they, at the Research Department, 
Woolwich, also disagreed with these workers. He 
thought that Rawdon and Mutchler’s methods were 
very seriously wrong and no reliance could be placed 
on them. They showed how much harm could be done 
by the publication of inaccurate results. The amount 
of softening found by Rawdon and Mutchler was very 
considerable. The use of the methods of Meyer’s 
analysis were very interesting; a new point was 
that the value of n was 2-4 at first and gradually fell 
to 2, while a continued to rise. There was no 
doubt that Meyer’s equation P = ad” was fully 
confirmed. 

The Chairman then adjourned the meeting until 
2 p.m. We intend to deal with the subsequent 
proceedings in our next issue. 

(To be continued.) 
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THE LEIPZIG FAIR. 
(Continued from page 305.) 


BrFoRE pursuing a more detailed investigation 
of the Technical Fair exhibits, a few general reflec- 
tions may be of interest. The state of financial 
stringency existing in Germany to-day has left its 
mark on the Fair, both the number of exhibitors and 
the number of visitors being well below last year’s 
figures. The strain imposed on industry by the 
deflation policy is weeding out many firms, especially 
those of mushroom growth, with the result that 
exhibitors are fewer in number, but they represent 
firms of good standing. The official total is 10,500, 
of which 13 are British, two of the latter showing 
goods in the Technical Fair. 

Although, as is stated, the number of visitors is 
fewer, the number coming from abroad has risen 
from 17,500 in 1925 to 20,000 this year, 1,100 of 
this number being returned as British. It will 
thus be seen that Leipzig shows every sign of 
continuing, as it has so long been, a centre of 
attraction in the international market for general 
merchandise, and our own effort in the shape of the 
British Industries Fair is a welcome sign that the 
importance of Leipzig is recognised and being 
challenged. What is not so clearly appreciated in 
this country is the dependance of commerce upon the 

-engineer and scientist, and the need of educating 
the layman on this point. The Technical Fair is an 
important illustration of the fact that the German 
engineer sees in the trade buyers visiting the Fair 
(who are frequently principals) potential purchasers 
of his own wares, which he has gone to great trouble 
and expense to exhibit in an attractive and helpful 
way. The whole-hearted support accorded by the 
German machine-tool makers, even in this time of 
stress, cannot be too strongly emphasised, and can 
be better understood by reference to Figs. 1 and 2 
on this page. These show, respectively, an ex- 
terior view of the Machine Tool Hall and an 
interior view illustrating a section of the display 
organised by the Union of German Machine Tool 
Makers. 

The educational effect of such a show upon the 
foreign buyer visiting Leipzig is considerable, and 
must exert a cumulative effect in the future, tending 
to bring Germany to the front unless suitable steps 
are taken to advertise our own productions. From 
all points of view it is unthinkable that we should 
show at Leipzig on a scale required to do justice to 
our own goods, but, as we ought not to ignore such 
trade opponents, we must take steps to see that the 
foreign buyer feels it to be his duty to inspect what we 
have to offer before placing his order, whatever the 
commodity. The British Industries Fair is making 
rapid strides to bring this about, but to be truly 
effective it must receive the fullest support from 
every trade body in the country, and it could with 
advantage be represented at Leipzig by an effec- 
tive inquiry bureau where authoritative and well- 
presented information on all trade matters would be 
accessible, as well as assistance in the matters of 
travel and accommodation for the intending visitor— 
two details which are particularly well handled by 
the Leipzig Fair orgenisation. 

It is some consolation to note that we are not alone 
in our troubles. The German motor industry has 
not yet satisfied itself that Leipzig is worth support, 
and continues to hold a motor show in Berlin, in 
spite of the general tendency to concentrate efforts 
and do away with isolated fairs. As a result, the 
motor section consists of a display of American, 
French and Italian cars, while the home manufac- 
turers put up a feeble protest by means of a few 
cars parading the town with placards inciting people 
not to buy foreign cars. The commercial vehicle is 
practically not represented in the Exhibition. 

Coming now to the Technical Fair, an inno- 
vation is the erection, in the enclosure, of two 
steel masts supporting the aerial of the Leipzig 
broadcasting station, which is run by the Fair 
authorities, and is employed as a medium for propa- 
ganda at fair periods and as a general station all the 
year round. Fifteen buildings are open, and there 
is a considerable amount of reserve of ground for 
future growth. Between the buildings are sundry 
exhibits of contractors’ plant, such as concrete- 
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combustion), small locomotives, &c. Several firms 
exhibit conveyor plant in action carrying representa- 
tive commodities round on light gantries; and in 
a tent an electrically driven high-speed circular saw 
is being demonstrated cutting up heavy steel sections. 
Halls 1, 2, and 3 are devoted to building trades and 
road-making. The materials for house construction 
indicate considerable attention to zsthetic value in 
the development of new materials. In Hall 2, an 
interesting electric portable hammer is shown by 
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is given over to machinery for agriculture, milling 
and food preparation, as well as domestic appliances, 
Hall 6 is devoted to the cycle and motor-cycle 
industry, machines and accessories being on show. 
Here are to be found the two British manufacturers, 
Messrs. Perry and Co., Limited, and the Reynolds 
Tube Company, Limited, both of Birmingham. The 
Shoe and Leather Trades occupy Hall 7, exhibiting 
chiefly manufactured articles. Their chief show is 
in August, and the large hall is very sparsely occupied 
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the ‘** Thauma ”’ Fabrik of Vienna, which is demon- 
strating on stone trimming, but is claimed to be 
equally suitable for metal work. The blows are 
given by a heavy armature pulled down on to the 
tool by an electro-magnet contained in the body 
of the hammer and returned by a spring. The 
hammer is fed with pulses of current obtained from 
a trembler mounted on the wall. In the example 
shown alternating current is being used and the 
trembler operated at the periodicity frequency, but 
a direct-current trembler is also being developed. In 
Hall 4, are shown appliances for the distribution and 





making plant, road rollers (steam and _ internal- 











employment of gas, and the neighbouring Hall 5 
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at present. Hall 8 contains the motor-car exhi- 
bitors, and Hall 9 the members of the Union of 
German Machine Tool Makers. Hall 10 contains a 
very well displayed range of electrical plant shown 
by members of the Electrical Federation. Here. 
amongst much of engineering interest, mercury-ar¢ 
rectifiers are to be seen in operation, having @ 
current capacity up to 300 amperes. This hall 
also contains many exhibitors of radio sets and 
components, although there is a Radio Exhibition 
in Berlin later in the year. In Hall 11, are to be 
found an assortment of machines and tools for 
special purposes, such as textile machinery, pumps: 
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compressors, blowers, welding and cutting plant, 
as well as the sellers of small specialities such as 
patent spanners, belt-fasteners, padlocks, &c. 
Here also a printing press is to be seen at work, 
turning out a bulletin in connection with the Fair. 

The Iron and Steel Industry Association occupies 
Hall 12 with a large range of manufactured products, 
while Hall 13 contains another assortment of 
machines and products, in connection with paper, 
cardboard, chemicals, the foundry, smithy, &c., 
and office machinery and requisites. The remain- 
ing two Halls are numbered 18, and 21, the former 
housing the exhibition of the U.S.S.R. (Soviet 
Republic) and the latter the Fuel, Power and 
Heating exhibit, where steam-raising plant and 
prime-movers are shown, as well as heating appa- 
ratus. This grouping is developed out of last year’s 
lignite exhibit, and it shares the Hall with an exhibit 
of foundry practice. So far, it has not attained to 
particularly imposing dimensions. 

At several points inquiry bureaux are situated 
to aid the buyer in satisfying his special requirements 
and to foster export trade. 

Returning now to the Machine Tool exhibition in 
Hall 9, which is illustrated in our figures, there is 
sufficient of engineering interest to warrant a more 
detailed study. In the first place, one is pleasantly 
impressed by the business-like appearance of the 
Hall. It is some 600 ft. long by 250 ft. wide, with 
a gallery along each side, and the ground floor is 
filled with machine tools of all sizes up to a hori- 
zontal boring, milling and drilling machine, which 
weighs nearly 80 tons and stands about 30 ft. high. 
Stands showing legitimate accessories, such as 
grinding-wheels, milling cutters, gauges and precision 
instruments are to be found in the galleries, where, 
in most cases, power is not used, although it is avail- 
able if required; but there is a welcome absence 
of cheapjack stalls, which are confined to other 
buildings. Another pleasant feature is the absence 
of elaborate stands. As will be seen from Fig. 2, 
all stands are provided alike with posts and chains 
to mark their boundaries, and with a uniform pattern 
of simple sign-post bearing the firm’s name and 
stand number. Independently-driven machines pre- 
dominate, the tendency being to make the motor 
integral with the machine, and to employ clutches 
and, where necessary gear-boxes ; but for those who 
require it, line shafting runs the length of the hall 
under the two galleries, and in that case the exhi- 
bitor is charged on a flat rate for power. 

After a general survey of the machinery, one feels 
that the German manufacturer is alert to the pro- 
gress of machine-tool design in this country and 
America. His products combine in most cases 
rigidity of construction with attention to details of 
finish. As illustrations of the latter point, may be 
mentioned: the fitting in nearly every case of 
efficient and substantial guards to gear wheels, 
press tools, &c. ; the convenient grouping of controls 
and the use of push-button electric controls; the 
combination of electrical and mechanical design to 
obtain to the fullest the conveniences offered by the 
use of electricity ; the embodying of ammeters in 
a convenient part of the machine, so that the operator 
can constantly watch them and work the machine 
to the full; attention to lubrication requirements 
by fitting multi-feed oil boxes and mechanical 
lubricators; and the use of measuring apparatus 
integral with the machine, though this is not per- 
haps carried to the state of perfection seen at the 
last machine-tool exhibition at Olympia. As a 
further point of refinement at least two machines 
are provided with a slowly-travelling band of wire 
gauze, on which the cuttings fall and drain until 
they are delivered into a bin at the end. In one case 
the band travels the length of the bed between the 
slides on a heavy-duty thread-milling machine, and 
in the other case, it is fitted transversely on a small 
automatic. In the latter case a chute moves over 
at the moment of parting-off, so that the work is 
deflected as it falls, into a hopper where it can drain, 
without mixing with cuttings. 

In a later article, we propose to give brief des- 
criptions of some of the more interesting machines 
being shown. In concluding for the present, we may 
add that although this Hall is kept open a fortnight 
longer than most of the Fair, namely, until March 20, 
1t Is a very enterprising display in such hard times, 





for a period limited to three weeks. Most of the 
machines, too, are actually to be seen engaged on 
full production, even where intended for heavy work, 
such as tyre turning. 


(To be continued.) 








THE CONSTRUCTIVE WORK OF THE 
ENGINEER. 


THE constructive work of the engineer formed 
the main theme of the speech delivered by His 
Royal Highness the Prince of Wales in proposing 
the toast of the Institution of Civil Engineers, 
at the banquet held last night by that body. His 
Royal Highness stated that since he had become 
a member of the Institution he had visited many 
corners of the Empire and many quarters of the 
world, and while people could not help being 
thrilled when they saw the field on which Waterloo 
was fought, or Cap Trafalgar, he thought they 
could scarcely feel less pride when they contem- 
plated the great works of permanent value which 
the engineering profession had raised not only in 
the Empire, but the world over. It was always 
present to the mind that the Empire had been 
mainly the work of the sailor, the soldier and trader, 
and the contribution of the engineer was apt to be 
overlooked. Now that there was a tendency for 
construction to displace destruction, the work of 
the engineer should be better appreciated. Science 
was destined to play a big part in the future, and 
it was the part of the engineer to apply science for 
the benefit of industry. The Sennar Dam was a 
case in- point, engineering knowledge and achieve- 
ment resulting directly in a gain to the cotton 
industry. The Rotherham power station he looked 
upon as another fine example of the same thing. 
Finally His Royal Highness referred to labour condi- 
tions and the use of labour-aiding machinery in the 
United States, and expressed the hope that the 
Institution would do all in its power to encourage 
development along such lines which he felt con- 
vinced led to improved conditions of employment 
with healthier, cleaner and more congenial methods. 
Sir William H. Ellis, President of the Institution 
responded and pleaded for a closer partnership 
between science and industry. The Lord Chancellor 
also spoke of the constructive work of the profession, 
and replying to the toast of His Majesty’s Govern- 
ment, proposed by Lord Aberconway, said that the 
Government’s ideal was a constructive policy. 
They had to explore avenues, bridge chasms and 
dam floods, in fact build up what others had 
destroyed, and their key-note was reform by con- 
struction and not by destruction. The toast of ‘‘ The 
Guests ’’ was replied to in a very pleasant speech 
by the Lord Chief Justice, who was followed by 
Sir J. J. Thompson. The latter referred to the 
hope that someday they might be able to apply to 
practical purposes the energy of the atom, but said 
he was not so sure that he was anxious for this, 
since if it were possible to apply such energy to 
construction purposes it would be equally possible 
to apply it to destruction. That he thought would 
be fraught with great danger to civilisation. 








THE PRODUCTION AND MEASURE- 
MENT OF HIGH VACUA. 


In his concluding Cantor lecture, on March 1, 
Dr. Kaye reviewed the development of the mercury- 
vapour “diffusion ” pumps, introduced by Gaede in 
1915, and stated that they had displaced almost all 
other methods of producing high-vacua. These 
pumps, made in glass, silica, or steel, had no mov- 
able parts, but required backing pressures ranging 
from 20 mm. down to 0-1 mm. The diffusion prin- 
ciple was explained by Fig. 12. In Fig. 124, molecules 
of mercury were streaming along the main tube to- 
wards some condensing device and a backing pump ; 
a side tube was connected with the vessel to be 
exhausted. Under suitable conditions, air would 
diffuse into the main tube and be swept away, and 
though some mercury vapour would also diffuse into 
the side tube in the opposite direction, the air 
pressure reduction and exhaustion would proceed 
without limit, if the mercury from the opposing 
current were removed from the exhaust vessel by 





the condenser shown. The condensed mercury in 
these pumps was returned to a flask in which 
mercury was kept boiling. 

The success of the method was dependent upon 
the correct choice of the size of aperture to suit 
the backing pressure and the vapour pressure (and 
so the temperature) of the mercury. Gaede showed, 
first theoretically, that the size of the diffusion 
aperture should be comparable with the mean free 
path of the air molecules among the mercury 
molecules. With too wide an aperture, a blast of 
heavy mercury molecules would force back the air ; 
with too narrow an aperture friction retarded the 
diffusion. The speed of working depended greatly 
upon the vapour pressure of the mercury and the 
primary vacuum. When the vapour pressure was too 
small, air would diffuse back from the lower part 
of the main tube ; too high a vapour pressure would 
hinder the air flow. The conditions were, in fact, 
very critical. In order to overcome these diffi- 
culties, Langmuir reduced the flow of vapour into 
the side tube by inserting a jet into the main 
tube, and by making use of the momentum of the 
stream of vapour to carry it past the aperture in 
the side tube. The stream of vapour, moreover, 
dragged the air with it, and by moving the con- 
denser from the side tube (Fig. 124) to the main 
tube, just contiguous to the jet, (Fig. 128), the 
mercury molecules were arrested in any back 
flow. In the “condensation” pump of Langmuir, 
the pressure on the main vapour stream could be 
increased, since the partial pressure of the vapour 
trying to pass the aperture was reduced, while the 
partial air pressure in the opposite direction was 
increased. Thus the pumping speed was aug- 
mented, but it was still controlled by the partial 
pressure of the air, and not by the total pressure. 
Turbulent motion should not be allowed to com- 
mence; bumping of the mercury in the boiler 
was best avoided by using a flat-bottomed boiler 
with a shallow pool of mercury, or by special 
methods of heating, as by arc-heating from above 
(Dunoyer). The highest vacua were obtainable, 
but a trap was required to remove the mercury 
vapour which would otherwise be present in the 
exhausted vessel. Gaede had worked a pump using 
steam as vapour and the pores of an earthenware 
pot as apertures. 

Dr. Kaye described a great variety of diffusion 
pumps, several of which were demonstrated, and 
gave particulars of their rates of working which, 
according to the law of diffusion, should be inversely 
proportional to the square root of the molecular 
weight and thus be four times greater for hydrogen 
than for air. In one of Gaede’s early pumps 
(Fig. 13) the aperture was a steel slit. Langmuir s 
pumps have been noticed in our columns on several 
occasions, on page 365 of our issue of March 21, 
1924, for example, in connection with Sir E. Ruther- 
ford’s lectures on Properties of Gases, to which we 
shall have occasion to refer again. Crawford, in 1916, 
discharged the mercury vapour directly from the 
flask through a diverging nozzle into a large bulb 
from which it flowed back in to the boiler. Waran’s 
pump was also of simple construction, as was the 
pump of the Woolwich Research Department, 
illustrated on page 267 of our issue of August 22, 
1924, which resembled the “ bottle” pump, gener- 
ally made of metal. Two-stage pumps were intro- 
duced by Volmer in 1919; the first simple jet was 
in series with the second annular jet. In the 
three-stage pump of the General Electric Company, 
of Wembley, the first jet was of the Volmer con- 
verging type, and the two others were inverted 
annular jets produced by a glass umbrella mounted 
over holes in the central vapour tube, common to 
both stages. The Gaede three-stage steel pump 
was described by Sir E. Rutherford (page 366, 
loc. cit.) ; Dr. Kaye demonstrated its high speed of 
working, viz.: 15,000 cub. em. of air per second at 
10-4 mm. 

The latest form of the all-metal annular jet 
pump, developed by Messrs. Backhurst and Kaye, 
and made in the workshop of the National Physical 
Laboratory, which is remarkably rapid and simple, 
is illustrated in Fig. 14. The body, Dr. Kaye ex- 
plained, was of solid-drawn steel tubing, ;4, in. in 
thickness ; the bottom was welded to the walls, the 
top withdrawable and formed into a piston with a 
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lapped-in “ Blupet” piston ring. A'baked steatite 
disc kept the top cool, and steatite also insulated 
and supported the tube which thermally jacketed 
the central vapour tube. The boiler top, central 
vapour tube, and jet system could be readily 
withdrawn. The width of the annular jet was 
zz in and three small outward projections were left 
on the lip of the upper deflector to secure uniform 
clearance. By a helix of copper tape inserted in 
the jacket, which extended some distance above the 
jet, the water was given a swirling motion. 
Ground joints were used for closing the top and for 
connecting the steel cap and the glass tube leading 
to the vessel to be exhausted. The pump was 
heated by electricity or gas. With a mercury 
charge of 50 cub. cm., the pump would operate 
within 3 minutes of starting from cold. 
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Large-scale industrial applications of high-vacuum 
pumps Dr. Kaye exemplified by referring to Sir 
Charles Parsons’ pump, which we illustrated on 
page 459 of our issue of October 9, 1925, and to the 
steel mercury-vapour pump used by Brown-Boveri 
for maintaining their high-power mercury-arce 
rectifiers (mentioned on page 309, ante) at 0-01 mm. 
pressure ; the rectifiers ranged up to 2,000 kw. at 
1,800 volts. The pump was of the bottle type and 
was backed by a rotary oil pump ; the whole system 
was insulated for high voltage and was automatically 
controlled by a manometer and relay, which started 
the heating and water-cooling and the backing 
pump. 

Dr. Kaye mentioned that the National Physical 
Laboratory had experimented with vapours c! 
cadmium and of selenium, in the place of mercury. 
Cadmium had a negligible vapour pressure at 
ordinary temperature, so that a vapour trap became 
unnecessary, but it choked up the rough-pump 
connection, and the surface tension of selenium was 
so high that the apparatus became fouled with a 
continuous film. Proceeding to absorption methods 
of exhaustion, he pointed out that calcium, the 
alkali metals, phosphorus, iodine, magnesium, 
thorium, tungsten, finely divided copper, platinum, 
&c., were all suitable absorbing media, and he 
demonstrated that powdered metallic thorium 
would rapidly absorb from air all the ordinary 


purified in this way. The chief absorbent was, of 
course, charcoal, especially when dense and porous. 
Cocoanut shell was carbonised at 400 deg. C. to 
500 deg. C. and then activated, by heating to 800 deg. 
or 900 deg., or by superheated steam and other 
processes the object of which was to remove hydro- 
carbons. Down to 0-0001 mm., the absorption by 
charcoal cooled in liquid air or, better still, in liquid 
hydrogen, was rapid ; for higher evacuation charcoal 
was slower probably than a good mercury-vapour 
pump. In liquid-air containers, the re-entrant pocket 
of charcoal (which was to maintain the vacuum) 
was replaced by activated colloidal silica to avoid 
explosion if the container should be broken and the 
charcoal flooded with liquid air; silica was inferior 








constituents, except argon, which was industrially 





to charcoal as an absorbent at high evacuation. 
The “ cleaning up” of residual gases was effected 
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by “ getters,” which were vaporised in situ. The 
evaporation probably produced intense ionisation 
and chemical activation, and the condensed film, 
afterwards deposited on the walls, held the gas by 
adsorption or trapping. In the case of electric 
lamps, the getter was an alcoholic solution of red 
phosphorus and a salt (sodium silicate) into which 
one end of the filament was dipped ; the filament 
was then flashed. In valves, a tiny strip of mag- 
nesium was volatilised by high-frequency induction ; 
barium nitride was added for dull-emitter valves. 
Many substances that would sublime might be used; 

Coming finally to vacuum gauges, Dr. Kaye first 
mentioned the differential manometer of Shrader 
and Ryder (1919), in which an optical lever floated 
on the mercury in one limb. Of high-vacuum 
gauges, Dr. Kaye distinguished five types. The first 
type, represented by the McLeod gauge (1874), and | 
still extensively used, especially for calibration, de- 
pended upon Boyle’s law. A sample of the gas was 
compressed from a large bulb of known volume into 
a closed capillary, also of known volume, the excess 








pressure required to accomplish this being read off 
in the adjacent open capillary of the same diameter, 
Sometimes it was convenient to bring the mercury 
by which the device was operated up to the 
same zero in the open tube and to take the reading 
on the closed capillary (second method). The gauge 
was slow in action, unsuitable for rapid-pressure 
fluctuations, and unreliable in the presence of 
vapours. The gauge range was extended by com- 
bining several bulbs in parallel or series, as was done 
in the gauge of the General Electric Company 
(Fig. 15), or by sealing a Pirani gauge (to be ex- 
plained later) into the top of the closed capillary 
(Pfund, 1921). For the same purpose the Date 
Company, by an auxiliary pump, drew gas from the 
apparatus through a capillary and determined the 
gas pressure from the pressure difference at the two 
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ends of the capillary by means of Knudsen’s formula 
and a McLeod gauge. Knudsen’s pressure-reducing 
device was useful for the calibration of gauges ; it 
consisted of a row of alternately small and large 
bulbs joined in series and separated by taps. The 
whole apparatus was first reduced to the lowest 
pressure, and, by turning the first tap, a large bulb 
next to a small bulb was then made to share its 
acquired contents with the small bulb. E. Bolton 
King adopted a converse process ; he connected a 
small bulb (of 0-1 cub. cm. capacity or less) contain- 
ing gas at a few centimetres with a large bulb 
(2,000 cub. cm.) and broke the small bulb by an 
electromagnetic hammer, thus producing calculable 
small pressures. 

The principle of the second class of gauges, depend- 
ing upon molecular bombardment, and the Knudsen 
radiometer gauge of 1910 were discussed by Sir KF. 
Rutherford (ENGINEERING, March 28, 1924, page 
387), as also was the quartz pendulum. Owing to the 
absence of damping, which Dr. Kaye stated would 
introduce creeping, the Knudsen gauge was sensitive 
to tremor, and the torsion control was troublesome. 
This had been overcome in the Knudsen leaf gauge 
(1914), a water-jacketed glass tube, silver-plated 
inside, containing a split cylindrical copper tube 
in which a gold leaf, 10 cm. long, was suspended. 
This leaf was observed through the slit when hot 
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and cold water were passed alternately through the 
tube; but the temperature of the leaf was uncertain. 
The third class of. gauges depended upon the fric- 
tional drag (viscosity) of gas molecules past a solid. 
That drag was independent of the gas pressure down 
to about 1 mm., but then decreased steadily as 
the gas pressure was reduced. The drag could be 
measured, either by balancing it against a torque or 
by observing the damping of a body oscillating in the 
gas. The Dushman molecular gauge (loc. cit., April 
4, 1924, page 429) was of the first type, and the 
quartz pendulum of the second type, which Dr. Kaye 
exemplified by shaking a carbon lamp; the filament 
would not come to rest again, although the quartz 
pendulum swinging in a vacuum quickly stopped 
when air was admitted. Decrement gauges of this 
type had been made by Haber and Kerschbaum 
(1914), Coolidge (1923), and D. H. Scott (1924). In 
the decrement gauge of E. B. King (1925, Fig. 16) 
the oscillations of a quartz fibre were photographed. 
The suspension of the vertical thread was unaffected 
by temperature ; a second fibre crossed the first, 
and ended in spheres, 0-05 mm. in diameter which 
served as convex mirrors. A minute piece of iron 
was fixed at the junction of the fibres to start the 
oscillations of the second fibre. The advantages 
of this instrument were long period (one second), a 
definite plane of oscillation, a stable zero, indifference 
to tremors, and absence of metal parts. 

The fourth class of gauges, introduced by Pirani 
in 1906, depended upon the fact that the thermal 
conductivity of a gas at low pressures, became a 
function of the pressure. The resistance of a 
filament heated in the gas varied with the tem- 
perature which was controlled by the nature of 
the gas and by the rate at which gas molecules 
collided with the wire filament. By inserting the 
hot filament in one bridge arm and a cold filament 
in the other, Pirani measured the energy loss from 
the filament, either by keeping the heating current 
constant and measuring the change of resistance with 
the pressure, or by keeping the temperature, and 
thus the resistancé, constant and measuring the 
change in the energy supplied as the pressure 
changed. This second method, adopted by N.R. 
Campbell (Physical Society, 1921) in the gauge of 
the German Electric Company, was preferable, 
because curves for different gases could easily be 
correlated. The filament might simply be a loop 
of tungsten wire or an Osram lamp operated at a 
low temperature, not much above 100 deg. C. To 
guard against tremors and electrostatic fields, the 
lamp filament was cemented to each supporting 
hook, and an earthed gauze cylinder was slipped 
over the lamp. The Pirani gauge was very suit- 
able for rapid pressure changes and for automatic 
recording devices. Gauges of the fifth, electrical 
conductivity or ionisation class, suggested by O. E. 
Buckley in 1916, were valves consisting of filament, 
cathode grid and anode plate, raised to a potential 
above the ionisation potential of the gas. In the 
ionisation gauge of the General Electric Company 
(Fig. 17), the plate was formed by the silver coating 
of the inner surface, which might have to be renewed 
periodically. and the grid and anode might change 
places. From 0-001 mm. downwards this gauge, like 
several of the others mentioned, was available 
down to the lowest pressure obtainable, 10-7 mm., 
and possibly less. 

In concluding his lectures, which abounded in 
detail and useful hints for workers, much appre- 
ciated by the large audiences, Dr. Kaye expressed 
his thanks to the firms that had lent him apparatus 
and to his assistant, Mr. W. H. Sewell, who was in 
charge of the very successful demonstrations. 





INSTITUTION OF FUEL 
TECHNOLOGY. 


A REPRESENTATIVE and largely attended meeting 
was held in the Institution of Civil Engineers on Friday, 
March 5, for the purpose of considering the desirability 
of forming an Institution, on a wide basis of members 
ship, dealing with fuel in all its aspects. 

_Sir William Larke, Director of the National Federa- 
tion of Iron and Steel Manufacturers, occupied the 
chair, and in his opening remarks emphasised the fact 
that none of the existing Institutions was able to deal 
with the question of fuel supply and utilisation as 
fully as the importance of the subject demanded, 


and, moreover all papers upon it, were not as accessible 
as they might be to the specialists concerned, and still 
less so to the general fuel consuming interests. 

Sir. Philip Dawson, in moving the first resolution, 
dwelt upon the high percentage in production costs 
in most industries represented by the fuel bill, and 
illustrated this point by a reference to a recent conver- 
sation he had had with the managing director of one 
of the large German iron and steel works. In this estab- 
lishment they had, by a study of the scientific control 
of fuel, reduced the production cost of steel by three 
shillings per ton. 

Sir Richard Redmayne seconded the motion and 
expressed’ his confidence that a revival of industry, 
including that of coal mining, would ultimately result 
from more efficient methods of using fuel, if only by 
reason of the consequent reduced price, while Admiral 
Sir Edmund Slade in supporting these speakers, com- 
pared the importance of developing fuel supplies with 
food supplies, and urged the desirability of conserving 
native sources by scientific use. 

The resolution put was as follows: ‘‘ That this 
meeting is of opinion that in view of the national 
importance of the scientific utilisation of fuel an 
Institution should be formed, having for its general 
objects, the promotion of the efficient production and 
utilisation of fuel, and the co-ordination of work in this 
country and abroad associated with the scientific 
utilisation of fuel in industry.” This was carried 
unanimously, and after a considerable amount of 
discussion on matters of procedure and detail, a further 
resolution was put to the meeting, namely,“ That an 
Organising Committee be, and is, hereby elected, to 
determine the general basis of organisation and to 
define more specifically the object of the work of the 
Institution: Such Organising Committee in the first 
instance to be representative of the following interests : 
academic, consulting fuel technologists, electrical, 
mechanical, oil, low temperature carbonisation, and 
gas engineers, coal owners, iron and steel manufac- 
turers and manufacturers of fuel equipment, in the 
proportion of not more than two members from each. 
The committee to elect its own chairman and to have 
power to co-opt additional members, but not exceeding 
in number one-third of the appointed committee, to 
assist in their deliberations.” This was also carried 
unanimously. 

The names of the committee as elected are Sir 
William Larke, Sir Philip Dawson, Sir Richard 
Redmayne, Admiral Sir Edmund Slade, Professor 
R. V. Wheeler, Dr. R. Lessing, Dr. W. M. Travers, 
F.R.S., and Messrs. David Brownlie, E. C. Evans, 
S. Mc.Ewen, P. Rambley, L. C. Harvey, T. 8. North, 
W. M. Selvey, and David Wilson. Also elected, 
subject to their willingness to serve, were Lord 
Montagu of Beaulieu, Mr. Evan Williams (President 
of the Mining Association) and Mr. C. F. Sparks. 

A final resolution was put to the meeting and carried 
to the effect “That the Organising Committee be 
requested to prepare a report as to the constitution of 
the Institution, and to make recommendations as to 
the name thereof.” 

In connection with the last two resolutions it was 
agreed by the meeting and those representatives of 
that body present, that the work of the Committee 
should include the consideration of amalgamation 
with the recently formed Institution of Fuel Economy 
Engineers. The report of the Organising Committee 
is to be circulated one month before the date of the 
next general meeting, which in any case is not to be 
later than July 31. The Hon. Secretary (pro tem) is 
Mr. Edgar C. Evans, National Federation of Iron and 
Stee! Manufacturers, Caxton House East, 8.W.1. 





THE LATE DR. JOHAN AUGUST 
BRINELL. 


By the death of Dr. Johan August Brinell on 
November 17 last—of which we unfortunately had 
no advice at the time—there has passed away a 
scientist whose name is now in daily use in all 
metallurgical and engineering circles of every industrial 
country. Dr. Brinell was born on June 19, 1849, at 
Bringetofta, in the province of Jonképing, Sweden, and 
very early in life showed a special inclination towards 
mathematical and scientific work. After a period of 
studies he entered, in the early ‘seventies of last 
century, engineering works at Vasteras, Trollhattan, 
Finspangs and Lesjéfors, becoming later, in 1882, 
chief technical manager of the Fagersta Iron and 
Steel Works, a post which he filled for 21 years, 
and relinquished in 1903. In the latter year he was 
appointed chief engineer to the Swedish Iron Trade 
Association, the Jernkontoret, a position he occupied 
for 11 years, until July, 1914. Although Dr. Brinell 
then entered private life and retired at Nassjé, 
he continued to deal with unabated interest with 
numerous metallurgical and engineering problems 





and was always ready to share with others the benefit 





of his great experience. Many have profited by his 
generosity in this respect. 

As early as 1886, in a classical metallurgical work of 
his, Dr. Brinell called attention to the changes occurring 
in the structure of steel on heating and on cooling, 
following a large number of experiments he carried out, 
over 80 of which were made with samples of steel from 
the same Bessemer ingot. In his researches, he called 
V the temperature at which hardening carbon was 
changed to cement carbon during the slow cooling of the 
steel, V representing the temperature of the critical 
point commonly known as the point of recalescence. 
The point in question has since been designated the 
Ar, point. Dr. Brinell indicated by W; the temperature 
at which the opposite phase of the same phenomenon 
took place, namely, the passage of cement carbon 
into hardening carbon during the heating of steel, a 
point which has since been called the Ac; point. 

At a later date, in 1890, Dr. Brinell carried out at 
Fagersta researches on the utilisation of producer tar 
as fuel, mixing the tar with charcoal dust ; the mixture 
when dried was used for firing boilers. The steam 
production with the mixture was said to be equal to 
that obtained with the best English coal, but the 
consumption was greater. In place of the charcoal 
dust, sawdust was occasionally employed and the fuel 
mixture, in the latter case, was found little inferior to 
that made with charcoal dust. 

Dr. Brinell did also much work in the development of 
the open-hearth process, the heat-treatment of forgings, 
and in different branches of metallurgy. He is best 
remembered, however, in connection with the ball- 
hardness test which bears his name, a method of testing 
which he devised towards the close of last century whilst 
he was chief technical manager of the Fagersta works. 
As was recorded in a‘ paper read before the Iron and 
Steel Institute in the Spring of 1901, Dr. Brinell’s 
attention was first directed to this particular subject 
through the want of some ready, and at the same 
time simple and reliable, means of controlling what 
are called “forging tests’? commonly resorted to in 
practical working, and of ascertaining more espe- 
cially the relative hardness of materials,, For this 
purpose he used special hardened steel balls which 
he forced by pressure into the surface of the metal 
to be tested, so as to cause an impression, the area 
of which was then measured to arrive at the 
spherical area of the dent. The quotient obtained 
by dividing the maximum pressure by this area gave 
the Brinell hardness number. Since the introduction 
of the Brinell testing method, the formula has been 
modified by various physicists, and the machines used 
have been greatly improved. The method, in fact, has 
developed to such an extent that, in the words of 
Professor Guillet, the number of Brinell tests which were 
made in France during the war period, from 1915 to 
1918, exceeded 1,500,000 and probably reached 
2,000,000 per diem. Since its inception, the Brinell 
hardness testing of metals has frequently formed the 
subject of papers read, and of discussions held, at 
the meetings of technical institutions in this and in all 
other manufacturing countries. The actual value of 
this means of testing has frequently been questioned, 
and a correlation between its results and those of other 
methods of testing has probably been sought for too 
closely, but that it is a handy, trustworthy test and 
one that can be carried out by any intelligent workman 
cannot be gainsaid. 

The title of Dr., honoris causa, was bestowed upon 
Brinell by the University of Upsala in 1907. In the 
same year he was awarded the Bessemer medal 
of the Iron and Steel Institute, of which he had been 
elected a member in 1897. Dr. Brinell became a 
member of the Institute of Metals in 1922. He was 
the holder of numerous orders and distinctions which 
had been conferred upon him by Sweden and other 
countries. 





City AND GUILDS oF LONDON ENGINEERING COLLEGES. 
—The northern sections of the Old Students’ Associa- 
tions of the City and Guilds of London Central and 
Finsbury Engineering Colleges are holding their fourth 
annual dinner at the Engineers’ Club, Manchester, on 
March 19 next. Old Students are requested to com- 
municate with Mr. J. P. Clifton, Hereford House, Sale, 
Cheshire. 


INsTITUTION oF PuBLIic LicHTING ENGINEERS.—As 
announced in our issue of January 1 last, page 27, the 
third annual.meeting and conference of the Institution 
of Public Lighting Engineers will take place, this year, 
at Newcastle-upon-Tyne. In connection with this 
function, it is proposed to hold an exhibition of modern 
lighting appliances, both gas and electric. The exhibition 
will remain open during the three days of the Conference, 
namely, September 14, 15 and 16 next. Firms desirous 
of exhibiting should apply at once to Mr. R. Davison 
(the president elect of the Institution), Public Lighting 
Superintendent, Corporation Lighting Department, 
Blagdon-street, Newcastle-upon-Tyne, stating the amount 
of space required and whether electric current or gas 
will be needed in connection with the exhibit. 
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THE DIE-CASTING OF ALUMINIUM 


ALLOYS.* 
By GEoRGE MortTiMeEr. 

From the utility standpoint one of the interesting 
attributes of the metal aluminium is the ease with 
which its alloys may be die-cast. The economic value 
of die-casting in general is now widely admitted 
and need not be unduly stressed here. It is generally 
recognised that the die-casting of brass and the 
bronzes have received close and costly attention of 
late, whilst in America at least one firm is successfully 
producing iron castings from permanent moulds. 
Modern developments have produced a confusing 
array of light alloys, the possible combinations being 
practically unlimited. To clear the ground it is only 
necessary to remember that the present range of 
physical properties is limited. That range may be 
obtained, for all practical purposes, as readily from 
one or other of the well-known B.E.S.A. specifications 
as it can be by ringing the changes on half a dozen 
of the more costly of the rarer metals. 

The only exceptions of practical note at present 
lie in the silicon and the silicon-copper alloys, all of 
which have properties of distinct value to the worker 
in permanent moulds. Die-casting troubles hinge 
notably on crystallisation shrinkage and on low 
physical properties at the freezing range. The silicon 
alloys, with their low solidification shrinkage and 
high elongation at high temperatures, stand alone in 
marked contrast to the more widely-known and 
adopted alloys; and, as might be anticipated, the 
silicon-bearing alloys ensure a certain freedom from 
many of the minor troubles associated with casting in 
permanent moulds. Aluminium casting alloys to the 
B.E.S.A. specifications, however, have an advantage 
in the fact that they are well understood by designers. 
In the past ten or twenty years their properties have 
been investigated by different expert authorities. 
The alloys have been tried out under widely varying 
service conditions, and generally established as reliable 
engineering materials under the safe chaperonage of 
all those elusive factors covered by the term 
experience. 

Easily the most popular alloy for general die-casting 
purposes is the one containing from 7 per cent. to 
8 per cent. copper, and known in this country as 
3LIL. In the United States, under the well-known 
name of No. 12, this alloy comprises 90 per cent. 
of the enormous output of aluminium castings for 
general engineering purposes, whether cast in sand 
or in dies. A higher copper content gives a hard- 
wearing machined surface, eminently suited for such 
parts as automobile pistons. Additional copper also 
slightly decreases the total shrinkage and the general 
tendency to porosity—a point of value in connection 
with castings designed to withstand hydraulic pressures. 
The indiscriminate addition of copper, however, brings 
its own penalties in a rapidly increasing brittleness, 
and in an increase in weight out of proportion to any 
gain in strength. To guide founders and designers 
alike in the matter, therefore, we now have the 
specification L8, standardising a content of 12 per 
cent. copper—-an alloy which still holds its own in 
popular esteem for automobile pistons. 

The copper alloys have a material advantage over 
those containing zinc in their relative ability to with- 
stand high temperatures. All zinc-containing alloys 
are weak at high temperatures, and_ specification 
2L5 should never be used for pistons or for castings 
called upon to withstand a similar range of working 
temperature. 2L5 is an alloy, however, which has 
for twenty years been established as a reliable material 
in this country, and it is used for crankcases and 
other stressed parts where Americans would normally 
use the straight copper alloy. In spite of its weakness 
at high temperatures, this alloy has been found to 
give excellent die-castings. The specification figures 
for tensile and elongation are as often as not con- 
siderably exceeded on the standard bar called for by 
that specification. Those conditions may be imitated 
with fair accuracy on many designs of casting in a 
gravity-poured permanent mould, and as a result it is 
possible to obtain from vhis alloy very strong reliable 
castings. The alloy has therefore, a useful field in 
permanent mould work, and the extent to which it is 
penetrating the erstwhile monopoly of the straight 
copper alloys indicates that that field is being steadily 
exploited. 

L24, better known as “ Y ” alloy, can no longer be 
regarded as a new-comer either as cast or forged. Asa 
die-casting alloy it gives little trouble once its properties 
are understood, and the castings produced are peculiarly 
white, clean, and close-grained, giving a beautiful 
machined surface. “As cast’ its properties hardly 
justify its relative cost, except possibly in the case of 
pistons, where the excellent frictional and thermal 


* Paper read before the Institute of Metals, London, 
on March 10, 1926. Abridged. 





properties of the alloy offer advantages which, taken as 
a whole, are not yet equalled by those of any other 
standard light alloy. L24 is not intended to be used, 
however, in the “as cast” condition. It is primarily 
an alloy the properties of which are brought out by 
subsequent heat-treatment, and the close-grained 
structure found in a carefully poured permanent 
mould casting is pre-eminently suited to the conditions 
governing the consistent success of that heat-treatment. 
Permanent mould castings in “‘ Y ” alloy, intelligently 
heat-treated, offer the nearest approach yet to Duralu- 
min, and they are being used to a rapidly growing 
extent in this and other countries, wherever something 
approaching the strength and fatigue value of a forging 
is sought and a forging is impracticable. 

Of the many possible methods of obtaining castings 
from permanent moulds, there are five of interest 
to the worker in aluminium. They are: (a) Slush 
casting; (b) gravity casting; (c) centrifugal casting ; 
(d) Cothias casting; (e) pressure casting. 

Slush Casting.—We place this first because it is the 
simplest of all methods of casting, and dates from 
remote eras. The mould is generally made of cast 
iron, and is cut to the contour required by the outside 
surface of the casting. Metal is poured in at the top, 
the mould is almost immediately inverted, and the 
greater part of the metal poured out again. That 
metal which comes in contact with the mould surface 
has meanwhile set ; it does not run out again, and so a 
hollow casting is obtained at very little trouble and 
with an excellent external finish. The field for this 
system of casting is obviously limited, but many 
thousands of parts like aluminium kettle spouts, gas 
chandelier fittings,’and similar articles of decorative 
rather than engineering value, are produced daily by 
this method here and on the Continent. 

Gravity Casting.—This is a natural development of 
the above, following on engineering requirements in 
the direction of a more scientific fixing of sections 
throughout the casting. In the gravity permanent 
mould, cores are provided as in sand-castings. As in 
sand practice, also, the metal must set between the 
walls of mould and core. Therefore, since it freezes 
first in actual contact with these walls, it follows 
that there is a period during which there are virtually 
two castings, one within the other, with the space 
between them filled with molten metal. This molten 
metal must be fed as it freezes in turn, which means 
gates and risers and all the refinements associated with 
sand-casting. The problems met with in this method of 
casting are in fact identical with those met in sand- 
casting, though some of them may be intensified and 
others the reverse, and though the lines on which these 
problems are met may appear to differ from accepted 
sand practice. This process is so much more accurate 
than sand-casting, and possesses so many other 
desirable features, that its field of utility in engineering 
is a very wide one. It is extensively in use in this 
country and on the Continent for highly stressed and 
other engineering parts, and will be dealt with rather 
more fully in a later section. 

Centrifugal Casting.—The pressure exerted by gravity 
in the case of so light a metal is almost negligible, and 
about 90 per cent. of the art of producing clean-cut, 
sound castings by the gravity mould process lies in 
considerable care in the design and adjustment of 
gates, risers, and vents. Once a gravity mould has 
been worked into condition, castings may be turned out 
ad lib. by practically unskilled labour, with little 
subsequent trouble and very little cost per casting. 
Many of the troubles connected with accuracy, clean 
finish, the complete running of the more intricate 
shapes, and so on, are directly associated with this 
problem of the very low pressure available. It was 
natural, therefore, that engineers should early turn 
their attention to some form of artificial pressure, 
whereby the mould could be filled by force, and sound- 
ness and clean definition seemingly assured. 

The simplest form of artificial pressure is that of 
centrifugal force, and its simplest application is seen 
in the production of close-grained, cylindrical castings, 
for machining into piston rings of either cast-iron or 
one of the modern light alloys. The commonly em- 
ployed apparatus consists of a hollow cylinder mounted 
horizontally on a spindle. The cylinder has an internal 
diameter corresponding with the exterior dimensions of 
the required casting, and the thickness of the latter is 
set by a flange at either end of the cylindrical mould. 
Metal is poured in whilst the mould is rotating on its 
spindle at high speed, and centrifugal force causes it at 
once to conform to the internal contour of the mould. 
Excess metal flows out over the flange at the end, and 
rotation is continued until the metal has set, when a 
cylindrical casting of peculiarly dense and even grain is 
removed from the mould. The application of this form 
of casting is necessarily very limited, but a variation of 
the principle is obtained by mounting ordinary gravity 
moulds at the periphery of a revolving table, and 
pouring via radial gates from the centre of the table. 





This procedure has been employed in England with 


some success in the case of aluminium sand castings, 
In die-casting practice, however, time is the essence of 
the contract, and the time factor is against any great 
extension of this form of centrifugal casting. 

Cothias Casting.—In this system a measured amount 
of metal is poured into the mould, which is cut to the 
contour called for by the exterior of the required casting, 
A plunger having the contour of the interior of the 
casting, and taking the place of the usual core, jg 
immediately brought down into the mould by a species 
of power press. The metal is thus forced under 
considerable pressure to.take up a position between 
mould and core, and to enter the finest corners. The 
metal sets, the plunger is raised, and the result is a 
clean-cut casting of dense structure. This process, as 
distinct from the previous ones, is true die-casting, in 
that the metal is positively forced to take the dimension 
of an accurately cut die. The result is a casting having 
a finish and a degree of accuracy which calls for little 
or no subsequent machining. Having a parallel with 
the draw-press of sheet-metal work, however, it com- 
bines much of the latter’s speed of working with its 
essentially limited field of utility. The Cothias process 
produces great numbers of accurate and_ beautiful 
castings of relatively open design, but is limited ty 
castings of that type. 

Pressure Casting.—Under this heading comes that 
vast array of patents covering some means of applying 
external pressure to the metal, and forcing it to pass 
through gates into the mould. The essential difference 
here is that no part of the mould moves in order to bring 
about that pressure. The mould is built up ready with 
its cores in position, just as in the gravity poured 
casting, but the pressure due to gravity is enormously 
assisted by artificial means. It follows that the system 
is at least as widely applicable as that of the gravity 
mould, as far as the production of intricate shapes is 
concerned. Many of the earlier designs of apparatus 
incorporated some form of piston or plunger which 
forced the molten metal through the gates. Metallic 
plungers were gradually abandoned, however, in favour 
of one of compressed air, and machines employing this 
flexible medium are now very widely in use. 

In this process air under considerable pressure is 
brought to bear on the surface of the molten metal at 
the right moment ; the metal is shot into the die and 
immediately solidified ; the cores are withdrawn, the 
sprues cut, the mould opened and the casting ejected, 
all by means of cams or pistons operated by compressed 
air, steam, or hydraulic pressure. The mould and cores 
are reassembled by the same means, either by the 
movement of a few simple levers, or more or less 
automatically; the degree of development is set 
mainly by economical considerations, the number 
required from a given mould, the output allowable, 
the price obtainable for each casting. 

The Choice of a System.—Now, of the five classic 
methods briefly reviewed above we may reject three. 
Slush casting is not an engineering process, though 
a useful and economical string to one’s bow in 
the case of decorative parts. Centrifugal casting is 
supreme in its distinct field, but this is necessarily a 
limited one. The Cothias process, economical and 
accurate enough, is confined by its very nature to 
castings of relatively open shape. There remain the 
gravity and the pressure systems, and the choice 
between one or the other depends on a variety of 
factors, which may conveniently be considered under 
the broad headings of technical and economical aspects. 

Technical Considerations.—It seems on the face of it 
that the pressure casting must logically be the sounder 
—that since an ordinary gravity poured casting is 
stronger than a sand-casting, one poured under pressure 
must necessarily be stronger than either. This is 4 
point of view so often encountered by the author, and 
so fundamentally wrong, that a brief consideration of 
the factors which make for soundness in a casting may 
be justified. For the fact is that a gravity-poured 
casting is superior from the point of view of metal- 
lurgical structure than one produced by the pressure 
machine, and reasons for this are not far to seek. They 
hinge for the most part on the total shrinkage of the 
metal and its propensity to absorb gases. Firstly, 
take total shrinkage. In both gravity and pressure 
casting it is possible to withdraw cores immediately 
the metal sets, and so allow the casting to contract. 
In neither case is it possible to withdraw cores before 
the metal freezes, so that in any case the crystallisation 
shrinkage has taken place before cores are withdrawn. 

Now, in the case of a gravity mould, the relative 
temperatures of metal and mould, the rate and the 
direction of pouring, may be so regulated that the 
casting freezes more or less progressively as the mould 
slowly fills. Each layer as it freezes can be automatically 
fed by the fluid layer above, and this factor can do 
much to counteract any evil effect of crystallisation 
shrinkage on the strength of the subsequent casting. 
Contrast this freedom of pouring, these elastic condi- 
tions, with the case where the metal is shot into the 








mould and instantly solidified whilst still in a turbulent 
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condition. As in the case of the gravity mould, the 
metal in contact with the walls of the mould freezes 
first ; but here there is little to feed the space between 
what are virtually two thin castings, one within the 
other. Metallurgically, the space between sets to an 
open, porous structure within a beautifully finished 
exterior, an analogy for which may be found in the 
finely built exteriors of the piers of St. Paul’s, which on 
examination disclose a core of indifferent strength. 
Similarly in regard to gas occlusion. In both gravity 
and pressure casting practice the tendency is for the 
metal to absorb rather more gas than would be accepted 
as good practice in a sand foundry. The pressure 
system tends if anything to encourage such absorption 
by reason of the air pressure applied periodically to 
the surface of the melt. The air within the mould is 
taken care of in both instances by the provision of 
adequate vents. The latitude in gating and pouring 
offered by the gravity system necessarily implies a 
more thorough escape of this air as compared with the 
high velocity entry of the metal under artificial pressure, 
but this is an aspect which may well be overcome by 
ingenuity in design of the pressure die. The most 
considered venting, however, will not help matters in 
regard to the gases occluded within the metal itself. 
These gases tend only to leave the metal as it freezes, 
and by that time every vent in a pressure die is effectu- 
ally sealed by a thin but relatively impervious wall of 
solidified alloy; and so the gases remain within the 





casting. In the case of a correctly poured gravity 
casting, gases have more time to come off progressively 
at the rising surface; that they do so is indicated by 
the marked difference in the fracture of such castings 
as compared with those from pressure machines. 

The question naturally arises as to why pressure 
castings are turned out at the rate of many millions 
daily ; so much so that the tonnage from one or two 
large firms in America alone might well equal the 
tonnage produced by most of the gravity mould founders 
in England. The reply is that, for a vast range of 
industrial parts, academic considerations of strength 
simply do not count. All that is aimed at is a light, 
rigid part, of adequate strength for the job in hand and 
calling for little or no subsequent work. Technically 
speaking, gravity and pressure castings cater for two 
quite distinct fields in industry, although these fields 
necessarily overlap to a considerable extent. On 
stressed work gravity casting comes into its own; 
but to many thousands of parts pressure casting is 
pre-eminently suited on the grounds of economy, 
rapid production, adequate strength, and a degree of 
consistent accuracy which cannot be maintained in a 
gravity mould. Where purely academic considerations 
of strength are subservient to these considerations, there 
is only one factor which need be considered in the 
choice between the two systems—that is, the number 
required regularly from any one mould, and this 
brings us to the question of economy. 

Economical Considerations—Economically the pres- 
Sure system starts with a heavy advantage in speed, 
accuracy, and the possibility of running thinner 
sections than are practicable in a gravity mould. It 
‘s economical in labour because most of the operations 
are effected by mechanical means, and in metal because 
both gates and actual sections of the castings are cut 
to a degree impossible when working only with gravity. 
These advantages, however, are not obtained for 


hangs on the handling of sufficient numbers of castings 
to one design to warrant a heavy initial outlay. Pres- 
sure-casting machines are costly items, and in addition 
to these must be added the capital cost of a well- 
equipped machine shop on tool-room lines, for the 
production and maintenance of the necessary dies. 
These dies are in themselves exquisite pieces of mecha- 
nism, designed and constructed by experts, built up 
of sections and cores and slides of special alloy steels. 
These steels, selected with care by metallurgists, are 
heat-treated more than once in the process of manufac- 
ture, and tested again and again for minor flaws and 
cracks which, infinitesimal in themselves, may cancel 
much costly workmanship when subjected to the 
searching action of molten aluminium under pressure. 

Against this the ordinary gravity mould, cast in a 
close-grained grey iron, finished in any average machine 
shop to dimensions given on a rough sketch, is a mere 
bagatelle. Such a mould often enough costs little 
more than a set of first-class mahogany patterns and 
core boxes ; it may cost less than metal patterns and 
stripping plates arranged on a machine for an equiva- 
lent output in sand moulding. There is, in fact, little 
room for comparison between the outlay on a gravity 
mould and that on the highly developed die of a pressure 
machine. The former is justified on orders for a few 
hundreds off. For the same casting a pressure die 
would seldom be justified for orders of as many thou- 








nothing. The whole proposition of pressure casting 


sands, whilst the great pressure die-casting industries 
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were, in fact, largely built up on orders running into 
the region of millions of castings from one fixed design. 
Gravity Casting Practice.-—Let it be assumed that 
the necessary melting plant is available, on lines 
suitable for sand-casting. In addition to this, for 
convenience in working, it is desirable to provide some 
sort of plant for maintaining the metal in a molten 
condition, handy for ladling into the mould. The 
simplest consists of a cylinder of sheet iron lined with 
refractory brick-work, and supporting a cast-iron pot 
of about 100-lb. capacity, fired either by a Bunsen 
gas-burner or by fuel oil. A cast-iron cowl should be 
provided to deflect waste heat and a non-oxidising 
atmosphere on to the surface of the melt. Such a 
furnace can be built on the spot in a short time at little 
outlay and its upkeep is negligible. Secondly, one 
needs sooner or later some method for raising the dies 
to their working temperature of between 250 deg. and 
450 deg. C. A simple and economical expedient is to 
place the die on the top of the furnace; generally 
speaking, when the die can be worked rapidly and 
smoothly it is maintained automatically at its working 
temperature by the molten metal. As experience is 
gained, however, larger and larger dies come into 
commission, and it is as well to provide at the outset 
some form of muffle for preheating them. For the 
same reason it is well to design this muffle so that its 
floor rests on or near the floor of the shop. A hot and 
heavy die is an awkward object to remove from a 
high muffle, and, in addition, the resting of the muffle 
on the ground prevents some loss of heat through free 
circulation of air beneath it. A simple form is merely 
a brick chamber reinforced by angle-iron framework, 
and fired by a couple of gas or liquid-fuel jets. This 
muffle can, obviously, be designed and erected by any 
intelligent bricklayer, directed by a foreman who knows 
what he wants, and it is likely to save a great deal of 
time in getting the dies under way in the morning. 
Thirdly, one needs a cast-iron table or two on which 


to manipulate the dies. Fourthly, some convenient- 
sized ladles, skimmers, a lead or copper hammer or two, 
and a few pairs of tongs. All ladles, skimmers, pots, 
and other gear likely to come in contact with the 
molten alloy must be periodically cleaned and kept 
dressed with a whiting and water-glass wash. A large 
universal vice or two are useful, fixed to a handy bench, 
for carrying out those small die adjustments and easing 
of parts best done on the spot. Dressing and finishing 
is also best carried out close at hand, so that runners 
and risers may go back into the pots with a due 
proportion of new metal, and with the smallest propor- 
tion of dirt. For this a small band-saw is strongly 
recommended as clean and rapid, and a disc grinder 
or a linisher is a useful accessory for final touches. 
Good ventilation, racks for spare dies, trays for skim- 
mings and spillings, make for clean and efficient work. 
The die-casting process is essentially one of cleaner 
surroundings than are possible in the sand foundry, 
and development of this aspect has a sound moral 
effect. 

Material for Dies.—The best all-round material at 
present available is a good cylinder iron having a close 
grained structure, and a degree of hardness which will 
not interfere with convenient machining and hand- 
cutting. Some authorities recommend an iron fairly 
high in phosphorus, on account of its fluidity and the 
clean definition obtainable. It is, however, a moot 
point whether this advantage may not be offset by the 
greater liability of phosphorus-bearing 
irons to attack by molten aluminium. 
One of the many analyses known to 
serve the purpose well is given herewith : 





Per cent. 
Graphitic carbon _.... 2-90 
Combined carbon... 0-40 
Silicon oe a 1-50 
Phosphorus 0-50 
Sulphur st bags 0-05 
Manganese .... as 0-90 


The actual amount of material to be 
used is difficult to give guidance on, 
hinging as it does on the individual 
problems to be met on different castings. 
A useful rule is to allow for the walls 
of the die a thickness in the ratio of 3:1, 
to the thickness of aluminium alloy it 
is moulding. This is about the best 
ratio of chill to obtain the best metal- 
lurgical results from the alloys men- 
| tioned, and, although the rule cannot 
* | often be followed logically throughout 
*| the mould, it is a good basis to start 
on. Allow more iron in the gates than 
would appear strictly necessary. Die- 
castings are sensitive to gate design, 
and it is useful to be in a position to 
carry out slight changes in gate section 
or contour as found desirable. 

Design of Dies.—It is outside the 
scope of this paper to deal very ex- 
haustively with so wide and complicated a subject 
as die design. The problems to be met differ too 
greatly in both technical and economical directions, 
and the manner in which they are met depends so 
much on the training and previous experience of the 
die-maker. ‘There is, in fact, some solid comfort for 
the beginner in this very diversity of method. There 
is no particular standard practice in existence yet ; 
a die in one street may turn out castings as rapidly 
and truly as a die in the next street may turn out 
the same casting, although the design and operation 
of the two dies may differ widely. In other words, 
a great deal hangs on personal ingenuity, common sense, 
and the gathering of experience in relatively simple 
work. None of these can be imparted by the most 
detailed treatise, but a few hints in regard to the 
mechanical and metallurgical requirements may assist 
matters. 

Mechanical Points in Design.—The point to keep in 
mind is that a casting is wanted, not only as sound 
as possible, but also as quickly as possible; this 
implies a casting which can be ejected from the mould 
with the minimum of trouble. The first point to 
settle, then, is the line or lines on which the mould 
will be parted, and the parting line will generally 
fall into one of the four following classes: (a) where 
the casting impression with its runners and risers 
may be cut wholly in one side of the die; (6) where 
the casting is so symmetrical about its centre line 
that half of its impression and runner may be cut 
in each side of the die; (c) where the dies are built up 
on a bedplate which may or may not mould part of 
the casting; (d) where the impression is cut almost 
wholly in a bedplate, covered in by one or more runner 
blocks. 

Having fixed the parting line so that the casting 
will obviously leave the mould without undue 
persuasion, there are two factors which should affect 
its final choice. The first is that parting lines leave 
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a slight flash, so that they should be located if possible 
at corners where they will not spoil the look of the 
casting. The second is that parting lines act very 
usefully as vents; the existence of a parting along 
the corner of a casting brings that corner up sharp 
and accurate. For this reason alone extra partings 
in the die are often incorporated and bolted perma- 
nently up again. If there is any choice in the location 
of the essential parting line, place it along some corner 
which calls for sharp definition ; it will then be con- 
verted from a blemish into a positive asset. Finally, 
having fixed the parting line with due attention to the 
above considerations, there arises the question of 
subdivision from the point of view of easy construction 
alone. Many cases will be encountered where, by 
providing a further parting line, which is afterwards 
bolted up, much arduous and costly handwork in 
undercutting is converted to a rapid and simple 
machining operation. 

Locking Devices.—It is necessary to lock the halves 
of a die very firmly together to avoid inaccuracy, and 
yet by some device which only takes seconds to 
release. A die which is being worked into condition 
may be gripped together by ordinary clamps ; sooner 
or later it is well to provide some simple and more 
permanent locking device, such as two hook plates. 
The curvature of the hook plates should be so arranged 
that a tap with a lead hammer on the top of the hook 
draws the two sides of the die hard up together. 
Refinements on this simple method will suggest them- 
selves to a keen staff. 

Ejector Pins.—These used to be a standard fitting, 
but by careful design they are as often omitted 
altogether nowadays. The objection to ejector pins, 
apart from the increased cost of the die and un- 
necessary complication, lies in the fact that they 
inevitably leave their mark on the casting. For the 
great majority of castings nothing more should be 
needed for rapid extraction than a few taps with a 
lead hammer on the die whilst the casting is grasped 
by tongs at gate or riser. 

Dowels and Spigots.—It goes without saying that the 
different parts of a die must be located accurately in 
regard to one another, and that either spigots or 
dowel pins must be provided to this end. These 
must be given a slight taper, in the general cause of 
rapidity of working. 

Cores.—Cores are continually subjected to tensional 
stresses and are further liable to rise in temperature. 
since they are generally for the most part surrounded 
by molten metal. They are therefore made of tool 
steel, of the usual tungsten class. A slight taper is 
allowed on all cores and similar parts withdrawn 
quickly to allow of contraction in the casting. Where, 
as in the case of automobile pistons, it is necessary 
to maintain parallel dimensions, cores are made up in 
three or more sections ; the centre ones are provided 
with a large taper, and are withdrawn first, thus 
releasing the side sections (see Fig. 10). Even where the 
internal dimensions do not call for great accuracy, 
it is often more economical in deep draws to divide 
the core in this manner, in the interests of rapid and 
easy operation. 

Handles.—Into the sections of die and core, steel 
rods of about 3-in. in diameter are screwed and bent 
into the form of handles for convenient manipulation 
of the parts. On small dies worked at relatively low 
temperatures these may be fitted with ordinary wood 
file handles ; on larger work the operators work with 
gloves, and wood handles are discarded. . 

Contraction Allowance.—Allow 0-1 per cent. for 
contraction in the design of the die, and correct any 
slight inaccuracies afterwards. 

Refinements.—The above hints indicate only the 
main necessities. There are patent machines for 
opening up dies rapidly by various devices; some of 
the patent core-making machines on the market can 
readily be adapted to the purpose, and on a long- 
running contract some apparatus of this sort generally 
comes into being as a natural development in the 
direction of saving seconds. Asa general rule, however, 
the simpler the die is to start with, the greater the 
chance both of technical success and of profit on the 
job. For the rest, a guarantee to the operators and 
charge hands that piece rates will not be cut through- 
out the run of a contract is’ often productive of much 
ingenuity in time-saving devices. 


(To be continued.) 





Batt AND Rotter Bearrncs,.—We have _ received 
two photographs from Messrs. The Hoffmann Manufac- 
turing Company, Limited, Chelmsford, illustrating two 
separate orders carried out by them recently. The first 
photograph shows two pedestals fitted with Hoffmann 
self-aligning roller bearings, for a 10-in, shaft for a rope 
drive which is to transmit 870 h.p. in a Japanese textile 
mill. In the second illustration are shown balls, 5 in. in 
diameter, which will be used in a large footstep bear- 
ing. These balls are guaranteed to be accurate to 


within in. with respect to both sphericity and size. 
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GAS DETECTOR FOR MINERS’ 
ELECTRIC SAFETY LAMPS. 


"Many of the risks to which a miner is exposed in the 
course of his work are gradually being eliminated as the 
result of careful experimental work conducted by the 
staff of the Safety in Mines Research Board in this 
country, and also by the Bureau of Mines in the United 
States of America. The work is naturally of a very 
varied character, for the problems involved are con- 
cerned with safe lighting, the detection of the presence 
of gas, the action of the explosives used to free the 
coal, the provision of flame-proof constructions for 
electrical machinery, the effects of the presence of coal- 
dust, as well as the support of underground workings 
and subjects related to health. One of the most im- 
portant requirements is a design of gas detector 
for electric safety lamps, which will act in such a 
way that the miner may know when firedamp is 
reaching dangerous proportions, and yet will not 
effect the ignition of the explosive mixture. For some 
time now Mr. A. G. Gulliford, the head lamp-man at 
the Denaby and Cadeby Collieries, Rotherham, has 
been working on this problem under the supervision 
of Dr. Wheeler, Professor of Fuel Technology in 
Sheffield University and Director of the Experimental 
Station of the Research Board. In the Third Annual 
Report of the Safety in Mines Research Board, 
which formed the basis of an article on “‘ The Mining 
Industry”’ published in the issue of ENGINEERING 
for July 31, 1925, a statement was made that Mr. 
Gulliford had devised a firedamp indicator which 
enabled the miner to find out whether the atmos- 
phere in which he was working contained more 
than 2} per cent. of firedamp. The illustrations, 
Figs. 1 to 3, on the opposite page, show the construc- 
tion of this device and the appearance of a lamp to 
which it is fitted. ; 

The arrangement consists essentially of a perforated 
container, in which a wire-gauze cylinder surrounds 
a fuse-wire. Whenever necessary the fuse may be put 
in series with the lamp bulb by means of a screw type 
of switch. If the atmosphere is clear of firedamp, 
when the fuse-wire is put into the circuit, the lamp-bulb 
will naturally give slightly less light than when it is 
connected directly across the battery terminals. At 
the same time, the fuse-wire will give a dull red glow. 
Should there be any firedamp present, however, the 
wire will become much hotter and its glow will become 
more intense, while the lamp will be dimmed on 
account of the increase of resistance of the fuse wire. 
Should the proportion of firedamp reach 2} per cent., 
the fuse will melt and the light of the lamp-bulb will 
be extinguished. The‘attention of the miner is thus 
immediately attracted, but provision is made so that 
the screw switch may be used to put the lamp-bulb 
back into circuit again, directly across the terminals 
of the battery, in order that illumination may be 
afforded to enable the miner to walk back to safety 
and to report the occurrence, so that ventilation may 
be increased and the danger zone made suitable for 
working in again. 

The construction of the Gulliford gas detector, which 
has already been fitted to many different types of 
approved electric safety lamps, is shown in Figs. 1 and 2. 
On the insulating base plate of the lamp holder are metal 
strips arranged for contact with the battery terminals. 
One of these makes connection to the lamp, and the 
return is obtained through the lamp holder. Two con- 
ductors, enclosed in ebonite tubes, provide connection 
from the lamp holder and battery to two contacts below 
the fuse-wire holder in the gas detector. These con- 
tacts are mounted on an insulating cover, and have 
brass sockets on the top, into which may be pressed 
the split ends of the rods on which the fuse is mounted. 
These rods pass up through porcelain or fibre insulating 
blocks to keep them in proper relationship. Between 
the pairs of blocks there is a space, which is circular in 
the middle, where the fuse wire, made of platinum, is 
accommodated. As previously stated, the fuse system 
is enclosed within a gauze cylinder and the entire 
device is housed in a perforated-metal cover. A rela- 
tively large hole is provided for the inspection of the 
glow of the fuse wire. Tinted glasses may be used 
in a suitable frame on the gas detector for the 
examination of the glow. The milled head on the 
screw switch extends through the base of the casing 
and at the top of the screw there is a metal dise by 
means of which the contacts for the fuse may be short- 
circuited and the current from the battery supplied 
directly to the lamp. Should this screw switch be 
brought out of contact, current will flow through the fuse 
wire, and if its value reaches 2} amperes, the rupture 
of the fuse will take place. Darkness will follow, but 
the light from the bulb may be restored by again bring- 
ing the disc of the screw switch into contact with the 
fuse terminals, when the current will pass through 
the lamp only. 

The device admits of variations in fitting. It is 
shown in Figs 1 and 2 connected to the cover, with the 
serew switch at the bottom, and in Fig. 3 connected 
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to the cover and the case surrounding the accumulator 
and having the switch at the top. Provision has also 
been made to use a revolving type of fuse holder pro- 
vided with a number of fuses. Mr. Gulliford, it may 
be stated, is now devoting himself to designing an 
indicator which will show the exact percentage of 
firedamp in the atmosphere, in values ranging from 
1 to 5 per cent., and the Safety in Mines Research 
Board. have made him a further grant to be expended 
solely on apparatus and materials, the investigator 
giving his services without payment for the work 
carried out during his spare time. 





THE HARDNESS OF COLD-ROLLED 
COPPER.* 

By Samvet L. Hoyt and T. R. ScHeRMERHORN. 

THE effect of cold-working on the properties of copper 
has been considered in a number of papers presented to 
this Institute. The results which apply to the change 
in hardness may be briefly summarised somewhat as 
follows: The hardness increases rapidly at the start 
and then more gradually over later passes and has the 
appearance of approaching some value asymptotically 
(Moore), but, at about 50 per cent. reduction, we should 
expect the hardness to remain constant for a brief 


interval and then to increase again (Alkins), with ° 


possibly a few erratic variations of mysterious origin 
(Johnson). By following other literature on the subject, 
one would get the general impression given by the work 
of Moore, but would be confused by the recent work of 
the U.S. Bureau of Standards, according to which the 
hardness may actually decrease at reductions above 
50 per cent. and become less than that of the original 
material. In view of this apparent conflict in the 
evidence bearing on this question, it seemed desirable 
to repeat certain of these investigations and to employ 
the more accurate methods of hardness testing supplied 
by Meyer’s analysis. Hardness tests were therefore 
made on two series of cold-rolled copper bars ; the one 
series received a 2 per cent. and the other a 10 per 
cent. reduction in thickness per pass. 

Experimental Procedure——The material used was 
electrolytic copper in the form of 0-75-in. square bars 
cut to 1-ft, lengths. Impurities revealed by chemical 
analysis were: Fe, 0-0016 per cent. ; Cu,0, 0-156 per 
cent.; CuS, 0-01 per cent.; and As and P, traces. 
These bars were given a “ works anneal,”’ which con- 
sisted of heating to 600 deg. C. in 3 hour, holding at 
temperature for 1} hours, followed by cooling in water. 
This work was done in an electrically-heated and water- 
sealed Kenworthy furnace. The hardness tests on the 
annealed samples showed that this treatment had 
softened the bars quite satisfactorily. The heavy rolling 
was done on large 10-in. rolls which were driven at 
70 r.p.m., and the lighter rolling, down to 80 per cent. 
reduction, was done on 6-in. rolls at 17 r.p.m. The 
speeds of these rolls were 210 in. and 306 in. per minute. 
respectively. Further rolling was done on 5-in. rolls 
running at 26 r.p.m. The rolls and bars were at room 
temperature throughout, except for the heating effect of 
the rolling operation itself. A test bar was passed 
through the rolls first and its thickness taken with a 
micrometer caliper. When the rolls were set properly 
to give a 2 per cent. reduction, the bars of the 2 per 
cent. series were put through. The thickness was 
again measured and noted. After five such passes, the 
bars of the 10 per cent. series were put through. The 
thickness did not correspond exactly to the thickness 
of the 2 per cent. bars. After such a pass (i.¢., after a 
10 per cent. reduction) samples were removed from the 
ends of all of the bars by means of a hack saw working 
under water to avoid heating. These samples were 
identified and laid aside for subsequent hardness tests. 
While it may be true that the size and speed of the 
rolls may be important factors in rolling, it has been 
observed that these factors appear to have no noticeable 
effect when the reductions are as small as those reported 
here. 

Hardness Tests.—The Shore scleroscope, the Rockwell 
hardness tester, and the ball-indentation test were used 
in the hardness tests. The scleroscope was the model 
D with the standard hammer and direct, or automatic. 
recording scale. The Rockwell hardness tester was 
likewise a standard machine, and, in this work, the }-in. 
ball and a load of 100 kg. were used, unless otherwise 
stated. The readings were made on the “ B’ scale. 
The ball-indentation tests were made with the standard 
10-mm. ball used, in Brinell hardness testing. The 
loads were applied with the 10-ton Olsen testins 
machine, equipped with the special holder for the ball 
and sample. With this machine, it is possible to apply 
any load up to about 9,000 kg., and to maintain the 
load constant for indefinite periods of time. In pre- 
liminary work, the readings of this machine were com- 
pared with similar readings of a calibrated machine. 





* Paper read before:the Institute of Metals, London, 
on March 10, 1926. Abridged. 
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and the authors have reason to believe that the loads 
applied were correct, with reasonable accuracy, and, 
what is highly important, the authors’ work has shown 
that they were very closely consistent among themselves. 
Finally, the scale readings were checked by means of a 
dead weight placed on the head of the machine and were 
found to be correct. The impression diameters were 
measured on a comparator which reads to 0-001 mm. 
This instrument had been recently overhauled and its 
readings checked against a Zeiss stage micrometer. 
its readings were found to be accurate, easily within 
+ 0-005 mm., and it may safely be assumed that the 
impression diameters recorded in this paper are correct 
to 0-01 mm., which is as close as this work requires. 
To ensure having perfectly spherical balls, a new one 
was substituted for the old one after about two or three 
samples had been tested. Even with copper we have 
noted a flattening of several mils after only a few series 
of loadings up to 3,000 kg. 

Time of Loading.—The standard time of loading in 

the Brinell test is 30 seconds, but the authors believe 
that this time is not long enough for accurate deter- 
minations of the resistance to penetration. This 
conviction comes from a series of tests which were 
conducted to bring out the variation in impression 
diameter with the time the load was maintained on the 
ball. The most striking point brought out is the rapid 
change in diameter at the 30-second point. It is 
certain that the authors could not have obtained true 
equilibrium between the ball and the sample in 30 
seconds, and, on that account, they have maintained 
the load for much longer periods. The impression 
diameters given in the paper correspond to one to 
several hours’ loading. The authors deem this to be of 
importance, for in no other way can the true static 
resistance to penetration be measured. 
_ Effect of Room-Temperature Ageing.—Inasmuch as 
it was not possible to test the hardness of the samples 
immediately after rolling, the effect of standing at 
room temperature was determined. One such test 
on a bar which had received a 75 per cent. reduction 
showed no change in hardness up to 120 hours’ stand- 
ing, either with the ball-indentation test or the sclero- 
scope. In later work, no change has been observed 
in hardness on standing even for two years. 

Meyer's Analysis of the Ball-Indentation Test.—It 
has been the experience of the authors that the most 
accurate results in hardness testing are to be secured 
by the ball-indentation test, using the methods of 
Meyer's analysis. The principles of the work may be 
secured from the original paper* or from a discussion 
of hardness testing, based on Meyer’s work, contributed 
by one of the present authors,t but the more important 
points which bear on the present problem may well be 
summarised here. Instead of using a single load for 
the hardness test, a series of loads is used, ranging 
from small to large. The logic of this procedure is 
that the resistance to penetration varies with the pene- 
tration, generally speaking, and consequently the hard- 
ness cannot be accurately evaluated by an observation 
at any single load. From the standpoint of the accu- 
Fas y of the readings this method’ is also justified, even 
‘or those instances in which the resistance to pene- 


(For Description, see opposite Page.) 
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tration does not vary with the load, for the impres- 
sion diameters and loads always stand in a fixed 
relationship to each other, as will presently be seen. 
The ordinary hardness determination lacks the control 
which comes with the use of a series of loads. 

The time of loading is sufficient to allow the load on 
the ball to come to equilibrium with the static resist- 
ance of the sample. This eliminates the errors due 
to the rate of loading the ball, the character of the 
surface of the sample, and the resistance the metal 
offers during plastic flow around the ball. It may well 
be argued here that the technical property of hardness 
includes these factors, and, indeed, even the elastic 
resistance of the metal. Inasmuch as it has not been 
possible to control and measure these variables in this 
investigation, the authors prefer to eliminate them 
entirely from their work. Perhaps some future inves- 
tigation will bear directly on these factors and supply 
a more definite relationship between hardness, as 
measured in the laboratory, and hardness as encoun- 
tered in technical practice. The loads and impression 
diameters are then plotted on log-log paper. From 
Meyer’s exponential function relating the load and the 
diameter (P = ad”), the points should come on a 
straight line when so plotted. The primary object of 
this method of plotting the results is the determination 
of the constants a and n of this relationship, or, in 
other words, the determination of the whole course of 
the hardness curve. For the present purposes, this 
procedure supplies an accurate control of the individual 
readings, for it is only if they are accurately determined 
that they will fall on a straight line. It has been 
the authors’ experience that points so determined, when 
the successive impressions are all made in the same hole, 
fall on a straight line even for very high loads. The 
constants a and n determined from such a series of 
tests, give a better idea of the hardness at any single 
point on the test sample than one single and uncon- 
trolled determination does. 

The constants a and » of Meyer’s equation are next 
determined graphically from the plot of the data. A 
moment’s reflection shows that the constant a is the 
load corresponding to an impression of 1 mm., and that 
the constant 7 is the slope of the line. The constant a 
may be taken as the hardness at low loads—i.e., loads 
which produce very little flow of metal. Now it is 
well known that deformation itself may harden a 
metal, and this tendency comes into play even during 
the ball-indentation .test. The constant n gives a 
numerical evaluation of this factor. In case n is 
equal to 2-0, the load on the ball is simply proportional 
to the square of the diameter, or to the projected area 
of the impression, and, in this case, the mean pressure 
does not vary with the load. In other words, the metal 
in question resists penetration by an amount which 
does not vary with the load, and the hardness number 
should be independent of the load used in determining 
it.* If the constant n has some value greater than 
2-0, the resistance to penetration increases with the 
load, and the hardness number should increase corres- 
pondingly. These relationships are discussed fully in 
the references cited and need not be further considered 
here. ; 





* Meyer, Z. V.d. I., 1908, vol. lii, page 645. 
tHoyt, Trans. Amer. Soc. Steel Treating, 1924, 
vel. vi, page 396. 





* The Brinell number varies even under these circum- 
stances, and hence should not be accepted as an accurate 
evaluation of the hardness. 
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The next and final step in Meyer's analysis is the 
expression of the hardness as a “ hardness number.” 
Mever has shown that Brinell’s number is not the most 
suitable one to use, because it varies in an unwarranted 
manner with the load, and does not faithfully reflect 
the true resistance to penetration. It depends not 
alone upon the resistance to penetration but also upon 
the geometry of spherical surfaces. One of the 
present authors has given the variation of the Brinell 
number with the load for annealed copper, and 
reference to that work will show that, in spite of the 
increasing resistance, the Brinell number remains 
fairly constant for a range of loads, and that it may 
even decrease at higher loads.* It seems likely that 
Brinell attempted to take advantage of this fact when 
he selected the number he did, for he was aware of 
the effect of the load on the hardness number. As 
Meyer has shown, the Brinell number is partly 
artificial, and a better expression of the hardness 
is to be obtained if the mean pressure supported 
by the metal is used—e.g., the load divided by the 
projected area of the impression. However, in 
view of the ordinary errors of hardness testing and 
the present state of the art, it seems to the authors 
to be of little practical importance which number be 
used to express the hardness, except in case an accu- 
rate comparison of the hardness of a metal at two 
different loads, or of two different metals, is to be made. 
This statement assumes that the loads used are the 
ones recommended by Brinell. The metallurgist 
should at least bear in mind the significance of Brinell’s 
number and be prepared to use Meyer’s analysis on 
proper occasions. 

Hardness Data.—The scleroscope and Rockwell hard- 
ness determinations which were made on the annealed 
bars and on the samples removed after 10 per cent. 
reductions in thickness, are given in Figs. 2 and 3, 
page 348. The only difference in the Rockwell numbers 
and those ordinarily obtained is that the load was 
allowed to remain on until the pointer came to appa- 
rent rest, instead of releasing the load directly after 
applying. This practice was adopted after it was found 
that it gave more consistent results. The numbers will 
be correspondingly lower. The scleroscope readings 
had to be discontinued at about 110 mils, because they 
became too erratic. The Rockwell seemed to give 
satisfactory readings down to about 20 mils. The 
final samples tested in each series showed a drop of a 
few points, as if the metal were becoming softer. This 
point will be discussed more fully later in the paper. 
Unfortunately, the effect on thinner samples could not 
be followed. Ball-indentation tests were also made, 
and the impression diameters corresponding to the 





* Hoyt, loc. cit. 
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four loads 250, 500, 1,000 and 2,000 kg. with a 10 mm. 
ball were measured. These impression diameters, 
when plotted on log-log paper against the loads, satisfy 
the straight-line requirement very well. In a few 
instances the points, as first determined, came off a 
straight line and, of course, they were immediately 
suspected of being in error. The authors have found, 
except in one case, that a careful check of such points 
bives values which come at once on the line. This 
exception was the 47-1 per cent. sample of the 10 per 
cent. series. These points do not give a straight line, 
and attempts to check the impression diameters were 
not successful. The reason for this failure was probably 
that the sample was too small for more than one series 
of determinations. The constants of the Meyer’s 
equation, P = ad", were determined as usual from the 
log-log plots ; these values are reproduced in Table IV. 
The values for annealed copper agree fairly well with 
previously published values for copper, but no direct 
comparison can be made because these values vary 
with the annealing treatment (Norbvry), and even 
from lot to lot of copper with the same annealing 
treatment. 


TABLE iv — Constants of Cold-Rolled 




















opper. 
2 per cent. Series. 10 per cent. Series. 
Reduction Reduction 
per cent. . “x per cent. . so 
0 20 2-36 0 21 2°37 
10-0 52 2-07 10-0 49 2-09 
18-9 65 1-99 18-7 66 1-99 
27°5 67 2-00 26-8 72 1-96 
35°7 69 1-99 35-3 73 2-00 
42-0 71 1-98 42-0 75 1-98 
47-3 73 1-98 47-1 75 1-99 
53 +2 73 2-00 52-7 76 2-00 
58-0 73 2-00 57-4 76 2-00 
62-0 73 | 2-00 61-8 | 80 2-00 
65-8 75 | 1-99 _ ;o— — 
69-1 76 | 1-99 -- | -- -- 
72-3 76 | 2-00 —_ — — 
75-0 | 77 | 1-99 = = — 








Hardness Numbers of Cold-Rolled Copper.—As the 
basis for the hardness number, whether the Brinell 
number or the Meyer number, we could use the impres- 
sion diameter as actually measured, or else the impres- 
sion diameter at the 500-kg. point on the log-log plot. 
in the former case, the number would represent one 
isolated determination, while, in the latter case, the 
number would represent four determinations of the 
load-diameter relationship. In Table V there are given 
two sets of Brinell numbers, one for each case. 


TaBLe V.—Brinell and Meyer Numbers of Cold-Rolled 
































Copper. 
2 per cent. Series. | 10 per cent. Series. 
ee — Bie i 
Reduc- Brinell | | Reduc- | Brinell 
tion per Hardness | P tion per | Hardness ag 
cent. Number, TF | cent. | Number. tgs 
' ' 1 
| | | 
we iets (ees; 

0) 42-4 | 43-4 | 0 | 42-0 | 42-2 | 43-9 

2 | 72-0 | 75-8 10-0 | 68-2 | 68-2 | 69-9 

*3 | 80-8 | 82-3 18:7 82-6 | 82-6 | 84-2 

“8 | 84-4 | 86-1] 26-8 | 89-0 | 88-4 | 90-0 

‘7. | 85-7 | 87-4] 35-3 | 90-4 | 91-1 | 92-8 

0 | 87-7 | 90-7 | 42-0 | 96-3 | 96-3 | 97-8 

*8 | 90-4 | 92-7 ‘1 | 94-0 | 94-0 | 95-6 

-1 | 92-6 | 92-7 | 97-1 | 97-1 | 98-6 

-6 | 93-3 | 94-2 | 97-8 | 97-1 | 98-6 

3 | 93-3 | 94-2 100-0 |100-0 j101-8 

0 | 95-5 | 95-3 | — | — — 

2/9 | 97-8 | eee eS |e 

"2 | 95-5 | 97-8 | mes — i 

5-9 | 96-3 | 97-8 | - ~- —-}i— 

ll i { 








* Impression diameters taken from log-log plots at 500 kg. 
were used. 

tT impression diameters, as measured, were used. P,, is the 
“mean pressure ” and equals P + =o. 

A Special Series with Small Draughts.—A special 
series at low reductions with small draughts was run off, 
in which twenty-three passes were taken to reduce the 
thickness by 25 per cent. The change in hardness was 
followed with the scleroscope and the Rockwell hardness 
tester, the latter with the }-in. ball and a load of 100 kg. 
Measurements were made on both the top surface and 
the side of the bar. The starting material was the 
same as was used in the other tests. This series brought 
out the change in hardness at low reductions in much 
ereater detail than has been done heretofore to the 
authors’ knowledge, and also showed the difference 
in hardness between the top and sides, This may be 
seen by reference to Fig. 6, in which the data have been 
plotted. The top and side differ in hardness up to 
about 8 per cent. reduction by the Rockwell test and 
up to about 14 per cent. by the scleroscope. Beyond 
these points, the top and side were of equal hardness, 


penetrated to the centre of the bar. Prior to this 
point, the burnishing effect of the rolls is a material 
factor in the change of the surface hardness. The 
measurements on the side were ordinarily made at the 
centre, but at one point a measurement was made 
between the centre and the top, at about 2 mm. from 
the top. This reading is shown in Fig. 6 and indicates 
that the hardness changes gradually from the top 
surface to the centre of the bar. These curves show 
also that the effect of even the first reductions pene- 
trates to the centre. 

Microstructure.—The structure of the starting mate- 
rial, and of samples taken at 10, 27, 53, and 75 per 
cent. reduction, has been examined. The sections 
examined were longitudinal, vertical sections near the 
edge of the bar. Observations on the effect of cold- 
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SCLEROSCOPE HARONESS 
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rolling on the microstrucuure have been repeatedly 
published, and hence they may be dispensed with here. 
Discussion on the Results.—The data for the variation 
in impression diameter with the percentage reduction 
in thickness, when plotted on rectangular co-ordinate 
paper, give regular and smooth curves. They are all 
of the same general shape and indicate the same change 
in hardness as the cold-working progresses. The data 
are sufficient in number, and their accuracy is such 
that the authors feel justified in concluding from the 
regularity of the points that the change in hardness 
in these two series was orderly. The violent changes 
in hardness indicated by the work of Johnson, and the 
reversal in hardness as indicated by the work of 
Rawdon and Mutchler, find no support in the present 
data. The anomaly at about 50 per cent. reduction 
indicated by the work of Alkins is neither confirmed 
nor disproved ; but the authors feel that the existence 
of suck an effect would not logically be concluded from 
these data. In view of the fact that they now believe 
that they have observed the “‘ Alkins effect ’’ in another 
series, the authors would point out that this conclusion 
relates solely to the 2 per cent. and the 10 per cent. 
series, 


Meyer and Kiirth, and from the authors’ own prelimi- 
nary work, one would conclude that cold-rolling lowers 
the » value from around 2-4 for annealed copper to 
about 2-0 for severely worked copper. One would also 
conclude that the a value would increase somewhat as 
the Brinell hardness does. These conclusions are 
confirmed by the present investigation. A general 
conclusion which may be drawn here, is that cold. 
rolling has a marked effect on the ductility, but that 
it has little effect, if any, on the plasticity, using the 
Fig.3. ROCKWELL HARONESS 
OF COLD-ROLLED COPPER. 
1 
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or, one might conclude, the hardening effect has 
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Fig.6. SCLEROSCOPE & ROCKWELL HARDNESS OF COLO-ROLLED COPPER. 
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term as meaning simply the ability to flow. The 
question might now be asked: ‘ What effect will be 
produced by further reduction beyond 40 per cent. ? 
The n value, having fallen to 2-0, might be supposed to 
remain constant for greater amounts of cold-work. 
This would be interpreted as meaning that the metal 
had lost its power of hardening on being further worked, 
which would mean that the constant a would also 
remain constant. If this were so, then the hardness 
would increase up to about a 30 per cent. to 40 per cent. 
reduction and then remain constant. In direct contra- 
diction to this stand certain experiences which we 
shall now consider. 

It is clear from the published results that the hard- 
ness continues to increase above the 30 per cent. 
reduction, although the increase is slow. The authors 
own data confirm this effect, and it is clear that copper 
is hardened by ater amounts of work. Their 
results indicate that n falls to 2-0 and then remains 
constant, but that a increases above this point. This 
is reflected on the composite plot. by the parallel lines 
lying to the left of the sheaf of lines which represent 
the early reductions. This increase in a is not _ 
patible with a constant n on any basis of which the 
authors are aware. One would expect to find a close 
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relationship between the two constants during cold- 
rolling, and subsequent work may prove that such a 
relationship actually exists. A slight shift in the 
impression diameters would be sufficient to change 
the slopes of the lines and to give a sheaf of lines over 
the entire range. These determinations are neces- 
sarily subject to the error of measuring the hardness 
at different places on the bar of copper used, and, from 
the authors’ work on annealed copper, they know 
that this error is large enough to change the impression 
diameters by the amount necessary to produce this 
change. On this basis, the hardness at low loads 
would increase somewhat as has been shown, and 
approach some value asymptotically. On the other 
hand, the hardness at some large (and possibly ficti- 
tious) load would remain constant for all degrees of 
cold-working. 

There still remains the possibility that @ continues to 
increase even though 7 remains constant. This would 
mean, simply, that cold-rolling increases the hardness, 
but that, when this hardness is measured by the ball- 
indentation test, the resistance to penetration is inde- 
pendent of the load used in the test. In other words, 
cold-rolling hardens the metal, but the indentations 
made by the ball have no such effect. This concep- 
tion is not so difficult to accept when it is remembered 
that we are dealing here with two different kinds of 
pressure ; from one side during rolling and from all 
sides during the ball indentation test. These two 
kinds of pressure are known to produce different 
effects. 

Effect of Early and Late Passes.—Work in this field 
has shown that the early passes have a much greater 
effect on the hardness than the late passes do. The 
constant throws considerable light on this point, 
for it gives a numerical expression of the hardening 
ability of the metal. When x is above 2-0, as for 
annealed metals, the metal is hardened by cold-work, 
but when it drops to 2-0, this power is largely gone. 
This gives a division, which is fairly loose and arbitrary, 
between early and late passes. Over the early passes, 
there is a rapid increase in hardness and loss in harden- 
ing power, while, over the late passes, there is a slow, 
increase in hardness. 

The comment has already been made that irregular 
variations, or even a reversal, in hardness have been 
observed during late passes. The methods of Meyer’s 
analysis offer a control of such observations which 
might well be used under such circumstances. Bearing 
in mind that the constant 7 is at a minimum over these 
passes, a softening would have to be caused by a 
decrease in a. A typical example of this effect is 
given by the change in a on annealing a cold-worked 
metal. But an annealing effect which lowers a will also 
raise n. The authors personally have not tested this 
point out thoroughly, for their determinations were 
limited to samples about which there could be little 
doubt. In one test, however, which was run on the 
sample 0-099 in. thick, the points held fairly well to a 
straight line at loads up to 3,000 kg., but the impres- 
sions came through to the under side of the sample. 
Higher loads came off the line, and the test was, 
palpably an improper one. The a value was slightly 
low (75), and the n value (1-935) indicated that the 
impression diameters at the high loads were too large. 
Similar work with the Rockwell tester gave parallel 
results, so that it was concluded that thin sections 
give hardness figures which are toosmall. This, then, 
must be the “anvil effect.” In this conclusion the 
authors are supported by the results of Moore, who 
found no softening, even at greater reductions than 
those reported here. 

This softening at large reductions has been observed 
before and the conclusion drawn (tentatively, perhaps) 
that the metal actually gets softer after being reduced 
somewhat severely. The authors have observed that 
the ball is forced into the sample somewhat as the 
plunger of the Erichsen testing machine is forced into 
the sheet being tested. The strip actually rises up off 
the anvil and attempts to flow up around the ball. 
The impression diameter has a purely fictitious value, 
and the hardness number calculated from it must 
necessarily be small. The question might be asked, 
How is one to know when the sample is too thin ? 
This may be difficult to answer, in case the sample is 
only slightly too thin, for then the reading is only a 
few points off and one observation may not give 
sufficient evidence of the correctness of the value. 
In the present work, the authors have the control 
supplied by Meyer’s analysis, for the constant n 
remained about 2-0 up to 75 per cent. reduction. 
The 0-099 in. sample gave an m of 1-935, which is 
palpably in error and comes from the higher loads 
giving impression diameters which are too high. This 
seems to be the beginning of the “ anvil effect,” and 
would be observed only by following the constant n. 
By the same token, some of the Rockwell numbers for 
the thinner samples may be really too small, due to 
this “ anvil effect.” 

Effect of the Draught per Pass.—From a comparison 








of their experience in this investigation with the 
published statements, the authors are inclined to believe 
that no general statement covering this effect can be 
made’at this time. By way of a broad generalisation, 
it is believed that the hardness of cold-rolled copper 
depends more upon the actual reduction than upon the 
number of passes used to effect the reduction. 








THE BRITTLE RANGES OF BRONZE.* 
By W. L. Kent, B.Sc. 

Tue results of an investigation into the brittle 
ranges of brass have been presented to this Institute 
by D. Bunting,f and it was suggested to the author 
that a similar research should be performed with 
bronze. The Izod impact test was used for this work 
in the manner employed by Bunting. As full details 
are given in his paper, it has not been considered 
necessary to describe the procedure again. It is well 
known that bronzes containing about 20 per cent. of 
tin, though hard and brittle when cold, may be worked 
at a red heat, and this property has been, and is, 
utilised by natives of India and China for the manu- 
facture of hammered sheets, which are subsequently 
made into gongs, ornaments, and domestic utensils. 


Fig.3.THE BRITTLE RANGES OF CAST BRONZE. 
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For the present research tin-copper alloys contain- 
ing 2, 5, 10, 15, 20, and 25 per cent. of tin, respec- 
tively, were melted in a crucible and cast in the usual 
way. Two ingots, each weighing about 8 Ib., and 
measuring 12 in. by 4-5 in. by 0-5 in., were obtained for 
each mixture. One was annealed at 650 deg. C. for 
four hours and furnace cooled, while the other was used 
in the cast state. The ingots were cut into strips 
and test-pieces machined from them. The cast alloy 
containing 25 per cent. of tin was so brittle that it 
could not be machined. Each ingot was micros- 
copically examined before proceeding further. It was 
observed that the alloy which contained 15 per cent. 
of tin, and which had been annealed, consisted almost 
entirely of a solution. Having regard to the mass of 
metal dealt with and the comparatively short annealing 
it had received, this occasioned some surprise, especi- 
ally in view of the fact that the limit of the a solid 
solution had usually been placed at about 11 per cent. 
of tin. When Stockdale’s paper was published,f{ how- 
ever, it was found that this observation was in accord- 
ance with his diagram. The Izod tests were carried 
out at temperatures from 300 deg. C. to 700 deg. C., 
and the results plotted. The brittle ranges were then 
determined by marking points of equal Izod value on 
a temperature-composition graph, and joining the 
points up as on a contour map (Figs. 3 and 4). 

The results indicate that the eutectoid alloys may 
be worked at temperatures above the transition point, 
and preferably at, or above a temperature of 600 deg. C. 
The upper limit of the malleable range of these alloys 
could not be determined, since the metal was so soft,- 
even at 700 deg. C., that on tightening up the grips 








* Paper read before the Institute of Metals, London, 
on March 10, 1926. Abridged. 

+ See ENGINEERING, 1924, vol. exvii, page 350; 1925, 
vol. cxix., page 368. 
t See ENGINEERING, 1925, vol. cxx, page 331. 


in the anvil of the testing machine the test-piece was 
slightly compressed in the portion below the notch. 
Moreover, when softening occurs, true indications of 
brittleness are not obtained, as was pointed out both 
in the text of and the discussion on Bunting’s paper. 
Thus there was no object in carrying out further tests, 
especially as it had been shown that the plastic range 
extends over at least 150 deg.—sufficient for practical 
pur poses, 

The alloys containing more than 25 per cent. of tin 
could not be investigated, as they were too brittle 
to machine at ordinary temperatures. However, they 
are not of great importance from the practical point 
of view, since the alloy containing 33 per cent. of tin 
is brittle at all temperatures, existing in the form of 
5 below 580 deg. C. and y above that temperature, 
and the alloys containing more tin have much the 
same characteristics. 

Bauer and Vollenbruck* observed that their speci- 
mens had a maximum toughness at 550 deg. C., and 
it is interesting to note that the maximum Izod figure 
for alloys of similar composition was obtained at 
550 deg. C. to 600 deg. C., which is in agreement with 
their results. Also, Matsudat has obtained similar 
results for other mechanical tests. For example, 
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experiments with alloys containing 20 per cent. tin, and 


Fig.4. THE BRITTLE RANGES OF ANNEALED BRONZE. 





700 


0 
o 5 10 15 20 25 


(9512.8.) Tin per Cent “ENGINEERING” 


quenched from temperatures up to 720 deg. C., showed 
that the tensile strength and elongation curves changed 
their direction at 520 deg. C., the former attaining a 
maximum at 550 deg. C. and falling to a minimum 
at 650 deg. C., while the latter had a flat maximum 
at 580 deg. to 620 deg. C. He also made Brinell hard- 
ness tests on alloys containing 22 per cent. to 26 per 
cent. of tin, from temperatures between 450 deg. and 
700 deg. C., and a minimum hardness was found to 
exist in those alloys quenched at 600 deg. to 625 deg. C. 
Bauer and Vollenbruck explained the maximum 
toughness of the eutectoid alloys on the supposition 
that the y phase is present together with a between 
520 deg. and 580 deg. C., while above 580 deg. C. the 
alloy consists of a mixture of the a and £8 phases, 
and that the y phase is stronger than the 8. However, 
the researches of Matsuda, Isihara, and Stockdale, 
show that the view that the 8 phase breaks down at 
580 deg. C. into the a and y phases is not correct, 
and hence a different explanation must be sought for. 
Since the strength of a ductile material falls with rise 
in temperature, it seems quite natural to expect that 
when a change from a brittle to a ductile phase takes 
place at a red heat, the maximum toughness will be 
attained in the neighbourhood of the transformation 
point, and in the opinion of the present author this 
explanation is sufficient to explain the facts. 





LAUNCH OF THE M.S. “‘ SpeyBANK.”—The motorship 
Speybank, a sister vessel of the Oakbank, a brief descrip- 
tion of which was given in our issue of February 12 last, 
page 202, was recently launched at the Govan shipyard, 
Glasgow, of Messrs. Harland and Wolff, Limited. The 
Speybank constitutes a further unit of the fleet of 
motorships, which Messrs. Harland and Wolff are building 
for Messrs. Andrew Weir and Co. (Bank Line), Limited. 


* Z. Metallkunde, 1925, vol. 17, page 60. 
¢ Sci. Rep. Téhoku Imp. Univ. 1923 (1), vol. xi, 
page 223. 
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THE GALE INDICATOR FOR HIGH- 
SPEED ENGINES. 


Ir is certainly a difficult problem to obtain an 
accurate record of the pressure variations in the 
cylinder of a small internal-combustion engine running 
at three or four thousand revolutions per minute, 
the difficulties arising mainly from the excessive inertia 
effects in indicators at these high speeds. The 
troubles due to this particular source can, how- 
ever, be largely overcome by employing the point- 
by-point method of indicating. In this method, 
the pressure is measured at different single points 
of a series of successive cycles, in which it is 
assumed that the pressure variations are similar, 
and the pressure measurements obtained can be 
combined to give an indicator diagram of the usual 
form. An indicator of this type, the invention of 
Mr. C. H. Gale, is illustrated in the accompanying 
engraving. It has the advantages of being simple 
and comparatively inexpensive and of giving ordinary 
pencil diagrams on paper cards, although. it can be 
used, we understand, for indicating engines running 
at 5,000 r.p.m., or at even higher speeds. Actually 
we have recently seen it used on a motor-cycle engine 
running at 3,000 r.p.m. at the works of Messrs. J. A. 
Prestwich and Co., Limited, Tottenham, N.17, reason- 
ably smooth diagrams being obtained, though the 
fact that the maximum pressures reached in successive 
explosions differ to some extent naturally affects 
the smoothness of the expansion curve. 

The essential feature of the indicator is the employ- 
ment of two concentric cylindrical rotary valves 
between the engine cylinder and the indicator cylinder 
to put the two cylinders in communication with each 
other at different points of successive cycles. The 
indicator is fixed directly on to the engine cylinder 
by the union shown in the illustration, and the pipe 
connection leads from the union to the centre of 
inner of the two concentric valves which are enclosed 
in the gun-metal body of the instrument. This central 
valve, in the case of a four-stroke cycle engine, is 
driven by a flexible shaft, or roller chain, from the half- 
time shaft of the engine, so that it rotates at half the 
engine speed, while with a two-stroke cycle engine or 
a steam engine, the valve is driven from the crankshaft 
at the same speed as the engine. The drive, it should 
be mentioned, is transmitted through a vernier 
coupling, clearly visible in our illustration, to enable 
the phase relationship to be adjusted as desired. In 
the periphery of the central valve is a narrow port 
and surrounding it is a sleeve provided with a similar 
port leading to a shallow groove turned on the outer 
surface of the sleeve and communicating with the 
indicator cylinder. It will thus be evident, assuming 
for the moment the outer sleeve to be stationary, 
that the engine and indicator cylinders are put into 
communication with each other once during each 
cyele, i.e., when the ports in the central valve and 
outer sleeve momentarily coincide. Actually the 
outer sleeve is rotated by the small handle, shown on 
the left of our illustration, through worm gearing, the 
ratio of which is such that twenty revolutions of the 
handle are required to give a single revolution to the 
sleeve. The rotation of the sleeve, of course, puts the 
engine and indicator cylinders into communication 
with each other at different points in the cycle, the 
whole of which is covered by a complete revolution 
of the sleeve. The indicator piston, which is controlled 
by an external spring in the usual manner, thus rises 
and falls in accordance with the pressure variations in 
the engine cylinder. 

The motion of the indicator drum corresponding to 
the piston stroke, and thus to the cylinder volume, is 
obtained by means of a cam attached to the sleeve 
valve and rotating with the latter when it is turned by 
hand. For a four-stroke cycle engine, the cam is in 
the form of a triangle with curved sides, while for a 
steam engine or a two-stroke cycle engine, an ellip- 
tical cam is used. The cam, one corner of which is 
just visible in our illustration near the operating 
handle, bears against a block sliding on a pair of 
vertical guides and a cord attached to the block is 
led round pulleys to the drum so that the latter is 
rotated by the movement of the block. Actually, the 
drum makes only one complete oscillation for each 
revolution of the sleeve valve, so that, in the diagram 
of a four-stroke cycle engine, the exhaust stroke 
is a continuation of the expansion stroke in one 
direction and the induction and compression strokes 
are continuous in the opposite direction; this, 
however, in no way impairs its utility. The piston, 
it should be mentioned, is rigidly connected with the. 
pencil without any multiplying gear or parallel 
motion, this being possible owing to the fact that the 
parts move too slowly to introduce any appreciable 
inertia effects. A light dashpot is also connected with 
the indicator piston to damp out any vibrations and 
to enable the instrument to be used on the road. 


THE GALE INDICATOR FOR HIGH-SPEED ENGINES. 
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being suitable for bench tests or for use on motor cars 
on the road, while a slightly different pattern is 
supplied for road tests of motor-cycle engines. The 
sole concessionares for the instruments are the British 
Oil and Turpentine Corporation, Limited, 57 and 58, 
Chancery-lane, W.C.2. : 





THE DEVELOPMEN? OF AVIATION IN THE UNITED 
States.—It is interesting to note, in connection with 
the fund of 500,000/. given by Mr. Daniel Guggenheim to 
assist the development of aviation in the United States 
during the next ten years, that the President and Vice- 
Président of the Fund, Mr. H. F. Guggenheim and 
Admiral H. I, Cone, have been authorised fo comé to 
Europe for the purpose of studying the development of 
civil aviation on this side of the Atlantic. Upon the 
results of the investigations of these gentlemen, which 
will occupy a period of about three months, the policy 
with respect to the administration of the fund will be 
evolved. 

THe Instirute oF Metats: New Artictes.—The 
Institute of Metals recently issued to its members a 
ballot paper containing the names of 77 candidates for 
membership. This is the last occasion upon which a postal 
ballot for the election of members will be taken. In 








The indicator is made in two types, that illustrated 


future election: to membership will be by the Council, 





providing that the new articles, which were recently | 


drawn up by the Council are approved by the members 
at the extraordinary general meeting of the Institute 
to be held on March 11. These Articles were drawn up, 
we understand, primarily to do away with the postal 
ballot system, in which only about 10 per. cent. of the 
voting papers issued were returned. Members will still 
have an opportunity of objecting to any membership 
application as one of the new Articles provides that 
“the names of the approved applicants shall be placed 
on a list which shall be exhibited in the library of the 
Institute for at least fifteen days immediately after the 
Council Meeting at which such names were approved. 
Copies of the lists are to be supplied to the secretaries of 
local sections of the Institute for inspection by members, 
and in any other manner to members as may from time 
totime be prescribed by the Council. Power is being songs 
by the Council to vary the constitution of the Council. 
The most important proposal is that which provides sein 
the Chairman of any Local Section may .be co-opte: 
a member of the Council. The six past presidents who 
shall be ex-officio members of the Council will be limited 
to the six most recently retired from the office of president. 
The election of the Council will continue to be by post! 
ballot of the members of the Institute. It is proposed t: 
hold the first election of members under the new arrange 
ment on April 21. Applications for membership show’ 
be sent to the Secretary, Mr. G. Shaw Scott, M.Sc., 30- 
Victoria-street, London,,.S.W.1. 
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THE SOFTENING OF STRAIN-HARD- 
ENED METALS AND ITS RELATION 
TO CREEP.* 
By R. W. Battey, B.Sc., Wh.Sch. 


Tue demands made upon metallurgists by engineers | 


and certain branches of the chemical industry for 
metals for use at high temperatures have led to 
investigations into the behaviour of metals at different 
temperatures under prolonged application of stress. 
Important work in this field has been done by 
Chevenard,} Dickinson,} Lea,§ Tapsell and Bradley,|| 
and French and Tucker.§]/ These investigations have 
been concerned with the life or progressive extension 


of test-pieces under constant load and steady tempera- | 


ture, and show that at elevated temperatures a 
metal flows, or creeps, and ultimately fractures at a 
stress much below the value determined by the usual 
short-time tensile test. 

The author believes that a rational explanation of 
the phenomenon of creep is to be found in the balance 
of the rate of production of strain-hardening by dis- 
tortion, and the rate of its removal by thermal action. 
This aspect is referred to again later on, and it need 
only be stated here that during the second stage the 
constancy of stress (approximate), temperature, and 
rate of. extension are readily understood upon this 
hypothesis. If this view be correct, the importance in 
connection with creep phencmena of examining the 


Pilling and Halliwell found in their investigation of 
the softening of cold-rolled electrolytic copper that, 
irrespective of the degree of cold-rolling and the 


Fig. COPPER (COLO-ROLLED) 
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If the mechanism of softening is a definite charac- 
teristic of a metal which is uninfluenced in character 
by temperature, only its rate being altered thereby, 
lines of constant hardness, whether straight or curved, 
form a family, upon the log. time - temperature 








TaBLe I. 
| Metal. Investigator. | Source. 
| 
| | 

1 | Aluminium Carpenter and | J. Inst. Metals, 1917, 
| | Taverner | vol. 18. 

2 | Aluminium = | Carpenter and | J. Inst. Metals, 1923, 
| Smith vol. 29; and EN@I- 
H | NEERING, Vol. exv, 

p. 316. 

3 | Copper ..} Pilling and Halli- | Proc. Amer. Soe. Test. 

| well Mat., 1925, vol. 25 
| (1) 

4 | Brass 65:35! Anderson and J. Inst. Metals, 1925, 
Fahlman vol. 34; and ENGI- 
| NEERING, Vol. ¢xx, 
| p. 754. 

5 | Brass 70:30} Mathewson andj Bull. Amer. Inst. Min. 

| Phillips(datain-{ Zng., 1916. 





| eluded in No. 1) 
diagram, any two of which are a constant distance 
apart, measured parallel to the log. time axis. In 
other words, these lines are of the same form, and 
could be drawn by a template moved parallel to the 
log. time axis. This is readily seen to be the case 
if the softening of a material between two hardness 
values is considered. Let the softening be produced 
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data available upon the softening of ‘strain-hardened 
metals will be understood. j 

Softening of Strain-Hardening Metals.—A good deal 
of investigation work has been done on the softening of 
Strain-hardened metals, and a number of valuable 
papers upon the subject have been read before this In- 
stitute. Much less information involving the influence 
of temperature over long periods is available, however, 
upon iron and steel. Table I indicates the papers 
which have been utilised in this paper. 

rhe method employed to represent softening charac- 
teristics has been to plot graphs for constant. hardness, 
either represented by tensile strength or Brinell hard- 
hess, between temperature as abscisse and the logarithm 
of the time of heating as ordinate. Figs. 1, 2,3 and 5 
show the diagrams thus obtained or deduced for the 
materials referred to in Table I. 
* Paper read before the Institute of Metals, London, 
on March 10, 1926. Abridged. 

rr Chevenard, Compt. rend., 1919, vol. élxix, page 712, 
and 1922, vol. clxxv, page 486. ; 

_i J. H. 8. Dickenson, ‘‘ Some Experiments on the Flow 
of Steels at a Low Red Heat, with a Note on.the Scaling 
po gag Steel,”” ENGINEERING, 1922, vol. exiv, pages 

§ F. C. Lea, “'The Effect of Low and High Tempera- 
tures on Materials,” ENGINEERING, 1924, vol. exvilii, 
pages 816 and 843, - . 

, “¢ J. Tapsell and J. Bradley, ‘‘ Mechanical Tests at 

che : Temperatures on,a Non-Ferrous Alloy of Nickel- 

~ omium "(Research for the British Non-Ferrous 

Metals Research Association), ENGINEERING, 1925, 
vol. CXX, pages 614,648, 746. 

— H. J: French and W. A. Tucker, “ Flow in a Low- 
arbon Steel at Various Temperatures,’ U.S. Bur. 





temperature employed, the softening produced at any 





Stand, Tech. Paper No. 296 (1925). 
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temperature, when expressed as a percentage of the 
complete softening (hardness in their case being 
measured by tensile strength), is related in a definite 
manner to the time of heating when this is expressed 
as a percentage of the time needed at the temperature 
employed to produce complete softening. A graph 
was given showing this relation, and although the 
investigators presented their results by means of a 
diagram of which Fig. 2 is a reproduction, except that 
the graphs are drawn slightly differently, they have 
not drawn attention to the useful possibilities of the 
log. time-temperature diagram for representing soften- 
ing characteristics. A brief explanation uf the feature 
of this diagram may therefore be given here. 





at different temperatures, say, 9), 42, @,, &c., and let 








g.3. 
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Ti. Tz, T3, &c. = times for complete softening from 
some initial condition (maybe un- 
known) at temperatures 61, 2, 63, 
&c., respectively. 
times to soften from initial condi- 
tion to first hardness value at 
temperatures 6), 02, 03, &¢e., re- 
spectively. 


4, b, & ke. = 


t';, Yo, U3, &. = ditto for second hardness value. 


Now .. 3S ts &c. = constant = 4, say. 
7, T Ts 

Also 1 os te ts ° &c¢. = constant = a’, Say. 
T 33 . 33 

Consequently : 
, , , , 
ks oS ts &c. =~ = constant; 
ty to ts a 


and taking logarithms 
log. t’; — log. t) = log. t’g — log. to = log. t’3 — log. tz, &e. 


- 
= log. — = constant. 
a 


Thus the difference between any two lines of constant 
hardness measured parallel with the log. time axis 
would be the same at all temperatures for the condi- 
tion assumed. Moreover, since the result obtained is 
general, the form of the lines of constant hardness is 
independent of the initial condition, and, therefore, 
of the initial degree of strain-hardening. 

If the mechanism of softening is not a characteristic 
independent of temperature, except as to rate, it will 
be clear that any departure from this is readily exhi- 
bited by the log. time-temperature diagram. Another 
advantage of this diagram is that, owing to the rapid 
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decrease in rate of softening with decrease in tempera- 
ture, it permits the correlation of results obtained over 
widely different periods of time, and is more suitable 
for extrapolation than a time-temperature diagram. 

Fig. 1 gives the results obtained by Pilling and Halli- 
well for the two cases of copper hardened by cold-rolling 
to 53-2 per cent., and 71-2 per cent. reduction in area 
of cross-section. The points have been plotted from 
the following data :— 

Time in hours to completely soften at : 
200 deg. = 250 deg. 300 deg. 

53-2 per cent. reduction.. 792 104 10, 0-667 

7 Sen is ee, SDB ee 2-7 0-2 
and the graphs have been carefully drawn to the same 
form, giving a constant difference measured in the 
direction of the log. time axis. The curves in Fig. 1 
consist of parallel straight lines for temperatures up 
to 250 deg. C., and here they run into similar curves 
for higher temperatures. The remarkable way the 
curves fit the points, and hence because of their 
character, demonstrate the accuracy of Pilling and 
Halliwell’s conclusion is striking. In Fig. 2 are plotted 
upon a log. time-temperature diagram, the results 
obtained by Carpenter and Taverner, and Carpenter 
and Smith, for the softening of aluminium. In this 
case each constant-hardness line consists of a straight 
line portion running into a curve at a temperature about 
250 deg. C. The straight line portions of the line for 
tensile strengths of 7-5, 8-0, 8-5, and 9-0 tons per 
square inch are parallel, but their adjoining curves 
have been drawn to fit the points and do not embody 
the constant difference characteristic. The line for 
9-5 tons per square inch has a smaller slope than the 
others. Fig. 3 represents the results of Anderson and 
Fahlman plotted upon a log. time-temperature 
diagram. ‘The material investigated was 65:35 brass 
tube which had been initially cold-drawn to a reduction 
in area of 35-4 per cent. This series of curves again 
consists of parallel straight lines running into curves 
at a temperature of about 365 deg. C. The results of 
Anderson and Fahlman are shown, therefore, to be in 
striking agreement with the conclusion of Pilling and 
Halliwell respecting copper—namely, that in the case 
of their brass the mechanism of softening is a charac- 
teristic unaffected by temperature except as regards 
the rate of its operation. 

Fig. 5 gives the results of Mathewson and Phillips 
for a 70 : 30 brass, and here again the log. time- 
temperature diagram consists of a straight line portion 
running into a curve at about 280 deg. 

The common character of the results obtained by 
the different investigators upon various metals under 
different degrees of hardening brought out by these 
figures raises the question whether there may not be a 
fundamental law of softening of strain-hardened metal 
of the form 

T= To e—60, 
Where 

T = time required to produce a requisite softening 
from a given initial condition when the tem- 
perature is @ deg. 

To = time required to soften at zero temperature 
(taken in this paper to be on the centigrade 
scale). 

= constant varying with different metals. 

e = base of Naperian logarithms = 2°7183. 

This law gives a straight line upon the log. time- 
temperature diagram, and it is seen from the evidence 
produced that there is no indication that it ceases 
to apply in the direction of decreasing temperature. 
In the case of copper Pilling and Halliwell found that 
heating at 100 deg. C. produced results in quantitative 
agreement with those obtained at higher temperatures, 
In view of the apparent wide application of the law, 
the question arises whether it may not also apply at 
all temperatures, provided constitutional changes are 
not encountered, and the curvature of the log. time- 
temperature graph shown by experimental data is 
really due to the influence of the heating-up period, 
which is insignificant at low temperatures and becomes 
predominating at the higher temperatures. 

Upon the basis of the suggested law the author has 
investigated the time required to soften a metal, when 
the influence of the hesting period is included. The 
analytical treatment employed has been applied to the 
case of Pilling and Halliwell’s copper of 71-2 per cent. 
reduction, and the full-line graph of Fig. 6 shows the 
theoretical log. time-temperature relation obtained. 
The conditions assumed in working out this case are 
that the copper is initially at 15 deg. C., that the 
time of heating to the upper temperature is 10 minutes, 
with uniform rate of increase, except where the tem- 
perature is such that this period is in excess of the time 
necessary to soften the material in heating up alone, 
and the law of softening is that deduced for this 
material from Fig. 1. The remarkable way in which 
the curve ABC, which represents all periods of heating 
down to 10 minutes (point C), agrees in character with 
the graphs obtained experimentally is in favour of 
the wide application of the law suggested, and points 








to the need of softening tests, carried out over short 
periods, in which the time-temperature relation during 
heating is accurately recorded. The portion CD 
represents cases where the influence of temperature is 
such that the requisite softening is produced during 
the heating-up period. If the suggested law applies, 
it will be found that at 400 deg. C. the duration of the 
heating period just to produce softening is a little over 
half a second. Clearly, existing experimental data 
cannot give much precise guidance upon the curved 
portion of the log. time-temperature graph unless 
special attention is paid to the heating period, and, 
therefore, the curved portions of the graphs of Figs. 1 to 
5 must be regarded as only a rough representation. 

It is pointed out earlier that the form of the log. 
time-temperature graph for specific values of hard- 
ness would be expected to be of the same form in the 
direction parallel with the log. time axis. This 
feature, however, is based upon the assumption that 
all the softening is carried out at the same temperature. 
When this is not the case and the heating period con- 
tributes an appreciable effect, the similarity in form of 
the curved portions, taken parallel with the log. time 
axis, no longer holds. On Fig. 6 A’B’C’D’ repre- 
sents the calculated log. time-temperature relation 
for the same material, but rolled so that the time 
taken to soften at the lower temperatures, i.e., over 
A’B’, is 100 times that represented by AB. 


Fig.6. COPPER (COLD-ROLLED 71-2% 
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It will be observed that the curves BC and B’C’ 
converge. Owing to the accidental and unknown 
variations in the heating periods of work done hitherto, 
the definite convergence shown by Fig. 6 is hardly to 
be expected from published data. Fig. 2, however, 
seems to show some indication of convergence of the 
curved portions of the graph. 

It has been noted that in Fig. 2 the lines of maximum 
hardness or least softening appear to have a smaller 
slope than the remaining curves of each diagram. This 
may only be apparent, and due to the combined effect 
of irregularity of results in the earlier stages of softening, 
and insufficiency of data to permit the correct form of 
the curved portion of the graphs. 

General Law of Softening of Strain-Hardened Metals. 
—The examination made by the foregoing of some of 
the more important experimental data obtained by 
different investigators lends considerable support to 
the view that for most, if not all, metals the relation 
between the time T, to produce a specific softening and 
the temperature @, at which it takes place is of the 
form 

T = Tpe—b8. 

The value of T, varies with the condition of the 
metal, and its effect is seen as a displacement of the 
line upon the log. time-temperature diagram, but the 
constant 6 is independent of condition, and measures 
the slope of the family of lines on this diagram. The 
following table gives the value of b for the materials of 
Figs. 1 to 5. A noteworthy feature is that all are of the 
same order of magnitude, and the first three may be 
regarded as close together. 


Material. Value of Constant b. 
Copper ¢ 
Aluminium .... 0-0725 
70: 30 brass 0-0771 
65 : 35 brass 0-0502 


Creep of Metals,—The three stages of creep in the 


failure of a piece in tension under a prolonged appli- 
cation of stress at constant temperature, has been 
referred to earlier in this paper. The author considers 
the evidence is in favour of the following explanation 
of the behaviour. During the first stage, the loading 
and strain-hardening of the crystal grains of the piece 
is very irregular. It is intense in some grains, and, as 
is known, the rate of softening due to temperature will 
also be greater there. The initial movement wil} 
therefore be larger than if a uniform distribution of 
stress occurred, both on account of plastic distortion 
occurring in the ordinary way and arising from the 
creep due to the progressive cancellation of strain- 
hardening by thermal influence. The process will 
result in a levelling up through the metal of the 
production and what is really simultaneous removal of 
strain-hardening, and the second stage will be reached. 
Throughout this stage there is a steady balance between 
the generation and removal of strain-hardened material, 
the material being but little altered in characteristics. 
The rate of movement during this stage is determined 
by the rate at which strain-hardening can. be removed 
by thermal influence. Although the distribution of 
stress and distortion is irregular in the first stage, the 
rate of movement is also controlled here by the rate 
at which strain-hardening is removed by thermal 
influence. The same remarks may be applied to the 
third. stage, and consequently to the whole test. If 
now the same test is made at two different temperatures, 
if there were no differences in the physical properties 
of the metal at these two temperatures, the rates of 
extension in the two cases would be expected to be the 
same as the respective rates of removal of strain. 
hardening. Or the times to failure would be expected 
to be proportional to the times for softening of strain- 
hardened material, and thus the duration would be 
connected with the temperature by the same law as 
the law for the softening of a strain-hardened metal. 
Or if L = Jength of life at temperature @, the value of 
L would be upon the view stated 
L =Ip e—50. 

Actually the physical properties are a factor, but 
their influence is secondary to that of temperature. 
It will be found for the materials represented by 
Figs. 1 to 5 that the time of softening is reduced to 
one-tenth of its value for each 26 deg. to 46 deg. C. 
increase in temperature. This is very much more 
severe than the influence of temperature upon physical 
properties. As some justification of the view given 
of creep and its relation to the softening of strain- 
hardened metals the results obtained by Dickenson are 
interesting, particularly as they were obtained at 
temperatures of 500 deg. C. and over. It has been 
stated that Dickenson found his results to give linear 
relations connecting the logarithm of the life of his 
test-pieces and temperature, and therefore the law 
L = L, e—28 applied. The following gives the values 
of 6 estimated from Dickenson’s results :— 


Material. Value of b. 
0-3 carbon steel Pee 0-068 
Nickel-chromium steel .... iss a. 0-046 
14-7 per cent. chromium rustless steel... 0-062 
High-speed steel.... aes me wa. 0°06 
Nickel-chromium alloy 0-0455 


The close agreement in the order of magnitude of 
these values of b obtained from creep tests, and the 
values of the constant deduced from the data upon 
the softening of strain-hardened metal, seem very 
significant, and are worthy of specific investigation. 
The suggested relation between creep and softening of 
metals gives rise to a number of interesting specula- 
tions, the chief of which is: When does creep definitely 
cease ? The data upon the softening of strain-hardened 
metals suggest no termination of the process with 
falling temperature, and from this consideration the 
reply to the question would appear to be: When 
there is no plastic distortion. The author may be 
permitted to quote a remark he made in the discussion 
on Lea’s paper,* namely: ‘ There appeared to be a 
very good reason for thinking that at elevated tempera- 
tures, if there were any permanent extension, then 
creep would proceed without cessation ; namely, that 
at temperatures at which strain-hardening was removed 
by thermal treatment the very factor which was 
responsible for the arrest of extension at lower tempera- 
tures was absent.” In other words, at any temperature 
at which removal of strain-hardening occurs, the 
limiting creep stress—i.e., stress below which there “ 
no progressive creep—would be expected to be the 
elastic or proportional limit. 

There is some evidence in published creep test data 
which supports this view, but there is also evidence = 
the contrary. Unfortunately, the majority of the 
published data purporting to find a limiting creep 
stress, is found upon critical examination to demon- 
strate that the investigator has most frequently wie 
taken the lack of sensitivity of his apparatus or methoa 
for the cessation of creep. 








* Loc. cit. 
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THE RARE GASES OF THE 
ATMOSPHERE. 


Ar the Royal Institution on Saturday the 6th 
inst. Sir Ernest Rutherford, F.R.S., delivered the 
first of a course of four lectures on the above 
subject. The isolation from the atmosphere of the 
remarkable group of inert gases was, he said, not 
merely of much interest intrinsically and historically, 
but had played a great part in the advance of modern 
science. It had been the work of two great pioneers 
who had now passed away from us—Lord Rayleigh 
and Sir William Ramsay. The discovery was 
entirely new and unexpected, and constituted one 
of the greatest triumphs of British science. The 
gases in question varied very widely in density, 
but were alike in having very definite chemical 
properties, or rather, were all characterised by an 
absence of these. Their atoms, in fact, were all 
inert, refusing to combine either with their neigh- 
bours or with those of other elements, at least under 
the ordinary chemical and physical modes of 
excitation. He would discuss later on the possi- 
bility of compounds being formed under other 
conditions. Amongst these inert gases must also 
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be included the radio-active emanations, radon, 
thoron and actinon, which might, in fact, be 
considered as isotopes of xenon. 

It was little more than 30 years since Rayleigh 
had described argon in the Royal Institution, 
having determined its properties from the minute 
quantities which was all it was then practicable 
to isolate. Enormous labour was, at that time, 
needed to get a cubic litre of argon. To-day 
this gas was obtained in vast quantities almost as 
a by-product to the process of extracting oxygen 
from the air, and some 100 million litres of it were 
used annually in gas-filled lamps. 

Neon had also found industrial uses, amongst 

which might be mentioned the neon tubes used 
for illuminated advertising signs. As for helium, 
the change had been still more remarkable. At 
the outset a few cubic centimetres were obtained 
from clevite. It was then separated in larger 
quantities from minerals yielding the radioactive 
bodies. Later on, during the war, tens of thou- 
sands of cubic feet were extracted from natural 
gases in Canada for filling airships. The work 
was then taken up by the United States, where 
hundreds of thousands of cubic feet had been 
isolated in the same way and for the same 
purpose, 
_ It was not, however, his object to stress these 
industrial applications of the rare gases. Still 
more important was the part they had played in 
the advancement of science. The group might 
almost be regarded as the corner stone of the periodic 
table of the elements, and had thrown much light 
on the constitution and structure of the atoms. 
In fact, science had been influenced in a multitude 
of directions, 

The discovery of argon arose from the attempt 
made by Lord Rayleigh in 1892-94 to determine 
with extreme precision the density of hydrogen, 
oxygen and nitrogen. For such work, Lord Rayleigh 

ad very special qualifications. In the course 






| in regard to the density of nitrogen. This nitrogen 
| was, in the first instance, obtained by passing air 
through liquid ammonia. The oxygen combined with 
the hydrogen to form water, an equivalent quantity 
of nitrogen being liberated which mixed with that 
contained in the air entering-the apparatus. Of 
the supply of nitrogen thus obtained, six-sevenths 
was derived from the air and the remainder 
abstracted from the ammonia. The density of 
this gas was determined with apparently the same 
accuracy as had been reached in prior experiments 
on other gases. 

Lord Rayleigh, however, decided to make further 
tests, and in these obtained his nitrogen by passing 
air over heated copper which extracted the oxygen. 
The nitrogen thus obtained proved to be a little 
denser than that resulting from the ammonia 
process. The difference amounted to only one 
part in a thousand, which most people would 
regard as very small, as, indeed, it was. The pre- 
cision attained in the experiments was, however, 
one part in ten-thousand, so that the discrepancy 
was about ten times the experimental error. Lord 
Rayleigh, accordingly, wrote to Nature asking 
for suggestions as to how this apparent difference 
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arose. He got many replies, but not one proved 
of value. Further experiments were therefore 
made, in which nitrogen was obtained in different 
ways, and it then appeared that the ‘“ nitrogen ” 
derived from the air was always a little denser than 
that obtained from nitrogen compounds. With 
nitrogen from air, the weight of the gas in the receiver 
used averaged 2-3102, the corresponding figure 
for ‘ chemical” nitrogen was 2-2990. The differ- 
ence was about one part in 209, whilst the maximum 
error in any single weighing was less than one in 
2,000, and the mean error much smaller still. 

When these results were published, many sugges- 
tions were advanced in explanation of the anomaly. 
Chemists generally, assumed that Lord Rayleigh, 
being a physicist, did not know how to purify 
his gases. Another suggestion was that the nitrogen 
derived from compounds might have some associated 
molecules, such as N,, or, alternatively, that the 
nitrogen of the air contained a certain proportion 
of monatomic molecules. Determined to track 
down the source of the discrepancy, Rayleigh 
consulted Dewar as to the best method of removing 
nitrogen from air, and was told to read the paper 
published by Henry Cavendish in 1775, in which 
that great experimentalist described the famous 
experiment by which he proved that what we now 
called the nitrogen of the air, was identical with the 
element found in nitrates. 

The apparatus used by Cavendish was represented 
in Fig. 1. The air was contained in the bent tube, 
the ends of which dipped below the level of the 
mercury in the two cups shown. Sparks were 
passed between the mercury in the two cups via 
the connecting tube, and these caused the oxygen 
of the air to combine with the nitrogen. Further 
supplies of oxygen were added from time to time. 
The nitric oxide formed was absorbed by soap 
lees, and the surplus of oxygen by another reagent. 
The process was continued for days and weeks 





of the research a peculiar anomaly was met with, 


until nothing but a residual bpbble was left at the 
top of the bent tube. This ‘Cavendish estimated 


to be not more than — part of the original volume 


of the air taken. The electric sparks required were 
provided by a friction machine turned by an 
assistant, and at best not more than 200 sparks 
were obtained per minute. In view of the time 
over which the work extended, the speaker could 
not, he said, help feeling sorry for the assistant. 

Cavendish made special mention of the small 
bubble left, but there was no evidence that he 
considered it as due to anything but a neglect to 
carry on the process long enough. 

Rayleigh determined to repeat this experiment, 
obtaining his sparks from a coil and using a solution 
of caustic potash to absorb the nitric oxide found. 
This method proved very slow, and later on he 
adopted the apparatus represented in Fig. 2. Here 
the air to be oxidised was trapped over a solution 
of caustic soda in a large water-cooled vessel, and 
the sparking current was obtained from a trans- 
former. Additional air and oxygen were fed in as 
the reaction proceeded. Measurements taken from 
time to time showed that the gas in the vessel 
steadily increased in density, which proved that 
the air contained some unknown gas much heavier 
than nitrogen. At this stage of the investigation, 
Sir William Ramsay wrote to Rayleigh saying that, 
in consequence of the latter’s paper, he had himself 
investigated the matter, and had obtained similar 
results. Ramsay used the apparatus represented. 
in Fig. 3. His air, after a preliminary removal of 
the oxygen, was passed from the holder A over 
red-hot copper at E, in which any residual oxygen 
was absorbed, and thence through soda lime into 
a tube G, which contained heated shavings of 
metallic magnesium, with which nitrogen combined. 
From this tube the residual gases passed into the 
holder B. Means were provided for passing these 
gases through the apparatus over and over again, 
and Ramsay found that as more and more of the 
nitrogen was taken out by the magnesium the 
density of the residual gas steadily increased. It 
was, the lecturer continued, difficult to say whether 
this method or that adopted by Lord Rayleigh was 
the more advantageous. In both cases the diffi- 
culty was to remove the last traces of the nitrogen. 
As a result of Ramsay’s letter, further work was 
undertaken conjointly, with the result that argon 
was definitely isolated. A first account of this work 
was given at the Oxford meeting of the British 
Association in 1894, but the final paper was not 
published until six months later. Looking back, 
it was possible to see that the main credit for this 
discovery rested with Lord Rayleigh, but Ramsay’s 
chemical knowledge proved most valuable, and the 
work was carried through more rapidly than it 
could have been without his assistance. Ramsay, 
moreover, proved that argon was chemically inert, 
and he discovered three other inert gases in the 
atmosphere, viz., neon, krypton, and xenon. In 
the vacuum tube, argon showed a characteristic red 
glow, but, if Leyden jars were included in the circuit, 
the colour of the light emitted was blue. This 
change of colour was very characteristic of argon, 
and was shown to a slighter extent by helium. It 
was due to the fact that with the Leyden jars in 
circuit the energy of each discharge was con- 
siderably increased, and the radiation excited was 
then largely in the more refrangible region of the 
spectrum. 

The suggestion was early made that argon was a 
manufactured article produced from the air by 
the action of the spark or of the magnesium. 
Rayleigh disproved this by diffusing air through 
the pores of a long range of clay tobacco-pipe stems. 
Lighter gases diffused more rapidly than heavier, 
and Rayleigh showed that the density of the gas 
traversing his pipes increased continuously as the 
diffusion proceeded. Argon, moreover, was found 
to be four times as soluble in water as nitrogen. 
Rayleigh accordingly liberated the gases dissolved 
in water from the air, and showed that the density 
was higher than that of ordinary air. 

In still further experiments, Rayleigh succeeded 
by his process in preparing argon in some quantity, 
and he measured the energy required to oxidise the 
nitrogen. His value obtained with this early 
apparatus, was only about 20 per cent. more than 





was now needed in the Norwegian works, where the 








ENGINEERING, 





[MARCH IQ, 1926. 





THE BARTON POWER STATION OF THE 





MANCHESTER CORPORATION. 





Fie. 33. ScrEENING PLAN® FOR CIRCULATING WATER. 


process was operated on an enormous scale for the 
preparation of nitrogen compounds from the air 
by the action of electric arcs. 

The atomic weight of argon was next determined. 
Chemical methods were impracticable, since argon 
refused to enter into combination. Physical 
methods were accordingly resorted to, and these 
showed that argon was a monatomic gas, whereas 
hydrogen, oxygen, and nitrogen were diatomic. 
The method used was to determine the ratio, y, 
of the specific heat at constant pressure to that at 
constant volume. This was effected by deter- 
mining the speed of sound in argon as compared 
with the speed in air, since it was known that this 
speed depended on the value of y being given by 
the formula ; 








7 a/PX | 


P 


where P denoted the pressure of the gas in dynes | 
per square centimetre, and p its density in grammes 
per cubic centimetre. A Kundt tube was used for 
the determination. This was a long tube which 
was placed horizontally. <A _ little lycopodium 
powder was strewn along the bottom, and the gas 
in the tube was set into vibration by rubbing a rod 
attached to a plunges, the position of which could 
be adjusted. The periodicity of the vibration was 
fixed by the elastic properties of the rod, whilst the 
lycopodium powder distributed itself in the neigh- 
bourhood of the nodes of the vibrating column of 
gas, thus enabling the wave-length to be measured ; 


and its atomic weight was accordingly found to be | 
39-88, or twice its density. 

The discovery of helium was of much interest. 
In the eclipse of 1808 the spectroscope was used 
for the first time, and Jansen noticed in the spectrum 
a remarkable yellow line which had never been 
observed before. Further work by Lockyer and 
Frankland led the former, in 1870, to conclude that 
the line in question was due to an unknown gas, 
which he named helium. When argon was dis- 
covered and refused to enter into chemical combina- 
tion, Sir H. Miers wrote to Ramsay and recalled that 
the American chemist Hillebrand had found that 
by the action of acids, a gas was liberated from 
clevite, which Hillebrand took to be nitrogen. 
Miers suggested that it might be argon. Ramsay 
tested the matter forthwith, and discovered that the 
gas in question was really helium. As was now 
known, the a particles liberated from radio-active 
bodies were atoms of helium. As the uranium and 
radium in the rocks broke up, helium was accor- 
dingly liberated and was entrapped in the sur- 
rounding gangue, where it might remain for millions 
of years. The mineral samarskite contained thus 
a considerable quantity of helium, which had origi- 
nated in some radio-active transformation which 
occurred, perhaps, 500 million years ago. 
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this was proportional to the speed of sound through 
the gas. In this way the ratio of the speed in argon 


to that in air was determined, and from this it | 


appeared that the value of y for argon was 1-67, 
whilst that for hydrogen was 1-419, for nitrogen 
1-41, and for oxygen 1-40. 


‘duced in Fig. 33 above and by the longitudinal 


THE screens at the circulating-water inlet from the 
Ship Canal, referred to in our last article on page 
257 ante, are illustrated by the photograph repro- 


section, transverse section and plan given in Figs. 





From the kinetic theory of gases, it followed that 
the argon molecule consisted of a single atom, 


‘installation, we should mention, was supplied by 


34, 35, and 36, respectively, on page 355. The 





Messrs. F. W. Brackett and Co., Ltd., of Colchester, 
and is easily capable of dealing with the 7,000,000 
gallons of water required per hour when the 
station is running on full load. The water from 
the canal first passes under an outer floating 
boom, which is constructed of steel plates and 
supported by buoyancy tanks so that it dips 2 ft. 
below the surface of the water and thus retains 
any large floating bodies. This boom, although not 
shown in the illustrations, is located at the entrance 
to a chamber excavated in the red-sandstone rock 
and partly lined with concrete. The width of the 
chamber at the entrance is 29 ft. 2} in., and its 
bottom is about 50 ft. below the ground level, and 
26 ft. below the normal level of the water in the canal. 
This it may be mentioned, would still give a depth 
of 11 ft. of water in the intake in the event of an 
accident to the gates of the Barton locks, which 
have a lift of 15 ft. An inner floating boom of 
timber, is provided to collect any small floating 
matter which may be drawn under the outer boom. 
The inner end of the intake is divided by concrete 
partitions, as shown in Figs. 35 and 36, into three 
channels which the water enters through openings 
at the outer ends provided with movable sluices 
shown in Figs. 34 and 35. It will be seen that 
there are two sluices to each channel, and the water 
normally enters through the upper sluices so as to 
avoid, as far as possible, the disturbance of any 
deposits on the bottom of the intake; the lower 
sluices would, however, be used if the level were 
reduced by a failure of the lock gates above referr 
to. The three channels, which are each 58 ft. 3 in. 
in length and 7 ft. 2} in. in width, discharge into 4 
converging chamber leading the water into the 
culvert communicating with the circulating pump* 
in the turbine room; the entrance to the culvert, 
which as already stated is 9 ft. 6 in. in diameter, 18 
shown on the left of Fig. 34. : 
Each of the three channels is provided with an 
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OPERATING STATISTICS FOR OCTOBER, NOVEMBER AND DECEMBER, 1925. 








Main SwITCHBOARD IN ContTROL Room. 











a October. 





Output— 
Kw. generated bs i : ; iv . . 23,805,690 
>» used on works .. - i ee ie ..| 1,304,010 
>» sent out ay oe - 2 5% .. 22,501,680 
», used on works to kw. generated oe per cent. | 5-47 
Maximum load on feeders “s bs .. kw.| 57,680 
Load factor (feeders) — ate ee per cent. | 52-43 
Fuel, &e.— 
Total weight of fuel burnt .. a, : .. tons 14.576 
Average calorific value as fired ws B.Th.Us. per Ib. 11,480 
Coal per kw. generated os e i <3. 1-37 
Se sent out ¥s os is a | 1-45 
Ashes to coal consumed oe es “3 per cent. 18-93 
Flue Gases— 
Average temperature leaving boiler Be . deg. F. 526 
- = . economiser = = 352 
" *- ss air-heater .. aor 266 
Average CO» at boiler exit .. a a per cent. 11-2 
— economiser exit Ss af 11-0 
* air-heater exit 1 . os 10-9 
Temperature of combustion air admitted to the furnace 
deg. F. 170 
Steam— 
Average gauge pressure at boilers . . .. Ib. persq.in 
” * turbines a ‘ 3: 
Average steam temperature at boilers a deg. F. | 661 
* turbines Ue 647 


travelling-band screens raised and the others in their | the upper ends, wash off the débris collected, the 


December. 


—_—— | October. | November. | December. 








8 
oe 
$ 








89,470 

5-18 
49,840 
66-04 


15,483 
11,738 





Total water evaporated ‘ ae 
Make-up water to total evaporated oe per cent. 
Water evaporated per kw. generated 4 pe Ib. 


Water evaporated per Ib. of coal (actual) .. : 
Average temperature of feed water to economiser deg. F. 
||Average Oxygen Contents in cubie centimetres per litre— | 
Condensate at condenser bottoms .. ff . 


Water in feed range .. 


Thermal efficiency calculated on kw. generated 


| B.Th.Us. in fuel per kw. 


||Number of Men Employed— 


| | 
| | 
ae =A Ib. |259,626,300 |259,090,100 |276,3% 








| 3-67 | 3-39 
: 10-9 | 10-60 
| | 
sent out a eu 11-54 | 11-18 
ae 7:95 | 7-97 
(from and at 212 deg. | | 
, : Ib. | 9-68 | 9-72 9-72 
| 195 | 197 200 
” boiler <. sme 282 283 285 
F ‘3 0-19 | 0-13 0-12 
first heaters .. av me ea cat 0-17 | 0-12 0-12 
0-31 | 0-16 0-16 
| 
Average absolute pressure at exhaust in. of mereury 0-98 | 0-79 0-78 
|| Average temperature of circulating-water inlet deg. F. 58-3 | 48-7 44-7 
| ; ss outlet, 66-3 | 57-3 53-3 
per cent. 82-06 | 81-48 80-73 
’ 21-74 =| 22-11 21-74 
»  sentout ,, 20-54 | 21-00 20 -66 
generated yer ar ee 15,728 
sent out ee ss a 16,646 | 16,282 16,550 
| 
$ e3 oe és re 103 | 101 101 
aintenance .. Ss 7 3% & 57 59 61 
Total... - Se 4) 160 | 160 162 











| normal requirements. Occasionally, however, when 


normal working positions. Only two of the three | washing water and débris falling into a steel trough | the water of the canal is stirred up by the passage 
channels are visible in this illustration, the other being | which leads them into a small concrete channel | of a vessel of exceptionally deep draught, a longer 
hidden by the retaining wall in the foreground. | with a perforated steel bottom. The débris, which | run is necessary. 


The travelling-band screens are made up of steel | collects on the latter, is removed at intervals and 


Having now completed our description of what 


meshing, with openings ,y in. square, running over | the water is returned to the main channel in front | may be referred to collectively as the mechanical- 


rollers at each end carried on steel lattice girders | of the screen. 


The washing water is supplied by | engineering features of the station, we propose to 


at the sides. They are 5 ft. 10} in. in width and|two 4 in. electrically-driven centrifugal pumps, | deal briefly with the switchgear and distributing 


are inclined at an angle of 45 degs. as shown in Fig. 





34. A shaft driven by two 3 h.p. motors through | roo 
worm and bevel gearing, as shown on the left of | located. 


housed in a brick-built chamber with a concrete | arrangements, which the demands upon our space 
f, where the motors driving the screens are also | prevent us from describing in great detail. 
A four-ton, 


A view 


is|of the main switchboard is given in Fig. 37. 


Figs. 34 and 36, as well as in Fig. 33, drives the} provided, as shown in all the illustrations, for | above, from which it will be seen that the board, 
rollers by means of chains, the bands travelling | handling the screens and sluices. The travelling- | which was constructed by’ the British Thomson- 


at about 5 ft. per minute. Water sprays directed | band screens are not operated continuously, a| Houston Company, Limited, Rugby, 
on to the screens as they pass over the rollers at | total run of about 3 hours daily being sufficient for | three sections mounted at an angle to e 


is divided inte 
ach other- 
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Each section controls one main generator, one 
house-service transformer and four feeders, and 
the connections between the sections are made 
through tie-bar reactors to prevent heavy currents 
from surging between the machines. A Metro- 
politan- Vickers automatic voltage regulator is 
mounted on each section of the board, one for each 
of the generators, and above each section is a 
diagram showing the connections and the positions 
of all main switches. The synchronising instru- 
ments are mounted on pedestals at the junctions 
of the sections, and near them are situated the 
Chadburn telegraphs communicating with the 
turbine-room. Each generator is protected by a 
B.T.H. protective relay, which covers faults on the 
generator or transformer in normal operation ; an 
overload relay, also fitted, is used when synchro- 
nising only, and is short-circuited as soon as the 
machine is on load. A Fawssett-Parry protection, 
an overload time limit and earth-leakage relays are 
fitted on each feeder. 

The main switchboard is housed in a room over 
a passage between the turbine-room and the switch- 
house, a transverse section of which is given in 
Fig. 8, on Plate II, ante. On the ground floor of the 
switch-house are located the main transformers, 
and the first floor above them carries the main and 
auxiliary *bus-bars. The main oil switches are 
placed on the second floor, and it may here be 
mentioned that the switch-house is divided by 
transverse walls into three sections, each of which 
corresponds to one of the station generating units. 
Two three-phase transformers of 19,500 kv.-a. 
continuous rating and constructed by the Metro- 
politan-Vickers Electrical Company, Limited, are 
provided for each unit to step up the voltage from 
6,600 to 33,000, and each pair of transformers is 
connected to one of the generators through simple 
disconnecting links, the operating switches being 
connected to the transformer secondaries. Forced 
oil cooling is provided for the transformers, the oil 
being circulated through the transformers and their 
associated water-coolers by centrifugal pumps 
driven by 12-5-h.p. motors. There are seven of 
these oil-pumping sets in all—one for each trans- 
former and one as a stand-by. The 33,000-volt 
switchgear, which is ot the British Thomson- 
Houston Company’s manufacture, is of the cellular 
type, each piece of apparatus being enclosed in a 
separate compartment, and the phases being entirely 
separated between the ’bus-bars and the outgoing 
cable box. 

The oil circuit-breakers, which are of the 
explosion-pot type. have a guaranteed breaking 
capacity of 1,000,000 kv.-a., and are, of course, 
electrically operated from the main switchboard. 
The isolating switches are of the lever type, arranged 
in three-pole combinations and operated mechani- 
cally, through insulated rods and way shafts, from 
a handle mounted in front of the cells. The neutral 
point of the 33,000-volt system, as well as those of 
the generator windings, are earthed through two 
banks of resistances of the cast-grid type, which, in 
the event of an earth occurring on the system, 
allow sufficient current to flow to operate the leakage 
protective devices, but prevent the current from 
becoming excessive. A pressure test room is 
provided on the ground floor of the switch-house, 
and an interesting item of the equipment is a motor- 
generator set consisting of a 250-h.p. induction 
motor driving a 2,600-kv.-a., 6,600-volt, single- 
Phase generator made by the Electric Construction 
Company, Limited. This set is used in conjunction 
with a step-up transformer, the secondary windings 
of which can be connected in parallel or in series to 
five pressures of 25,000 volts or 50,000 volts, so 
that excess-pressure tests can be carried out on 
Switchgear, transformers, generators, cables, and 
other apparatus and materials. The apparent 


discrepancy between the horse-power of the motor, 


and the capacity of the generator in this set is 
explained by the fact that the full output of the 
latter is only required when charging long lengths of 
high-tension cable. Owing to the capacity of the 
cable, the current is then, of course, practically 
Wattless ; the generator, in fact, was specially 
designed to give its maximum output with a leading 
power factor of only 2 per cent. ‘ 


ae ; BNE 
“1x main feeders for transmitting power at 





33,000 volts to the Manchester area are, at present, 
inuse. The cables, which were made by Callender’s 
Cable and Construction Company, Limited, Bel- 
vedere, Kent, are of the three-core type with 
paper insulation and lead sheathing, four being 
of 0-3 sq. in. section and two of 0-2sq. in. section. 
These cables were laid directly in the ground, 
but spare ducts were provided above them in 
which additional feeders will be laid later, the 
whole of the work being protected by a covering of 
concrete slabs. The feeders supply distributing 
stations at Stuart-street, Oldham-road, High- 
street (Chorlton-on-Medlock), Moss-Side, and Dickin- 
son-street. The High-street sub-station, it is in- 
teresting to note, was the first example of an outdoor 
high-tension sub-station to be constructed in this 
country, the transformers being mounted in the open 
on the ground level. The ’bus bars and conductors 
are supported by three-piece petticoat insulators 
on a framework of reinforced-concrete beams and 
columns. In addition to the main feeders, two 0-2 
sq. in. feeders have been laid from Barton to Hill 
Top for a bulk supply to the Lancashire Electric 
Power Company and three other feeders, of the same 
cross-sectional area, have been put down to provide 
a bulk supply for the Stretford Urban District 
Council. 

We may well conclude our account of the station 
with a brief reference to the operating results 
obtained, which are given in detail in the table 
on page 356 for the last three months of 1925. 
It will probably be remembered that the coal 
consumption at Barton per unit generated, as given 
in the statistical abstract prepared by the Electricity 
Commissioners for the year ended March 31, 1925, 
was 1-51 lb., and that this figure was considerably 
lower than that of any other station in this country. 
The corresponding figure for the overall thermal 
efficiency was 19-85 per cent. Reference to the 
table, however, will show that both these figures 
have now been improved upon, the coal consump- 
tion for November having been 1-33 Ib. per unit 
generated and the thermal efficiency, calculated on 
the units generated, having reached 22-11 for the 
same month. The station is, of course, a large 
one, representative of the latest British practice, 
and has the advantage of a very high load 
factor, but even when due allowance is made for 
these fortunate circumstances, it will be admitted 
by engineers in general, and by power-station 
engineers in particular, that all concerned with the 
design, construction, and operation of the station 
must be congratulated on the results, especially 
as these have been obtained under ordinary working 
conditions extending over a considerable period. 

The operating costs, as would be expected from 
the efficiency and coal-consumption figures, are also 
highly satisfactory, the average cost per unit sent 
out having amounted to 0-147d. for the last quarter 
of 1925. This figure is made up of the following 
items: Coal, including coal handling and ash 
handling, 0-11lld.; operating labour and super- 
vision, 0-019d.; oil, water and sundries, 0-008d. ; 
and repairs and maintenance, 0:009d. The above, 
it will be noticed, are works costs, and do not cover 
interest on capital expenditure or depreciation of 
plant. 

A suitable allowance for these two items would 
be 0-150d. per unit, bringing the total cost to 
0:297d. per unit. It would thus appear that the 
decision of the Manchester Corporation to construct 
the Barton power station, in accordance with their 
policy of ensuring an adequate supply of cheap 
power to the industries of the city and its environs, 
has been amply justified, and there can be little 
doubt that its continued operation will prove to be 
a by no means negligible factor in maintaining and 
enhancing the prosperity of the district. 

Finally, we wish to record our indebtedness to 
Mr. H. C. Lamb, the chief engineer and manager of 
the Manchester Corporation Electricity Depart- 
ment, for supplying us with data and information 
on which our articles have been based, as well 
as for permitting their publication. We should 
also like to express our thanks to Mr. A. L. Lunn, 
the Superintendent of power stations, and to 
Mr. T. Baxendale, the resident engineer at Barton, 
for facilities afforded our representative when visit- 
ing the station. 





THE INSTITUTE OF METALS. 
(Concluded from page 339.) 
To conclude our report of the annual meeting of 
the Institute of Metals, held recently in London, 


we have now to deal with the proceedings of Wednes- 
day afternoon and Thursday, March 10 and 11. 


CrystaL GROwTH IN COLD-woRKED METALS. 

The first paper considered was by Dr. W. Feit- 
knecht ; it dealt with the subject of “Crystal 
Growth in Recrystallised Cold-Worked Metals.”’ 
In presenting his paper, Dr. Feitknecht stated that 
in spite of the fact that several investigators 
had extended their experiments over a long 
period of heating, a systematic study of the crystal 


growth, after recrystallisation was completed, 
was still lacking. Carpenter and Elam* had 


found that, on heating recrystallised aluminium 
sheets for a considerable period of time, very large 
crystals were formed. The experiments described 
in the present paper were primarily undertaken 
to investigate the causes of the formation of these 
very large crystals. The metal used was of the same 
kind as that employed by Carpenter and Elam ; 
it contained 99-6 per cent. of aluminium, and the 
chief impurities were iron, 0-17 per cent., and silver, 
0-22 per cent. A certain amount of work was also 
done with very pure aluminium and very pure silver. 
Large crystals, continued the author, arose from 
grains formed during recrystallisation, and did not 
start from new nuclei. After recrystallisation was 
completed, all further changes were due to the 
growth of existing crystals, both when the tempera- 
ture was kept constant and when it was raised. 
There appeared to be no relation between crystal 
size and capacity to grow. Crystal growth in 
recrystallised cold-worked sheets was the faster the 
more severely the sheets had been worked before 
recrystallisation. 

The final size, reached by the crystals, after 
growth had come to a standstill, increased with 
decreasing deformation, and, in the moderately 
worked samples, very large crystals were formed. 
Below a certain limit of deformation, no considerable 
change took place. A previous heat treatment 
at a certain temperature had a considerable effect 
upon the subsequent growth at another temperature, 
and upon the final crystal size. To give a concrete 
example: after a very long annealing (2 to 3 weeks) 
at 550 deg. C., the growth, on raising the temperature 
to 630 deg. C., was so fast, that, after heating for 
only one hour at the higher temperature, the struc- 
ture had reached its final state. In sheets thinner 
than 0-75 mm., the crystal size decreased with de- 
creasing thickness of the samples, and, in very thin 
sheets, no considerable growth took place after re- 
crystallisation was completed. In the very pure 
aluminium (99-983 per cent. Al), the crystal growth 
was found to be much quicker than was the case in 
the pure commercial metal, and twins were some- 
times formed. The observed facts might be ex- 
plained by assuming that the crystals formed during 
re-crystallisation were still strained, and that, on 
heating further, the least strained crystals absorbed 
the crystals having the most remaining strain. 

Miss C. F. Elam was much interested in the 
author’s results. The conclusion that large crystals 
arose from grains formed during recrystallisa- 
tion, and did not start from new nuclei, and 
that after crystallisation was completed, all further 
changes were due, to the growth of existing crystals. 
both when the temperature was kept constant and 
when it was raised, confirmed points observed in 
previous work. There were many points in the 
paper which would have to be discussed further. 
She would like to know why the thickness of the 
sheet and the purity of the metal influenced growth. 

In the opinion of the next speaker, Dr. W. 
Rosenhain, Dr. Feitknecht had put forward new 
and interesting observations on crystal growth. 
The author had adopted the theory of residual 
strain to account for crystal growth. As a hypo- 
thesis it was quite justifiable ; it was, however. only 
a hypothesis. He would like to know if the real 
inner deformation of a crystal could be observed 
and measured. The crux of the whole question 
of crystal growth was the behaviour of the crystal 


* See ENGINEERING, 1920, vol. ex, pages 488 and 489. 
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boundaries ; the entire mechanism of growth must 
be situated at the crystal boundaries. In seeking 
an explanation of crystal growth, it was necessary, 
therefore, to study the phenomena which occurred 
at the boundaries. Until this question was under- 
stood the whole subject must remain indefinite. 
There existed a curious analogy between the 
formation of large crystals and other properties 
of the metal, such as diffusion, plasticity, and 
ductility. They were functions of the same thing, 
i.e., regularity of the space lattice. Metals which 
formed large crystals were pure and very ductile. 
This would account for the importance of purity, 
and would explain the behaviour of impurities in 
lessening crystal growth. 

Colonel N. T. Belaiew also emphasised the import- 
ant part played by the crystal boundaries. Polanyi 
and his co-workers had shown that, under certain 
conditions, there was a possible change of matter 
at the boundary. He (Col. Belaiew) looked upon 
crystals as consisting of a certain amount of matter 
contained in elastic cells which could respond to 
treatment and assume various forms. 

Mr. U. R. Evans stated that he desired to express 
the views of Dr. Maurice Cook and of himself. 
Grain growth had presented more puzzling features 
than recrystallisation itself. A lot of difficulties 
had, however, been cleared up by Dr. Feitknecht’s 
work. In some respects, the present author’s find- 
ings differed from their own conclusions. They 
accepted Dr. Feitknecht’s explanations of the 
salient facts relative to grain growth as being more 
probable than their own. He had said that grain 
growth depended on the deformation, and that 
crystals became enlarged as a result of residual 
strain; they accepted these conclusions. They 
also agreed with the author’s view that the less- 
strained grains would grow at the expense of the 
more-strained grains, This was a view which had 
not always been held at the Royal School of Mines. 
He was of opinion that large grains did not always 
consume small ones. Where the boundary was 
curved, the grain on the concave side grew into the 
grain on the convex side, and thus tended to 
straighten the boundary. 

Upon being called upon to reply to the discussion, 
Dr. Feitknecht intimated that he would do so in 
writing. 

THE MACROSTRUCTURE OF CasT METALS. 

The second paper taken on Wednesday afternoon 
was by Mr. R. Genders. It was entitled ‘ The Inter- 
pretation of the Macrostructure of Cast Metals,” 
and will be reproduced in a later issue. 

Dr. S. W. Smith. who opened the discussion, 
stated that the author had quite frankly referred to 
the difficulties of the investigator when he had 
said that the factors which governed the solidifica- 
tion of cast metals had not been sufficiently under- 
stood to make possible the interpretation of macro- 
structure on general lines. The statement that 
the interpretation of macrostructure was dependent 
on empirical observations, and was, in some respects 
at least, confined to the particular alloy under 
consideration, was also a very true one. He 
had chosen two metals identical in everything 
except colour; he (Dr. Smith) thought that there 
would probably be slight differences in the fluid 
densities of the two alloys. He was interested in 
one of the author’s conclusions, which was as 
follows: ‘‘ Where the thermal conductivity of a 
cast alloy is high, solidification is rapid. This occurs 
concurrently with pouring, and the effects of the 
path of the stream and turbulence within the 
mould, are directly reflected in the macrostructure.” 

At this juncture s2veral slides were projected on 
to the screen. These showed curves obtained during 
the solidification of un alloy, the thermal conduc- 
tivity of which was high; they had been obtained 
in the course of experiments dealing with the liqua- 
tion of standard gold. In certain cases, continued 
the speaker, it was possible to relate the composition 
as well as the macrostructure with turbulence 
during solidification. This indicated one direction 
in which an extension of Mr. Genders’ work might 
be possible. 

Dr. D. Hanson was of opinion that many of the 
defects in a metal could be attributed to defects 
in the casting itself. Mr. Genders had referred to 
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and himself on the effects of impurities on copper.* 
The results which they had obtained in that investi- 
gation agreed with the author’s conclusions. They 
had found it difficult to regulate the type of structure 
in the small bars which they cast. They used 
graphite moulds preheated to 350 deg. C., and did 
not employ a rapid rate of pouring. They had 
found it difficult to avoid the columnar type of 
crystal in small chill castings. In this instance, 
however, this columnar type of structure was not 
necessarily a bad one; their ingots had rolled quite 
satisfactorily. When using pure metals, columnar 
crystals were not particularly harmful. Mr. 
Genders had referred to the effect of undercooling. 
This factor was even more important than he had 
indicated, and, moreover, its effects were difficult 
to estimate. In this connection, he would like to 
mention one experiment they had made on some 
oxygen-copper alloys. Two bars were chill-cast from 
the same pot and it was subsequently found that 
these bars had different properties. The one had a 
strength which was 30 per cent. greater than that of 
the other. Upon examining the structure, the strong 
bar was seen to consist of primary crystals of copper, 
together with an extremely fine eutectic. In the 
other bar, the eutectic was coarse. This eutectic 
was similar in appearance to the one which occurred 
in Alpax. The only explanation which he could 
arrive at was that under-cooling had taken place 
in the one case and that the eutectic had solidified 
very quickly. 

Colonel N. T. Belaiew thought that the method 
employed by the author was very ingenious. The 
two alloys used had the same liquidus, but the 
solidus, in the one case, was 990 deg., and in the 
other case, 950 deg. C. This difference of 40 deg. 
might be of importance and might be the cause of 
a slight difference in the fluidity of the two alloys. 
In the case of a cylindrical steel ingot, the radial 
structure was absolutely sound. The interval of 
crystallisation, however, had a bearing on this 
matter. In the case of an alloy with a small 
interval of crystallisation, the outer portion of the 
ingot would be made up of columnar or radial 
crystals, and the inner portion would consist of a 
relatively large number of equi-axed crystals. 
In the case of an alloy with a large interval of 
crystallisation, the radial crystals would be rela- 
tively long, and the proportion of equi-axed crystals 
at the centre of the metal would be relatively small. 

Dr. W. Rosenhain stated that the author had 
broken new ground. He (Mr. Genders), suggested 
that, in the casting of non-ferrous metal ingots, 
we had a good deal to learn from steel practice. 
Their difficulties were, in the speakers’ opinion, 
no less great than they were in the non-ferrous metal 
casting shop. Steel ingots were much larger and 
scale effects had to be taken into account. The 
author had used flat ingots, which was unfortunate ; 
a cylindrical ingot would have given better results. 
He thought that caution was required in the inter- 
pretation of results. The method employed was an 
ingenious one, but the fact that, in the case of a 
melt containing 75 per cent. of brass and 25 per 
cent. of nickel silver, only 20 per cent. of the ingot 
showed up black in the diagram, demonstrated that 
they were dealing, not merely with two alloys, but 
with a whole range of alloys. The distinction 
was only one of colour and a small proportion of 
nickel could quite easily alter the colour of an alloy. 
Continuing the discussion, Dr. F. Johnson 
endorsed Dr. Smith’s remarks with regard to 
fluid density. He stated that Mr. Genders had 
used the term ‘‘ bottom pouring” when he should 
have said “ bottom running.”” He would like to 
draw attention to one point with reference to the 
rate of pouring. If an alloy was poured at a slow 
rate, very near to its freezing point, particles of 
dross might become entrapped in the mass. He 
had once cast a 60:40 brass in a mould having 
a sand base; bridging had resulted owing to the 
reduced thermal conductivity of the base of the 
mould. 

Mr. W. G. Turner then described a method of 
axiai casting used at his works in Sheffield. This 
avoided turbulence and had solved many of their 





* See ENGINEERING, 1923, vol. exvi, page 351. 


the work conducted by C. Marryat, G. W. Ford 


difficulties in the matter of producing sound ingots 
The next speaker, Dr. H. W. Brownsdon, stated 
that the process, referred to by Mr. Turner, was 
exactly similar to the Durville method of casting, 
With regard to the occurrence of columnar crystals 
in non-ferrous alloys, he thought that the presence 
in the metal of equi-axed crystals reduced their 
detrimental effects. It was the equi-axed crystals 
which bound together the columnar crystals. He 
was just a little anxious about what had been 
said concerning the columnar crystals. Mr. Genders 
had said that their occurrence did not appear to 
be a source of weakness. He, himself, was con- 
vinced that the equi-axed structure was preferable 
in an ingot. 

Mr. Genders stated that he would reply, in 
writing, to most of the points raised in the 
discussion. With regard to one of the points 
raised by Dr. Rosenhain, he thought it was only 
necessary to take into account the black alloy 
depicted in his diagrams. Although it might have 
been better to have considered a cylindrical ingot, 
it was as difficult to obtain regular cooling conditions 
from a cylinder of metal as it was from a slab, 
He considered the terms ‘“ bottom pouring” and 
“ bottom running ”’ to be nearly identical. He had 
not done experiments with a mould having a sand 
bottom. One could not obtain sound castings by 
that method. If anything, bottom cooling should 
be accelerated. In his opinion, columnar crystals 
were only harmful if they left a cavity down the 
centre of the ingot. 


THe BrittLE RANGES OF Bronze. 


The next paper taken was entitled “ The Brittle 
Ranges of Bronze” ; it was read in abstract by the 
author, Mr. W. L. Kent. We reproduced this paper 
on page 349 of our issue of last week. 

Dr. R. H. Greaves, who took part in the discus- 
sion which ensued, stated that Mr. Jones and he 
had carried out similar work at the Research 
Department, Woolwich. They had, however, utilised 
the Charpy machine ; they were of opinion that it 
was quicker, gave a bigger angle of bend, and, more- 
over, deformation of the test piece was avoided 
by its use. He would like to know if tests had 
been carried out on these alloys at atmospheric 
temperature, and also, how long each test piece 
had been annealed before it was broken. 

Owing to the lack of time, the President asked 
Mr. Kent to reply to the discussion in writing. 


ALUMINIUM-CopPER-Tin ALLOYS. 

“The Copper - Rich Aluminium - Copper - Tin 
Alloys,” by Dr. D. Stockdale, was the last paper 
taken on Wednesday afternoon. It had reference 
to experiments originally undertaken by the author 
in the hope of finding some means of suppressing 
the eutectoid transformation in the aluminium- 
copper alloys. The results obtained by the use of 
tin having proved encouraging, the investigation of 
a number of ternary alloys was carried out. About 
60 alloys were made and the equilibrium diagram. 
up to 15 per cent. of aluminium and 9 per cent. of 
tin, was examined. The addition of aluminium up 
to 8-3 per cent., lowered the freezing point of copper; 
the liquidus curve then ascended to a maximum at 
12-5 per cent. The prominent features of this 
curve remained unaltered by the addition of tin, but 
the values of the constants underwent some change. 
While tin greatly increased the range between the 
liquidus and the solidus, it had remarkably little 
effect on the g phase. In those alloys, richest m 
copper, the temperature of the eutectoid transforma- 
tion was raised very considerably by the presence of 
the two other elements ; tin, however, reduced the 
apparent velocity of the transformation. In other 
alloys examined, complicated changes took place. 
but there was no formation of eutectoid ; a phase 
akin to the g phase, but stable at low temperatures, 
was formed. The author came to the conclusion 
that the new phase was polymorphous with the 8 
and gave to it the name of 8’. 

The discussion which ensued centred chiefly 
round the g 4’ transformation. Dr. M. L. V. Gayler 
and Dr. D. Hanson both thought that a little more 
information was necessary on this matter. Dr. R. H. 
Greaves stated that Dr. Stockdale had referred to 
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mechanical properties of aluminium-copper-tin 
allovs.* This investigation was not complete, but 
it had led to several definite conclusions. Dr. Stock- 
dale had suggested that a practical investigation 
into the properties of a small group of alloys 
namely, those containing from 8 per cent. to 9 per 
cent. of aluminium and from 1 per cent. to 5 per cent. 
of tin, would prove very fruitful. He (Dr. Greaves) 
doubted whether encouraging results would be 
obtained from alloys containing 5 per cent. of tin. 

After a brief reply from Dr. Stockdale, the meeting 
was adjourned until 10 a.m. on the following day. 
Thursday, March 11. 


New ARTICLES OF ASSOCIATION. 


On Thursday morning, at 10 a.m., an extra- 
ordinary general meeting of members took place, 
at which the new Articles of Association of the 
Institute were considered. We gave a brief 
outline of the proposed new regulations in our issue 
of last week, page 350. They were approved by the 
members, and the adjourned general meeting was 
then continued. 

Tue Sorr SoLDERING OF COPPER. 


The first paper taken was by Dr. T. B. Crow ; 
it described some experiments on the soft soldering 
of copper. The author stated that when molten 
tin, or tin-lead solder, was applied to a moderately 
hot. clean copper surface, a chemical reaction 
took place which involved the production, in the 
solid state, of Heycock and Neville’s ‘“‘H” phase, 
a material having a composition approximating 
to the formula CuSn. The actual manner in which 
this reaction took place was a matter for further 
investigation, but it was not a process of diffusion 
of tin into copper, forming solid solutions. The 
extent of this reaction depended upon time and 
temperature, and might be so slight as to leave 
definite traces of original surface markings on the 
copper. Adhesion between “H” and copper 
took place across this interface, and the fact tbat 
fracture never occurred in this particular region 
(i.e, so as to expose raw copper) indicated its 
relatively high value. The copper-tin alloy was 
dissolved, as it was formed, by the excess tin, so 
that increasing the period of soaking did not pro- 
duce thicker layers of alloy. At higher tempera- 
tures, say in the region of 300 deg. C. and above, 
a layer of a blue-mauve material was formed 
between “H” and the copper. This was the 7 
phase of the bronzes, and its composition was 
represented by the formula Cu; Sn. The increase 
of tensile strength conferred upon joints by diminish- 
ing the thickness of the solder film was progressive, 
until the solder film became discontinuous, as the 
result of the union of the two bands of grey alloy 
across the gap. 

Sir John Dewrance said that one aspect which had 

not been dealt with by the author was the com- 
position of the solders themselves. The British 
Engineering Standards Association had recently 
standardised the composition of solders. He 
believed the specifications were now on sale. 
_ Professor T. Turner, who spoke next, stated that 
it was understood that Dr. Crow had conducted 
his soldering in a way which was not applicable 
to actual practice. In the ordinary way, the coating 
of tin on copper was very thin; the ancients 
believed that, if a copper vessel were tinned, it did 
hot increase in weight. It was now known that 
copper, after tinning, was heavier, but the increase 
in weight was too small to be taken into account 
by the balances in use in ancient times. This 
matter had a bearing on the behaviour of the 
interfacial alloy mentioned by Dr. Crow. 


INFLUENCE OF GASES ON COPPER. 


The second paper taken on Thursday morning 
was entitled ‘“‘ The Influence of Gases on Copper at 
High Temperatures. Part I.” It was by Messrs. 
A. G. Lobley and D. Jepson, and was read in 
abstract by the latter. We reproduce this paper 
on page 380 of this issue. 

Dr. Hanson, who opened the discussion, said that 
work on the solubility of gases in metals was notor- 
lously difficult. He desired to know if the authors 
could give him any indication of the amount of 
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oxygen present in the copper, in those instances in 
which carbon monoxide and nitrogen were used. 
It was difficult to obtain sound copper unless a little 
oxygen were present ; it was, therefore, desirable to 
know the oxygen content of the samples of metal 
used. He noticed that they had measured the 
density in the nitrogen experiments; the figure 
given, 8-96, showed quite clearly that the copper 
was sound. No figure was, however, given in the 
case of the carbon monoxide experiments. (Mr. 
Lobley here remarked that the same figure, 8-96, 
had been obtained). Continuing, the speaker hoped 
that the authors would try the solubility of sulphur 
dioxide, and its effect upon copper. This gas came 
next to hydrogen in importance. 

Sir Gerard Muntz stated that any investigation 
which dealt with air or gas pockets in castings was 
of importance. He believed the best melting tem- 
perature for copper lay between 1,300 and 1,350 deg. 
If the melt were below 1,300 deg., the copper was 
“sticky,” and air could not get away. If, on the 
other hand, the melt were too hot, addition of gas 
took place. The authors had said that carbon 
monoxide had no effect. This might appear so. 
They did not have gas bubbles in their copper, but 
he would like to have an analysis of the metal. It 
might not contain gas, but there might be oxide 
present. 

Dr. W. Rosenhain said that, at the National 
Physical Laboratory, they had been working on 
experiments dealing with the occlusion of gases. 
He was interested to see that the author’s experi- 
ments with nitrogen tallied with their own, parti- 
cularly in relation to aluminium alloys. They had 
gone further than the authors and had blown gas 
through the metal. He thought that the forma- 
tion of oxide in the metal by the agency of carbon 
monoxide, as suggested by Sir Gerard Muntz, was 
unlikely. There might, however, be absorption of 
gas; if the metal were remelted under a vacuum, 
this might become apparent. It did not affect the 
density, and probably it did not have a great 
influence. The important question was the rate 
of cooling. In chilled material, the gas was trapped ; 
in slowly-cooled material, the gas was ejected. The 
authors had adopted a rate of cooling which was 
apparently something between chilling and slow 
cooling. It was a pity they had not adopted a 
method more in line with what occurred in practice. 
In the actual ingots of the authors, he thought there 
was a certain amount of doubt as to whether the 
cavities were due to gas or shrinkage. The fact 
that hydrogen was the most soluble of all the gases 
in metals constituted a strong plea for electric 
melting. 

In his reply, Mr. A. G. Lobley stated that sulphur 
dioxide would be one of the gases used in their 
subsequent experiments. The question of rapidity 
of cooling had been one of their difficulties. The 
reason they had cooled their melts in the manner 
described was that they wished to catch as much 
gas as possible. In some experiments, in which 
they had cooled the melts slowly, they still had 
blowholes with hydrogen. He did not think that 
the voids they had obtained in their ingots were 
due to shrinkage; there were no signs of bridging, 
and, in the case of the nitrogen and carbon monoxide 
specimens, a plain pipe was produced. 

ALLOYS OF SILVER AND TIN. 

The next paper considered, entitled “The 
Constitution of the Alloys of Silver and Tin,” 
was by Mr. A. J. Murphy. It contained a descrip- 
tion of an investigation carried out at the National 
Physical Laboratory on behalf of the Dental Inves- 
tigation Committee of the Department of Scientific 
and Industrial Research. The constitution of 
the alloys of silver and tin was determined 
from the freezing point down to room temperature. 
Based mainly on the results of heating and cooling 
curves, the microscopic examination of heat-treated 
specimens and electrical resistance measurements 
at various temperatures, a thermal-equilibrium 
diagram had been constructed. This diagram 
differed from that hitherto accepted in showing 
a new §-phase in a range of alloys formerly believed 
to consist of an a solid solution. Evidence had 


been obtained showing that a transformation took 
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nature of this change, however, remained obscure 
for the present. The inversion previously said 
to occur at 232 deg. C., had not been confirmed. 
Experiments with pure tin and alloys of tin 
containing silver, had shown that the presence of 
0-2 per cent. of silver prevented the transformation 
from white to grey tin, even when the former was 
in contact with the latter. 

In the course of the discussion which followed, 
Professor Desch stated that it seemed remarkable 
that the transformation of tin at low temperatures 
should be suppressed altogether by small additions 
of another metal. He thought it probable that 
the change was delayed very much, and that the 
presence of the silver lowered the temperature of 
the transformation and retarded its velocity. 


INTERMETALLIC COMPOUNDS. 


A paper entitled “‘ Researches on the Nature, 
Properties, and Conditions of Formation of Inter- 
Metallic Compounds, with Special Reference to 
Certain Compounds of Tin—Parts I-V,”’ was next 
taken. It was by Mr. W. Hume-Rothery, who 
read it in abstract. The author discussed the 
theoretical proof of the phase rule and considered 
the application of this law to systems containing 
intermetallic or other compounds. When dis- 
cussing the nature of metallic phases of variable 
composition, Mr. Hume-Rothery said that a true 
compound was not present in the g solid solutions 
of copper, silver and gold alloys, but these phases 
approximated to the compositions Cu; Sn, Cu; (or 
Ag,) Al, and Cu (or Ag, or Au) Zn. He suggested 
that the g phases of these alloys were space lattices 
of atoms and electrons for which the fundamental 
ratio was 3 valency electrons to 2 atoms, with 
a certain amount of variation on either side. An 
alloy with the exact ratio of 3 electrons to 2 atoms 
might be expected to have the most symmetrical] 
arrangement of electrons, and therefore to have a 
high electrical conductivity. This was in complete 
agreement with experiment, which showed that in 
Cu Zn and similar 8 phases, and also in the Cu, Al 
B phase, the conductivity-composition curve above 
the transition temperature rose to a maximum at 
the compositions Cu Zn, Au Zn, Cu, Al, &ce. 

In Parts IV and V of the paper accounts were 
given of investigations conducted by the author to 
determine the freezing-point diagrams of the 
systems calcium-tin and magnesium-tin. In the 
first-named system, three compounds were formed, 
namely, CaSn;, CaSn, and Ca,Sn; no solid 
solutions were present. In the magnesium-tin 
system, the single compound formed, Mg, Sn, 
was more properly Mg, Sn,. 

The discussion, which was opened by Professor 
Desch, centred chiefly round the interpretation of 
the Bohr theory of the atom and the application of 
the phase rule. Dr. Gayler stated that the author had 
said that reliance should be placed on experimental 
facts before applying the phase rule ; it was neces- 
sary, however, to be absolutely certain of the facts. 
Dr. W. H. J. Vernon referred to the tarnishing 
results recorded for the compound CaSn,, and 
pointed out that, by plotting the author’s weight- 
increment figures against time, a quasi-parabolic 
curve was obtained. He wished to correct the 
impression given in the paper that a truly parabolic 
curve was the prerogative of the more stable metals. 
Thus, although copper on exposure to ordinary 
room atmosphere gave points lying upon a para- 
bola, zinc under identical conditions yielded a 
straight line. Moreover, he had obtained for such 
widely differing metals as aluminium and lead the 
counterpart of the author’s curve for CaSn;. The 
conclusion must be reached that the type of curve 
was determined by the physical properties of the 
initially-formed scale. 

Dr. W. Rosenhain stated that good conductivity 
was a question of regularity of space lattice. This 
regularity might be perfect in an intermetallic 
compound, but was not so perfect in a solid solution. 
By taking an a-copper lattice and introducing an 
atom of a second metal (say zinc) into it, the 
lattice was distorted. This proceeded until a 
limit was obtained. A copper-zinc compound had 
not been formed, but a new copper lattice, which 
could carry a larger number of atoms, had been 








* See ENGINEERING, 1916, Vol. ci, page 335. 


place at 60 deg. C. in the y constituent; the 


produced. ‘The evidence was clearly in favour of 
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what might be termed the allotropic-lattice theory. 
A series of solid solutions was obtained in which 
the lattice of the parent metal adapted itself to 
the conditions imposed. Beginning with the face- 
centre cube of the a and proceeding by way of the 
body-centred cube of the 8, the lattice gradually 
approached the configuration required by the zinc 
atom. 

The Chairman announced that the author’s reply 
to the discussion would be given in writing, and the 
meeting then adjourned until 2 p.m. in the afternoon. 


PROPERTIES OF A 70:30 NickEL-CoppER ALLOY 
At Hicgu TEMPERATURES. 


The first paper taken on Thursday afternoon 
was entitled “The Mechanical Properties at High 
Temperatures of an Alloy of Nickel and Copper, 
with Special Reference to ‘Creep.’” It was by 
Messrs. H. J. Tapsell and J. Bradley, and was read 
in abstract by the latter. This investigation is a 
further portion of a comprehensive programme of 
research on some of the mechanical properties, at 
high temperatures, of various materials. The 
methods of test, and particulars of results obtained 
on an 80:20 nickel-chromium alloy, have already 
been published.* The present paper dealt with 
similar work carried out on a 70 : 30 nickel-copper 
alloy. We intend to reproduce this paper in a 
forthcoming issue. 

Mr. H. J. Gough, who illustrated his remarks by 
numerous diagrams and formule on the black- 
board and by means of lantern slides, drew atten- 
tion to the authors’ limiting creep stress results 
contained in Table IV. By plotting log-stress 
against log-time, it could be demonstrated that they 
had not shown that there was a limiting creep 
stress at all. The paper was well worth looking 
into in connection with temperature measurements 
and would be more valuable as the work progressed. 
He would like to know if the authors had any 
evidence as to whether the flow of metals at high 
temperatures was of a crystalline or of an amorphous 
nature. Dr. D. Hanson asked the authors if they 
could give him any data relative to the elongation 
of specimens in the creep tests. He also asked them 
to indicate the nature and character of the fractures 
they had obtained. 

Mr. R. W. Bailey wished to support Mr. H. J. 
Gough in his criticism of the authors’ limiting creep 
stress results. In his opinion, evidence had not 
been furnished that the limiting creep stress had 
been determined. If the data contained in the 
paper were plotted logarithmically, one did not 
find the limit, and if logarithmic plotting did not 
show the limit and linear plotting did, it merely 
indicated that this latter method was not sufficiently 
discriminating. By plotting logarithmically, it 
could be shown that the authors’ limiting creep 
stress results all occurred at about the same log-rate 
of creep. He contended, therefore, that they had 
not found the limit of creep but the limit of accuracy 
of their apparatus. 

Mr. H. J. Tapsell, in reply, stated that he dis- 
agreed with a semi-logarithmic or a log-log plotting 
of the curves; these were more or less hyperbolic 
and it was not fair to adopt a log-log method of 
plotting. Logarithmic plotting merely tended to 
flatten out the curves. In the course of some work 
they had carried out on steels, they found that, 
after several days at the limiting creep stress, the 
extension, or rate of creep, of the specimen decreased 
from a few thousandths of an inch a day to less than 
0:0001 in. a day. When they had got down to 
this. they had assumed that the material had stopped 
creeping. They contended that the real limiting 
creep stresses were very near the values given 
in the paper. Taking, for example, the limiting 
creep stress of 70: 30 rickel copper at 500 deg. C., 
their result was 10-2 tons per square inch. If 10, 
or 9°9 tons per square inch were taken, the life of 
the material was greatly increased. The limiting 
creep stress figures determined by them were, at 
any rate, practical units. They could be used by 
designers as ultimate stresses, 7.¢., the stresses which 
would not cause fracture in a reasonable time. 
Plotting the stress in tons per square inch against 
the log. of the duration (days) to fracture, it could 





* See ENGINEFRING, 1925, vol. cxx, pages 614, 648, 


or to Corrosion in Microscopical Metallography: A 
Contribution to the Study of the Mode of Action of 


appearance, under the microscope, of striations 
and alloys was well known. 


obtain perfect pictures. 


were 


enough to permit the study of individual grains 
to be made. 
which had been very slowly cooled from the liquid 
phase were used; they were composed of well- 
developed crystal grains. 
were alpha solid solutions of copper-aluminium alloys 
and alpha iron. 
constitute one of the decisive characteristics for 
determining the crystalline state of the grains. 
They showed, in a definite way, differences in 
the crystalline orientation of the structure. All 








be shown that the minimum estimated life could be 
deduced and a meaning attached to limiting creep 
stress. The values for elongation of the material 
when ordinary rates of loading were employed, 
between 400 and 700 deg. C., varied from 19 to 35 
percent. In the creep tests, the elongation values 
were less; they varied from 8 to 14 per cent. The 
figures for reduction of area also showed a decrease. 
With regard to the lack of sensitivity of their 
apparatus, they contended that they had ap- 
proached as near to the creep limit as the usual 
investigator got to the limit of proportionality. 


Zinc OXIDE IN Brass. 


The next paper taken, entitled “‘ Determination 
of Zinc Oxide in Brass,” was by Dr. B. S. Evans 
and Mr. H. F. Richards ; it gave a description of 
an experimental method for the estimation of zinc 
oxide in copper-zine alloys. It was read in abstract 
by Dr. Evans, who stated that the ordinary method 
of determining oxygen in copper, by passing 
hydrogen over the heated sample, was inapplicable 
in the presence of zinc, owing to the volatilisation of 
the latter and its reduction, in the cooler portions of 
the furnace, of the water formed. It was found, 
however, that this back reaction could be suppressed 
by the addition of certain metals, notably copper 
and nickel, which had the effect of combining with 
the zine volatilised from the sample. The esti- 
mation was carried out in the same apparatus as 
that used for the determination of oxygen in copper ; 
that part of the furnace tube which was not occupied 
by the boat was packed with tightly-rolled copper 
gauze. The samples taken weighed about 80 
grammes, the furnace was heated up to 980 deg. C., 
and the water evolved absorbed in the usual way 
in a phosphorus-pentoxide U-tube. Very careful 
blank determinations were necessary. 

In the course of the discussion which followed, 
Professor T. Turner stated that the authors had 
shown that the percentage of zinc oxide present in 
brass was so small that, generally speaking, it 
was unnecessary to estimate it. When zine oxide 
was present, it existed as a mechanical impurity and 
was not dissolved in the metal. 


CORROSION OF ANCIENT TIN. 

The next contribution considered was a “ Note 
on the Corrosion of an Ancient Tin Specimen,” 
by Professor C. O. Bannister. This paper will be 
found on page 384 of this issue. 

Professor C. H. Desch, who opened the discussion, 
stated that tin seemed to resist corrosion for quite 
a long time. He had recently examined a small 
pair of scales made of tinned bronze, which dated 
from the 8th century, and were probably of Norse 
origin. They had been found embedded in the 
earth, and the surface was still bright. The lead 
weights, found along with the scales, had been 
converted to crystalline Jead sulphate to an appreci- 
able depth. 


SrriaTION IN METALLOGRAPHY. 
The last paper considered was by Mr. A. M. 
Portevin ; it was entitled “* Striation due to Working 


Etching Reagents.” The author stated that the 
produced by etching the polished surface of metals 
These scratches were 
a source of great annoyance to all who sought to 
This annoyance, however, 
might become the starting point of an interesting 
investigation, if a closer study of the striations 
made, This was particularly the case if 
the metals and alloys had a crystallisation coarse 


In the present investigation, samples 


The materials employed 


The striations were shown to 
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particularly any deformation of the lattice, affected 
the etching figures, which could be developed by 
suitably etching the surface. Cold work could be 
revealed, after etching, by three phenomena: 
(a) the formation of alternating striations ; (b) the 
deformation of etching figures; and (c) variations 
in the colouring. 

The discussion, in which Colonel Belaiew and 
Dr. Hanson joined, dealt chiefly with the depth to 
which strain could penetrate below the surface of a 
polished specimen. 

The Chairman then thanked the authors of all the 
papers for their contributions, and a vote of thanks 
to the Institution of Mechanical Engineers for the 
accommodation they had kindly afforded for the 
meeting, terminated the proceedings. 


THE ANNUAL DINNER. 


The annual dinner of the Institute was held in 
the evening of Wednesday, the 10th inst., when 
some 200 members and guests assembled at the 
Trocadero Restaurant, under the chairmanship of 
the President, Sir John Dewrance. The function was 
of a very enjoyable nature, and the specific interests 
of the Institute were appropriately treated in the 
various speeches which introduced, or replied to, 
the toasts. “The Institute and Its President,” 
was proposed by The First Lord of the Admiralty, 
while the “Royal and Kindred Societies,” replied 
to by Sir Ernest Rutherford, was proposed by 
Professor Turner. Dr. Rosenhain proposed * The 
Guests,” and this toast was very adequately replied 
to by Sir Alfred Mond. 








INDIVIDUAL SUSCEPTIBILITY 
TO ACCIDENTS. 


In theory, the occurrence of accidents in a factory 
may either be due solely to the general conditions of 
work, or it may be influenced by the individual 
susceptibility of the workers. In practice, it can- 
not be doubted that the extent to which workers 
are clumsy or careless must vary, and it would 
be expected from common shop experience that 
the variations would be reflected in the average 
number of accidents per head. Doubtless the very 
occurrence of susceptibility differing from the mean 
is itself an accident, which might even itself out if 
sufficient material were examined ; but the factors 
of such susceptibility are intricate and variable. 
and it would be hard for the most experienced 
tradesman to define them with sufficient precision 
to enable a statistician to decide when his material 
was sufficient in kind and quantity to justify 
numerical inferences. The Industrial Fatigue Re- 
search Board, who, with others, have made several 
attempts to throw statistical light on the subject, 
have now published a report by Miss E. M. Newbold, 
prepared under the direction of the Statistical 
Committee of the Medical Research Council [Report 
No. 34. A Contribution to the Study of the 
Human Factor in the Causation of Accidents. 
H.M. Stationery Office ; 5s. net.] 

Simultaneously, the Board is having the matter 
investigated by two entirely different methods, 
the one based on an intensive study of persons 
who have, and who have not had, accidents, and 
the other consisting of laboratory research on the 
factors that influence accuracy of movement. Of 
these, the results are not yet available, but in 
the opinion of the Board, the present report 
includes all that is likely to be ascertained by 
purely statistical methods. Its effect is not much 
more than to give some confirmation to previous 
beliefs ; to suggest, for instance, that a compara- 
tively small number of workers particularly sus- 


exercise a notable affect on the average number 
among a body of workers who seem to be alike in 
other respects; that young persons have a higher 
percentage of accidents than older persons ; and 
that minor accidents and minor sicknesses seem to 
increase together. The positive results of the 
investigation are, in fact, of no great account: 
and a chief merit of the report, apart from the 
circumstantial and laborious statistical calculus by 
which it has been sought to elucidate the matter. 
is that it does not attempt to attach a greater 
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value of new methods of investigation cannot be | fields in arcs so as to give magnetic line spectra on 
assessed till they have been tried, and a report that|a photographic plate, after passing through a 


records a negative result may serve every purpose 
that is possible if it indicates directions of enquiry 
that are not likely to be fruitful, and puts investiga- 
tors in a position to decide, as the Board has now 
decided, that further information must be sought 
on other lines. 

An incidental result has been to construct a 
statistical test by which the percentage of persons 
who have no accidents can be used for indicating 
roughly the existence of unequal risk within the 
shop population. This test is applied by the use 
of a table giving the mean number of accidents 
per person that would correspond theoretically to 
a given percentage of persons without accident, 
assuming all persons were subject to equal risk. 
Evidence of considerable inequality in risk would 
be a sign that improvement might be sought by 
more careful selection of suitable workers, 








ATOMS OF LIGHT AND OF 
ELECTRICITY. 


PROCEEDING, in his second Royal Institution 
lecture, given on March 4, to the quantitative basis 
of the photo-electric theory, Dr. C. D. Ellis recalled 
Lord Kelvin’s statement, “‘ When you can measure 
what you are speaking about and express it in 
numbers, then you know something about it.” 
According to Einstein, the light quantum was 
proportional to the frequency » of the oscillation, 
and this energy was given up to the electron which 
the quantum ejected. That did not imply, however, 
that the electron came out with the full energy of 
the light quantum. The electron might come 
from somewhere deep down in the atom; energy 
had to be expended to extract the electron, and the 
energy which the ejected electron carried would 
be smaller than that of the light quantum by the 
energy of extraction. To explain these relations, 
Dr. Ellis showed models of the atomic structures of 
the elements with their nuclei and rings, or shells, 
of electrons moving in definite orbits. The many 
dynamically possible orbits were limited by con- 
siderations of stability and other factors. The 
different spherical or elliptical shells, or atomic 
levels, were distinguished by K, L, M, N, &c., K being 
closest to the centre of the nucleus and the others 
farther out at increasing distances. A light quan- 
tum (indicated in Fig. 6 by a wave) would have 
to spend much energy on a K electron which would, 
therefore, come out with a relatively small energy 
difference h vy — K abs. Inthe case of an L, and still 
more of an M, electron, the energy absorbed would be 
smaller, and the electron would be ejected with 
greater energy. Thus, the energies observed in the 
escaping electrons would be the smaller the deeper 
down the electron had been in the nucleus, the struc- 
ture of which could be studied by these means. 

_ The measurements were made by stopping, or 
impeding, the escaping electrons by opposing forces 
of known magnitude. For ordinary light experi- 
ments, this could be done by electric fields. In the 
case of fast electrons, fields of 400,000 volts or more 
would be required ; magnetic fields were also used, 
as indicated in Fig. 7 and further demonstrated by 
Dr. Ellis. The formule connecting the magnetic 
field, H, the electron of mass m, chargee and velocity 


v, were 
e 2 

Bs 
energy = m ( h_® z 1), where c was the 
i 
Velocity of light and p the radius of curvature. 
Using a vertical beam of R6ntgen rays in a spherical 
bulb, Dr. Ellis showed that the beam was curved 
downward when an electromagnet was brought near, 
and that the curvature was greater near the end of 
the spreading beam than at the beginning, because 
the corpuscles were slowing up as they travelled 
ong. Many of the actual measurements had been 
made on radium radiations, y-tays (which were X- 
tays of very high frequency), in preference to X-rays, 


slit, has been illustrated in our columns on previous 
occasions.* The rays with little energy left would 
collect near the source; the swifter farther out. 
The principle of another early method used by 
Liese Meitner was explained by an experiment. A jet 
of mercury was allowed to fall into a pool and a 
heavy ‘electric current passed down the jet into 
the pool; the jet was then curved by an external 
magnetic field. Using a downward beam of rays 
passing through a slit on to a photographic plate, 
Meitner obtained good line spectra which were, 
however, too crowded in the less deflected regions. 
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Rutherford, therefore, devised another arrange- 
ment. He placed the small thin-walled tube 
containing radium emanation (radon) inside a lead 
box and wrapped metal foil round the tube, 
from which metal the disintegration y-rays ejected 
electrons, allowing only those of high velocity to 
pass through. The photographic image produced 
would, therefore, consist of a dark and a light 
portion, and, in the dark portion, dark bands could 
be distinguished having sharp edges on the high 
velocity side where the energy accumulated. The 
box, which also contained a photographic plate, 
was evacuated for the exposure. The plates 
exhibited by Dr. Ellis concerned the metals: 
uranium (238-2), lead (207-2), platinum (195-2), and 
tungsten (184), the numbers in brackets being the 
atomic weights. The black edges were more and 
more displaced to the right in the order mentioned, 
indicating that the electrons escaping had least 
energy left in uranium, and most in tungsten. 
What took place in the nucleus was explained by 





cause radioactive compounds gave a convenient 
Point or line source. How the rays are bent by the 





the diagram, Fig. 8. The nuclear disintegration of 
the radon gave a y-ray, which either escaped directly 
or was internally converted, within the atom, into 
a “natural” photo-electron ejected with the energy 
h v — K abs. in the case of a K electron. Similarly 
other ray groups of various energies were produced ; 
in this way the “natural” photo-electron line 
spectrum, Fig. 9, might be explained. 

It was not necessary for an electron to be 
actually expelled in these processes. There might 
only be a conversion of energy within the atom. 
If the atom absorbed light of one of its own 
characteristic frequencies, an electron would be 
removed from its original orbit, e.g., a K orbit, 
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to another orbit in the same atom. ~The atom 
was then said to be in an excited state, and it 
would subsequently take up its original configuration 
by the electron in question returning to the original 
orbit. In this process it would re-emit exactly the 
same frequency as it had first absorbed. This was 
termed emission of “resonance radiation” which 
Dr. Ellis illustrated by two experiments. In the 
first he sent the beam from an ordinary carbon arc 
through a flask containing iodine vapour, generally 
of purple colour. By absorption of this energy 
a resonance vibration was set up, and the colour 
changed to a more greenish tint. The iodine vapour, 
other tests proved, was not ionised in this state. 
In the second experiment, some mercury was 
boiled in a silicon flask which was kept open and 
was illuminated from the side by an ultra-violet 
beam from a cadmium arc. At first only the 
greenish phosphorescence of the silica was seen, 
but suddenly a fluorescent mist of mercury resonance 
filled the bulb. 

An atom, when suitably excited, was capable of 
emitting monochromatic radiations which were 
independent of the mode of excitation, depending 
only on the structure of the atom. These radiations 
might be taken to show the natural frequencies, 
and were referred to generally as “characteristic 
radiations.”” When an atom was ionised by some 
means, 7.¢., when an electron was completely re- 
moved from the atom, a reorganisation of the atom 
took place. If, for instance, a K electron had been 
removed, an L electron from the next shell would 
fall in and begin to radiate, and thus, in general, 
several characteristic radiations would be emitted 
during the subsequent reorganisation. 

Dr. Ellis proceeded to exhibit a kinematograph 





* See ENGINEERING, April 14,,1922, page 465, Fig. 36. 


film which he had prepared himself in order to 
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make these matters clearer. His film showed a 
small black disc as the nucleus around which an 
inner electron rotated ; an outer electron described 
a further elliptic orbit. A light quantum, repre- 
sented by a wavy line as in the diagrams, was seen 
to approach. The quantum struck an electron and 
disappeared, having given up its energy, and either 
drove the electron out of the atom or described 
another orbit emitting radiations. The lecturer 
finally explained, with the aid of the diagram, Fig. 10, 
which illustrates the apparatus used in recent 
researches, the successive secondary process by 
which the emission of an L spectrum followed the 
primary emission of y lines. A tube of radon was 
placed in a box of lead, the lid of which was lined 
with aluminium. The primary y rays emitted 
during the disintegration of the radon (Ra B and C) 
ejected L rays from the L shell. These secondary 
rays passed down a slit made in a block of lead, 
and fell upon a crystal of rock salt mounted on a 
turntable which was rotated as in the usual method 
of determining X-ray spectra. The plate showed 
the L lines of the X-ray spectrum of Ra B and C. 
The spectrum was too faint for reproduction, but 
sufficienthy distinct for measurements, although an 
exposure of 12 hours had been employed. On the 
same plate was also photographed, for comparison, 
the L X-ray spectrum of ordinary lead ; RaC is an 
isotope of lead. The two spectra, each consisting 
of a pair of lines, were very similar, but the separa- 
tions of the lines were not the same in the two 
cases, a point to which Dr. Ellis did not draw 
attention on this occasion. The secondary emis- 
sion called forth by y rays within the nucleus 
enabled us to study the structure of the atom. The 
method was not so definite as a-ray bombardment, 
but it facilitated the co-ordination of radiation 
studies. 

Concluding his second lecture, Dr. Ellis pointed out 
that the general picture of photo-electrons and the 
study of the energy relations had indicated that 
there was something wrong with the classical theory. 
It might not be wise to assert, however, that light 
was of a quantum type. The theory might not be 
more than a valuable working hypothesis, but it 
had been a general help in modern science. 





THE STATUS OF ENGINEER 
OFFICERS IN THE NAVY. 


WE publish below a summary of correspondence 
and a memorandum relating to the status of Kngineer 
Officers in the Navy, to which we would particularly 
direct the attention of our readers. An article relating 
to this subject will be found on page 369 of this issue. 
Following the issue of Admiralty Fleet Order 3241 
of November 20, 1925, a representative committee 
of the leading engineering institutions waited upon 
the First Lord of the Admiralty on January 14, to 
point out how injurious to the best interests of the 
Navy the order was likely to prove. A reply by 
letter dated February 26, was subsequently addressed 
by the First Lord to the Committee, and in this it 
was stated that ‘Mr. Bridgeman has come to the 
conclusion that no real grounds for grievance have 
arisen as the consequence of the Admiralty Fleet 
Order No. 3241, issued in November, 1925, and he 
is confident that experience will convince the Engineer 
Officers of the Royal Navy that there was nothing 
in that Order derogatory to their position.” 

The acknowledgment of this to the First Lord’s 
Secretary, by Brig.-General Magnus Mowat, C.B.E., who 
acted as Secretary to the Committee, embodied the 
following statements: ‘“..the Members of the 
Committee are not only extremely dissatisfied with 
his (the first Lord’s) reply to their carefully considered 
representations, but they view his statements with 
grave concern as a sy.nptom of the attitude of mind 
prevailing at the Admiralty. It is noted in your letter 
of the 26th February that the First Lord has consulted 
with his colleagues on the Board of the Admiralty, 
but I am desired to point out that my Committee 
realise that this Board does not include an Engineer 
Officer.” 

Finally, the Committee's case is set out at length 
in a Memorandum of which, owing to lack of space, 
we can unfortunately only reproduce extracts. 
Copies, however, of the complete document may be 
obtained from Brig.-General M. Mowat, C.B.E., at 
the Institution of Mechanical Engineers, Storey’s 
Gate, St. James’ Park, S.W. The Memorandum 


opens with the foilowing paragraph :— 
“1, Members of the Engineering profession repre- 





sented by the four Institutions :—The Institution of 
Civil Engineers, the Institution of Mechanical Engi- 
neers, the Institution of Naval Architects, the Institu- 
tion of Electrical Engineers, who speak also on behalf 
of the North-East Coast Institution of Engineers and 
Shipbuilders, and the Institute of Marine Engineers, 
having an aggregate of some 39,000 professional 
Engineers, have noted with grave concern the terms 
of the recent Admiralty Fleet Order No. 3241/25, 
whereby Engineer Officers are deprived of their hardly- 
earned military rank by abolishing the “ Military 
Branch” and then excluding them from the new 
category of ‘‘ Executive Officers,’ which, with the 
exception of the Royal Marine Forces, thus becomes 
the sole repository of military rank in His Majesty’s 
Navy.” 

After enumerating the developments of the Fisher- 
Selborne system, the Memorandum proceeds :— 

‘19. Having carefully considered the terms of the 
New Order, with an open mind and in the light of its 
antecedents, we are of opinion that it is injurious to 
the best interests of the Navy, and we are unable to 
agree that it is as innocuous as its authors and de- 
fenders contend. 

“22. There is no validity in the argument that ‘ as 
the Military Branch has been abolished, the executive 
officers might equally complain that they had been 
deprived of military status.’ Obviously the executive 
officers who command and direct the fighting of the 
ship must automatically hold real military rank and 
status quite independently of the existence of a so- 
called ‘ Military Branch.’ 

“Tt is equally clear that the corps of Engineer 
Officers cannot possess military rank and status unless 
it is specially conferred on them, either by their 
inclusion in a ‘ Military Branch ’ or otherwise. 

“Tt will not be seriously suggested that, as a conse- 
quence of the abolition of the Military Branch, the 
Executive Officers will cease to enjoy any of the Service 
authority and social distinction conferred on them as 
holders of the King’s Commission in a Military Service. 

“23. In this connection it must be borne in mind 
that the King’s Commission issued to Executive Officers 
differs materially from that issued to officers of non- 
Military Branches, in that the former orders Officers ‘ to 
take charge and command,’ whereas the latter orders 
the Officer ‘ to discharge the duty of and to 
be obedient to such as command,’ each in the rank 
to which the Officer belongs. Executive Commissions 
have been issued to all (E) Officers right up to the 
present time, which shows that, even after the First 
Lord’s statement on the 1920-21 Estimates, announc- 
ing the eventual final separation of the Officers of the 
Executive and Engineering Branches, there was no 
intention to alter the status of (E) Officers. As ex- 
plained above, these (E) Officers have, however, now 
been deprived, by the recent Admiralty Order of real 
military rank. 

“24. The case is certainly not met by saying that 
‘all Officers in the Royal Navy except chaplains and 
medical officers, who are debarred by the Geneva 
Convention, hold combative status.’ That is a very 
different thing from military rank and status, both as 
a Service distinction and as an element of power to 
control the large bodies of men embraced by the 
Engineering Department, which, in the aggregate, 
represent about one-third of the total number of men 
under the command of Deck and Engineer Officers 
combined. 

25. It should have been superfluous for us to 
emphasise the importance of Engineer Officers being 
included in the Military Branch. The manceuvring 
of the ship in peace and war is the joint function of 
the Executive and Engineer Officers, and it is they 
together who fight the ship in action. The senior 
Engineer Officer is second only to the Commanding 
Officer in the responsibilities he has to assume. 

“In action the importance of the Engineering 
Department cannot be overestimated. Throughout 
the War the safety of the Fleet and of the country 
depended fundamentally on the speed of ships and the 
maintenance of ships’ machinery in a state of instant 
readiness for action. 

“27. We are strongly of opinion that the continual 
changing of conditions of service of Engineer Officers 
and of their Service relationship to Executive Officers, 
must react most unfavourably on the spirit and 
efficiency of H.M. Navy. Furthermore, it has a most 
disturbing effect on parents and guardians contemplat- 
ing a Naval career for their sons or wards, and it has 
already had an unfavourable effect on the entry of 
naval cadets. There has also been a serious progressive 
shortage of volunteers to specialise in Kngineering. 

“It is most desirable that the position should be 
stabilised with the least possible delay on sound lines 
giving some promise of permanency. 

“There would appear to be no real difficulty in 
the way of this being done, if due regard be paid 
to the various considerations stated above, and it be 
frankly recognised that Engineering has not only come 








—— 


to stay in the Navy, but must necessarily be of ever. 
growing importance. 

‘30. Attention may also be drawn to the following 
extract from the same order (No. 3333 of 1922) :— 

“At the same time experience has shown that the 
efficient use of a Fleet in modern warfare demands the 
closest mutual understanding and co-operation between 
the Executive and Engineer Officers, and for this reason 
the present system of common entry for both Executive 
and Engineer Officers, and for common training until a 
certain stage is reached will be continued.”’ 

‘““ We suggest that the reason given here for the 
continuance of the system of common entry, is even 
more cogent as an argument in favour of equality of 
rank and status as between the Executive and the 
Engineer Officers. What psychological grounds can 
there be for the belief that ‘ the closest mutual under. 
standing and co-operation between Executive and 
Engineer Officers,’ who have studied and played as 
equals in boyhood, can best be secured by introducing, 
at the age of manhood and responsibility, a service and 
social differentiation unfavourable to the Engineer 
Officer ? : 

“33. The Order of Ist January, 1915, including 
Engineer Officers (old scheme) in the Military Branch, 
raised them partly from a position of inferiority, in 
which they had so long been repressed, and further 
reforms, ¢.g., increased disciplinary powers and the 
abolition of the purple stripe were required to complete 
the re-adjustment of their position. By the new 
Order these Officers are again thrust back into the posi- 
tion of inferiority from which they were so recently 
raised by a tardy act of justice. 

“The position of inferiority in the service, thus 
imposed on Engineer Officers, inevitably affects the 
social position and life of Engineer Officers, and their 
wives and children, especially when residing in a Naval 
Port at home or abroad. 

“It cannot seriously be maintained that such 
differences have no meaning, or that they have no 
repercussions inside or outside the Service. 

** 34. The chief object of the Deputation is to protest 
against Admiralty Fleet Order 3241/25, and plead for 
its rescission. We are, however, aware of other im- 
portant matters affecting the Engineering Department 
of the Navy which would appear to call for early and 
thorough inquiry. Amongst these matters may he 
mentioned the following :— 

The Direct representation of the Engineering Depart- 
ment on the Board of the Admiralty. 

Engineer Officers and membership 
Martial. 

The control by technical officers of all technical work. 

The higher shore appointments open to Engineer 
Officers. 

‘* 35. In conclusion, we regret to state that we are 
in complete disagreement with the policy of the 
Admiralty reflected in the Fleet Order under discus- 
sion, and the attitude of mind towards the Engineering 
Department of which it is an expression. We believe 
that we have demonstrated that the effects of the order 
are very much more serious and far-reaching than has 
been alleged by its authors and defenders. 

“ There can be no satisfactory and lasting settlement 
of the questions at issue until Naval Engineering 1s 
viewed in truer perspective and treated with greater 
sympathy and understanding than have yet been 
extended to it. J; 

‘Tn our opinion it is essential that Engineer Officers 
should have real military rank and status, and that 
Executive Officers and Engineer Officers, both inside 
and outside the Service, should be equals, rank for rank, 
subject to the proviso that the right to command 
ships is confined to Executive Officers. This, by itself, 
confers a great advantage and distinction on Deck 
Officers. : 

“In all other respects these two classes of Officers 
should be equals, in the same sense that lawyers, 
doctors and Civil Engineers are equals. There should 
be no difference in uniform, such as the purple stripe, 
which has been so long associated with the idea of 
inferiority. 

“* Nothing less than these conditions will attract and 
satisfy the class of man required to fill the position of 
Engineer Officer in the modern Navy. 


of Courts 








LABOUR NOTES. 


Ar the end of February, 23,041 members of » 
United Society of Boiler Makers and Iron and Stee 
Shipbuilders were “signing the books” as compare® 
with 23,309 a month earlier. The expenses for February 
were 94,9341. 8s. 4d.; in January—five week’s outlays 
are included in the total—they were 123,280/. 15s. ld. 
It is announced that Mr. M. Hodgson has been T- 
elected chairman of the executive council for the next 
three years. 





Apparently, the members of the United Society 7 
Boiler Makers and Iron and Steel Shipbuilders do n° 
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ENGINEERING. 





take the projected Industrial Alliance very seriously. 
In the ballot for or against affiliation only 5,771 voted, 
and of these 3,822 were against affiliation and 1,949 
for it. 





In February the home branch membership of the 
Amalgamated Engineering Union increased from 
207,308 to 208,348, and the colonial branch membership 
from 25,738 to 25,807. The number of members on 
donation benefit increased from 7,653 to 7,810 or 
3:72 per cent. of the membership, and the total 
number of unemployed members from 17,876 to 
17,927 or 8-23 per cent. of the membership. 





The report of the Associated Blacksmiths’ Forge and 
Smithy Workers’ Society for the fourth quarter of 
1925 states that there was a further increase in the 
number of members returned as unemployed. The total 
was 2,342—an increase, as compared with the previous 
quarter, of 59, or approximately 21 per cent. of the 
membership. The membership fell from 11,175 to 
11,029. The total income, including 16,0737. 19s. 
received from the Ministry of Labour and 2,1731. 16s. 3d. 
received from the Board of Health, amounted to 
24,568/. 18s. 44d. The income from contributions was 
4,982/. 17s. 114d.—or 3951. 17s. 4d. more than in the 
previous quarter. The expenditure was 25,1431. includ- 
ing 16,582/. 13s. 7d. for State Unemployment, Depen- 
dants’ and Administration Expenses and 2,2381. 11s. 1d. 
for Health Insurance and Administration. 


A Hull member of the Boilermakers’ Society suggests 
in the course of a letter which is published in this 
trade union’s ‘‘ Monthly Report ” that the continuance 
of piecework on ship repairs has driven a number of the 
aged members in the district on to the superannuation 
fund, and some young members on to parish relief, 
besides causing many more to run out of benefit. 
“ Our old members in Hull,” he goes on to say, “ before 
this cursed piece-work was introduced, were found jobs 
doing such things as felting, making liners, screwing- 
up, fairing, finding rivets, or drilling and burning. . . . 
Big jobs are now done in 21 days with a third of the 
men. . . . This is the cause of our finances being 
so low. One-tenth of the members are working, and 
nine-tenths are walking the streets, and standing in the 
markets every morning and afternoon waiting for 
work, year in, year out, and they cannot get a job 
because piece-work is being done.” 





Caution has characterised the views which organised 
Labour has, so far, permitted itself to express on the 
subject of the Coal Commissioner’s report, and the 
probability is that nothing stronger will be heard from 
that side of the controversy until something definite is 
known about the action which the Government pro- 
poses to take. In all the circumstances, that is, 
probably, the wisest line to take, as none of the interests 
involved has more to gain by an amicable adjustment 
of the whole intricate business than the miners them- 
selves, At last week’s national delegate conference in 
London, the following resolution was adopted :—‘ That 
this Conference, having received the report of the 
Commissioner and discussed the same, refers the 
whole question involved to the districts, to give the 
members an opportunity to understand fully the 
recommendations therein, a further conference to be 
called to hear the reports from the districts and con- 
sider future policy.” 





The Conference of the Labour Ministers of Great 
Britain, Belgium, France, Germany and Italy called 
by Sir A. Steel-Maitland, to deal with problems arising 
out of the Washington Eight-Hour Day Convention, 
began at the Ministry of Labour in London on Monday. 
The delegates were received by the Prime Minister, 
who, in formally welcoming them, said that the task 
that lay before them was really one of reconciling 
differences of interpretation—no easy task. Each 
of the delegates knew the difficulties that attended 
interpretation of words, even when documents were 
drawn up in their own tongue and interpreted by their 
own people. Much greater was the difficulty of an 
agreed interpretation of words drawn up in a foreign 
tongue. He had no doubt that the delegates had all 
come in the spirit to overcome these difficulties. If 
pes did actually overcome them, as he hoped and 
elieved they would, the measure of agreement arrived 
at would mark a long step towards the goal which they 
all had in view. A number of the delegates, in brief 
Speeches, acknowledged the welcome. Subsequently, 
Sir A. Steel-Maitland explained what had been done 
- digs matter by this country, and M. Durafour and 
Brauns outlined the positions of France and 
mony respectively in relation to the Convention. 

he Conference then sat in private. 





es Tuesday night, the following account of the pro- 
OP ay was officially circulated : “‘ On the conclusion 
of the general statements made on behalf of the various 


governments concerned the Conference decided to 
deliberate in private. After constituting the secre- 
tariat and deciding on the nature of the records to 
be kept, it was agreed that the Washington Hours 
Convention should be examined article by article. 
This examination was begun on Monday evening and 
has continued throughout to-day. One or two minor 
points were raised on Article 1, which deals with the 
scope of the Convention, and agreement was reached 
in regard to them without difficulty. On Article 2 
the important question was raised of the exact meaning 
to be given to the expression “ hours of work,” and 
after discussion, the views of the various delegations 
were found to be in agreement on this point. Further 
discussion took place on the definition of the working 
week, and the various proposals put forward to make 
clear the position on this matter were remitted to a 
sub-committee. The question was raised as to the 
effect of Article 2 (b) on the working of a five-day 
week. This was discussed at some length, and the 
point was reserved for further consideration. The 
Conference then proceeded to the examination of 
Article 4, which deals with the special conditions 
applicable to continuous process industries. The dis- 
cussion on this article was still in progress when the 
Conference adjourned.” 


Discussing Article 6 at Wednesday’s sittings, the 
Conference (according to a further official report) 
first considered the meaning of the expressions “ pre- 
paratory and complementary” work and “ inter- 
mittent ” work. On preparatory and complementary 
work no difficulty arose, but the question of intermittent 
work was, after discussion, referred to the sub-com- 
mittee for further consideration. The question was 
next discussed of whether an attempt should be made to 
agree upon a fixed maximum per annum of overtime 
hours to be adopted by the Conference, and the Con- 
ference agreed that this would be impracticable. The 
question was raised whether the overtime rate of time- 
and-a-quarter applied to the permanent as well as the 
temporary exceptions mentioned in (a) and (5) of this 
article, and it was agreed that the effect of the clause 
dealing with the overtime rate was to confine the obliga- 
tion under the Convention to payment of the overtime 
rate for extra hours covered by the temporary excep- 
tions of Article 6 (b). It was also agreed that the 
minimum rate of time-and-a-quarter must be laid down 
in the law or in administrative regulations having the 
force of law. ; 

As was expected, last week-end’s meeting at Man- 
chester of the National Committee of the Amalga- 
mated Engineering Union approved by substantial 
majorities on two resolutions, the action of the 
executive council in the serious trouble precipitated 
by Messrs. R. Hoe and Co.’s former employees. The 
first of the issues decided was a resolution pledging 
the committee to support the Hoe men. It was defeated 
by a substantial majority. The second was a resolution 
inviting the committee to record its approval of the 
executive council’s action and recommending the 
Hoe men to comply with the Provisions for Avoiding 
Disputes and resume work. It was carried by a still 
larger majority. On Monday the Hoe men at a meeting 
in London, flatly declined to adopt the recommenda- 
tion. On Wednesday at a meeting with their executive 
councils they again decided to remain idle, although 
in this instance, and very late in the day, the London 
District Committee of the A.E.U. joined Mr. Brownlie 
and his colleagues in advising them to resume. The 
executives then had an interview with Sir Allan Smith, 
the chairman of the employers’ Management Com- 
mittee, and at the close of the meeting it was officially 
stated that the representatives of the unions had 
decided to issue the following instruction :—‘‘ That 
the members at present in dispute at Messrs. Hoe and 
Co.’s return to work on Friday, March 19, in accordance 
with the authority vested in the union executives by the 
constitutions of the unions concerned.” The lock-out 
notice remained, of course, in force. 








On Tuesday executive representatives of the engi- 
neering trade unions met in London for the purpose 
of discussing the position created by the refusal of the 
Engineering and Allied Employers’ National Federa- 
tion to concede a wages advance of 20s. per week. 
After a discussion on the report of the representatives 
who had attended the conference with the employers, 
the following resolution was, it was officially stated, 
adopted :—“ That this conference approves of local 
applications for wage advances being made, and that 
the joint conference of union executives meet again to 
consider any situation that may arise from the local 
applications.” Subsequently, Mr. J. T. Brownlie, the 
president of the Amalgamated Engineering Union, 
explained that various local applications which were 
now being put forward might create a very acute 








situation, and in these circumstances it was considered 





desirable that the executives should meet again. All 
the applications would have to be made in accordance 
with the recognised procedure set out in the Provisions 
for Avoiding Disputes, and no question of a strike 
ballot or strike action would arise in any locality or 
district until that procedure was exhausted. 





What will happen if any district or section decides 
upon strike action in support of a local or sectional 
application for a wage advance is not, of course, obscure. 
Speaking for the employers at the last conference with 
the trade unions, Sir Allan Smith said :—‘‘ We do not 
see any possible solution of the situation in the engi- 
neering industry by the enforcement in localities, or 
in certain sections of the industry, of any claims which 
you may think fit to bring forward, and our people are 
so satisfied that that is not the road to salvation that 
they have authorised us to tell you perfectly frankly 
that they are not prepared to look with the least degree 
of favour on any such action as you may think fit to 
take in that direction. At the same time, if you are 
determined to take that action, then we shall be 
compelled to take such action as we think fit for the 
purpose of meeting any attempt to stampede us in 
detail.”” Mr. Brownlie, replying for the unions, said :— 
“You must realise that a considerable amount of 
unrest, discontent, and irritation is being manifested 
in various parts of the country in consequence of these 
long and protracted negotiations for a national advance 
in wages. You must further appreciate that it is not 
good for executives of any particular union to be out 
of sympathy with local aspirations. Therefore, we 
must have due regard to local aspirations, and we feel 
that our various district committees are entitled to 
their opinion.” Sir Allan Smith then read the following 
resolution which had been adopted, he intimated, 
by the federated associations of employers :—“ That 
any action by the unions as a body or by any union 
or unions, taken for the purpose of enforcing an 
advance in wages, either nationally, locally or section- 
ally, contrary to the policy of the Federation as set 
out in this resolution, be resisted to the fullest extent, 
even, if necessary, by a lock-out of the members of 
the union or unions concerned.” 





The United Society of Boiler Makers and Iron and 
Steel Shipbuilders is apparently not unmindful of the 
possibilities of steel houses as providing work for its 
members. Inthe March “ Report ” of the organisation 
the West of Scotland District Committee suggests that 
the increase of activity which is beginning to be appre- 
ciable in the constructional and locomotive shops, 
“ coupled with the opportunity of getting work on the 
construction and building of steel houses, should absorb 
many of our unemployed.” “ It is fitting at this time,”’ 
the report proceeds, “ to remind our branch officials and 
members that, owing to the introduction of motor- 
driven vessels, our boiler shops will not require more 
than a small part of their former number of hands, 
and, in our opinion, steel houses call them as the most 
competent tradesmen to construct and build them to 
the satisfaction of owners and tenants. Therefore, 
let us press forward our claims for the work wherever 
they are to be built.” The East of Scotland District 
Committee also has something to say on the subject. 
“The question of steel houses,” it remarks, “is one 
that demands our immediate attention. Members 
would be well advised to attend their branch meetings 
and assist in establishing a claim for this class of 
work.” 


The Ministry of Labour states that on March 8, 1926, 
the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,094,100, of whom 891,700 were males and 202,400 
females. On March 1, 1926, the number was 1,107,138, 
made up of 901,366 males and 205,772 females, and « 
on March 9, 1925, it was 1,220,733, of whom 969,975 
were males and 250,758 females. The following table 
contains further details of the totals for two weeks of 
March this year :— ; 





Persons Normally in 

















Regular Employment. Persons 
Normally 
ete in Casual 
Wholly Temporarily |Employment. 
Unemployed., Stopped. 
March 8, 1926— 
Males és <i 683,400 134,700 73,600 
Females 127,500 73,300 1,100 
Total .. 810,900 208,500 74,700 
March 1, 1926— 
Males - 696,413 132,426 | 72,527 
Females 130,101 74,507 1,164 
Total .. 826,514 206,933 | 73,691 




















THE LEIPZIG FAIR. 
(Concluded from page 341.) 


WE propose to close this review of the Leipzig 
Fair exhibits by describing some of the individual 
machines of interest in the Machine Tool Hall 


(No. 9). Reference to the key plans displayed in 
the inquiry bureau at the entrance, to which we 
called attention earlier, affords the following infor- 
mation regarding the extent to which the various 
main types of machinery are represented. Grinding 
machines are being shown on 45 stands; milling 
machines on 32 stands ; press machinery, 39 stands ; 
boring machines, 28 stands; capstan lathes and 
full automatics, 18 stands; planing machines, 
16 stands; machinery for gear production, 13 
stands ; and power hammers, 9 stands. 

Among the grinding machines of interest, mention 
should be made of a crank-pin and journal-grinding 
machine, which is demonstrated at work on a pair 
of locomotive wheels, on the stand of Friedrich 
Schmaltz, Offenbach. The crankpin is brought 
into the main axis of the machine, and the grinding 
head caused to rotate around it. The driving of 
the grinding wheel is effected by electrical means, the 
centre on which the wheel is mounted forming the 
rotor of a polyphase motor; this results in a very 
neat and convenient arrangement. A well-designed 
hood, and a duct system carried through the main 
shaft of the rotating head, carries all dust away 
by means of a fan mounted at the back. 

Carl Unger, of Stuttgart (Hedelfingen), shows 
several examples of grinding machines of advanced 
design. Of particular interest is a centreless 
grinding machine for external work of from 
4 in. to 3 in. diameter. We propose to illustrate 
the machine in greater detail subsequently, but in 
the meantime we may briefly describe the operation. 
Work is fed automatically and continuously in 
an axial direction along a groove in the machine- 
table, until, still supported laterally in the groove, 
it passes over a roller, which rotates it about its 
axis. While rotating and travelling forward, it 
passes under the edge of a grinding wheel, and is 
reduced to size, at the same time receiving a fine 
polish. Examples demonstrated were rollers for 
roller chains, and the reciprocating needle-holders 
for sewing machines. 

A grinder for finishing splines on shafts, and a 
centre grinder are shown, in both of which the 
profile of the wheel determines the final form of the 
work surface. In both cases trueing diamonds are 
mounted on the machines to maintain the wheel 
profiles correct. 

Still another machine of note on the same 
stand is a small grinding machine for final opera- 
tions on internal splines and keyways after harden- 
ing and suitable for use in holes of a bore as small 
as 1 in. A reference to the illustration, Fig. 3, 
will make the principle clear. The machine is in 
two parts, the dividing head, which carries the 
work and can be traversed along the slides, 
and a fixed head carrying an arm at the end of 
which the grinding wheel is mounted. In order 
to obtain a sufficiently compact arrangement the 
wheel itself is grooved and driven by a raw hide 
lace, which is led ‘rom the driving pulley between a 
pair of guide pulleys. Very fine horizontal and 
vertical adjustment of the wheel is provided for, 
and the machine is claimed to work to a limit of 

rror of 00002 in. 

The firm of Max Hasse, of Berlin, show a small 
machine for grinding and polishing the faces of 
snap-gauges, so arranged that the gauge can 
be transferred from the grinding wheel to the 
polishing wheel without being removed from the 
table, while provision is made to run each spindle 
at its appropriate speed. 

Of the various applications of milling tools, 
Muller and Montag, of Leipzig, show a range of 
vertical machines in which self-contained electric 
drive, specially designed change-speed gear, and 
a copying attachment to the table are embodied, the 
smaller machines being especially suitable for 
die-sinking and milling cam-plates. A _ special 
indicator, showing the spindle speed for which the 
gear is actually set, is one of the details provided 
to aid the operator. Fritz Werner, of Berlin, also 
shows a series of special high-duty milling machines, 
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of use particularly in the motor-car industry, and 
on the stand of this firm is to be found an example 
of a milling machine fitted with a rotating-table for 
continuous operation, the work being changed 
without stopping the machine. 

Vertical milling machines specially designed for 
keyways and for slots, and capable of cutting 
up to 1} in. slots, form the exhibit of Carl Hurth, of 
Munich. The work is travelled at uniform speed 
by the use of a compensated crank, and a special 
endeavour has been made to render the machines 
suitable for high-speed repetition work with a 
minimum of waste time due to work changing. The 
finish of the deep slots being produced on these 
machines is very commendable. 

An interesting milling machine is shown on the 
stand of Collet and Engelhard, of Offenbach, and 
illustrated in Fig. 4. This is intended for dealing 
with heavy work up to a machined length of 13 ft., 
and a thickness of about 1 ft. 8 in. It will be seen, 
on reference to the illustration, that the work is 
bolted down to a stationary bed while the head 
carrying the cutter is caused to traverse the length 
of the bed. This arrangement saves room, as no 
space has to be kept free at the ends for the travel 
of the bed. It also provides a convenient machine 
on which to set up the work, while it is possible 
to deal with irregular shaped work which could not 
be accommodated on the planer type of machine. 
Further, it can be conveniently used for gang- 
milling, the completed work being taken out and 
fresh work being put in without interfering with 
the performance of the machine. The moving 
head carries its own motor which drives the spindle 
through steel double-helical gearing. 

The same firm is showing a heavy capacity 
wheel-turning lathe for railway carriage, wagon and 
tender wheels, and including some _ interesting 
points of design. A pair of wheels is lowered on 
to a temporary support between the faceplates. As 
each centre is then brought up by a hand wheel, 
the journal is surrounded and gripped by the 
three brass pads of a 3-jaw self-centring chuck, 
and at the same time a driver is brought into contact 
with the inside of the rim where it depends for its 
grip upon a serrated face forced into contact with 
the inside of the rim by a toggle action when the 
load comes on. In this way the time required 
to change a pair of wheels is reduced to a minimum, 
and the wheels are centred from the bearing surfaces 
of the journals themselves. Four tool rests are 
fitted, two to each wheel, back and front, and the 
tools are all set up to produce a correct profile 
after turning without further adjustment. The 
time required to turn a pair of wheels is about 
10 minutes. 

The agents in this country for the Collet and 


grinding machines and the plate-shearing machinery 
described below, are the Selson Engineering Com- 
pany, Limited, of 26-28, Charles-street, London, 
E.C.1. 

The plate-shearing machine is shown on the stand 
of Schulze and Naumann, Céthen-Anhalt, and is 
illustrated in Fig. 5. From this it will be seen that 
the principle is that of shearing between a travelling 
wheel cutter and a fixed horizontal cutting edge. 

The main frame of the machine comprises two 
heavily-trussed horizontal I-section beams, the 
lower of which carries the fixed cutting edge on 
its upper surface, while the under surface of the 
upper beam forms a slide along which the carriage 
runs carrying the cutter wheel. The carriage is 
connected to an endless chain passing over sprocket 
wheels at each end of the machine, and a motor 
connected with the sprockets at one end supplies 
the necessary power. The cut can be taken in 
either direction, and the travel is controlled by a 
trip-gear at each end of the stroke. Convenient 
means are provided for holding the plate in position. 
The wheel shown in the illustration is making a 
square cut, but the wheel and its housing can readily 
be detached from the carriage to allow an inclined 
housing to be attached which produces a very clean 
bevel cut. 

The demonstration machine is cutting mild- 
steel plate about ¥-in. thick, and the condition 
of the edge as it leaves the machine is smooth, 
clean and free from distortion. The machine is 
made in several sizes, the largest dealing with 
l-in. plate, and cutting 10 ft. in one stroke, the 
time for which is 15 seconds with a 20 h.p. motor. 

Nut and bolt machinery is represented on several 
stands. Alfred de Fries, of Cassel, show maga- 
zine-fed automatics for tapping nuts, and for 
threading bolts and screwing a nut on each at the 
rate of 500 to 600 per hour. 

Messrs. Hiibner Bros., Chemnitz, are demon- 
strating presses producing nuts up to } in. from 
coiled strip. The dies are kept well supplied 
with cutting oil emulsion, and a very well-finished 
blank is turned out. Several firms show machines 
for cutting threads on large bolts, railway screw- 
couplings, pipes, &c., in which use is made of chasing 
dies held in a rotating chuck, the work remaining 
stationary. 

Messrs. Th. Calow and Co., of Bielefeld, have 4 
complete plant for making bolts from the cold, 
using steel rod. In the first press, a round head 1s 
formed, and the bolt cut off. The next press forces 
the head through a hexagon die, and after rough 
turning and pointing the shank on a third machine, 
a thread is rolled cold on the bolt. Other machines 
shown are presses producing small rivets and steel 
ball blanks, both out of wire. A parting lathe 1s 
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EXHIBITS AT THE LEIPZIG FAIR. 











variable-speed gear linked up with the cross slide 
carrying the parting tool, causes the work to be 
speeded up as the tool nears the centre. In this 
way a 4-in, shaft can be parted off in 1 minute. 

Of the many examples of capstan lathes and 

automatics designed for work ranging from small 
electrical screws to heavy motor-car parts, mention 
can only be made of three. 
_ The Magdeburger Machine Tool Company include 
in their exhibit a capstan lathe fitted with the 
Lauf-Thoma infinitely-variable speed gear, which 
depends upon the use of variable-stroke pumps 
circulating oil as the transmission medium. 

The Index-Werke, Hahn and Kolb, of Stuttgart, 
are showing small automatics which utilise the 
travelling band for removing cuttings and the chute 
for collecting the work, to which reference was 
made on page 341, ante. 

Lastly, on the stand of Georg Wuttig, Dresden- 
Lébtau, is a special automatic, of unusual design, 
for producing small brass screws and pins for 
electric fittings, 

There is a circular fixed table on which the 

















Fic. 5. Pxuate-Sazaring Macgine. 


different tools are mounted, each with its inde- 
pendent small motor drive. In the middle is an 
intermittently rotating horizontal plate carrying 
nine chucks, each of which holds a piece stationary 
and presents it to one of the tools. The machine 
is working on a brass pin turned out of about }-in. 
square brass, with a ,},-in. cross-hole, the square 
end being drilled and tapped axially. It is fed 
with coiled square brass wire which passes through 
straightening rolls, and the ability to take the stock 
in this form is doubtless one of the advantages of 
what appears to be an unnecessarily complicated 
and costly method of going to work. 

The machine gives a high rate of output, viz., 25 
to 30 of such pieces per minute. One peculiarity is 
that the tapping actually employs two motors, one 
driving the tap slowly for cutting, and the other 
operating the, quick reverse for withdrawal. It is 
understood that the machine is being supplied to 
the A.E.G. 

Of the remaining machinery exhibited, we will 
conclude with a reference to two items. One is a 
range of high-speed shaping machines shown by 


Lange and Geilen, Halle. These are substantial 
machines of normal design with a stroke ranging 
from a maximum of 10 in. in the small size to 26 in. 
maximum in the large size. The drive is through 
a gear-box, and the gear change is so arranged 
that it operates an indicator showing the speed at 
which the machine is working. The most interesting 
point is that the machines on the stand are all fitted 
with Lauer-Schmaltz system motors, mounted in- 
tegrally with the frame. In this system, supplied 
by the firm of Schmaltz referred to previously, the 
outer frame of the motor rotates and provides a 
very considerable flywheel effect, so that the motors 
are particularly suitable for intermittent machines. 
The length of time the machine continues working 
after the current has been cut off is quite striking. 

The remaining tool is a hand-operated bench- 
drilling machine shown by Rieck and Melzian, 
Hamburg, and fitted with the usual two-speed 
bevel gear. The spindle has a screw running 
axially through it, terminating in the drill chuck 
at the bottom end and in a heavy flywheel at 





the top. On starting to turn the handle, the drill 
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is brought down automatically to the work by the 
inertia of the flywheel, and the momentum of the 
wheel lifts the drill clear of the work when the 
operator ceases turning. 


Although it is not intended to enter into further | 


detailed descriptions, it is felt that our account of 
this Fair should not close without reference to the 
fact that gauges and high-grade, up-to-date pre- 
cision instruments are well represented among the 
exhibits. In particular a most interesting and 
comprehensive display is madejby Schuchardt and 
Schiitte, Beriin, who are showing many modern 
optical aids to fine measurement, such as the em- 
ployment of interference colour bands. The optical 
instruments are the products of Carl Zeiss. 

On the gallery the various standardising bodies 
and the “Safety First Council in Germany have 
an information bureau under the combined title of 
Beuth-Verlag G.m.b.H., Berlin, where publications, 
for instance, of the D.I.N., corresponding to our 
B.E.S.A., can be obtained. 





THE MOUNTAIN SECTION OF THE 
MANY PEAKS TO NORTHERN BUR- 
NETT RAILWAY, QUEENSLAND.* 

By M. A. E. Turrtey. 


THE area served by the various branches of the 
railway is suitable for various crops, of which cotton 
is becoming increasingly important each year. Until 
1922, the country was held by squatters in hold- 
ings of from 5,000 to 15,000 acres, and was used 
almost entirely for horse and cattle grazing. In 1922 
the Queensland Government introduced the Northern 
Burnett Setticment Scheme, under which the holdings 
were resumed and sub-divided into areas of from 20 
to 1,200 acres, Early in the year railways were begun 
from Many Peaks, Mundubbera and Rannes to a 
junction at Monto, and connecting with the ports of 
Gladstone, Maryborough and Rockhampton, respec- 
tively. The Many Peaks line ascends the face of the 
Dawes range and passes through very difficult country. 
The location of the latter railway was determined by 
means of preliminary lines run down the range from the 
lowest gaps, and a trial survey was made to the most 
suitable gap on a maximum gradient of 1 in 33. The 
country was contoured to a width of 5 chains on each 
side of the centre line, and in very steep country to a 
height of 100 ft. above and below the line. After 
location of the primary position on the contoured plan, 
a final investigation on the site showed that several 
slight deviations were necessary. 

The mileage to Many Peaks is 53, that of the com- 
mencement of the ascent 60 miles 50 chains, and that 
at the top of the range 67 miles 10 chains. The maxi- 
mum gradient is | in 33. Two easements were intro- 
duced to give relief on ascending. Owing to the rough 
nature of the country, it was found to be impracti- 
cable to make roads up all the spurs to the line, and 
a single road was utilised for haulage. 

The Many Peaks-Monto line was built by day 
with some small exceptions. The cuttings with few 
exceptions were in rock, overlaid with a few feet of 
earth. The batter adopted for the majority of the 
cuttings was } to 1, and only one slip of any size 
occurred after their completion. The batter finally 
adopted in this case was 1f to 1. The cuttings range 
in depth up to 60 feet, the largest containing 56,000 
cubic yards. The banks range up to 105 ft. and 
the largest contains 106,000 cubic yards. In form- 
ing the cuttings, hand drills were employed for 
blasting, followed by jack-hammers. Six concrete 
retaining walls were required. Stone for concrete was 
obtained by opening up small quarries adjacent 
to the walls, Six tunnels, having a total length of 
800 yards, occur in the line. These range in length 
from 105 to 170 yards. Only two of the tunnels 
are straight, and one of them is wholly on a 
5-chain curve. The majority of the tunnelling 
was in close-grained igneous rock, enclosed between 
layers of andesite shale and volcanic tuffa at the 
extremities. It was fouid necessary to concrete all 
the tunnels. Eleven timber trestle bridges were 
built. All spans, with the exception of those at the 
ends, were 18 ft. The end spans were 16 ft. Iron, 
bark, cut from the forests in the district, was used 
generally for piles and girders. A steel bridge, with 
six 28-ft. and seven 36-ft. spans, was built over 
Glassford creek on the level and straight at the foot 
of the ascent. The road, with a gauge of ft. 6 in., 
was laid with 40-ft. rails, weighing 60 lb. per linear 
yard. The heaviest locomotives which will run on the 
line are of the 4-6-0 and 4-8-0 types, and will haul 
175 and 200 tons respectively over the 1 in 33 ascent. 








* Abstract of paper to be read before the Institution 
of Civil Engineers, on March 24, 1926. 
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THE PRODUCTION AND MEASUREMENT OF HiGH VACUA. 
—In our accounts of Dr. Kaye’s Cantor lectures we 
stated, on page 309 of our issue of March 5, that the 
absorption of air by oil ‘‘ limited the vacuum obtainable 
with Geryk piston oil pumps to 0°02 mm.” We should 
have made it clear that this statement, like some other 
efficiency data, referred only to the particular type of 
apparatus described at that stage, an early type of 
Geryk pump. The Pulsometer Engineering Company, 
Limited, of Reading, point out that each of their 
R. L. Geryk vacuum pumps, piston type, is actually 
tested to a vacuum of not less than 0-00001 millimetre, as 
measured on a McLeod gauge, before leaving their works. 
We gladly publish this fact to supplement the infor- 
mation given in the lecture referred to. 

Empire Forestry Assocration.—At the annual 
general meeting of the Empire Forestry Association held 
in the Guildhall on March 16, His Royal Highness the 
Prince of Wales referred to the necessity of not merely 
conserving but developing the resources of the Empire 
in its forests. The volume of the demand for timber 
from established industries was not only growing, but 
was increased by the advent of new processes such as 
that of artificial silk, which required wood pulp. Great 
Britain imported last year timber to the value of over 
46,000,000/., of which only 13 per cent. came from 
Empire sources. Canadian lumber was unequalled, 
and he appealed to all consumers of soft timber, such as 
railway companies and contractors, to remember this 
when making their purchases. He would also draw the 
attention of architects and builders to the great beauty 
and utility of the hard woods of Australasia and India. 
Contracts.—Messrs. Vickers Limited have been 
successful in securing an additional order for the third 
unit for the Holborough Cement Works, Snodland, 
Kent, which comprises a kiln, cooler, wash mill, and 
mixer plant.—The Ransome Machinery Company 
(1920), Limited, Windsor House, 46, Victoria-street, 
London, S.W.1, have recently received an order from 
Messrs. 8. Pearson and Son, 10, Victoria-street, London, 
8.W.1, for two of their concrete mixers and 10 of their 
tip carts, for use on their contract at Cia. Hidro-Electrica, 
Volcan, Santiago, Chile-——Among the orders recently 
received by Messrs. Smith, Major and Stevens, Limited, 
Northampton, are a 3-ton motor-car lift for the Clyde 
Automobile Company, Limited, of Glasgow, a 6-ton 
motor-lorry lift for the Mickleover Transport Company, 
Limited, London, and a number of electric goods and 
passenger lifts of various sizes and capacities for in- 
dustrial and business firms at home and abroad.— 
The order for the coal-loading plants required for the 
dock extensions at Ellesmere Port and Workington 
Harbour, has been placed with Messrs. F. Turnbull 
and Co., Heaton Junction Works, Newcastle-on-Tyne. 
The Ellesmere Port plant comprises india-rubber and 
canvas belt conveyor, loading bridges, cranes and 
machinery, and will be capable of shipping 1,000 tons 
of coal an hour. .At Workington, facilities for moving 
the loading spout to any part of the ship is a distinguish- 
ing feature. The Handcock anti-breaker has also been 
adopted.--The British Thomson-Houston Company, 
Limited, Rugby, have been successful in obtaining a 
thirteen months’ contract from the London and North 
Eastern Railway Company (Scottish Area), for the 
supply of Mazda electric lamps.—Mes-rs. Empress 
Coppersmiths and Engineers, Limited, Empress-street, 
Cornbrook, Manchester, have recently secured the con- 
tract from the Yorkshire Electric Power Company, 
Limited, for the corrugated-copper expansion pieces, 
required in connection with the circulating water piping 











NOTES FROM SOUTH YORKSHIRE, 


SHEFFIELD, Wednesday. 

Iron and Steel.—The heavy trades in general are more 
or less marking time. Inquiries for crude steel are 
fairly numerous considering the continued force of 
Continental competition, but the proportion materialising 
in actual business is comparatively small. <A good deal 
of plant is operating irregularly at much below actual 
capacity, which further tends to increase already 
heavily-burdened working costs. In the engineering 
trades the national crisis arising from the London 
dispute is weakening confidence and holding up develop. 
ment that otherwise would be calculated to produce 
better working conditions. The shipbuilding trades are 
ordering forgings and castings rather more freely, but, 
as is shown in the latest returns from engineering firms 
closely associated with shipyards in the North, current 
production is far from remunerative. Makers of. loco. 
motive parts, wagons and general railway stores have 
benefited considerably from the renewal programmes of 
British companies, though again there is a widespread 
tendency in non-trade circles to exaggerate the value and 
importance of these contracts. They contribute sub. 
stantially to the needs of the railway engineering depart- 
ments, but much more export business is required before 
such departments can operate satisfactorily, and this 
type of business is secured only in face of the closest 
possible competition. Heavy demands are being made 
on makers of special steels and lighter products by British 
automobile engineers. France is taking supplies from 
local rolling mills for the same purpose, but only at 
cut rates. Makers of agricultural implements are doing 
better business on home account, and also report more 
inquiries from the Colonies. Consumption of engineers’ 
tools at home and abroad tends to expand. 


South Yorkshire Coal Trade.—In several directions 
there has been a falling off in the home demand, and 
collieries are competing keenly for the new business in 
circulation. The call for both best and secondary grades 
of house fuel has eased on Metropolitan and inlaid 
accounts. A few pits have resorted to four or five days’ 
working.’ There is also a reduced cal! for gas coal from 
the lighter trades, and from gas-producing plants which 
supply domestic users. Official rates have not been 
adjusted to meet the changed position, but difficulties 
are experienced in obtaining maximum charges. Export 
business in steams is weak and patchy. Continental 
users are only buying spasmodically. From_ several 
countries, which formerly ranked among South York- 
shire’s main buyers, the demand has fallen by over 
50 per cent. Slacks, smalls and all classes of coke are 
affected by the weaker tendency. Quotations :—Best 
branch handpicked, 31s. to 348.; Barnsley best Silk- 
stone, 288. to 30s.; Derbyshire best brights, 26s. to 
28s.; Derbyshire best house, 24s. to 25s.; Derbyshire 
best large nuts, 178. to 20s. ; Derbystire best small nuts, 
12s. 6d. to 14s.; Yorkshire hards, 17s. to 19s. 6d.; 
Derbyshire hards, 16s. to 198.; Rough slacks, 10s.; 
to 12s. 6d.; Nutty slacks, 7s. 6d. to 98.; smalls, 3s. 6d. 
to 6s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLesBrouacH, Wednesday. 

The Cleveland Iron Trade.—There is continued absence 
of new feature in the Cleveland pig-iron trade. Output 
is little more than sufficient for current needs, and makers, 
being fairly well sold, adhere to quotations that have ruled 
for some little time past notwithstanding customers’ 
continued persistent efforts to secure price concessions. 
Continental competition is perhaps hardly so keen as it 
has been, but it is still considerable, and Midland iron is 
being taken to some extent by firms who have usually 
drawn their supplies from this district. Sales of Cleveland 
pig-iron to customers abroad are few and small. _ For 
home purposes No. 1 is 72s. 6d.; No. 3 g.m.b., 708. ; 
No. 4 foundry, 69s.; and No. 4 forge, 68s. 6d., and for 
shipment overseas, quotations are 6d. above home prices 


Hematite.—-Sellers name 77s. for Nos, 1, 2 and 3 East 
Coast hematite, both for home ana export trade, and that 
may be given as the general market quotation, though 
there are customers who declare they can place orders at 
rather below the foregoing figure. On the other hand, 
78s, is named by one firm of producers. No. | hematite 
is put at 6d. above mixed numbers. 


Foreign Ore.—There is practically nothing doing m™ 
foreign ore, and resumption of buying of moment 1s not 
looked for until consumers have worked off a good deal 
of the heavy stocks they have accumulated. Best rubio 
remains at 21s. 3d. c.i.f. Tees. 


Blastfurnace Coke.—Durham blastfurnace coke is in 
only very moderate request for local use, and values are 
easy. Good average qualities are obtainable at 198., 
delivered to consumers in this district. 


Manufactured Iron and Steel.—Nearly all descriptions 
of manufactured iron and steel are slow of sale. In one 
or two departments producers are busily employed and 
have fairly good contracts made, but in other branches 
plant is only partly employed and orders are greatly 
needed. There is much price cutting for export business, 
but for home trade quotations remain : Common iron 
bars, 11/. 5s. ; iron rivets, 12/7. 15s,; packing (parallel), 
8l.; packing (tapered), 11/.; steel billets (soft), «+ 
steel billets (medium), 7/. 10s.; steel billets (hard). 
81. 2s. 6d. ; steel ship, bridge and tank plates. il. 78. 6d. ; 
steel angles, 7/.:; steel rivets, 12/. 10s. ; steel joists, ‘1. 3 
heavy sections of steel rails, 8/.; fish plates, 12/.: black 
sheets (No. 24 gauge), 11/.: and galvanised corrugated 





at their new Ferrybridge power station. 





sheets (No. 24 gauge), 161. 58.1 








a a ae a 


tS = 








in 


al 
10 


k 
d 
























PS GPRS to HE 


hc EL NRCP pe cee aR 


ENGINEERING. 


367 





MARCH 19, 1926.] 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 


Scottish Steel Trade.—Movement in the Scottish steel 
trade has been somewhat limited during the past week, 
and consumers have shown no inclination to place further 
orders meantime. The general demand has been cut 
down to the minimum, and little more than actual 
necessities are being specified. The unsettled state of 
the labour market has had some effect on the steel 
industry, but it is hoped that with the extra time granted 
by the postponement of the lock-out ‘notices in the 
engineering trade an arrangement may be arrived at. 
The deadlock now in existence is much regretted on all 
sides, and the latest decision of Messrs. Hoe’s men to 
remain on strike has raised an awkward situation. The 
inquiry for steel products has fallen off lately, both on 
home and export account. The exception to this is 
in the black sheet trade only, where the demand keeps 
on increasing. Producers in most cases are fully em- 
ployed, and few can promise anything like éarly delivery 
for light and galvanised sheets. The heavier gauges are 
still in slow demand. Prices are keeping steady and 
show little change, although both Continental and 
English competition is somewhat keen. The market 
quotations are as follows :—Boiler plates, 112. per ton ; 
ship plates, 7l. 10s. per ton; sections, 7l. per ton; 
and sheets, under ,*s to } in., 91. per ton, all delivered 
Glasgow stations. 


Malleable Iron Trade.—In the West of Scotland 
malleable iron trade the hand-to-mouth conditions of 
the past few months still continue. Makers are not 
booking a sufficiency of orders to keep plant running 
steadily, and no distance ahead can be seen. The steel 
re-rolling branches are also rather quiet. “‘ Crown” 
bars are unchanged at 111. 5s. per ton dots Glasgow 
stations. 


Scottish Pig-Iron Trade.—No change for the better can 
yet be reported in the state of the Scottish pig-iron 
trade. The home demand is very quiet, and export 
lots going through are not of heavy tonnage. The 
outlook at present is not very bright. The following 
are the current market quotations :--Hematite, 77s. per 
ton, delivered at the steel works ; foundry iron, No. l, 
79s. to 8ls. 6d. per ton, and No. 3, 76s. 6d. to 79s. per 
ton, both on trucks at makers’ yards, 


Scottish Pig-Tron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, March 13, amounted to 739} tons. Of that 
total 6774} tons went overseas and 62 tons coastwise. 
For the corresponding week of last year the figures 
were 293 tons to foreign destinations and 47 tons coast- 
wise, making a total shipment of 340 tons. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—Despite the fact that there were 
only 24 working days in February, or two less than 
in January, shipments of coal from South Wales in 
the past month totalled 2,450,409 tons, which was 
101,661 tons more than in January. Exports of coal 
as cargo foreign were raised by 135,248 tons to 2,044,635 
tons, an improvement in which each of the ports shared. 
On the other hand bunker shipments foreign were 
reduced by 12,918 tons to 300,092 tons, and coastwise 
cargo exports were lessened by 20,669 tons to 105,682 
tons. Patent fuel exports too were lowered by 36,702 
tons to 65,173 tons, and those of coke by 1,695 tons 
to 8,089 tons. Coal shipped foreign from Cardiff in 
February averaged 19s. 7d. per ton, or 1d. less than in 
January, while that exported from Newport realised 
18s, 4d. a reduction of 9d., and that from Swansea 
23s. 4d., a drop of 1s. 4d., but that shipped from Swansea 
at 27s. 10d. showed an increase of 9d. per ton. Exports 
foreign in the past week amounted to 510,840 tons, 
compared with 450,800 tons in the previous week and 
511,000 tons in the corresponding period of a year 
ago. Shipments were increased at each of the ports 
with the exception of Port Talbot. At Cardiff they 
were increased from 267,640 tons to 304,000 tons, at 
Newport from 98,450 tons to 107,490 tons, at Swansea 
from 35,430 tons to 47,220 tons, and at Llanelly from 
1,580 tons to 4,750 tons, but at Port Talbot were reduced 
from 47,700 tons to 47,380 tons. Shipments to Brazil 
were raised from 25,400 tons to 41,840 tons, to France 
from 91,830 tons to 124,230 tons, to Italy from 68,240, 
tons to 68,250 tons, to the United States from 8,400 
tons to 22,060 tons and to Uruguay from 7,000 tons to 
18,300 tons. Exports were, however, reduced to Algeria 
from 20,000 tons to 18,900 tons, to Argentina from 
51,530 tons to 28,850 tons, to Egypt from 41,850 tons 
to 36,800 tons, and to Spain from 43,030 to 33,680 tons. 
In the meantime the general tone of the market is 
steady. Tonnage has arrived more freely of late, and 
this has put the majority of collieries in a comfortable 
position, and almost entirely removed the weak spots 
for quick loading. The leading descriptions of large 
coal are steady on the basis of 23s. 6d. to 248. for best 
Admiralty large, 21s. 6d. to 22s. 6d. second Admiralty 
large, and 20s. to 21s. 6d. for Monmouthshire large, 
while smalls have advanced 3d. to 6d., the best bunker 
sorts ruling from 12s. 9d. to 138. 3d., with seconds from 
Le 6d. to 128., and cargo sorts from lls. to lls. 6d. 
‘or shipment after the Easter holidays most collieries 
lap to quote in view of the uncertain outlook caused 
'y the findings of the Coal Commission and the possi- 


8 of a stoppage in the coalfield at the end of the 
ith, 





NOTICES OF MEETINGS. 





THE Royat Socimty oF Arts.—To-night, at 4.30 p.m., 
at John-street, Adelphi, W.C.2. Indian Section. 
‘* Women and Children in Indian Industries,” by Lady 
Chatterjee, M.A. Monday, March 22, at 8 p.m., Cantor 
Lecture. ‘‘ Thermometry ” (Lecture IT.), by Mr. W. F. 
Higgins, M.Sc. 

THE INSTITUTION OF MECHANICAL ENGINEERS.—To- 
night, at 6 p.m., at Storey’s-gate, S.W.1. General 
Meeting. ‘‘The High Efficiency Oil-Engine,” by 
Mr. Alan E. Chorlton. Friday, March 26, at 7 p.m., 
Informal Meeting. Discussion on ‘‘ Foundry Practice 
with Special Relation to ‘ Perlit’ Iron,’’ introduced by 
Mr. Summers Hunter. 


Tue INSTITUTION OF ENGINEERING INSPECTION.-— 
To-night, at 7.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘‘ Lubricating and Allied 
Oils,”? by Mr. Elliott A. Evans, F.C.S. 


THe Junior INstItTuTION OF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. ‘“‘ Pipework 
—Its Manufacture and Layout,” by Mr. G. H. Willett. 
Saturday, March 20, at 2.15 p.m., Visit to Barking 
Power Station of the County of London Electric Supply 
Company, Limited. Friday, March 26, at 7.30 p.m. 
Lecturette. ‘‘ Metal Aeroplane Construction,” by Mr. A. 
Basil Miller, M.Sc. Saturday, March 27, at 2.30 p.m. 
Visit to the Canning Town Gevuain, Limited. 


THE Royat Institution.—Saturday, March 20, at 
3 p.m., at Albemarle-street, W. 1. Lecture, ‘‘ The Rare 
Gases of the Atmosphere ’’ (Lecture III.), by Sir E. 
Rutherford. Tuesday, March 23, at 5.15 p.m. Lecture. 
“The Growth of Crystals ’’ (Lecture II.), by Professor 
C. H. Desch. Friday, March 26, at 9 p.m. “The Radia- 
tion from Atomic Nuclei,” by Sir E. Rutherford. 
Saturday, March 27, at 3 p.m. Lecture. “The Rare 
Gases of the Atmosphere ”’ (Lecture IV.), by Sir E. 
Rutherford. 


Tue Institute oF British FouNDRYMEN: LANCA- 
SHIRE BRANCH, JUNIOR SEcTION.—Saturday, March 20, 
at 7 p.m., at the College of Technology, Sackville-street, 
Manchester. ‘‘A General Talk on Foundry Work,” by 
Mr. Arnold Hodgkinson. 


THE Hutt Association oF ENGINEERS.—Saturday’ 
March 20, at 7.15 p.m., at the Technical College, Park- 
street, Hull. Lecture, ‘‘ Machinery and Plant Main- 
tenance in the Textile Trade,’’ by Mr. W. A. Jackson. 


THe Institution oF ELEcTRICAL ENGINEERS.— 
Monday, March 22, at 7 p.m., at Savoy-place, Victoria 
Embankment, W.C.2. Informal Meeting. Discussion 
on “The Performance of Mercury Arc Rectifiers,” 
opened by Mr. G. Rogers. 


THE INSTITUTION OF ELECTRICAL ENGINEERS: NORTH 
EASTERN CENTRE.—Monday, March 22, at 7 p.m., at 
the Armstrong College, Newcastle-on-Tyne. ‘‘ Develop- 
ments in High-Power Fuses,” by Mr. L. C. Grant. 


THe Braprorp ENGINEERING Socrety.—Monday, 
March 22, at 7.30 p.m., at the Technical College, Great 
Horton-road, Bradford. Lecture, “The Application 
of the Steam Turbine for Industrial Purposes,” by 
Mr. W. S. Burge. 


Tue INstTITUTION OF PETROLEUM TECHNOLOGISTS,— 
Tuesday, March 23, at 5.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. Annual General 
Meeting. Address by the President, Sir Thomas H. 
Holland, F.R.S. Discussion on ‘‘ The Search for Oil in 
Australia,’’ by Dr. Wade. 


THe INSTITUTION OF CrIvIL ENGINEERS.—Tuesday, 
March 23, at 6 p.m., at Great George-street, S.W.1. 
Ordinary Meeting. Paper to be submitted for discussion : 
*'The Construction of the Mountain Section of the Many 
Peaks to Northern Burnett Railway, Queensland,” by 
Mr. Alfred Edward Tuffley. Wednesday, March 24, at 
6 p.m. Students Meeting. ‘‘The Erection of the Kwe 
Kwe Bridge,” by Mr. W. R. G. Taylor and Mr. B. H. 
Johnson. 


Tue InstiruTE oF MARINE ENGINEERS,—Tuesday, 
March 23, at 6.30, at 85-88, The Minories, Tower Hill, 
E.1. ‘‘Super-Pressure Steam Generation,” by Mr. D. 
Brownlie, B.Sc. 


Tue INSTITUTION OF AUTOMOBILE ENGINEERS.—Tues- 
day, March 23, at 7 p.m., at the Society of Motor Manu- 
facturers and Traders, 83, Pall Mall, S.W.1. Lecture, 
**' The Main Free Vibrations of an Autocar,”’ by Professor 
J. J. Guest. 


Tue InstTITUTION OF ELECTRICAL ENGINEERS: NORTH 
MIDLAND CENTRE.—Tuesday, March 23, at 7 p.m., at 
the Yorkshire Cinema Exchange, Queen’s-arcade, Leeds. 
**Some Notes on the Installation of a Modern Power 
Unit,” by Mr. J. W. J. Townley. 


Tue InstTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN ScotLtanp.—Tuesday, March 23, at 7.30 p.m., at 
39, Elmbank-crescent, Glasgow. ‘‘The Bracketless 
System,”’ by Sir Joseph W. Isherwood and Mr. William 
Isherwood. 


THe InstiTuTION oF Naval ARCHITECTS.—Annual 
General Meeting. Wednesday, March 24, to Friday, 
March 26, at the Royal Society of Arts; John-street, 
Adelphi, W.C.2.. Wednesday, March 24, at 11 a.m. 
Address hy the President, His Grace the Duke of 
Northumberland. Papers to be read and discussed, 


““The Present Outlook for British Shipbuilding,” by 
Mr. A. C. F. Henderson. 
H.M.SS. 
Berry. 


** Launching Arrangements of 
**Nelson” and ‘‘ Rodney,” by Mr. W. J. 
At 7.30 p.m., Annual Dinner at the Connaught 





Rooms, Great Queen-street, W.C.2. 


Thursday, March 25, 








at 11 a.m., ‘‘ Temperature Variation and Heat Stresses 
in Diesel Engines,” by Mr. Robert Sulzer. ‘‘ Compara- 
tive Freight Economies of a Cargo Vessel with Recipro- 
cating and with Diesel Machinery,” by Mr. W. J. Lovett. 
At 3 p.m., ‘‘ Propeller Dimension Formule Based on 
Mr. R. E. Froude’s Model Screw Experiments,” by 
Professor C. M. Carter. ‘‘Some Experiments on the 
Skin Friction of Smooth Surfaces,” by Mr. W. G. A. 
Perring. At 8 p.m., ‘‘Experiments on Mercantile 
Ship Models in Waves,” by Mr. J. L. Kent. ‘‘ Ship 
Wave Resistance. A Comparison of Mathematical 
Theory, with Experimental Results,” by Mr. W. C. 8. 
Wigley. Friday, March 26, at 11 a.m., “‘ High-Pressure 
Water-Tube Boilers for Marine Purposes,” by Mr. Harold 
E. Yarrow. ‘‘Some Recent Modifications to Water- 
Tube Boilers of the Three-Drum Type Fitted in H.M. 
Navy,” by Eng.-Capt. L. M. Hobbs, R.N. At 3 p.m., 
** On the Method Used in H.M. Ships for Readily Correct- 
ing Heel and Trim,” by Mr. A. W. Cluett, R.C.N.C. 


“Crane Equipment of Shipbuilding Berths,” by 
Mr. Ebenezer Smith. 

Tue Society or CHEMICAL INDUSTRY: CHEMICAL 
ENGINEERING GRrouPp.—Wednesday, March 24, at 


3 p.m., at the Chemical Society, Burlington House, 
Piceadilly, W.1. Symposium on “‘ Bearings and Lubri- 
cants.”” Papers on “Roller Bearings,” by Mr. 
Amberton, B.Se. ‘‘ Ball and Roller Bearings: Charac- 
teristics Affecting their Practical Application and Use,” 
by Mr. R. Allan. ‘‘ The General Properties of Lubricat 
ing Oils and their Practical Application,” by Dr. A. E. 
Dunstan and Mr. R. W. L. Clarke, B.Sc., ‘“‘ Some 
Characteristics of Lubricating Oils,” by Mr. J. E. 
Hackford, B.Sc. 


Tue Rapio Society or Great Brirain.—Wednesday, 
March 24, at 6 p.m., at the Institution of Electrical 
Engineers, Savoy Place, Victoria Embankment, W.C.?2. 
Lecture: “‘ Fading,” by Professor E. W. Marchant. 


THE INSTITUTION oF PrRopUCTION ENGINEERS.— 
Wednesday, March 24, at 7.30 p.m., at the Society of 
Motor Manufacturers and Traders Limited, 83, Pall-mall, 
§.W.1. ‘‘ Works System,” by Mr. J. T. Kenworthy. 


THe Junior INSTITUTION OF ENGINEERS: NORTH- 
WESTERN CENTRE.—Wednesday, March 24, at 7.30 p.m., 
at the Manchester Geographical Society, 16, St. Mary’s 
Parsonage, Manchester. ‘‘The Design and Construc- 
tion of Spinning and Doubling Machinery,” by Mr. W. 
Bailey. 

THE LIVERPOOL ENGINEERING Sociery.—Wednesday, 
March 24, at 8 p.m., at the Temple, Dale-street, Liver- 
pool. Informal Meeting, ‘‘ Application of Low-Pressure 
Steam to Ship Heating,” by A. J. Assheton. 


Tue InstituTION oF LocomoTIvE ENGINEERS.—Thurs- 
day, March 25, at 7 p.m., at Engineers’ Club, Coventry- 
street, W.1. Annual General Meeting, ‘‘ Mechanical 
Couplers for Railway Rolling Stock,” by Mr. A. M. Bell. 


Tue InstITuTION OF WELDING ENGINEERS.—Thurs- 
day, March 25, at 8 p.m., at Caxton Hall, Westminster, 
8.W.1., ‘‘ Electric Welded Construction,’’ by Mr. James 
Caldwell, M.Inst.C.E. 


Tue Institute or TRANSPORT : NortTH WESTERN 
Locat Srction.—Friday, March 26, at 6.30 p.m., at 
the Midland Hotel, Manchester. ‘‘ One Hundred Years 
of Railway Development,” by Mr. R. Bell. 


THE Royat Sanitary InstituTe.—Friday, March 26, 
at 7 p.m., at the Guildhall, Derby. Sessional Meeting. 
Discussion on ‘‘ Some Aspects of the Housing Problem,” 
opened by Mr. C. A. Clews. 


THe MANCHESTER ASSOCIATION OF ENGINEERS.— 
Friday, March 26, at 7.15 p.m., at the Engineers’ Club, 
Albert-square, Manchester. Annnual General Meeting, 
“* Hydro-Electric Engineering,”’ by Mr. P. W. Seewer. 





Tue Ex-BritisH-WESTINGHOUSE ASSOCIATION.—The 
eighth annual dinner of this Association was held on 
Friday, March 5, at the Holborn Restaurant, London, and 
was attended by 130 members. The chair was taken by 
Mr. O. H. Baldwin, who when proposing the toast of 
the Association announced that the attendance was the 
largest since the first dinner in 1919. The Honorary 
Secretary, Mr. L. S. Richardson and Assistant Honorary 
Secretary, Mr. W. E. Warrilow are to be congratulated 
on the success of the gathering. 





THe Rapio Press YEAR Boox.—A reference book 
bearing this title and edited by Messrs. J. Scott-Taggart 
and Percy W. Harris has been issued by Radio Press 
Limited, Bush House, Strand, W.C.2, at the price of 
ls. 6d. net. It contains a number of short articles by 
well known authorities on such matters as aerial arrange- 
ments, high-frequency and low-frequency amplification, 
inductance coils, valves, wireless calculations, and the 
construction of receiving sets. Many useful tables and 
diagrams are included together with lists of amateur 
call signs, wireless societies, &c. 





THE PRODUCTION AND MEASUREMENT OF HIGH 
Vacva: Erratum.—We regret that, by an unfor- 
tunate oversight, the Pirani gauge, mentioned in the 
first column of page 343 of last week’s issue, was 
ascribed to Dr. f. R. Campbell of the “ German” 
(instead of ‘‘ General ’’) Electric Company. The name 
of the British firm, to the remarkable devices of the 
Research Department of which Dr. Kaye referred 
repeatedly, was correctly given lower down on the same 
page and in other places. The abbreviated designation 
G.E.C. had been used in manuscript, and the mistake 
arose in expanding this into General Electric Company. 
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TELEGRAPHIO } “ ENGINEERING,” WESTRAND 





ADDRESS LONDON. 
TELEPHONE NumBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and -—_! and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months payable 
in advance :— 





For the United Kingdom ...............:+00 £3 5 0 
For Canada— 
Thin paper Copies ..........s0scse0e £218 6 
Thick paper COPIES..............ee0e £3 3 0 
For all other piaces abroad— 
Thin paper Copies ...........s.cscsecseee £3 3 0 
Thick paper COpieS.............ese0- £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


= 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed, 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “ENGINEERING,” Ltd. 
Cheques should be crossed “The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney, 
N.S.W. T. Willmett and Co., Townsville, North Queens- 
land. W. 0. Rigby, Adelaide, South Australia. Melville 
and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CANADA, Toronto, Ont.: Wm. Dawson and Sons, Limited, 
87, Queen Street East. 

EDINBURGH: John Menzies and Co., Limited, Rose-street. 

FRANOE, Paris: Boyveau and Chevillet, 22, Rue de la Banques. 
For Advertisements, Office de Publications Commerciales, 
167, Rue Montmartre, Paris (2e). 

omnes i‘. Hermann H. Fromm, Liitzowstrasse 84, Berlin. 


GLascow: William Love, 221, Argyle-street. 
Co., Limited, West Nile-street. An tes 
INDIA, Calcutta: Thacker, Spink " ‘ 
Pony ig My pink and Co., Bombay; Thacker 
ItaLy: U. Hoepli, Milan. Anonima Libraria Italiana, Torino 
and any post office. ‘ 
Japan, Tokio: Maruzen Co., Limited. 
LIVERPOOL: Mrs. Taylor, Landing Stages. 
aap John Heywood, 143, Deansgate. 
EW ZEALAND: Gordon and Gotch Proprie » Li - 
lington, ‘Auckiand and Oncistehuach  ?? ued, Wel 
—" > e Comment Boghandel, Carl Johans Gade, 
an . 
mmf H. A. Kramer and Son, Limited. 

UTH AFRIOA: Central News Agency, Limited, Head Office— 
Johannesburg ;_and Pretoria, Cape Town, Port Elizabeth, 
Bloemfontein, Durban, and various branches and book- 
stalls throughout South Africa. Wm. Dawson and Sons 
(South Africa), Limited, 23, Long-street, Capetown. 

Lge Gordon & Gotch, Prop’ty, Ltd., Launceston ; Hobart. 

MITED StaTEs: For Subscription, New York: John Wil 

Sons, 440, Fourth Avenue. For Advertisement; 
Allan, 30, Ohureh-street, New York. 


























CONTENTS. 

PAGE 
The" Rare Gases of the Atmosphere (Jllus.)............ 353 
The Barton Power Station of the Manchester Cor- 

Pe aS CAR Sen ena nes eer Pies sd 3 

The Institute of Metals........0..........ccccccesssssseeeeteeeeeees 357 
Individual Susceptibility to Accidents.................... 360 
Atoms of Light and of Electricity (Zilus.)..............- 361 
The Status of Engineer Officers in the Nayy............. 362 
TARO onc csn bans osfvesassansva oes rec eicestee ei: HN 362 


hie, Vespa Tear: CIOL). scaccesssenssectecvsorsens case 364 

The Mountain Section of the.Many Peaks to 
Northern Burnett Railway, Queensland. ............ 366 

Books Received 


Notes from South Yorkshire.........0..0..0..0.cccccccesceseeeeee 366 
Notes from Cleveland and the Northern Counties 366 
Notes from the North. ....:..:..0:0......0..cisccssecsecvesssessesesesss 367 


Notes from the South-West 
Notices of Meetings 
The Naval Engineer 
The Weir Report and the Latest Electricity Bill .... 369 
The Coal Situation 371 
The late Sir Philip Watts, K.C.B. (With Portrait) .... 371 
The Late Mr. J. Rossiter Hoyle (With Portra't) ........ 373 
Radiation from Electric Discharges........................ 374 
Pressure Distribution on Quadruple Launching 
WRN REINO sd datos tac cagaetcatonsneFscnceargepeigcasessice< <or 374 
Letters to the Editor.—The Hydrodynamic Theory of 
Turbines and Centrifugal Pumps. Radiant Heat 
Furnaces. Fuel Technology. Progress in Power 
Station Practice ...., 
The Handley-Page ‘* Hampstead’? Commercial 
PURO INE CLUE W ina cas Sc nsicvatonsascanesdsvivingesat QT 377 
The Die-Casting of Aluminium Alloys (Jllus.) 
The Influence of Gases on Copper at High Tem- 
peratures—Part I (2l18.) ..............s.scecsecsssessseeeeseees 
Electrification of a Section of the Orleans Railway 
Do Ree SN RS ee Se LO ete ee AUD BES, 382 
The Corrosion of an Ancient Tin Specimen................ ‘ 


Two-Page Plate—THE HANDLEY-PAGE “ HAMP- 
STEAD” PASSENGER-CARRYING AEROPLANE. 


ENGINEERING. 


FRIDAY, MARCH 19, 1926. 














THE NAVAL ENGINEER. 


Since the issue of the Admiralty Fleet Order 3241 
of November last, we have twice commented in 
leading articles upon the unfortunate effect which 
this will unquestionably have on the engineering 
branch of the Service. Elsewhere in this issue will be 
found a summary of communications bearing on the 
subject, which have passed between the First Lord 
of the Admiralty and a Committee representing the 
leading engineering Institutions. The number of 
members embraced by these bodies is 39,000, and, 
while doubtless some may be indifferent to the 
conditions meted out to their confreres in the Royal 
Navy, we are convinced that the majority will feel 
very keen regret that the Committee’s effort has 
not met with greater success than the correspondence 
indicates. 

The First Lord’s reply that no real grounds of 
grievance exist is extremely unsatisfactory and 
can hardly be accepted as the last word on the 
matter. The fact remains, however the order is 
explained away, that the Engineer Officers, having 
enjoyed in theory the prestige of equality with the 
Deck Officers for a season, are now for all practical 
purposes relegated to the position of inferiority 
from which they were raised some years ago. The 
extracts we print from the Memorandum which 
sets out the conditions under which Engineer Officers 
serve, suffice to indicate that the difference between 
the two is very real. The case can be more fully 
studied in the Memorandum itself, which is obtain- 
able from Brigadier-General M. Mowat, C.B.E., at 
the Institution of Mechanical Engineers. The Com- 
mittee pointed out, in their reply to Mr. Bridgeman’s 
communication that he had been in consultation in 
the matter with his colleagues of the Board of 
Admiralty, that on that Board Engineer Officers are 
not directly represented. Since the Board is so 
constituted ‘as to be formed only of members of one 
branch, it is hardly to be expected that it would 


*| give any expression to views not conforming with 





the spirit of the recent order which it issued, however 
much we may wish to see questions of such moment 
treated with strict impartiality. The incident will 
revive in the memory of many engineers the facts 


54 |0f the long struggle which ended with military 


status being granted to Officers of the engineering 
branch. Points raised in leading articles in these 
columns years ago could be reproduced to fit present . 
circumstances. For instance, in 1910 we discussed a 
statement by Mr. Gibson Bowles that “‘ no boy would 
volunteer to bury himself in the engine room,” 
adding “especially when the more prominent and 
socially important post on the quarterdeck and 
bridge presented itself, and when one recognised the 
class distinction which still prevails between the 
military and the engineering officer to-day.” 

Though recent conditions have gone a long way 
to make the position of the engineering branch more 
nearly equal in status to that of the Deck Officer, 
equality has actually never been attained. The 
Memorandum makes this abundantly clear. At the 
same time, it draws attention to the Admiralty 
Order 3333 of 1922. which laid stress upon the 
fact that, modern warfare demands “the closest 
mutual understanding and co-operation between 
the Executive and Engineer Officers.” The Com- 
mittee very aptly argue that to introduce a 
regular system of differentiation at the age of 
manhood and responsibility, between men brought 
up together as equals, is hardly the way to develop 
the close co-operation which is so desirable. Is it 
at all likely that equally good men will be encouraged 
to enter the less favoured branch? For this to 
result would require a degree of altruism and 
negation of self which, on the whole, might prove 
in these matters of doubtful service. Although the 
interests of the Service frequently require self- 
sacrifice, it is not just that this should be perma- 
nently expected of one branch in matters in which 
another is exempt. 

It may be urged that the whole affair is only one 
of a little pomp and ceremony. It is, indeed, far 
more ; but even if this were the main trouble, is not 
life in any society of beings bound up with the 
observance of appropriate forms and customs ? 
Some are merely venerated survivals of the past, 
others are introduced for their salutary effect ; and 
their denial to some, while allowing them to others, 
is the surest way of sowing discord, instead of 
developing harmony. The point. obviously, arises : 
if these things are of no value, why not sweep them 
away altogether ? - 

We hope to return to the subject in an early issue, 
but in the meantime cannot refrain from pointing 
out that the new Order makes it possible, for 
instance, for a warrant telegraphist to take command 
of a vessel, although there may be on board an 
Engineer Officer of any rank. If the combative 
value of the services of the Officers of the engineering 
branch is of any worth, such an anomaly ought 
hardly to be possible. As a fact, we all know that 
the fighting value of the Navy depends as much 
nowadays upon the engineering side as upon navi- 
gation, tactics and gunnery, and in some cases 
more than upon these; and it is only right, under 
these conditions, that this branch should be allowed 
the status which is undoubtedly its due. 

We hope an opportunity will be found by members 
at the spring meeting of the Institution of Naval 
Architects next week, of strongly endorsing the 
action of the joint Committee, of which their 
president, His Grace the Duke of Northumberland, 
is a member. 





THE WEIR REPORT AND THE 
LATEST ELECTRICITY BILL. 


THE new Electricity Bill, which has been 
prepared generally, but not entirely, in accordance 
with the recommendations of the Weir Report, 
is not yet an Act, and may very possibly suffer 
mutilation in its journey through Parliament : 
such has been the common experience of its fore- 
bears. Taking the Bill as it now stands, however, 
it is of interest to note the method by which a 
domestic consumer may possibly in the future 
obtain a supply of electricity. If his residence 
is situated in an urban district, he may purchase 
his current from his local council, who will possibly 
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buy it in bulk from a power company. The latter 
company will purchase this electricity from the 
new Central Electricity Board, which it is proposed 
shall be established. This Board in its turn will 
buy this same electricity from one or more power 
stations, which may possibly be owned by the 
very power company which sells the electricity 
it has itself generated to the local council and has 
already sold to and bought back from the Central 
Electricity Board. 

This procedure sounds somewhat complex and 
suggests that accountancy should be a promising 
profession for a fair proportion of present-day 
schoolboys. To explain how it has been arrived at 
it will be necessary to give an outline of the recom- 
mendations of the Weir Report. This document, 
which was published at the end of last week, has 
been drawn up by a Committee appointed in 
January of last year and consisting of Lord Weir, 
Lord Forres and Sir Hardman Lever. The duty 
of the Committee was to review the question of 
the supply of electrical energy and to present a 
report covering the broad lines of policy which 
should govern the development of that supply. 
The Report is dated May 15 of last year, and has 
presumably been kept back until the present 
time in order that the Government should have 
adequate time in which to consider it. It has 
now been published at the same time as the new 
Electricity Bill, which embodies most of its recom- 
mendations. 

The Report is of great interest, but, we venture 
to think, hardly displays the judicial calm which 
is desirable when proposing radical alterations in 
the complicated activities of this country. It is 
clearly the work of enthusiasts and tells us that 
“the coming age will be one of electricity.” Much 
is made of a tabular statement of the consumption 
of electricity per head in various countries. The 
fact that the table of various ‘* countries ” given in 
the Report includes Chicago, Sydney and Shanghai, 
illustrates the tendency to a somewhat uncontrolled 
enthusiasm. The consumption per head in Great 
Britain is given as 110 units and in Sydney as 
161, and Chicago as 1,000. The table certainly also 
gives the consumptions in various countries, such as 
Switzerland 700 units, Tasmania 550 units, Norway 
500 units, and so on; but if it was desired to 
give an adequate picture of the present relative 
position of this country, rather than to make a 
case, it would appear that, if individual towns 
were to be quoted at all, some of the best examples 
from this country might have been selected in 
addition to those from elsewhere. 

It is stated that “the national productivity in 
civilised countries is to a fair degree represented by 
its (sic) energy consumption.” Immediately before 
this, it is stated that private generation probably 
raises our figure of 110 units to 200, but the general 
impression conveyed by a first perusal of the 
Report is that the “national productivity” in 
Norway is some three or four times that in this 
country. Nothing is suggested in reference to the 
relative importance of the gas industry in the two 
countries, or to availableness of coal. After all, 
this wretched non-electrical country of ours is still 
the world’s largest exporter and does pay its way. 

Having made this protest, we are very ready to 
admit that in the generation, distribution and 
employment of electricity we are very seriously 
behind many other countries, and that if our average 
consumption per head could be raised to a figure 
nearer the 500 units of the United States, or the 
700 units of Switzer and, it would be to the general 
good. The present sale of electricity in this country 
is 4,000 million units a year, and the average price 
to the consumer is 2:047d. per unit. Our average 
annual rate of increase in consumption is 19 per 
cent. On this basis we will reach a consumption 
of 500 units per head by 1940. With such an 
increase the price would naturally fall, and the 
Report states that with our present administrative 
methods, the fall might be to 1-5d. per unit, but 
would probably be only to 1-75d. It is estimated 
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consumption, as compared with a price of 1-75d. 
per unit, would be 66 million pounds, and as com- 
pared with a price of 1-5d. per unit, 44 million 

unds. 

It is with the idea of making a saving of this 
order and at the same time enormously extending 
the benefits of electricity supply throughout the 
country, that the positive recommendations of the 
Report are made. The disadvantages of our present 
parochial generating and distributing methods are 
well known, and we need not enlarge on them. 
The aspect of this matter, in which this Report 
goes farther than has been usual, is in what amounts 
to a definite statement that the Electricity Act of 
1919, has proved a failure. A tribute, which is 
certainly merited, is paid to the work of the Elec- 
tricity Commissioners, but the point is made that 
their limited powers have proved insufficient to carry 
co-ordination forward to anything like the extent 
that is essential if rapid progress is to be made. 
There is truth in this, and if one is prepared to 
look at this electrification question from the extreme 
point of view adopted by the Committee, then it 
may be admitted that the present policy “can 
only be written down as a failure.” We doubt, 
however, from the point of view of everyday 
practical possibility, if sufficient weight is given to 
the germs of very considerable progress which lie 
in much of the work the Commissioners have already 
done. 

As a result of these considerations of the whole 
question the Committee arrived at the conclusion 
that progress, comparable with that which has been 
achieved in other countries, will only be made by 
the complete interconnection of the generating 
stations of this island (Ireland is not covered by 
the scheme). The advantages of this complete 
interconnection are given as capital saving, saving 
in operation (chiefly in coal), and the development 
of new areas by means of tapping from the necessary 
interconnecting transmission lines. As an outline 
technical scheme embodying this complete inter- 
connection was prepared by Sir John Snell, and as 
it has been approved in“general terms by Mr. Merz, 
Mr. J. M. Kennedy and Mr. Pearce, it may be 
accepted that, after allowing for the capital cost 
of the transmission system, substantial saving would 
be shown. It should be said that the scheme 
involves supersession of the present 438 generating 
stations by a total of 28 main stations and 30 
secondary stations. The scheme does not involve 
any grandiloquent scheme for newsuper-stations, and 
of the total proposed of 58 stations, 43 now exist. 
The importance of this technical scheme, even in its 
present outline form, makes it a suitable subject 
for considerable discussion, but for the present we 
must leave it, to pass on to the administrative pro- 
posals which are made in the Report and in the new 
Electricity Bill. 

To operate this unified system the Report con- 
siders that a Central Electricity Board should be 
appointed, and this basic feature is incorporated in 
the Bill. The Report states that the duties of the 
members of the Board would not involve whole- 
time service. The Bill leaves the matter indefinite. 
One of the main duties of this Board would be to 
construct a system of high-tension transmission 
lines covering the whole country, with the exception 
of the northern and extreme western parts of 
Scotland and the extreme western part of England, 
which are apparently not included in the scheme. 
This high-tension transmission system is referred 
to throughout the Report as the “ gridiron.” The 
word is likely to prove a convenient one in dis- 
cussion, but is avoided in the Bill. Given the Board 
and its gridiron, the problem which would have 
to be faced would be the imposition of these on 
to the existing electric supply system of the country. 
The Report examines four possibilities and decides 
in favour of the generating stations continuing to 
be run by authorised undertakers, but under the 
direction of the Board, and all energy generated 
being purchased by the Board and sold from the 
gridiron to distributing authorities, who will in 





that if the technical and administrative scheme 
which is recommended in the Report were adopted, 
the price, with a per capita consumption of 500 
units, would fall to ld. a unit. If this forecast 


proved correct, the annual saving on the total 





may prove a practicable one, but that it offers very 


many cases apparently be the same people as the 
generating authorities. These proposals are adopted 
in the Bill. 

This scheme after examination and discussion 
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many features inviting comment and criticism jg 
evident. A vital question is the operation of the 
generating stations. This is to be carried out by 
the owners “in such a manner as the Board may 
direct.” This sentence is quoted from the Bili, 
It may be that a power station operated in such a 
manner as some one else may direct, that some one 
else having apparently no financial stake in the 
matter, will be run as efficiently as if it were being 
run under its owners directions, but the proposition 
is at least doubtful. The price to be paid by the 
Board for the electricity generated is to be in 
accordance with a tariff which will be fixed over 
a term of years, and may vary in different areas, 
This will possibly enable some advantage to accrue 
to owners as a result of special efficiency, but there 
would appear to be a danger of the elimination of 
individual incentive in the scheme. As the genera. 
ting station owners are mostly, or always, also dis. 
tributing authorities, it will be to their advantage 
that the Board should be able to buy as cheaply 
as possible, in order that the gridiron selling price, 
on which their own distribution depends, shall be 
as low as possible. Special effort and enthusiasm 
in a general and almost abstract cause are, however, 
more difficult and less usual than efforts directed 
to a more obvious and more domestic sphere, It 
should be added that if the owners of a station fail 
to carry out the instructions of the Board, the 
Board may take over the station and either operate 
it themselves or hand it over to some one else to 
do so. 

On the distribution side of the question the 
Board would again have matters all its own way. 
As soon as it was able to announce that it was 
ready to supply any distributor—say, the owner of 
one of the stations which is not to be incorporated 
in the scheme—that distributor would have to take 
its supply from the gridiron. This would be subject 
to the cost to the distributor not being greater than 
his own cost of production. The remarkable clause 
is, however, inserted in the Bill that in calculating 
such cost of production, “no account shall be 
taken of interest or sinking-fund charges in respect 
of capital expended on the generating station.” 
A similar phrase appears in the Bill in reference to 
a clause stating that when authorised undertakers 
demand a supply of electricity from the Board, 
they must take the whole quantity required by 
their undertaking. In connection with the phrase 
we have quoted, it is added : “‘ Where the authorised 
undertakers feel aggrieved by the imposition of 
such a condition they may appeal to the 
Electricity Commissioners, whose decision shall be 
final.’ The question of appealing to the Com- 
missioners crops up continually throughout the 
Bill, and, as far as can be seen from preliminary 
studies of it, the intention in practice is that the 
whole generation and main distribution of electricity 
throughout the country shall be controlled in detail 
by the Commissioners. 

The Weir Report discusses the handing over of 
all generation stations to the ownership of the Board, 
but dismisses it as resulting in a huge and unwieldy 
organisation. It would certainly be a big business, 
but whether it would in practice prove more un- 
wieldy than a system of running stations under the 
control of an outside body, who are interested only 
as customers, is at least doubtful. We cannot 
think it likely that all the clauses of this Bill will 
get scatheless through Parliament. We expe 
to have to return to it many times before it becomes 
an Act. In leaving it for the present, we should 
add, before concluding, that it is proposed to allow 
the Board to borrow money to the extent of 
33,500,000/., and that the Treasury is to guarantee 
the principal and interest. 





RAISING THE EX-GERMAN FLEET.—The twenty-second 
vessel of the ex-German fleet, sunk at Scapa Flow, pm 
recently salved by Messrs. Cox and Danks. Limited Te 
well-known shipbreaking organisation. having © Bil) 
168, Regent-street, London. This vessel is gt oak 
a torpedo boat destroyer of approximately 1, Cal 
It was found to be lying on its side, and before i 

be brought to the surface it had to be put on a 
keel. Every stage of the work was successful, in spit© 
stormy weather, and only seven days were. 

from the start of the operations to the beachin: 








destroyer. 
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THE COAL SITUATION. 


Tur study of the Coal Commission’s report, so 
far as it can be justly appreciated without the evi- 
dence and appendices in the unpublished second 
and third volumes to which it refers, will leave most 
readers with mixed feelings. As an account of the 
present position of the industry and the circumstances 
by which it has been brought about, the report leaves 
little to be desired. The urgency with which an 
early conclusion was needed is not disguised, and 
at times has tended to curtail the detail into which 
the enquiry was pursued, perhaps with no detri- 
ment to the result ; but the report covers the whole 
ground with a deliberation and clearness that shows 
no sign of haste, and for years to come it is likely to 
be valued as a good and impartial analysis of the 
subject and, perhaps, the most useful ‘available 
collection of authentic data bearing on it. When, 
however, passing from its historical description and 
its faithful and well-balanced array of the very 
varied evidence with which the Commission had to 
deal, the report passes to the constructive suggestions 
for which the whole country has been waiting, it loses 
the grip of the situation that it appeared to have. Its 
recommendations seem unlikely to be approved by 
either of the parties to the enquiry ; but, indeed, 
even if they were adopted by both, they would not 
be adequate to the emergency. The large majority 
of them, even if they were all desirable and practi- 
cable, which is by no means admitted on all compe- 
tent hands, could not come into operation for a long 
time; and the industry is so placed that much of 
it must have collapsed long before then if measures 
immediately applicable cannot be found. 

When a new engineering project is under consi- 
deration a common and useful practice before 
doing work on it is to check off the apparent result 
against what is theoretically possible, so as to see 
overall whether it will work ; if the project suggests 
a paradoxical conclusion, this examination by first 
principles may enable the weakness to be detected, 
though the detail of a fuller working-out might 
obscure it. A somewhat similar procedure shows 
the immediate weakness of the recommendations 
of the present report. The business of a colliery is 
conducted, at the best, on a very fine percentage 
margin of profit, and efficient working requires a 
large capital, normally increasing as the mine is 
developed. Over two-thirds of the cost of coal at 
the pit’s mouth consists of labour, and on the average 
the cost of railway carriage adds a fourth more to 
the pit’s mouth price, in addition to dock and 
similar charges. Throughout the Jast century and 
up to 1913 both the output and the exports of British 
collieries showed a rapid and uninterrupted expan- 
sion, with a production in 1913 of 287 million tons 
and an export of 98 million. The value of the coal 
exports is not fully measured by the fact that 
normally they form in value, about a tenth of the 
total exports of the country. Their importance 
lies no less in the fact that in bulk they form four- 
fifths, and thus both contribute largely to the 
shipping trade and provide outward cargo by which 
the freight of essential imports are cheapened. 

The labour is divided among those who work 
on the face, and those who serve them and handle 
their product both underground and on the surface. 
The percentage of men.that have to be supported 
by the hewers has been increasing ; from 114 per 
cent. in 1905, it grew to 145 per cent. in 1924. 
During the war a large number of miners joined up, 
and were replaced by probably a larger number of 
men from other industries, so that when the soldiers 
came back the mines were very largely overmanned ; 
and there is authority on the miners’ side for the 
belief that the mines are only now gradually getting 
clear of this excessive number. In 1919, the hours 
of work underground were reduced from 8 hours to 
‘ hours, in each case with the time occupied in one 
winding added, making a total of 83 and 7} hours. 
This measure necessarily increased the cost of the 
coal, which was further increased by alterations in 
wages. To follow these it must be remembered 
that the payment of wages in mines is based on 
basis rates, whether piecework or daywork, which 
vary not only with the grade of the workmen but 
from pit to pit and even from seam to seam, and 
remain practically constant except upon a change of 
the conditions, or equipment, or working methods 


‘that the coal industry must make. 





of the mine. This basis rate is increased by a 
percentage addition, and further when necessary 
by whatever extra sum is necessary to bring the 
earnings up to specified minima. In 1921, after 
the three months stoppage that followed on the 
decontrol of the mines, it was-agreed that the miners 
in each district should have their percentages so 
calculated, periodically, as to share among them an 
agreed proportion of the net proceeds of working, 
being the difference between the gross proceeds 
of sales in the district and the costs of production 
other than wages. The agreement provided, 
further, that in no district should wages be paid at 
rates less than 20 per cent. over what were in force 
in 1914, which would mean an increase over the 
average for 1909-13 of a trifle more than the increase 
in the cost of living since that date. Where the 
amount did not yield the man a “subsistence 
wage,” it was increased by an allowance, to be 
determined by district boards or, failing agreement, 
by an independent chairman, and provisions were 
also made for other minima in special cases. It 
will be observed that the percentage based on net 
proceeds is an economic payment, based directly on 
the average earnings of the district, while the mini- 
mum attached to that percentage is an assurance 
that, whether the district has earned it or not, 
the man shall be paid on the scale of a certain 
standard of living, determined by his grade. The 
subsistence allowances, which were intended to be 
limited to providing a minimum subsistence wage, 
represent in practice less than 2 per cent. of the wages 
hill, even after including certain additions that 
were subsequently made to them. 

As the result of events abroad, the conclusion of 
this agreement was followed by a temporary boom 
in the coal trade, and in 1924 a fresh agreement was 
made, raising the minimum percentage to 334 per 
cent. and increasing the men’s share of the net 
proceeds from 85 per cent. to 87 per cent. The 
boom was quite transitory, and in the first half of 
last year the industry became unremunerative as 
a. whole, the large majority of pits working at a 
loss. To give time for considering measures to 
meet the situation, Parliament authorised the 
grant of a subsidy, which for the last quarter 
amounted to 3s. per ton, with the help of which 
prices generally have been somewhat reduced, 
minimum wages have been maintained, and an 
average profit of 1s. 6d. per ton has been distributed. 
This subsidy comes to an end at the end of next 


month, and the Commissioners recommend in the. 


strongest terms that it should not be continued. 
A consensus of evidence, in the effect of which the 
Commissioners concur, agrees that at least some of 
the worst paying pits will have to be closed. How 
far the process would have to be carried, and what 
the increase of unemployment it would involve, will 
depend on a variety of circumstances, notably the 
price at which coal can be sold; and, though the 
Commissioners appear to recognise the tremendous 
stimulus’ that low prices—say, 40 per cent. above 
the level of 1909--13—would give to dependent 
industries, they seem to be looking to obtaining 
higher rates as a means of minimising the sacrifices 
Meanwhile the 
iron and steel industry was selling in November last 
at less than 20 per cent. above the level of 1913 ; 
and it will be remembered that the steel industry 
uses 4 tons of coal per ton of steel. To complete 
the outline of the immediate situation, it must be 
added that the level of wages in the mining industry 
is very much higher than in non-sheltered industries 
involving heavy work, such as iron works, ship- 
building, &c. 

Within this outline a large and extremely interest- 
ing and important picture is drawn of -the respects 
in which the organisation and efficiency of the 
industry may be improved, and its stability and 
prosperity assured. The means recommended for 
the purpose, which are not here under discussion, 
involve the addition of fresh administrative mecha- 
nism to the considerable volume with which the 
operations of the industry are already assisted or 
encumbered; and the extent of these additions 
suggests the general observation that, though 
complex mechanisms may sometimes be indispen- 
sable, the merit and efficiency of any is usually 
inversely as its complexity. The history of the 








industry, however, lends its support to the belief 
that the result at which the Commissioners aim 
can be attained. Until the war the coal-mining 
industry was among the most prosperous and the 
most fully employed. Mines have indeed worked 
out or are working down, but other mines have 
opened up; and when all allowance is made for the 
increased use of other fuels, there seems no reason 
to question that the demand for coal, if it can be 
obtained at a reasonable price, will continue to 
increase. The success of the reorganisations under 
discussion must depend, however, on the care and 
deliberation with which they are fitted to their 
work, conditions that are unlikely to be attained 
if it is sought to institute great and permanent 
measures by methods that are appropriate to 
sudden and violent emergencies. In particular. 
they are likely to succeed or fail according to the 
extent to which they are addressed accurately to 
their work, and are not diverted by considerations, 
or apprehensions, of a political or a personal 
character. 

To those who are intent, as mine-owners and 
industrial miners are, on rescuing their industry 
from the quicksands into which it has drifted, the 
situation is too serious to justify any dealings with 
each other that are based on pretence. There have 
been times in the past when they have been parties 
to disputes, and dealt with them as partisans. In 
such circumstances it may have been worth adopting 
the shallow fictions, deluding perhaps those who 
do not know, but deceiving no one who does, by 
which it has been sought to twist facts from their 
true shape. In a crisis like the present the only 
people that matter are those who do know. The 
Commissioners themselves are not free from the 
blame of having adopted polite fictions, of which it 
is hard to imagine that they do not know the 
inaccuracy. It is perfectly true that the genuine 
industrial miners have not attempted deliberately 
to destroy the prosperity of the industry in order to 
compel its nationalisation ; but to state that much 
is not to deny that the mechanism of the Miners’ 
Federation is not secured in their hands, and may be 
captured by those whose aspirations are precisely 
what the Commissioners object to mention. The 
cry that the miners are living on starvation wages, 
addressed to a public of whom a considerable pro- 
portion live on much less, convinces no one who 
knows the facts, but it discredits those who utter 
it at a time when all parties wish to be able to take 
what these speakers say at face value. 

The outline given above indicates clearly enough 
that, whatever else may be done—and much must 
be done before the industry will be again on its 
feet, and its customer industries are satisfied enough 
as to its stability to resume their normal ordering— 
the increase of wages procured because of the few 
months’ vanished boom, and the reduction of hours 
by which the miners are distinguished from all other 
workers in the country, must be renounced. The 
miners have, in fact, been at issue not with the 
owners but with the users, and the issue has 
been, shortly, whether the users will pay them as 
much more money than other unsheltered workmen 
as they ask for working as much shorter hours. 
In the most practical way the users have declined ; 
and it is to the users that any concession has to be 
made. The owners can derive no advantage from 
it without sharing the advantage automatically 
with the workers under the existing agreement ; 
and the workers stand in a common need with the 
owners of every advantage that they can derive 
from what remedial measures can be promptly 
taken. Not the least of the advantages they would 
reap would be the return of the disposition to 
venture more in the business of the mines, from 
which the uncertainty of the temper of their men 
seems to be a principal deterrent. 








THE LATE SIR PHILIP WATTS, K.C.B. 


THE work of the naval architect, like that of the 
engineer and others who apply the discoveries 
of science to the service of mankind, makes but 
little dramatic appeal to the general public and, 
in consequence of this, the men to whom the 
nation owes its deepest gratitude for the provision 
of effective instruments for the preservation of its 











security, may remain to a large extent unknown 
outside their professional circles. When the 
achievements of naval heroes are remembered, 
however, with national pride, the names of those 
who, in offices and laboratories, have designed the 
means placed at their disposal or have discovered 
the fundamental principles on which the work was 
based, must never be forgotten. For this reason, 
the death of Sir Philip Watts, which occurred in 
London on Monday last, 
must be regarded with 
regret throughout the 
entire British Empire. 

Sir Philip Watts was 
the son of John Watts of 


ENGINEERING. 


[MARCH 19, 1926. 





of conflicting factors. The strategist and the 
tactician lay down their requirements, for offensive 
and defensive work, and then it becomes the duty 
of the naval constructor to meet these exacting 
conditions, as far as is possible, within limits of 
dimensions and costs. When rapid progress with 
new means of propulsion and armament is being 
made, and the whole system of possible naval 





warfare activities are modified, the work devolving 





Southsea, who was him- 
self a ship constructor 
and principal assistant to 
John Fincham, the master 
shipwright of Portsmouth 
Dockyard. Not merely 
was his father a naval 
architect but the family 
had been associated with 
similar work for genera- 
tions and Sir Philip was 
the great-grandson of a 
shipwright who played his 
part in the construction 
of Nelson’s Victory. 

Born on May 30, 1846, 
Sir Philip, after receiving 
a good general education, 
entered on his career as a 
ship constructor by under- 
going a course of training 
at Portsmouth. In 1870, 
he passed through the 
final courses at the Royal 
School of Naval Architec- 
ture, at South Kensington, 
an account of which 
was. given in Mr. W. J. ‘ 
Berry’s paper read before 
the British Association in 
1925. His first field of 
service with the Admi- 
ralty was as a third-class 
draughtsman. He attained 
the grade of constructor 
in 1883, and was appointed 
to the staff at Chatham 
Dockyard at the end of the 
following year. In 1885, 
when the late Sir William 
White gave up the post 
at the shipyard of Messrs. 
Armstrong on the Tyne, 
Sir Philip was appointed 
to succeed him in charge 
of the warship-building 
department. In the seven- 
teen years that followed, 
his work became known 
throughout the world, 
for he designed ships for 
practically every naval 
power that could not 
build for themselves. 
Cruisers of note for Argen- 
tina, Brazil, Chile, Japan, 
Norway, Portugal, Ru- 
mania and Turkey estab- 
lished his reputation as 
a constructor and proved 
to be admirable experi- 
ence for his real life-work 
in the service of the Admiralty, which was to 
follow. These ships were all, at the times of their 
construction, remarkable for their qualities, both 
of gun power and speed. 

Again, at the beginning of the year 1902, Sir 
Philip Watts succeeded Sir William White, this time 
in the office of Director of Naval Construction, and 
he held the position for ten years, a period in which 
greater changes were made in construction, entailing 
greater responsibilities, than was ever the case at 
any time in the history of the Royal Navy. War- 
ship design involves the consideration of a series 
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on the constructor is all the more arduous. It was 
in such times that Sir Philip Watts held office, 
but the experience which he had acquired, the 
originative faculties he possessed, his great force 
of character and administrative ability in every 
way fitted him for his new work, and he entered 
on his duties with the confidence of all, who hoped 
for the maintenance of the supremacy of the 
British Navy. It had to be left to the period of the 
European War for any demonstration that that 








confidence was warranted, the excellence of the 
provisions made in the designs of his vessels being 


then completely established. In 1919 Sir Philip 
in a paper he read before the Institution of Naval 
Architects, on “Ships of the British Navy on 
August 4, i914, and some Matters of Interest in 
Connection with their Production,” reviewed what 
was truly his own contribution, as they were built 
to his designs, to the equipment available for the 
great international struggle. 

In October, 1904, Admiral Sir John (afterwards 
Lord) Fisher, became First 
Sea Lord at the Admi- 
talty, and he brought to 
his new duties a desire 
for an “all big gun” 
battleship having six pairs 
of 12-in. guns all mounted 
on the middle line, three 
at each end of the 
vessel in steps, one close 
behind another. By this 
arrangement he aimed at 
obtaining a vessel from 
which six guns could 
fire directly ahead and 
six directly astern, and all 
could be fired on either 
broadside. Shortly after- 
wards, a “Special Com- 
mission on Designs,” was 
appointed under the chair- 
manship of Lord Fisher. 
The naval members of this 
commission were Prince 
Louis of Battenberg, En- 
gineer Vice - Admiral Sir 
John Durston, Rear Ad- 
miral (now Admiral Sir) 
Alfred L. Winsloe, Capt. 
(now Admiral Sir) Henry 
B. Jackson, Capt. (now 
Lord) Jellicoe, Capt. (now 
Admiral Sir) Reginald 
Bacon, and Capt. (now 
Admiral Sir) Charles E. 
Madden. With them there 
were appointed as civilian 
members Sir Philip Watts, 
Lord Kelvin, Professor Sir 
John Harvard Biles, Sir 
John I. Thornycroft, Sir 








Alexander Gracie, Mr. 
R. E. Froude, F.RS., 
and Mr. W. H. Gard. 


They were asked to ad- 
vise, based upon their large 
experience, on five types 
of war vessels, the leading 
features of which had been 
decided upon by the 
Board of Admiralty. They 
were informed in the 
Terms of Reference that 
it was no part of their 
function or purpose to 
relieve the Director of 
Naval Construction of his 
official responsibilities. 
Lord Fisher’s proposal of 
a twelve - gun battleship 
was much discussed, and 
generally approved, but it 
turned out that the size 
of the vessel would need 
to be much greater than 
had been supposed, and 
much more costly than 
could be entertained at 
the time. It was found, however, that as near 
an approach to this suggestion as was possible 
for the sum of money which could be allowed 
for the vessel at that date, could be obtained 2 
bringing the two raised gunhouses, one forwar 
and the other aft, down to the level of the upper 
deck, putting them one on each broadside and 
making sundry other modifications. To this plan 
a further turret was later suggested, for introduction 
near the middle of the ship, and the general — 
of the Dreadnought was thus obtained. The — 
Dreadnought had three pairs of 12-in. guns on the 
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centre line of the ship, and two pairs mounted on 
the broadside opposite one another. It is interest- 
ing to note that it was in this vessel that Parsons’ 
turbine machinery, on a very large scale, was first 
adopted for a warship. Another result of the 
discussions of the Commission was the develop- 
ment of the Indomitable battle cruiser. It was the 
lot of Sir Philip Watts to design the actual vessels 
to meet the views of the members of the Commission 
and the Admiralty, and to this work he applied 
himself with the greatest enthusiasm. The re- 
designing of the entire British Fleet resulted from 
the work done at this time. When it is remem- 
bered that the First Lord of the Admiralty, in 
announcing the retirement of the Director of Naval 
Construction in 1912, said that Sir Philip Watts 
“must bear upon his broad shoulders all the 
praise or all the blame which is to be associated 
with the name Dreadnought,” the people of Britain 
will know to whom they are largely indebted for 
their security. 

During his ten years of office, Sir Philip was the 
designer of the Bellerophon, St. Vincent, Neptune, 
Orion, King George, Iron Duke and Elizabeth 
classes of battleships and of all the battle cruisers 
from the original Indomitable to the Tiger. Once 
it was recognised what naval developments were 
being made in Britain, Continental Powers found, 
to their consternation, that they had to change 
their whole outlook on naval affairs. The Kiel 
Canal had to be widened, harbours had to be 
reconstructed, and because of the work of Sir Philip 
Watts it came about that the German Navy was not 
prepared to face the ordeal forced upon it by the 
hasty military chiefs in Berlin, when the war 
started in August, 1914. For this initial superiority 
in craft at the outbreak of hostilities, the debt of the 
nation is due to Sir Philip for the admirable way in 
which he met the requirements of Lord Fisher, and 
his associates on the Commission. No greater eulogy 
of a naval constructor could ever be given than 
that of Lord Fisher, who, in his ‘“‘ Memories,” said 
that “his (Sir Philip’s) name is enshrined in my 
heart.” 

Sir Philip continued to the end of his life an 
enthusiast on all matters relating to naval archi- 
tecture and at the meetings of the Institution of 
Naval Architects he was always a keen debater. 
In his contributions to the discussions he always 
showed the alertness of his mind and frequently 
surprised his auditors by reference to early work of 
which-but little was remembered by those intimately 
associated with recent progress. As an example 
may be cited his contribution to the discussion of a 
paper by Herr Frahm on “ Results of Trials of the 
Anti-Rolling Tanks at Sea ” in 1911, when he claimed 
to have made proposals similar to those of Frahm 
as early as 1875 to reduce the rolling of the old 
Inflexible. At the time he produced a copy of the 
drawings which are in the possession of the 
Admiralty. On the last occasion on which he 
presented a paper (March 21, 1923) he gave some 
“ Notes on the Preservation of H.M.S. Victory and 
Her Restoration to Her Trafalgar Condition.” It 
was Sir Philip who recognised in 1921 the dangerous 
state into which the Victory had got and convinced 
the country that unless the old flagship was repaired 
she was likely to sink at her moorings. As a result 
of his efforts, and those of Sir Doveton Sturdee, the 
great memorial to Nelson and the naval might of 
Britain has been preserved and is still afloat in 
Portsmouth Harbour. 

In 1912, Sir Philip resigned his post as Director 
of Naval Construction, but his services were 
retained in an advisory capacity until 1916, when 
he returned to his old firm at Elswick and became a 
director of Sir W. G. Armstrong, Whitworth and 
Co., Limited. He was elected a Fellow of the Royal 
Society in 1900 and held honorary degrees from the 
Universities of Glasgow and Dublin. He was given 
the K.C.B. in 1905. An enthusiastic volunteer, he 
was a Lieutenant-Colonel Commanding and Honor- 
ary Colonel of the 1st Northumbrian Brigade of the 
Royal Garrison Artillery Volunteers, and equipped 
and sent out the Elswick Battery to the South 
African War. He became a member of the Institu- 
tion of Naval Architects in 1873 and served for 
many years as an Honorary Vice-President. He was 
also a member of the Institution of Civil Engineers. 





THE news of the death of Mr. James Rossiter 
Hoyle, which occurred in a London nursing home on 
Sunday morning last, will be heard with regret by a 
wide circle of the profession. Mr. Hoyle, who was for 
many years managing director of Messrs. Thomas 
Firth and Sons, Limited, Sheffield, retired from that 
position in 1921, and had latterly resided at Hartfield, 
Sussex. A member of an old Yorkshire family, he 
was born in Manchester in 1856, his father holding a 
prominent position in Messrs. Armstrong’s works in 
that city. After receiving his early education 
privately, Mr. Hoyle entered Owen’s College, 
Manchester, in 1872. In 1875, he went to France 
and served as a pupil in the engineering works of his 
brother-in-law, Mr. C. W. Burton, in Paris. He 
went into partnership with Mr. Burton in 1878, and 
was subsequently engaged upon the design and 
construction of mining and general steam machinery. 
His firm were the sole agents, in France, for Messrs. 
Burys and Co., Limited, Sheffield, and were 
also manufacturers of rock drills, stone-crushing 
machines, air compressors, and other machinery of 





Photo. by Lafayette. 
THE LATE Mr. J. RossttErR Hoyte. 


a similar nature. During his sojourn in Paris, 
Mr. Hoyle not only secured a sound knowledge of 
the French language, which subsequently proved of 
great value to him, but also obtained a thorough 
insight into the commercial, as well as the technical, 
side of the engineering and steel industries. In 
1880 he left France and returned to England. 
Mr. Hoyle’s return to his native land coincided 
with an outstanding event in the history of Messrs. 
Thomas Firth and Sons, Limited, Sheffield. This 
firm had just secured an important contract from the 
French Government for the manufacture of gun 
steel. The directors of Messrs. Firth were conse- 
quently desirous of securing the services of an 
engineer, possessing a thorough knowledge of 
technical French, to superintend this work. 
Mr. Hoyle’s qualifications for the post came to the 
knowledge of the late Mr. C. H. Firth, then managing 
director of the firm, and he invited the young 
engineer to come to Sheffield for an interview. The 
outcome of this was that he was engaged immedi- 
ately and was placed in charge of the new contract. 
Mr. Hoyle remained in the gun-forging department 
until 1886, when he was promoted to the post of 
manager in sole charge of the firm’s heavy ordnance 
section. This department was soon afterwards 
enlarged under his direction, at a cost of over 
150,000/. ; new shops and plant, including a large 
forging press, were erected. These extensions 
enabled the firm to undertake the manufacture 
of the heavier type of guns. Mr. Hoyle was also 
responsible for the introduction of the manufac- 
ture, on a large scale, of armour-piercing shell, at 
Messrs. Firth’s works. The experiment proved a 
great success and an important industry, which 
subsequently rendered inestimable service to the 








Allies during the European War, was gradually 
built up. 

In 1888, Mr. Hoyle became a partner of the 
firm of Messrs. Thomas Firth and Sons, and was 
given entire control of the forging and machining 
departments, engaged in the construction of heavy 
ordnance and marine machinery, and the manu- 
facture of armour-piercing shell. In recognition 
of his business abilities, and of his eminent services 
to the firm, the directors of Messrs. Firth appointed 
him to a seat on the Board of the Company in 
1893. Subsequently, Mr. Hoyle became joint 
managing director with Mr. L. J. Firth, and when 
the latter proceeded to America to take control 
of the firm’s interests as represented by the Firth- 
Sterling Steel Company, he was appointed sole 
managing director, a position which he held until 
his retirement in 1921. 

The heavy duties imposed by the Russian 
Government on British goods entering that country, 
prompted Mr. Hoyle to advise Messrs. Firth to 
invest large sums in the purchase and equipment 
of a modern steelworks plant in Riga, for the 
production of files and tools, and, later, of projectiles 
for the Russian Government. Considerable diffi- 
culties were encountered, but Mr. Hoyle never 
lost faith in the ultimate success of the venture. 
The plant was, however, dismantled by order of 
the Government on the approach of the invading 
German armies during the late war, and the present 
unsettled state of Russia has prevented any 
attempt at reconstruction. It is almost certain 
that, had it not been for the war and the events 
which followed, the Riga works would have become 
an important metallurgical centre. 

Mr. Hoyle’s time was so fully occupied with techni- 
cal matters and with the business undertakings of 
his firm that he was unable to take a very active 
part in the public life of the City of Sheffield. He 
was, nevertheless, elected to the office of Master 
Cutler in 1912, and carried out the obligations 
and responsibilities of that position in a highly 
efficient manner. In the same year, Mr. Hoyle 
became a Justice of the Peace, and was elected a 
Church Burgess in 1913. He always took a keen 
interest in the scientific side of the steel industry 
and long enjoyed a close acquaintanceship with 
Frofessor J. O. Arnold, in matters relative to 
research in metallurgy. He was elected a member 
of the Iron and Steel Institute as long ago as 1884. 
He became a member of the Institution of Mechani- 
cal Engineers in 1887, and was formerly a member 
of the Council and a Vice-President of that Institu- 
tion. In 1894, Mr. Hoyle became an associate of 
the Institution of Naval Architects, and was 
elected to full membership of the Institution of 
Civil Engineers in 1897. He was also a member 
and a. past-president of the Skeffield Society of 
Engineers and Metallurgists. 





Vouita CENTENARY.—Alessandro Volta was born at 
Como on February 18, 1745, and died in the same town on 
March 5, 1827. Thecentenary of his death thus falls due 
next year, and among the celebrations in his honour, two 
exhibitions are to be held at Como from May to October. 
There will be an International Electricity Exhibition and 
a Silk Trades Exhibition, the silk industry being the staple 
support of Como and district. A magazine called 
** Voltiana ”’ is to be published monthly throughout the 
remainder of the year, and at more frequent intervals 
later. It will be devoted to the life and work of Volta, 
and to recording the various events associated with the 
celebrations. The first number has just been issued 
and may be obtained from the offices of the directorate, 
Via Unione 11,Como. The price for separate numbers is 
3 lire, or for all numbers up to December 31 of this year, 
30 lire. 





National Institute oF INDUSTRIAL PsycHoLocy.— 
The fifth annual report of the National Institute of Indus- 
trial Psychology records expansion both in activities 
and membership. The review of five years’ work in it, 
shows that 56 investigations in 29 different industries 
have been undertaken, and the pee applications 
appreciated by both employers and employed. Tin-box 
making, motor-car construction, gasworks, and tramcar 
and omnibus building are among the industries con- 
cerned, methods of lessening fatigue, improving lighting 
and so ‘forth, having been studied for periods varying 
in length from a few weeks to three years. Progress has 
also been made in other branches of the Institute’s 
activities, such as the provision for employers of psycholo- 
gical tests and advice for vocational selection and guid- 
ance, as well as training of welfare workers. The accounts 
show a small balance in hand, but an appeal is made 
for funds to place the Institute on a permanent footing. 
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In introducing a lecture, bearing the above 
title, at the Royal Institution on Friday of last 
week, Sir J. J. Thomson, F.R.S., said the brilliance 
and variety of light given out by the passage of 
electricity through gases had long been known, 
examples being the lightning flash and the aurora, 
as well as the discharge through vacuum tubes. In 
the latter, a dark space appeared near the cathode, 
but the remainder of the discharge emitted coloured 
radiation, the wave length of which was always 
some thousands of Angstrom units. If the pres- 
sure in the tube was very low, Réntgen rays were 
given out and these two types of radiation were the 
only kinds recognisable outside the walls of the tube. 
They were not, however, the only radiations pro- 
duced; others could not get through the tube 
walls. Visible radiations could, of course, pass 
through glass, but those of a little shorter wave- 
length, 7.¢., ultra-violet radiations, could not do 
so, although some could get through fluorite. 
Radiations in the Schumann region, however, could 
not penetrate any solid and were stopped, in fact, 
by a few millimetres of gas at atmospheric pressure. 
R6ntgen rays, on the other hand, were more easily 
absorbed the longer they became, so that long 
R6ntgen rays were retained inside the tube, and 
could not be detected externally. 

Before proceeding to deal with the other radia- 
tions produced inside the tube, Sir Joseph briefly 
explained the effects given out by electricity in its 
passage through gases, namely, thermo-lumin- 
escence and ionisation. With regard to the former, 
he mentioned that certain salts placed near an 
electric discharge flashed out and became luminous 
when subsequently heated. To investigate the 
radiations inside a vacuum tube it was necessary 
to find some test which could be applied inside the 
tube itself. The most delicate tests were those 
dependent upon electrical properties, but if elec- 
trical instruments were placed inside the tube 
the positively or negatively electrified particles 
produced effects thousands of times greater than 
those due to the radiation. It was necessary 
therefore to isolate the instrument from the electric 
discharge. 

One way of doing this was to interpose a mem- 
brane between the discharge and the instrument, 
allowing sufficient of the radiation to pass through 
the membrane to enable the effects to be detected. 
Sir Joseph had used for this purpose films of 
celluloid which were so thin that they showed the 
black spot, the films being produced from a solution 
of celluloid in amyl acetate which was poured on- 
to mercury, and allowed to evaporate, leaving the 
thin film supported by the mercury. The film was 
mounted in a vacuum tube between the electrode 
and a disc of polished zinc, the latter being con- 
nected with an electrometer. The disc acted as an 
indicator in two ways. Firstly, by the photo- 
electric effect, the radiation falling on the metal 
would cause it to emit electrons so that it gained 
a positive charge which could be used to measure 
the radiation; or, secondly, the ionisation effect 
of the radiation would cause a charged disc to lose 
its charge, and the rate at which the charge was 
dissipated could be used as a measure of the radia- 
tion. The photo-electric effect was greater the 
lower the pressure, but, at higher pressures, the 
ionisation effect predominated and the disc acquired 
a positive charge. 

Tn investigating the quality of the radiations, 
the lecturer used a strip of lead with circular holes 
in it, some of the holes being covered with gold leaf, 
celluloid film and other, materials, while one was 
left uncovered. The strip was arranged inside the 
tube, between the electrode and the dise connected 
with the electrometer, in such a manner that it could 
be raised or lowered to bring the various materials, 
or the uncovered hole, into the path of the radiation. 
The difference between the readings obtained with 
the strip in various positions was a measure of the 
absorption of the materials. A steady potential 
obtained from a dynamo, and adjustable between 
500 and 6,000 volts, was used to produce the dis- 
charge. According to a law first enunciated by 
Sir W. Bragg and known as the lambda-cubed law, 


In the lecturer’s experiments, the increase in the 
absorption amounted to only a few per cent., 
owing to the fact that the radiations investigated 
were not of one quality, the shorter wave lengths 
constituting only a small proportion of the whole. 
The penetration was found to increase, to some 
extent, with the voltage and also depended upon the 
pressure ; if the pressure were zero, there could be 
no radiation, while at high pressures all the radiation 
would be absorbed. There would consequently be a 
certain pressure at which the radiation would be 
a maximum, the actual pressure depending upon the 
gas, and being much higher for hydrogen than for 
oxygen, and still higher for helium. 

In the experiments so far referred to, all the 
radiation measured had to get through a screen of 
the celluloid or of solid metal, many molecules in 
thickness. Sir Joseph had therefore replaced the 
material screen by an electrostatic screen, passing 
the radiation between the two parts of a meta] 
cylinder split longitudinally and charged to a poten- 
tial of 400 volts. By this means he first determined 
the absorption due to the celluloid film and found 
that in hardly any case did more than 1 per cent. 
of the radiation get through. He then investigated 
the properties of the source of the radiation. Illus- 
trating this by the discharge through a long tube, the 
lecturer showed that the discharge varied in bright- 
ness along the tube, but was continuous and showed 
no sudden changes in intensity. The radiation, 
however, was more uniformly distributed than the 
luminosity. By means of a tube provided with a 
split cylinder communicating with a large bulb, 
it was possible to obtain in the latter, a stream of 
positive particles if the cylinder were charged posi- 
tively and of negative particles if the cylinder were 
charged negatively; the stream could also be 
prevented from impinging on any solid material. 
Tn this way it was shown that the mere passage of 
the discharge through the gas itself gave rise to the 
radiation. It was interesting to note that the posi- 
tive particles were more effective than the negative 
particles in producing radiation, but the radiation 
produced by the former was more easily absorbed. 
Another method of producing a discharge in which 
there was no impact of electrons against a solid, 
was to employ an electrodeless tube surrounded by a 
coil of wire through which was passed the current 
from the secondary of an induction coil. This was 
demonstrated by Sir Joseph, who used such a tube 
with a zine plate inside it, the plate being connected 
to an electroscope, the leaves of which were projected 
on to the screen. When the discharge was passed 
with the electroscope charged positively, the leaves 
collapsed quite slowly, but if negatively charged, 
the collapse was much more rapid. This was 
accounted for by the fact that the photo-electric 
effect was far greater than the ionisation effect. 
Another experiment showed the absorption of 
the radiation by the gas itself, and further experi- 
ments to indicate that the effects were not produced 
by electrified material particles, and that the 
radiation could be reflected, were also described. 

To determine what was the effect on an electrode 
of the discharge impinging upon it, Sir Joseph 
said he had made electrodes in which slits were 
formed, and the discharge passed between them. 
When the matter was investigated, it was found that 
the electrode always lost electrons in large quantities. 
A loss of electrons, however, did not occur only 
when the electrode was the cathode, as should be 
the case, but also when it was the anode, when 
electrons should be added. He explained this by 
saying that the negative electrons shot out from the 
electrode accumulated in a dense cloud near the 
latter, their effect being to prevent other electrons 
from coming out. This was the cause of the fall of 
potential which occurred quite close to the anode. 
To measure the quality of the radiation, use was 
made of Planck’s law to the effect that when radia- 
tion of a certain frequency falls on a metal, electrons 
are ejected with an energy increasing with the 
frequency. He employed for the purpose a tube, 
in which the disc exposed to the radiation had a 
spiral of thin wire in front of it, arranged so that 
the spiral could be charged to any required potential 
difference from the disc. If charged to a potential 
of 100 volts. for example, the spiral would stop 


100 volts. In this way, it had been determined that 
in helium at a high pressure and at 300 volts, very 
few of the electrons had an energy exceeding 
30 volts, and at a pressure of 0-172 mm. and 
1,100 volts, most of the electrons were stopped by 
a potential of 60 volts on the spiral. Applying the 
lambda-cubed Jaw to the curves obtained in experi. 
ments of this type, the absorption of the radiation 
by various substances had been obtained. In air, 
at 0 deg. C., and at 760 mm. pressure, for example, 
radiation of 1-4 Angstrom units wave-length 
would be absorbed by a thickness of 9-1 by 10-3 y., 
We had thus a type of radiation which was intensely 
absorbed, but which produces all the distinguishing 
characteristics of the electric discharge ; there was 
also a strong argument that the radiation referred 
to was the predominant factor in the production of 
ionisation. After demonstrating the glow discharge 
in two electrodeless tubes containing air and oxygen 
respectively, Sir Joseph showed, by a particularly 
interesting experiment, that it was possible to obtain 
currents in a gas without the production of lumi- 
nosity. For this purpose he employed two con- 
centric spherical bulbs, the inner one containing 
gas at a constant pressure, such that an electric 
discharge would pass in it readily. The outer 
bulb was connected to a vacuum pump, so that the 
pressure could be reduced as required, and was 
surrounded by a coil of wire carrying the current 
from an induction coil. When a current was first 
passed through the coil, the gas in the inner bulb 
glowed brightly, but as the pressure in the outer 
bulb was reduced, so that the gas in it became a 
conductor, the glow ceased, due, Sir Joseph ex- 
plained, to the shielding effect of the gas in the outer 
bulb, which was then carrying a current without 
emitting light. 





PRESSURE DISTRIBUTION ON 
QUADRUPLE LAUNCHING WAYS. 


By J. A. Davis. 


Tue method of computing the pressure distri- 
bution on ordinary twin launching ways has been 
in use for a number of years, but the writer does 
not know of any publication containing the prin- 
ciples to be followed and the formule to be used 
in dealing with quadruple ways in two pairs of 
unequal lengths and breadths. 

Four ways have sometimes been used in launching 
floating docks, and multiple ways are used in the 
broadside launching of ships. but, in these cases, 
the ways have a common length and therefore 
they may be dealt with by the twin-way method. 

But if, for structural reasons or to suit the 
building berth piling, it is advisable to use four 
ways, it is obvious that, in the case of a ship, 
its form will cause the outer pair (or bilge ways) 
to become ineffective as supports towards the 
ends of the ship. The outer ways must, therefore, 
be considerably shorter than the inner, both forward 
and aft, and we are required to apportion the 
proper share of the load to each way at different 
stages of the launch and to find how each share is 
distributed longitudinally. 

At the outset we may recapitulate the under- 
lying principles, or postulates, assumed in the 
twin-way calculations, namely :— 

1. The ship is inflexible longitudinally. 

2. Its land supports are uniformly and perfectly 
elastic. 

3. Tension across the grease is negligible. 

The introduction of a second pair of ways requires 
a fourth postulate, viz. :— 

4. The ship is inflexible transversely. 

The human element in the shape of muscular 
effort in the driving of wedges when “ setting up 
shortly ‘before the launch, ensures that, on the 
average, the grease pressures are uniform before the 
keel and bilge blocks are knocked out. So far as it 
goes this is satisfactory and is a sine qua non In any 
mathematical treatment of the problem, but it 1s 
also necessary for the purpose to assume the 
“make up” between the tops of the sliding ways 
and the hull as being of uniform thickness, which 
unfortunately it is not. It is evident that, in 








the absorption varied as the cube of the wave length. 
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sreas, but of unequal lengths, the longer piece will 
supply less reaction than the shorter for equal 
lineal compressions ; in fact, if the one piece be 
twice as long as the other, its reaction will be only 
one-half as much per inch of compression 

One way to get over this difficulty would be to 


if the difficulty did not exist. To do otherwise 
would involve facing a practically indeterminate 
problem. 

The method in common use and applicable to 
the ordinary twin ways, consists in first finding the 
total way reaction, and its centre corresponding 





place the thicker make-up in closer formation, so 


to any selected station on way end. These are 


FORMULZ FOR COMPUTING LAUNCHING PRESSURES ON GREASE. 





| 
































































CASE | EQuaTION FOR DETERMINING I. Pie May 44 OT M9 rie oe 
aed Tons per Foot Run (R = Total Way Reaction.) 
TWIN WAYS. 
— cS 9° 
Ww) 5 L— 3r) 
I t=L 
w2 = 8 sr L) 
| INERT NCL OA 
| x 
wy = 2k | ri 
Il l=3r A i BR f 
wo = I bat ——> 
------- Da 
| TTT 
| 
:| 
w, =0 | | R 
III. 1=3(L—r) re | te batt) nabisksesds ir io ence >! 
3(L—r) | _ ----- l------ > 
ty eee ess > 
| WWW _ aia } 
| 
QUADRUPLE WAYS. 
] 
1 e 
1 =aR Yea! 
a (a z,) 
cao *) 
eR (3 A Zo 
1 e 
¥. -- =§ Rif — - — ! 
I 1=L ws (4 +z) | 
1 e te 
w4 =bR ( es .) . 
A = area of grease A Zq 2, I< Can RET * 
Z; =1/y1, Zo =1/y2, Zz = 1/y3 and Z4 = I/y4, where BRR \ \ WRK 
I =moment of inertia of grease surface about a Se ee mn 
centroidal axis CC . iets’ Y2- Sk v1 " 









































| 
| 
| 
| - mrewee 2 8 a | 
| B-3rR+ a 2o-+d—2r)l a “fet e+ Oh 
a = —- (l— et te: 
| —3r(2¢ +d)] =0 iy Py spas te a nae Fat 
| wq = “1 (J ¢ —d) Oy : | 
| pe ae " TANNA 
| | 
| | | 
| 2akl | 
| “1 @tbjh—beat— | 
| Ste, (a - + b)a- be (21—c)| 
vw, | Bee pe rol ars | VI 
| be2 - Pe. (l—c) 
eae er (3r—2c) =0 al | Kea 
| wa = 0 ! rz 
| ha al “Ras 
| “ENGINEERING 
that what it lost in reaction due to greater thickness | easily obtainable from the usual curves on the 


it would gain on account of increased sectional 
area. This, to a certain extent, is unintentionally 
accomplished in practice by fitting the usual 

‘solid stopping” towards the ends of the sliding 
ways. 

Therefore, as the solution must, at best, be 
regarded as only approximate (although perhaps 
sufficient for the purpose of deciding the ground 
way supports and the internal fortifications of the 
hull), we accept this compromise and proceed as 


launch diagram, the way reaction (R) being equal 
to the launching weight (W) minus the buoyancy 
(B); while the distance (r) from the way end to 
the centre of gravity of R is equal to the moment 
against tipping (M) divided by R. 

The resulting distribution of R over the length 
of ways in contact is then taken to be either 
trapezoidal or triangular, according as the centre of 
gravity of R falls within or without the middle 
third of the overlap of the ground and sliding 





ways. The trapezoidal distribution brings the whole 
of the way overlap into compression, but, on 
account of Postulate 3, when the centre of gravity 
of R falls without the middle third of the overlap, 
less than the whole of this overlap comes into action, 
the active length (/) being three times the distance 
of the centre of gravity of R from the nearer end 
of the overlap. 

For convenience of reference, the formule relating 
to this twin-way case are tabulated along with 
those relating to the more complex cases of quad- 
tuple ways, which we now proceed to consider. 

The broad principle followed is first to bring the 
four sliding ways together transversely without dis- 
turbing their relative longitudinal positions (simi- 
larly to the “‘ equivalent girder ” method of massing 
the cross-section scantlings of a ship) and then to 
regard the resulting continuous grease surface as 
if it were the section of a loaded strut or the ground 
base of a retaining wall or dam. 

If the centre of gravity of the load fall immedi- 
ately over the centroid of the grease, then (the ship 
being inflexible) the resulting grease pressure or 
stress will be uniform over the whole surface and 
equal to the total way reaction divided by the total 
area of grease. If, however, the centre of gravity 
be eccentric to the grease centroid, the stress will 
be increased at the way end towards which the 
eccentricity lies and reduced at the other. The 
distribution of stress, from its maximum value at 
one end to its minimum at the other, we assume to 
follow a straight-line law, exactly as in strength of 
materials calculations, and as in that subject there 
is a neutral axis, or line of zero stress, on one side 
of which there is compression and on the other 
tension, the stress being equal at all points along 
any line parallel to the neutral axis, so in the case 
of our grease surface, but with the exception that 
Postulate 3 restricts all stresses to compression. 

Where, therefore, the eccentricity of loading is 
obviously not sufficient to lead to tension at either 
end of the way overlap, the solution is to be found 
in Case IV of the accompanying table. Where 
doubt exists as to tension, the application of 
Case IV would settle the point, for if either w, 
or w, come out negative, tension exists and the 
solution must then be found by means of either 
Case V or Case VI. 

The writer has found that all of these cases are 
required in dealing with an actual launch, V and 
VI having to be applied, reversed end for end, as the 
stern floating condition is approached. 

On account of the solution of the cubic equation 
to find J in Cases V and VI, the work is somewhat 
lengthy, especially when, after first trying Case IV 
and finding tension, Case V also gives tension so 
that a final appeal has to be made to Case VI. 

The solutions of the cubics themselves are also 
tentative, as one cannot say at the outset whether 
the case is irreducible or not. The solution of the 
irreducible case is most readily effected by Barlow’s 
method, but, unfortunately, this method requires 
the use of special tables. Such tables are to be 
found in Barlow’s original edition (1814) of his 
“Tables of Squares and Cubes,” and in Rees’ Cyclo- 
peedia (1819), in an article on the ‘‘Irreducible Case.” 

Having solved the cubic, and, before proceeding 
further, it is always safer to insert the value of / 
so found in the cubic itself to see that it satisfies it. 
In this way a good deal of trouble and annoyance 
later on may be saved. 

After 1, w,, w,, w; and w, have been found for any 
station on way end, it is then a simple matter to 
find the total way reactions R, and R,, supplied by 
the inner and’ outer ways, respectively, as well as 
the distances 7, and 7, of their respective centres 
from the way end.* Then a simple calculation as 




















_ | follows :— 
| About Way End. 
Tons 
| Lever. | Moment, 
Inner Ways ...... Ri TL Rr 
Outer Ways ...... Re 12 Re re 
1. Ryr; + Rore 
Total wt ee + Re Ri + Rp Rin + Re re 





* The term “‘ way end ”’ is always understood to mean 





the ground way end which projects most into the water. 
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: R,r, +.Ror 
ught vi = Sa: WE ee of ae 
ought to give R, + R, umes 5 r; 
otherwise, an error has crept into the work. 

Having obtained the way reaction distribution 
graphs for both pairs of ways for a succession of 
stations on way end, it is then a simple matter to 
place them in their correct positions on an elevation 
of the ship and draw their envelopes. From these 
envelopes the maximum load occurring in any frame 
space over each way can be obtained by scaling 
and a decision arrived at as to internal fortifications. 

Similarly, by placing these reaction graphs in 
their correct positions on the berth and drawing 
their envelopes, a decision may be arrived at with 
regard to piling, &c. 

It should be particularly noted that R, is the 
total reaction for the pair of inner ways, so that only 
half of it is borne by each; this is also the case for 
R, on the outer ways. 





LETTERS TO THE EDITOR. 


THE HYDRODYNAMIC THEORY OF 
TURBINES AND CENTRIFUGAL 
PUMPS. 


To THE Epitror or ENGINEERING. 

Str,—In his letter in your current number Dr. Eck 
defines—more clearly, it seems to me, than in his 
original articles—the range of application of his 
theory and the’ points at which it claims to advance 
our ideas. He agrees that this advance is limited to 
a determination of the influence of the number of 
blades under hypothetical conditions, and is prepared 
to admit that the theory is not at present capable of 
application to pumps of any ordinary form, but that 
it gives good results when applied to fans. 

This admission to a great extent disarms further 
criticism, for the assumptions made could in the case 
of the fan be reasonably justified, and the results are 
in general accord with known facts. Most of the 
objections raised in my earlier letter, which referred 
specifically to centrifugal pumps, would not apply 
in this case, and had Dr. Eck’s articles borne the title 
‘“The Hydrodynamic Theory of Fans,” his assump- 
tions and results would no doubt have passed un- 
challenged. 

Dr. Eck will, I am sure, have the good wishes of 
your readers in the further work by which he hopes 
to adapt his theory to the conditions which obtain in 
a centrifugal pump. 

Yours faithfully, 
H. W. Swirr. 

The University, Leeds, March 16, 1926. 








RADIANT HEAT FURNACES. 
To THE Eprror oF ENGINEERING. 

Str,—In your issue of February 26 last there appears 
a letter from Mr. J. S. Atkinson, of Messrs. Stein and 
Atkinson, in reply to my letter on the subject which 
appeared in your issue of February 5. Mr. Atkinson, 
whose firm is interested in the marketing of the Krupp 
furnace, proposes an enlargement of the definition 
of “‘ surface combustion,” and suggested the following : 
‘* an apparent flameless combustion assisted by intimate 
contact with incandescent surfaces.” If one were to 
accept such a definition then the ordinary blow-pipe 
effect of an impingement of gas, already burning, on to 
a piece of charcoal, such as is used every day in the 
laboratory, would be classed as “* surface combustion ” 
(which it most certainly is not), and is, in effect, the 
class of combustion which occurs in the Krupp furnace. 

True ‘“ surface combustion” is entirely bound up 
with the questions of ionisation, and catalytic action, 
and the “ surface factor.” In the Krupp furnace, as 
the gas is lit before it impinges upon the refractory 
material, the latter per se exerts no influence, but is 
merely a receptor of the molecular vibrations resulting 
from the combustion of the gases which is completed 
beforehand. In true surface combustion the gas is 
not lit beforehand, and as it approaches the surface 
of the diaphragm, throught which it has been percolating 
it becomes ionised from heat conducted back by the 
refractory, and is then in a state to complete the 
exothermic reaction, aided by catalytic action, with 
the least possible loss of energy, and herein lies the 
secret of its extraordinary efficiency. 

I gather from the description of the Krupp furnace 
that it is necessary to keep up a considerable velocity 
of flow of the self-burning gas and air mixture, in 
order to avoid the danger of back-firing; but with 
true surface combustion the velocity—or, in other 
words, the gas pressure—can fall so low that it will 
just permeate the porous diaphragm, and yet give 
surface combustion without any such danger. I cannot 





subscribe to Mr. Atkinson’s general statement that 
“no one will claim a thermal efficiency of 95 per cent. 
for a gas-fired metallurgical furnace,” for the thermal 
efficiency is only limited by the theory of exchanges, 
the character of the article to be heated, and the 
amount of loss of sensible heat due to the structure 
and nature of the furnace. 

With suitable conditions I cannot see why an 
efficiency of 95 per cent. or more should not be attained, 
and I base this opinion on the fact that with the latest 
method of making surface-combustion diaphragms, 
which has removed all previous limitations as to 
the almost universal use of surface combustion in 
the future, the diaphragms, or ‘‘ combustors ” as they 
are now called, can be made to conform exactly to 
the shape of the article to be treated, leaving only 
sufficient space for the products of combustion to 
escape, such space being of the order of an inch or so. 
The loss of heat under these conditions is extremely 
small, and as the heat is purely radiant, and no 
question of a “cold film ”’ arises, it is difficult to see 
where appreciable heat losses can occur; in fact, 
the article to be treated is only limited as to the 
temperature it can assume, by the temperature 
engendered on the surface of the combustor itself, 
less the loss due to a distance of an inch or so. 

In conclusion, may I again assure Mr. Atkinson 
that I am not in any way attempting to deprecate 
the merits of the Krupp furnace, but write for the 
sake of avoiding confusion of thought, more especially 
at this moment when, by arrival of a new method of 
making combustors, which get over all previous 
objections, and which are being adopted by many 
important firms, true ‘‘ surface combustion,” with all 
its undoubted advantages, will ‘‘ come into its own.” 
These last words are extracted from the paper read 
at the Royal Society of Arts on May 9, 1923, by 
Professor Bone. 

Yours faithfully, 
T. G, TuLLoon. 

Parliament Mansions, Victoria-street, S.W.1. 

March 5, 1926. 





FUEL TECHNOLOGY. 
To tHe Eprror oF ENGINEERING. 

Str,—I have been requested by the Council of the 
Society of Chemical Industry to place before the 
readers of your journal certain proposals relating to 
the establishment of a Fuel Section within the society. 

I would like to point out that, for many years, it 
has been the privilege and the function of the Society 
of Chemical Industry to provide platforms in all 
parts of the country for the discussion of the scientific 
and other aspects of fuel technology. A committee 
which was formed in 1924 undertook the organisation 
of meetings for this purpose. The original committee 
consisted of Mr. Garland, Dr. Lander, Dr. E. W. 
Smith, Mr. Talbot and myself. The meeting at 
Leeds in July under the chairmanship of Professor 
Cobb and Sir Arthur Duckham, and the Coke Sympo- 
sium at Sheffield in November under Sir Frederic 
Nathan, are examples of its activities. Special 
papers on fuel technology are to be presented at 
the annual meeting of the society in London this 
year, and a further symposium upon the subject of 
coal tar is being arranged for October. 

The interest in fuel problems now awakened is 
indicated, among other things, by the proposed 
formation of a new Institution of Fuel Technology, 
which, from its genesis, appears likely to draw its 
membership largely from the engineering, electrical 
and commercial sides, but it is felt that industry in 
general will continue to look to the Society of Chemical 
Industry for the development on scientific lines of 
the principles and practice of fuel technology which 
is more than anything else demanded for the better 
utilisation of the country’s fuel resources. 

It has, therefore, been decided that the existing 
committee, which has already done such valuable 
work shall be enlarged and placed in charge of a 
fuel section which shall be established within the 
society, and shall be devoted to the development of 
the application of scientific principles to the study 
of fuel technology. The section will be open to any 
member of the society who pays a registration fee 
of 5s. per annum, and the committee with its own 
chairman and secretary has been appointed. The 
section will take over the work of the joint committee 
of the society and other bodies which organised the 
recent conferences at Leeds and Sheffield, and will 
do everything possible to strengthen the existing 
work of the society in connection with fuel technology. 
This will be done principally by the organisation of 
adequate treatment of fuel subjects at the local 
sections ; notices, and wherever possible an advance 
copy of all papers upon such matters to be read before 
any section of the society will be sent to members 
of the fuel section. The reports and transactions 
of the section will not be published separately as in 





the case of the chemical engineering group, but the 
council of the society will undertake that all papers 
upon fuel technology worthy of publication shall have 
adequate space allowed to them in the Transactions 
of the Society. Further, the abstracts relating to 
fuel technology will be materially extended. 

It is felt that the formation of such a section wil] 
co-ordinate the work of chemists and other workers 
engaged on fuel problems, and will secure widespread 
and effective discussion of that work. In order to 
prevent overlapping, and to enable the subject to be 
dealt with in as comprehensive a manner as possible, 
it is hoped that co-operation with other institutions 
by means of joint meetings, and in other ways, may 
be arranged. 

The members of the committee are Professor W. A. 
Bone, Professor J. W. Cobb, Mr. E. V. Evans, Mr. G. §. 
Garland, Dr. Lander, Mr. McCullock, Mr. W. J. U. 
Woolcock. 

The chairman of the section is Professor Arthur 
Smithalls, F.R.S., and the Joint Honorary Secretaries 
are Dr. E. W. Smith and Mr. H. Talbot, to whom all 
communications should be addressed at Central House, 
Finsbury Square, E.C.2. 

Yours faithfully, 
W. J. U. Wootcock, 
President of the Society of Chemical Industry. 
52, Grosvenor-gardens, S.W.1. 
March 17, 1926. 





PROGRESS IN POWER STATION 
PRACTICE. 


To THE Eprtor oF ENGINEERING. 
-Smr,—In connection with my letter, published in 
your last issue, criticising the consumption figures given 
for the Colfax station of the Duquesne Light Company, 
I note that the “heat rate” of 12,752 B.Th.U. per 
kilowatt-hour refers to the steam cycle only, and is not 
a rate from coal to bus-bars, and that therefore the 
boiler efficiency does not enter into the question. 
May I point out that with the term for the boiler 
efficiency changed to unity, the equation given in my 
letter still holds for the amended interpretation of the 
term “ heat rate,” and that the value of H, the average 
total heat of the bled steam, is then 1,376 B.Th.U. 
per pound. 
This seems still an impossibly high figure. 
I am, Sir, yours faithfully, 
GERARD P. ALLCOCK. 
3, Murray-street, Dalgleish-road, Dundee, 
March 16, 1926. 





THE UNIVERSITY OF SHEFFIELD.—The Council of the 
University of Sheffield recently conferred the title of 
Honorary Professor of Mining on Mr. Douglas Hay 
(late Professor of Mining). The appointment of Mr. R. A. 
Mott, M.Sc., to the post of research assistant in fuel has 
also been made. 





PERSONAL.—-Messrs. Walker, Crosweller and Co. have 
removed from 265, Strand, W.C.2, to 54-58, Queen Eliza- 
beth-street, London, S.E.1.—The British Thomson- 
Houston Company, Limited, are removing their Bir- 
mingham office, from Paradise-street, to 10 and 11, Snow 
Hill. The move will take place on the 22nd inst. 





THE SOFTENING oF StRAIN-HARDENED METALS AND 
Irs RELATION TO CREEP: ERRATUM.—With reference 
to the paper by Mr. R. W. Bailey, entitled ‘‘ The Softening 
of Metals and its Relation to Creep,’”’ presented at the 
recent meeting of the Institute of Metals, and reproduced 
on page 351 of our issue of last week, the author wishes 
us to make a correction with regard to the scale he gives 
for Fig. 3. The correct scale may be obtained by sub- 
tracting 0-4 from all ordinates. Mr. Bailey states that 
the error, which will be corrected in the Proceedings of 
the Institute of Metals, does not affect, in any way, the 
subject matter of the paper. 





TENDERS.—The South African Railways and Harbours 
are inviting tenders for the supply and delivery f.o.r. 
in bond, Cape Town, of two electric goods lifts. Tenders 
must reach Johannesburg by noon on May 6, 1926. 
Local representation is essential—The Department of 
Navigation and Ports of the Argentine Ministry of Public 
Works is calling for tenders for the supply, delivery, and 
erection of an electric travelling crane of a maximum 
hoisting capacity of 1} metric tons. The crane 1s re- 
quired for the Port of Carmen de Patagones. Tenders 
are due at Buenos Aires by 3 p.m., on May 3, 1926. 
Local representation is essential.—‘The Argentine Depart- 
ment of Sanitary Works is inviting tenders, to be pre- 
sented by May 26 and 27, 1926, respectively, for the 
supply of two electric generating sets, consisting of 
Divsel. engines and 1,000 kw. alternators, and centri- 
fugal pumps, driven by electric motors, for raising sewage 
matter. The material is required for Puente Chico.— 
The Auckland Electric Power Board, New Zealand, is 
calling for tenders, to be presented by noon on June 21, 
1926, for the supply and delivery of low-tension insulators 
complete with stems, bolts, nuts and washers. Further 
particulars regarding any of the above tenders may be 
obtained from the Department of Overseas Trade, 35, 
Old Queen-street, London, S.W.1. 
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10 in. high. Fourteen cane seats are provided and a 
luggage rack is fitted along the whole length of the 
cabin on both sides ; lavatory accommodation, and a 
compartment capable of holding about 700 Ib. of 
freight, are provided at the after end of the cabin. 
The latter is heated by hot air obtained from muffles 
fitted on the exhaust pipes of the central engine, the 
supply of heated air being controlled by a lever in 
the cabin. Half the windows, which are of Triplex 
glass, can be opened by a device which enables the 
glass to be raised or lowered without allowing it to 
rattle. In addition to the ventilation obtained by open- 
ing the windows, air is supplied to the cabin by means 
of scoops fitted outside the fuselage and communi- 
cating with tubes which form part of the luggage racks. 
The air entering the cabin by this means escapes 
through exhaust outlets at the after end. 

The main dimensions of the machine are as follows : 
Span, 79 ft.; chord, 10 ft.; length overall, 60 ft. 4 in. ; 
and height from chassis wheels to highest part of upper 
wing, 16 ft. 9 in. Other dimensions can be obtained 
from the side and front elevations and plan given in Figs. 
4, 5 and 6, respectively, on Plate XX XV. The machine, 
in the light condition, weighs 8,364 Ib., and adding to 
this a useful load of 6,136 lb., brings the total weight, 
fully loaded, to 14,500 Ib. The useful load is made up 
of instruments and equipment, 476 lb. ; crew, 360 Ib. ; 
220 gallons of petrol (sufficient for a flight of four or 
tive hours’ duration), 1,670 lb.; 24 gallons of lubricat- 
ing oil, 240 lb.; 14 passengers, 2,240 lb.; and luggage 
and freight, 1,150!'b. The two last items, of course, con- 
stitute the paying ‘oad and amount together to 3,390 Ib. 

The wing construction follows Messrs. Handley Page’s 
standard practice, the outer wings for the Hampstead 
machine, in fact, being interchangeable with those of 
the W.8 machines. The only difference is that the 
inner wings, #.e., the bays between the engine struts 
and the fuselage on both sides of the latter, have been 
made wider to prevent the overlapping of the pro- 
peller slip streams and consequent propeller blade 
flutter. A plan of one of the outer wings is given 
in Fig. 7, Plate XXXV, from which the arrangement 
of the spars, stringers and ribs can be followed ; 
the drag bracing is also clearly shown in this illus- 
tration. The spars are of spruce, built up to form a 
box section, as shown in Fig. 8, and the ribs are of the 
Warren-girder type, shaped to give a form of aerofoil 
section similar to, but thicker than, R.A.F. 15; full 
details of the construction of the ribs are given in 
Figs. 9to 12. The total area of the wings is 1,563-5 sq. 
ft., giving a wing loading of 9-28 lb. per square foot 
with the machine fully loaded, and the ailerons have 
a total area of 149-6 sq. ft. As shown in Fig. 7, the 
ailerons are balanced by setting the hinges at some 
distance behind the leading edge. 








port engine, that for the starboard engine, of course, 
being similar but of the opposite hand. The mounting 
ring, it will be seen, is attached at one side to the steel 
tubes forming the forward interplane strut at this 
point, and also to the centre of the rear interplane 
strut by three other tubular struts. The arrangement 
of the three last-mentioned struts, the object of which 
is, of course, to take the propeller thrust, can easily 
be followed in Figs. 13, 14 and 15, and it will also 
be noticed, from Fig. 14, that an additional strut 
connecting the engine-mounting ring with the joint 
between the forward interplane strut and the bottom 
wing spar is provided to take the torque. In the case 
of the central engine, the mounting ring is fitted 
directly on to the nose of the fuselage, as will be under- 
stood on reference to Fig. 16. This illustration is of 
considerable interest in showing the arrangement of 
most of the engine fittings, controls and indicating 
instruments as well as that of the main controls of the 
machine. Incidentally, it gives some idea of the com- 
plexity of the cockpit of a modern high-powered multi- 
engined aeroplane. Fig. 19, on page 377, shows the 
petrol system in diagrammatic form. The system 
operates by gravity, the supply being carried in two 
tanks, each holding 110 gallons. This is sufficient for 
a flight of from 4 to 5 hours’ duration. The tanks are 
fitted under the upper wing, as shown in Figs. 1 and 2, 
so that the possibility of petrol fumes leaking into the 
cabin is avoided, and the risk of fire is reduced to the 
minimum. Gauges indicating the quantity of petrol 
remaining in each tank, and distinguishable in Figs. 1 
and 2, are attached to the forward wing struts on each 
side of the fuselage ; the connections for the gauges are 
shown in Fig. 19. A separate oil tank, holding 8 gallons, 
is provided for each engine. 

The construction of the fuselage follows standard 
practice, and calls for no particular comment. The 
longerons and struts are of spruce of rectangular box 
section. Steel diagonal bracing wires being fitted in the 
usual manner. Figs. 17 and 18 show the forward part 
of the fuselage, and Figs. 24 to 27, above, illus- 
trate the after portion. To this is attached a vertical 
fin, 28-3 sq. ft. in area, of the form shown in Fig. 4, and 
a balanced rudder, the area of which is 44 sq. ft. In 
Fig. 2 and 3, it should perhaps be ex} lained, an early 
form of fin and rudder is shown, but the improved 
design now fitted is that illustrated in Fig. 4. This 
design, we understand, has been adopted for use on 
all future aircraft of the W.8 type, as well as 
for the Hampstead machine. The tail plane has 
a span of 24 ft. and an area of 114-1 sq. ft., and 
the pilot can adjust its incidence in flight, to balance 
the machine in accordance with the load distribu- 
tion, by means of the mechanism shown near the 
top right-hand corner of Fig. 16. The elevators, which 








Figs. 13, 14 and 15, illustrate the mounting for the 
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On the ground, the machine runs on two under- 
carriages, each fitted with two pneumatic-tyred wheels, 
spaced 4 ft. 8} in. between centres, and giving a track 
width of 20 ft. 14 in. between the centres of the outer 
wheels of the two pairs. The general arrangement 
of the undercarriages can be followed by examining 
the photographs reproduced in Figs. 1, 2 and 3, and the 
side elevations given in Figs. 4 and 5 on Plate XXXV. 
The details, however, are more clearly shown in 
Figs. 20, 21 and 22, on page 377. Of these illustrations, 
Figs. 21 and 22 are front and side elevations, respec- 
tively, of the undercarriage on the starboard side of 
the machine, and Fig. 2 is a plan of the pivoted struts, 
which extend from the axle to the longerons at a point 
immediately below the rear interplane struts. Shock 
absorbers, of the combined oleo and rubber type, are 
fitted in each of the forward struts, which connect 
the axle with the longerons below the forward inter- 
plane struts, and a detail drawing of one of these shock 
absorbers is reproduced in Fig. 23. It should, perhaps, 
be explained that the lower end of the shock absorber 
is connected by a pin joint to the axle, and the upper 
end by a similar joint to the longeron, and that, when 
the landing wheels come into contact with the ground 
in alighting, the shock is first resisted by an oil dash- 
pot alone, and subsequently by the dash-pot in 
conjunction with a series of rubber compression 
pads. 

As drawn in Fig. 23, the shock absorber is in its fully- 
compressed condition, the distance between the pin 
centres then amounting to 3 ft. 6$ in. When fully 
extended, however, the distance between these centres 
would be 10 in. greater, i.e., 4 ft. 44 in., the travel of 
10 in. being made up of a movement of 2 f in. against 
the resistance of the oil dash-pot alone, and the 
remainder against the combined resistance of the dash- 
pot and the rubber pads. The central member of the 
shock absorber consists of two telescopic tubes of 
seamless steel, the outer tube carrying at its lower 
end a lug for the pin connection to the axle, and at its 
upper end a bracket through which pass two tubular 
guides. The latter, as shown in Fig. 23, are screwed 
into the upper or fixed end of the shock absorber, and 
are each surrounded by a series of rubber pads with 
intervening discs of metal. The inner of the two tele- 
scopic tubes is secured at its upper end to the fixed 
end of the shock absorber, and its lower end carries 
a piston which makes an oil-tight joint with the 
inner surface of the outer tube, this piston being shown 
near the bottom of Fig. 23. A smaller tube, screwed 
into the fitting at the lower end of the outer tube, 
passes through a hole in the centre of the piston 
just referred to, and carries, at its upper end, a second 
piston, which works in the inner of the two telescopic 
tubes, and is shown near the centre of Fig. 23. It 





are not balanced, have a combined area of 49-4 sq. ft. 





will be understood, of course, that when the shock 





] 
aba 
al 
fasc 
mo 
sen: 
(1) 
(3) 
ten 
hov 

I 
hea 
in 
Nec 
or 
defi 
are 
occ! 
lett 
ace 
an 
of ¢ 
una 
ari 
is re 

| 
Is t 
cast 

«. 
on } 


ck 
ct 


ck 


— Pe YD ee ee ee ee 


~~ 6 


MARCH 19, 1926.] 


ENGINEERING. 


379 











absorber is fully extended, the two pistons will be 
close together. ; 

The whole space between the upper piston and the 
lower end of the outer tube is filled with oil, and 
when a load is applied to the shock absorber so as 
to compress it, the oil is forced to flow through a 
small passage between the central tube and the lower 
piston, into the space between that piston and the 
upper one. The upward movement of the lower end, 
at first, is opposed only by the hydraulic resistance 
offered to the flow of the oil through the passage 
between the lower piston and the central tube, but, 
as the passage is formed by a groove of gradually 
diminishing depth, the resistance increases as the 
upward movement proceeds. Moreover, after the 
lower end has moved upwards for a distance of 
2 in., the bracket at the upper end of the outer 
tube comes into contact with the rubber pads, and 
commences to compress them, the maximum re- 
sistance being reached after a further upward move- 
ment of 744 in. When the load is removed by the 
machine leaving the ground, the shock absorber will 
be extended by the combined effect of the weight of 
the undercarriage and the pressure exerted by the 
rubber pads. The extension, however, is effected 
easily and gradually, since it is controlled by the flow 
of oil downwards through the passage of gradually 
increasing area between the lower piston and the 
central tube. 

The particular machine illustrated is now in use on 
the London-Paris service of Imperial Airways, Limited, 
and has already covered a total distance of some 3,150 
miles, carrying 102 passengers and 10,500 Ib. of freixht, 
exclusive of luggage. Its maximum speed, at a height 
of 1,000 ft., is 116 miles per hour, and the cruising 
speed at that height, with full load, is about 100 miles 
per hour. Actually, however, the machine now holds 
the record for the tastest flight between Croydon and 
Le Bourget, having on the 10th inst. accomplished 
the juurney of 205 miles in 86 minutes, carrying 
10 passengers. The normal landing speed is 45 
miles per hour, and the run required to pull up is 
about 200 yards; in getting off, the run is about 
280 yards. The rate of climb near the ground level is 
900 ft. per minute, and the service ceiling is 13,500 ft. 
In the course of the official trials it was demonstrated 
that any one of the engines could be switched off 
and re-started by slightly diving the machine, all three 
engines in succession being stopped and re-started 
in this way. With only two engines running, the 
machine can take off and climb at the rate of 200 ft. 
per minute at a height of 2,000 ft., and with only one 
engine running it descends at the rate of 200 ft. per 
minute, with a gliding angle of approximately 1 in 
20. The controls are sufficient to enable a straight 
course to be maintained with one outboard engine only 
in use, the machine, of course, descending at the 
angle mentioned. In conclusion, it should be mentioned 
that this aeroplane has been specially designed to pro- 
vide the high degree of reliability indicated by the trial 
resulis quoted, rather than for carrying the greatest 
ratio of paying load to horse-power. 








THE DIE-CASTING OF ALUMINIUM 
ALLOYS.* 
By GrorcE Mortimer. 
(Concluded from page 346.) 

Metallurgical Aspects of Design—No modern alloy 
abandons its idiosyncrasies because it happens to enter 
a metal mould as distinct from one in sand. The 
fascination of casting aluminium alloys in permanent 
moulds lies largely in the scope for personal common 
sense, in the overcoming of four cardinal obstacles :— 
(1) Low density. (2) High crystallisation shrinkage. 
(3) High solid contraction. (4) Weakness at high 
temperature. Taking these factors in the above order, 
how do they affect die design. 

Light Weight of Aluminium Alloys.—Under this first 
heading may be considered all difficulties met with 
in the effort to obtain clean, accurate definition. 
Needless to say, where the metal or the die is too cold, 
or pouring is erratic and unduly prolonged, sharp 
definition cannot be expected. Where these points 
are entirely in order, however, it is still the commonest 
occurrence to find that some shoulder or corner, some 
lettering or an isolated boss, all cut sharply and 
accurately in the die, come out in the casting with 
an undesired radius. The cause of this is a cushion 
of entrapped air, which the low weight of the mete! is 
unable to compress; and so the molten alloy never 
arrives at the corner at all. To overcome this venting 
is resorted to. 

lenting.—The bulk of the venting in a solid metal die 
1s taken care of by the usual risers. Where a small 
casting 1s provided only with a gate, a common enough 





* Paper read before the Institute of Metals, London, 
on March 10, 1926. Abridged. 





proceeding in small work, some provision must be 
made for the escape of air at high points. The usual 
vent is simply a groove of about 4 in. wide by 4 in. to 
+; in. deep, cut across the surface of one side of the die. 
This is the simplest instance, and cases may arise 
where it is not possible to take the air away via the 
face of the die; some may remain in a small recess 
which is not in the plane of the die surfaces. In these 
cases one or two very small holes are drilled to the 
most effective point through the die body. The 
surface tension of the alloy is sufficient to prevent 
molten metal entering these holes. These steps take 
care of the bulk of escaping air. There remains the 
far more difficult problem of disposing of the minute air 
cushions that tend to lodge in corners and crannies, 
and to prevent the light metal from taking up the 
sharp definition of the die. The simplest. and most 
satisfactory method of obtaining sharp definition 
along edges of a casting is to arrange for that edge 
to coincide with the parting line of the die, and if this 
is impracticable, to arrange for a parting line which is 
afterwards permanently screwed up. If again this 
is impracticable, one or two small holes as described 
above will help matters. 

To render venting across the parting faces free, it is 
usual to cut radial grooves across the face with the 


Fig 12. 


a 


N 








B -+ 








y ye OF SECTIONS 
A.8.C.D. 

















‘N 
(9508.C.) 





edge of a half-round file. This is usually effective, 
but in some cases these grooves may be extended to 
about } in. wide by 0-005 in. deep, and neither grooves 
are carried right to the edge of the casting impression. 
It is as effective and gives a far better finish to the 
casting if the venting grooves stop short of the casting 
by about 4, in. Although this is all that need be said 
about venting methods, it should be added that in 
the application of those methods lies the alpha and 
omega of clean-cut, accurate work. Very few castings 
turn out at the first attempt to the sharp cut lines of 
the die itself; all of them can be made to do so, in 
spite of the very low-pressure available, by attention 
to the venting of recesses (see A and B, Fig. 12). 

Crystallisation Shrinkage.—Needless to say, no cores 
or sections can be removed before the metal solidifies. 
It follows that no amount of legerdemain will remove 
them before the shrinkage due to that solidification has 
taken place. This shrinkage on solidification is the 
cause of all draws, surface cracks, porosity, sinks, and a 
host of minor local blemishes. Crystallisation shrinkage 
is always with us, but its extent and its effect on the 
casting may be controlled by attention to two funda- 
mental rules. The first of these is to use as low a 
pouring temperature as possible. If misruns occur, it 
is better to raise the temperature of the die than that of 
the metal. This will tend to reduce the total shrinkage 
to be dealt with. The second is to aim at so filling the 
mould that the metal freezes progressively as it rises, 
drawing metal as it freezes from the still molten layer 
above. Both of these being connected with the 
important subject of gating, a few pointers on this will 
not be out of place here. 





Gating.—In the first place, since it is desirable to use 
cool metal, that metal must enter the mould with as 
little turbulence as possible ; otherwise it will entangle 
air, and blowholes will show up on machining. There- 
fore it is usual to bring gates into the mould on a curve, 
and if the curve is found too steep in practice the mould 
may be progressively tilted as it fills. For this reason, 
until a die design is finally settled and in working order, 
it is better to have it loose on an iron table, not bolted 
to a stand or to an operating apparatus. The second 
rule is very much more difficult to apply to intricate 
castings, though easy and effective enough in the case 
of test-bars or rolling slabs. In the great majority of 
small, simple industrial parts, few of these refinements. 
need be considered ; the main thing is to fill the mould 
and to entrap as little air as possible in the process. 
The main problem consists in cutting the waste material 
in the gate to a minimum, and so most of such small 
parts are gated direct from the top. The results are 
good, and the gate is short. 

Supposing, however, we take any tall and reasonably 
symmetrical example, such as a simple cylinder. To 
gate a casting of this height direct from the top will 
mean much turbulence, and it may also mean the 
formation of shots of solidified metal which are after- 
wards incorporated intact in the casting. It can be 
poured gently down one side if the mould is progressively 
tilted, but only at the cost of making that side of the 
casting considerably hotter than the other, which does 
not lead to the soundest work. Alternatively, it can 
be gated from the bottom, thus carrying all air up 
before entering metal. If this is done in the case of a 
piston it will ensure that the bottom of the casting is 
still molten after the top has set—conditions which are 
emphatically to be avoided. If it is done on a casting 
of more varying section, the thin sections will set first, 
and the mould will be filled via the thicker sections ; 
the latter will therefore be kept in a molten condition 
long after the thin sections have set, and considered 
gating aims at uniform solidification throughout. The 
logical way to gate such a casting is to provide a 
runner connected by a slot with the mould for prac- 
tically the whole of its height (Fig. 13). The metal can 
then enter the mould laterally as the level rises, solidify 
throughout more or less progressively, and feed as it 
solidifies on the rising molten layer above. Now, if 
this is all confined to one side of the mould, we still 
have the drawback that that side of the mould is heated 
up at the expense of the far side, and so will tend to keep 
the casting on the runner side molten after the far side 
has set. To balance things it is usual to make a 
counterpart of the gate (a riser) on the opposite side 
of the casting. 

Placing of Gates.—With regard to the actual placing of 
gates, there are two widely distinct schools of thought, 
both backed by sound reason. The first recommends 
that gates be placed on the thick sections, in order 
that these may be fed from the live metal in the gate. 
The second argues that the farther the metal has to 
go before it reaches thick sections, the coeler it will 
be when it gets there, and the less the necessity for 
feeding them. Both systems work well in practice. 
The point to avoid is the adoption of some illogical 
position which is neither the one nor the other. If 
there is anything in favour of the one or the other 
system, it is that the second is the more likely to bring 
about that aim of ideal gating, the uniform solidifi- 
cation of the casting, and therefore a casting gated in 
this manner is the more likely to be free from internal 
stresses. Other factors have to be considered, however, 
such as removal of the gate afterwards, and its weight ; 
and this and similar practical points will generally 
decide the matter. 

Risers and Chills.—As in sand-casting, these pallia- 
tives for certain defects come up for consideration in 
connection with crystallisation shrinkage. The first 
impression a visitor to a gravity mould casting shop 
would gather, is that risers are used to a very wide 
extent. This is, in fact, the case, but they are not 
used to anything like the extent seen in sand-casting 
for their primary purpose of feeding a thick section. 
They are employed largely for such practical points 
as alternative gates, free exits of air and dross, free flow 
of live metal up to the limits of that part of the mould 
remote from the gate, equalisation of temperature 
between different sides of the mould. They are often 
attached to thin sections, so that these may not set 
before the thick ones. They are practically always so 
placed that removal by bandsaw is readily accom- 
plished, and where bosses and heavy sections exist 
in positions beyond easy dressing, risers are omitted. 

The reason, for this is that in a chill mould, given 
careful pouring and direction of the stream by con- 
sidered gating, the defects common to bosses and 
similar parts in a sand mould are seldom found. If 
sinks or draws occur, so much can be done by slight 
modifications to gating, or pouring, or relative tem- 
peratures, that these are invariably tried out before 
a riser is placed in such a position that rapid dressing 
is jeopardised. Where risers are absolutely necessary 
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for the plain purpose of feeding a section, the same rules 
laid down for sand-casting apply ; in fact, these rules 
are, if anything, emphasized because of the essential 
difficulty of designing a riser or shrinkage pad in a 
chill mould, in which the metal will not set before the 
section it is designed to feed. Chills in a mould that 
is all chill may at first sight seem paradoxical. Chilling 
however, is entirely relative, and a relative chilling 
effect may be obtained in at least two ways. The first 
is by inserting in the die construction local blocks 
of metal of higher thermal conductivity, and the second 
is by coating the die surface with any of the approved 
dressings, and to omit to coat the part required to 
chill more quickly. Both are employed to a certain 
extent in very special circumstances. Generally, 
however, the expense of the one or the trouble of the 
other is not justified, in view of the wide range of 
relative chilling which can be brought about by a 
study of gating, pouring, and the relative temperatures 
of mould, core, and metal. 

Solid Contraction.—Solidified metal contracting 
about a rigid core is necessarily stressed, and the 
remedy lies in the rapid removal of all cores or other 
obstructions in the path of the contraction. A slight 
taper on withdrawable cores and slides is allowed in 
the design to facilitate matters. The sooner they are 
removed after solidification the better, in the interests 
of the elongation figure obtainable in the finished 
casting. Cores being as often as not completely 
surrounded by molten metal, tend to gain in tem- 
perature. For this reason they are periodically 
quenched to a certain extent. If they are quenched 
in some such dressing as the following, they will be 
found easier to withdraw. 


Plumbago oe step atte ee 4 
Rouge _.... Prk he ee a or 
Water 5 galls. 


Keep this dressing reasonably well stirred. The more 
easily cores can be withdrawn at the psychological 
moment, the less is the casting likely to be stressed 
through its solid contraction. For this reason, although 
both external and internal screw threads may be cast 
by this process with fair accuracy, the time factor 
should be taken into account before incorporating this 
feature in the design of the die. 

The casting in of bushes, inserts, magneto pole 
pieces, &c., is a valuable asset of this form of casting, 
and is becoming increasingly popular. From the 
founder’s point of view they often eliminate many 
movable cores and simplify the die. It should not be 
overlooked, however, that in these cases one is dealing 
with cores which are never removed, and that there- 
fore, the solid contraction is never released. For this 
reason this contraction should be cut as low as possible 
by the use of hot dies and cool metal, and by pre- 
heating the inserts to be cast in to a fairly high tempera- 
ture, so that the relative contraction between them 
and the cooling metal is kept as low as possible. In 
addition, allow as much metal around such inserts as 
the design will permit; the metal surrounding such 
bushes or inserts is subjected to severe stresses on 
cooling. The more metal there is to take these stresses 
the less the liability to cracks. This point needs 
attention in advance, because wasters assume a greater 
significance when they incorporate bronze and steel 
bushes which someone has paid for, and for which 
someone must be paid to remove from the casting 
again. 

Dressing of Dies.—The dressing of dies is not so 
important a matter as that of cores, and unless vast 
numbers are required from one somewhat costly die, 
it is unnecessary and troublesome, Occasionally, how- 
ever, dressing the die overcomes some minor trouble 
of venting shrinkage because of the porosity of the 
thin film of dressing and its lower thermal conduc- 
tivity. The most common form of dressing consists 
of whiting and waterglass, with perhaps a little plum- 
bago. A good mix is as follows :— 

Whiting 12 Ib. 
Plumbago eee 
Water 


5 gals., with a little 
sodium silicate. 

Keep this mixture well stirred, and for the best finish 
apply with an aerograph: pistol. 

The use of dressings arose primarily out of the 
solvent action of molten uuminium on iron, an action 
which in practice appears to be very slight indeed. 
It is seldom that a die Goes not retain its accuracy, 
at any rate until some part of it cracks and has to be 
replaced, and this whether the die is dressed or not. 
If the surface has been well finished, a better finished 
casting is generally obtainable from a die left as it is, 
without dressing. The question as to whether to dress 
the die or not, therefore, is best left to the discretion 
of the man on the job, based on his experience with 
the particular die he is working. 

Weakness at High Temperature.—This is the factor 
which, combined with the last, accounts for most 
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glance, however, it is less emphasised in permanent 
moulds than in sand-casting. The metal gives up its 
heat so rapidly in the metal mould, that the normal 
period of “hot shortness” is much curtailed. The 
zinc-bearing alloys are the worst offenders, but these 
are not in such wide use as the straight copper alloys 
for permanent mould work. The chief point to watch 
is less one of design than of operation of the dies— 
that is, to avoid too great a hurry in removing the 
casting from the mould. The danger lies not so much 
in actual breakage of castings as in those minor distor- 
tions which are so much more difficult to detect in the 
casting shop, and which are so disastrous to that 
accuracy one is aiming at. The only point in actual 
design to consider applies to castings having flanges 
or other projections at the ends, and tending to grip 
the die when the metal contracts. Such castings must 
be removed before the metal contracts very far, and 
they must be removed easily or they will be damaged 
because of their essentially tender condition. There- 
fore, wherever the provision of a loose piece in such 
cases is an uneconomical proposition, provide in the 
die a good taper so that the casting is liberated with a 
minimum of persuasion. 

Quality of Work.—The gravity permanent mould pro- 
cess has suffered much in the past by its very simplicity. 
The fact that castings can be produced rapidly, econo- 
mically, and at very little initial outlay, has neces- 
sarily tended to the development of the quantity pro- 
duction side of the system, at some cost to its undoubted 
potentialities in the direction of sheer quality. Where 
small castings are required in great numbers at a large 
and steady output, it is difficult to compare gravity 
casting with the rapid work of a gressure machine under 
the supervision of an expert. The author has observed 
instances, however, where gravity dies costing hundreds 
of pounds have been made for certain aero-engine 
castings, the estimated output on which would hardly 
exceed a hundred castings per annum; and there are 
others where, for instance, a costly die has been made 
for a single order of ten pistons only, for special Diesel 
engines. 

Such instances are only justified economically 
by the fact that a quality is obtainable at least 
approaching that of a drop forging, and certainly un- 
obtainable at present by any other method of casting. 
This aspect is liable to be submerged in the general 
rush for quantities of castings at the lowest possible 
price. 





THE INFLUENCE OF GASES ON 
COPPER AT HIGH TEMPERATURES 
—PART I.* 

By A. GLYNNE Losey and Dovatas Jepson. 

Tue study of the influence of gases on metals has 
engaged the attention of many investigators during the 
last half-century, though mainly in connection with 
iron and steel. The effect on non-ferrous metals has 
been investigated to a much smaller extent, and the 
results obtained have been far from consistent. Various 
methods of determining the solubility of gases in metals 
have been employed, such as, on the one hand, the 
extraction, and subsequent analysis, of the gas from 
the metal, and, on the other, the observation of the 
amount of gas absorbed at various temperatures. In 
the present investigation it was decided to subject 
molten copper to different gases at various tempera- 
tures between 1,100 deg. C. and approximately 2,300 
deg. C. for a definite space of time, and then to examine 
in various ways the specimens obtaine’-—a somewhat 
similar method to that used by Czochralskit in connec- 
tion with aluminium. In order to attain, and to be 
able to control adequately, such high temperatures, 
some type. of electric furnace was essential. After 
consideration of various designs, it was decided that 
the most suitable type for the purpose would be a 
resistance furnace in which the resister was a plain 
carbon tube mounted in water-cooled electrodes, as 
originated by Hutton and Patterson,t and used by 
various workers in the Electrochemical Laboratories, 
The University, Manchester. 

Following to some extent the design adopted by 
Greenwood, a furnace was constructed in which the 
whole arrangement of electrodes and tube (mounted 
vertically) was supported inside a thin water-sealed, 
water-jacketed tank. A graphite crucible containing 
the charge was placed inside the tube, an observation 
window being provided in the top of the jacket. After 
filling the vessel, by displacement, with the gas under 
investigation, a continuous stream of gas was led 
directly into the crucible, escaping from the apparatus 
through a water-trap at the base. A large number of 
melts was made with this apparatus, and some very 








* Paper read before the Institute of Metals, London, 
on March 11, 1926. Abridged. 
+ Czochralski, Z. Metalikunde, 1922. vol. 14, 277. 
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cracked castings. Strange as it may appear at first 


¢ Hutton and Patterson, Trans. Faraday Soc., 1905, 
vol. 1, 187. 
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interesting results were obtained. The blowhole 
volume was particularly interesting in that it appeared 
to have a definite relationship with the temperature, 
At the same time, it was felt that in this respect the 
apparatus was not ideal, for it seemed very probable 
that the amount of gas actually retained in cavities 
in the metal would largely depend on the speed with 
which the cooling was effected, and in this case the 
rate of cooling was not very rapid, nor was it very 
definitely reproducible. In order, therefore, that the 
cooling could be carried out with extreme rapidity and 
at a reproducible rate, and in the hope, engendered by 
these earlier experiments, that the amount of gas 
thus suddenly trapped would be definitely connected 
with the amount which had been taken up by the 
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metal at the temperature under consideration, It was 
decided to construct an entirely new furnace. 
Description of Present Furnace.—This furnace 1s illus- 
trated by the sectional diagram shown in Fig. 1. The 
carbon-resister tube A is 520 mm. long, 66 mm. in €X- 
ternal diameter, and of 48 mm. bore ; this is fitted into 
graphite adapters by means of accurately ground so 
joints, these bushes being soldered into the electro es 
FE, E’. In order to reduce radiation losses, A is sut- 
rounded by another carbon tube B, of 125 mm. internal 
diameter, insulated from the lower electrode EK, on 
which it stands, and the intervening space is filled w ith 
wood charcoal. The cast-iron vessel C (12 mm. thick) 
is entirely surrounded by water contained in os 
galvanised-iron jacket D. The bottom water-coo’ : 
electrode E is bolted, with a vacuum-tight joint, dire Pr 
into the vessel C, whilst the top electrode EF’ Is left 
free to slide in a water-cooled, insulated colla1 Y, 
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the sliding joint being made vacuum-tight with a 
flexible wax. E, E’, and F are made of best quality 
gun-metal. The top electrode is provided with a cap 
having two openings, one fitted with a glass window G 
for general observation, and the other with a sliding 
sheath H holding a narrow carbon tube H’, which 
can thus be raised or lowered into the furnace. A 
second observation window is fitted in the side of the 
furnace at K, a short carbon tube, of 20 mm. bore, con- 
necting corresponding apertures in the large tubes. 
Below the lower electrode is @ water-cooled copper 
cylinder L of length similar to the resister, the bottom 
end being closed with a removable cap M, having a 
special gland through which passes a long steel rod N. 
The upper end of the steel rod carries a series of radia- 
tion screens and an insulated carbon rod O, which in 
turn supports the graphite crucible P, the inside of 
which is 125 mm. deep and 25 mm. diameter. Below 
the furnace, which is supported 4 ft. from the ground, 
the steel rod is connected with a long wooden lever by 
means of which the crucible can be moved steadily 
and rapidly up or down. To ensure perfectly parallel 
motion the rod is continued through a bush in the 


floor. 
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Evacuation of the furnace is effected by a large 
rotary oil pump, connected with the cast-iron vessel 
by a wide-bore tube R. Gas may be admitted at any 
of the points H, G, K or M, the first directing the gas 
into the crucible, whilst G and K are provided to enable 
the sight tubes to be kept free from fumes. A mercury 
manometer is also connected with the top of the furnace. 
Gases may be allowed to escape either at R or at M. 
The various gas, water, and electrical connections have 
been omitted from the diagram for the sake of clearness. 
The method of mounting the resister with taper joints, 
and the holding of the upper electrode so as to be free 
to move only in a vertical direction, have resulted in 
the life of the tube being very greatly increased. 

Operation of the Furnace.—The furnace can be 
evacuated down to a pressure of 3 mm. of mercury 
in about 10 minutes, this vacuum being sufficient for 
the purpose of this work. The temperature may be 
raised very rapidly, it being easily possible to attain 
2,000 deg. C. in 15 minutes without undue strain. 
Owing to the low resistance of the plain carbon tube a 
very heavy current is used of low potential; thus to 
maintain a temperature of 2,000 deg. C. in hydrogen, 


: 1,550 amps. at 10-75 volts are required. By raising 


the charge into the already heated furnace, the speci- 
men may be heated still more rapidly. By means of 
the lever, the crucible and its contents may be rapidly 
lowered into the water-cooled chamber (L), and so, as 
already stated, can be cooled rapidly under repro- 
ducible conditions. Owing to the small diameter 
of the mass of copper (25 mm.) and its high thermal 
conductivity, there is every reason to assume that the 
tate of cooling at any given temperature, such as the 
melting point, is constant, though possibly where the 
initial temperature is only a little higher, the cooling 
may be somewhat slower. 

The temperature was measured by means of a Wanner 
optical pyrometer, the calibration of which was checked 
in the usual way from time to timie, and also confirmed 
by measurement of the melting point of copper in the 
furnace itself. The side window was used for this 
purpose, thus leaving the upper one free for general 
observation ; pyrometer readings taken through the 
top window were found to give the same results as 
those taken from the side. Above 1,650 deg. C. the 
vapour of copper became noticeable, and began to have 
an appreciable effect on the pyrometer readings. The 
correct temperatures were obtained by means of blank 
xperiments, the actual experiments being run with 
the same power input, the pyrometer being used only 
as a guide ; as the power control is so delicate and the 
power-temperature relation definite, no doubt can be 
felt as to the reliability of this method. When first 
operated, an extremely large volume of occluded gas 
had to be expelled from the carbon and charcoal by 
heating under reduced pressure for a considerable 
time; the same procedure also was adopted when 
changing from one gas to another. 
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Experimental Method.—The crucible, containing an 
accurately weighed quantity of electrolytic copper 
(220 grm.), was inserted in the cooling chamber (L), 
and the cap (M) replaced and made vacuum tight. 
The apparatus was evacuated to about 3 mm. pressure, 
and the gas introduced, the furnace re-evacuated and 
again filled. The gases were passed through a solu- 
tion of alkaline pyrogallol to remove any traces of 
oxygen, and through concentrated sulphuric acid to 
remove moisture. During the experiment, gas was 
passed in through the carbon tube (H’) and out via 
(R) through a water-seal, all the experiments so far 
having been conducted at atmospheric pressure. The 
furnace was then heated up, more power being applied 
than that required to maintain the desired temperature, 
the power being reduced to the correct figure when that 
temperature was reached. The charged crucible was 
raised when the furnace temperature was about 1,000 
deg. C., and after the copper had become molten the 
inlet tube (H’) was lowered into the crucible until the 
end was just above the surface of the metal. The 
selected temperature was maintained in each case for 
30 minutes. At the end of that time the crucible 
was quickly lowered into the cooling chamber, and 
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detailed observations made of the behaviour of the 
metal during cooling. In those cases in which gas was 
driven out of solution, the period of the clearly visible 
evolution was timed and its intensity measured. When 
sufficiently cool the crucible was removed. This opera- 
tion could be carried out witholt fear of admitting air, 
provided that gas were continually passed in during the 
operation. In this way there was thus no need for 
double evacuation between experiments, except when 
changing from one gas to another. 

When a gas was violently evolved, as in the case of 
hydrogen, globules of metal were ejected, and those 
striking and adhering to the walls of the crucible were 
collected and weighed. The specimen was then 
examined in the following ways :—(1) External appear- 
ance. (2) Apparent density. This was determined in 
the usual manner, and from it the actual volume of 
blowholes present was calculated, which for compara- 
tive purposes was expressed as a percentage of the total 
volume. (3) Internal structure. (4) Hardness. Each 
specimen was sectioned longitudinally, and one-half 
filed and photographed. It was then deeply etched 
with 20 per cent. ammonium persulphate solution and 
again photographed. The other half was polished and 
the Brinell hardness number determined at various 
points. : 

Effect of Nitrogen—With this gas very sound 
specimens resulted at all temperatures, no blowhole 
being formed and no sign being observed of any gas 
leaving the metal during cooling.* In each case a 
simple pipe was formed by the contraction of the 
metal. Since no gas was evolved, visibly or as blow- 
holes, at any of the temperatures tested, it was con- 
sidered unnecessary to make many experiments with 
this gas, especially as the results which had been 
obtained previously had given similar results. During 
the experiments the metal remained in a perfectly 
quiet state with an exceedingly clear surface, which 
formed an excellent mirror. Similar mirrors were 
obtained in the other gas atmospheres, but not quite 
so bright as in nitrogen. 

Effect of Hydrogen.—With this gas (pure electrolytic 
hydrogen) the results at the various temperatures were 
found to differ appreciably, so that experiments were 
carried out at closer intervals of temperature than in 
the case of nitrogen. With one exception, referred to 
later, the upper surface of the metal was forced, to some 
extent, into the form of a dome by the gas bubbles 
underneath. During the solidification of the metal, gas 
was seen to bubble out, a great deal of the ebullition 
being so violent as to throw up globules of copper, which 
solidified on the walls of the crucible, covering an area 
4 in. or so high, just above the ingot. The blowhole 
volume percentages are plotted in Fig. 3. It will be 
seen that the blowhole volume decreases from that at 
the lowest temperature to a minimum at about 1,350 





* See Archbutt, ENGINEERING, 1925, vol. exix, p. 338. 
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deg. C., increasing to a maximum near 1,750 deg. C., 
from which it again falls as the temperature rises. In 
Fig. 3 it will be seen that one of the 1,300 deg. C. experi- 
ments gave an abnormally low blowhole volume. This 
is the specimen already referred to as not having the 
usual dome top, the crust having apparently collapsed, 
thus setting free an abnorma! amount of gas. In 
Figs. 6 and 7 will be seen the half-sections of the 
specimens. In a number of cases, however, the dome 
top has been destroyed in the machining, but in all 
cases the comparative change in the volume of blowholes 
can be readily observed. 

Effect of Carbon Monoxide.—This gas was prepared 
by dropping formic acid into hot sulphuric acid, and 
was washed in sodium hydroxide solution before being 
collected in a gas-holder. As in the case of nitrogen, 
no blowholes were formed and no gas left the metal in 
any visible way on cooling. 

General Remarks.—The Brinell hardness numbers 
showed no variation which was not within the limits 
of experimental error, from an average value of 55, 
with either temperature or the nature of the gas to 
which the metal was subjected. It has already been 
observed that the presence of copper vapour above 
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1,650 deg. C. increasingly interferes with accurate 
pyrometric measurement. In order to prevent the 
vapour being rapidly removed from the hot zone, the 
gas stream was reduced for the higher temperatures. 
It appears reasonable that the amount of hydrogen 
taken up should decrease when the vapour pressure of 
the copper rises to an appreciable value, until possibly 
at the boiling point of the metal no gas could be 
absorbed. It is interesting to note that the copper 
vapour, as seen looking down the tube, and viewed 
through neutral tinted glasses, is of a beautiful violet 
colour. 

In continuing this work, the authors intend not only 
to deal with the influence of other gases, but to amplify 
the present work and to extend the scope of the 
investigation as a whole. 








Rat Morors 1 Sovran Avustratia.—Some twelve 
months ago the railways department of South Australia 
decided to use road and rail motor vehicles. From 
information furnished by the Department of Overseas 
Trade, twelve rail motors, each with a seating capacity 
of 50, were imported from America, These vehicles are 
doing excellent service, and are stated to have placed 
the passenger traffic on certain of the country lines on 
a payable basis; steam traction, which had been used 
previously, had proved quite unremunerative. The 
chassis of 25 rail motor-cars were recently imported ; 
these, when complete, will be able to accommodate 80 
passengers. The bodies of the cars will be constructed 
at the Islington workshops. The road motor service, 
which has been extended to different parts of the State, 
will also be increased. 





IMPROVEMENTS AT CANTON HarBour.—The scheme for 
the improvement of the Whampoa Harbour, Canton 
China, which has been under consideration since the days 
of the Empire, is once again engaging the serious atten- 
tion of the present authorities in Canton. They consider 
that the execution of the scheme can no longer be delayed 
as, under present conditions, ocean-going steamers, 
drawing more than 13 ft. of water, cannot enter and berth 
in Canton Harbour. As the estimated cost of the whole 
of the improvements is considerable, only a portion of 
the scheme, involving an expenditure of some 700,000 dols. 
will be carried out. It is stated in a recent issue of 
The Chinese Economic Bulletin that the responsible 
authorities have requested the Canton financial com- 
missioner, and other officials concerned, to raise this sum 
without delay. Operation will be confined to improve- 
ments to the harbour at Lion Hills and the programme 
outlined will include the following works: The construc- 
tion of four wooden quays, 30 ft. wide and from 200 ft. to 
300 ft. long, and the provision of adequate warehouse 
facilities ; the building of a concrete pier, 1,200 ft. long, 
and the dredging of the harbour near the pier to a depth 
of 30 ft.; the building of a light railway, 24 miles long, 
from the quays to Canton-Samshui railway station, to 
facilitate the handling of merchandise, and the con- 
struction of a stretch of macadamised road. It is antici- 
pated that the scheme will be carried to completion 
as soon as funds have become available. 








ELECTRIFICATION OF A SECTION 
OF THE ORLEANS RAILWAY.* 
By H. Paropi. 

(Concluded from page 314.) 


Roiirne Stock. 


THE suburban trains consist of motor coaches and 
trailers, whilst the main-line trains, both passenger and 
goods, are made up of the ordinary rolling stock hauled 
by electric locomotives. Each motor-coach multiple- 
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motive rolling stock necessary to operate a given service. 
In using the term “ a given service ” the author inten- 
tionally makes a mistake, against which he would like to 
warn all those who may have to study the question but 
who have had experience of steam or electric traction 
only on tramway or underground systems. If the 
service to be maintained were definitely settled, it would 
be sufficient to replace each steam locomotive by a 
corresponding electric machine, which would be capable 
of hauling, on a line having a given longitudinal section, 
the same weight of train at the same speed as the 
corresponding steam unit. Assuming that the problem 





machines at 1,500 volts weighing less than 50 kg, per 
horse-power of continuous rating. This is, for instance, 
the case with machines BB 101-180 of the Orléans 
Company, weighing about 75 tons and capable of giving 
a continuous output of 1,500 h.p. (one-hour rating, 
1,720 h.p.). With high-power locomotives like those 
of the connecting-rod type 2D2 of the Orléans Company, 
a continuous output of 3,500 h.p. is obtained for a total 
weight of 130 tonnes, or about 37 kg. per horse-power 
(continuous). 

In steam engines of European manufacture, although 
the continuous output is much less well defined than in 














unit train consists of one, two or three power units, | 
each unit comprising an electric motor coach weighing 
65 tonnes and two bogie-type trailers, each weighing | 
34 tonnes, the total weight of the train therefore being 
133 tonnes. Each motor coach is fitted with two ar- | 
ticulated bogies, and each bogie carries two 250-h.p., | 
750-volt motors which are permanently connected in | 
series. An order has been placed for 80 motor coaches, | 
from which 25 multiple-unit trains, of three units each, 
will be formed for the suburban service. At present, 
eight motor coaches are in service, some at 1,500 volts 
and others, temporarily, at 600 volts on the old electric 
traction system. 

Goods and passenger trains rated for speeds lower 
than 75 km. per hour are hauled by double locomotives 
comprising two units. Each unit, or half-locomotive, 
is supported on two bogies, and each bogie carries two 
1,500-volt motors with forced ventilation. Each motor 
has, depending on the type, a one-hour rating of from 
375 h.p. to 430 h.p. and a continuous rating of from 
300 h.p. to 375 h.p. The unit is designated by the | 
symbol “ BB4BB.” 200 half-locomotives have been 
ordered, and more than 50 of these have been delivered 
and are under test or in operation on the electrified lines. 
Express trains, that is trains having a nominal speed 
higher than 65 km. or 70 km. per hour, are hauled by 
special locomotives of slightly greater power than the 
double goods locomotives, but of lighter construction 
and specially designed for attaining high speeds. Five 
experimental locomotives have been ordered, three of 
which have been delivered and are under test and 
adjustment. One is a gearless locomotive of the type 
“20 + C2,” having a one-hour rating of 2,700 h.p. 
and capable of developing 2,100 h.p. continuously. 
Two of the locomotives are of the type ‘“‘2D2” with 
connecting-rod drive, and have a one-hour rating of 
4,000 h.p. and a continuous rating of 3,500 h.p. One 
of these is fitted with “‘ hyperstatic ’” connecting rods 
and motors of the usual type, whilst the other has 
“isostatic” connecting rods, flexible couplings and 
fully compensated motors. The other two locomotives 
are of the type “‘2D2” with outside gear drive and 
small connecting rods, and have a one-hour rating of 
3,600 h.p. and a continuous rating of 3,000 h.p. One | 
of these locomotives is provided with standard running | 
gear and motors, and the other with adjustable articu- | 
lated running gear and fully compensated motors | 
arrenged for regulation. 

Figs. 12, 13 and 14 shov a gearless locomotive, a | 
locomotive with connecting rods, and a locomotive | 
with external gears, respectively. 
THE Composition oF Etecraic LocomortvE Rote | 


Stock. | 





There is one question of general importance to which 
the author would like to draw the attention not only | 
of electrical engineers but more particularly of railway | 
engineers, namely, the composition of the electric loco- 





* Paper read before a joint meeting of the Institution 
of Electrical Engineers and the British Section of the 
French Society of Civil Engineers, Thursday, February 
18, 1926. Abridged. ; ce 


| machines of the type B + B or C + C is thus equally 
|applicable to machines having a small number of 
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is put in this form, it is easy to show that the weight of 
the electric locomotive is always less than the weight of 
the corresponding steam engine (excluding the tender). 
The difference in weight depends much more on the type 
of locomotive than on the nature of the current used ; 
and when we take, for comparison, machines of the 
tramway type with two motor bogies, so that we have a 
large number of motors of small power, we are con- 
sidering the most unfavourable case for electric traction. 
Anything we may say regarding the specific power of 


powerful motors, taking into consideration the large 
reduction in weight owing to the better utilisation of 
material in powerful motors having a large number of 
poles. Even for types BB and CC, it is possible to build 
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an electric locomotive, we might say that it is difficult 
to go below 55 kg. per horse-power, excluding the tender. 
Therefore, if we admit that, for equal sustained power. 
the weights of electric and steam locomotives are the 
same, we make an error which is altogether to the 
advantage of steam traction. This first point being 
established, it is easy to show that, in comparing their 
normal running characteristics, the machines under 
consideration are suitable for the same service. 

Fig. 15 shows the curve of maximum sustained output 
for a locomotive of the Mikado type having 4-31 sq. ™. 
of grate area and weighing, without its tender, 82 tonnes 
unloaded and 91-6 tonnes loaded. It is known that this 
curve is the envelope of a series of curves representing 
the tractive effort as a function of the speed, and is 
hyperbolic in shape. The electric locomotives of the 
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series BB 101-180, have been so constructed that when 
connected in parallel, corresponding to running with 
full field and with 40 per cent. of full field, respectively, 
the combined characteristic is similar to the output 
curve of the Mikado locomotive. Examination : of 
Fig. 15 shows, in addition, that curve C,,, representing 
the tractive effort which can be sustained indefinitely 
without undue heating of the motors, passes very close 
to the point of intersection of the characteristic for the 
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| the driving wheels is slightly lower for the Mikado 


locomotive than for the BB locomotives. We have, 
therefore, grounds for saying that, for equal weights, a 
direct-current locomotive can, even if considered from 
the most unfavourable aspect, replace a steam loco- 
motive, its adhesive weight being, in general, higher and 
its power always considerably greater. Assuming, to 
facilitate comparisons, equal weights, the first costs of 
the rolling stock will be :— 
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BB locomotive at full field and that of the Mikado 
locomotive. For speeds ranging from 50 km. to 70 km. 
per hour, the electric locomotive will thus be able to 
develop indefinitely a drawbar pull greater than that 
which can be obtained for a considerable period from a 
steam engine. By decreasing the gear ratio, it would 

possible to increase the power available at high 
speeds from the electric locomotive and to show a still 
greater superiority over the steam locomotive. 

At starting, the electric locomotive, which is of the 
total-adhesion type, will be able to develop a tractive 
effort higher than, or at least equal to, that of the steam 
°comotive, which has generally some non-coupled 


axles; in fact, in the case in question, the weight on 





=NPp for steam traction, and 
=N’Pp’ for electric traction, 
where 
N = number of steam engines, 


N’ = number of electric locomotives, 

p = cost per kilogramme of steam engines, 

p’ = cost per kilogramme of electric locomotives, 
and 

P = weight of locomotives, whether steam or 
electric. 


In general, the cost of the tender is one-quarter of 
the cost of the locomotive, its weight being about 
0-5 P and the price per kilogramme about 0-5 p. 


The total cost of the steam -engines in working order 
will therefore be 1-25 Pp. For high-tension direct- 
current machines, the cost p’ per kilogramme of the 
electric locomotives is about 70 per cent. higher than p. 
Notwithstanding alterations in economic conditions, 
this ratio, 1-7 to 1, seems to have remained constant 
being the same before and after the war. 

In order that the cost of construction of electric 
rolling stock shall be less than that of steam rolling 
stock, it is necessary to have 

=N‘(1-70Pp) < =N(1-25Pp) 
or 21-36N’Pp <=NPp. 

This condition will be satisfied in every case if the 
average mileage of the electric locomotives exceeds by® 
36 per cent. the corresponding mileage of the steam 
locomotives. Electric locomotives being always avail- 
able, except in the case of repairs, their average mileage 
is considerably higher than that of steam locomotives, 
the tubes of which must be periodically cleaned and 
the clinker removed from the fire grates. It appears, 
therefore, that the first cost of electric locomotives will 
always be less than that of steam locomotives if we 
assume that the two types of rolling-stock have equal 
‘useful service capacities.” In investigating, as a 
whole, the electrification of the system, the problem 
takes, however, an entirely different form. It is not a 
question of ensuring a clearly defined service, or of 
knowing what certain steam locomotives can do, in 
order to try to do as well or better electrically: it is 
really a question of ascertaining what is the general 
tendency as regards methods of operation on European 
railways, in order that provision may be made for the 
probable service conditions in future, taking into 
account the effect which electric traction may have on 
the operating methods themselves. 

One might discuss at length the speed and extent of 
such developments, but the author thinks that he is not 
going too far in assuming that still heavier and still 
faster trains will be used in the future. Indeed, he 
considers that great developments in that direction 
would already have been made if the horse-power of a 
steam engine had not been limited by the boiler, the 
dimensions of which would seem to have practically 
reached their limits. All the European railway systems 
are now taking steps to strengthen their carriage and 











wagon couplings, and within a short time some systems 
will consist only of vehicles fitted with 70-tonne standard 
couplings. Such apparatus would appear to allow a 
sustained tractive effort of about 20,000 kg. Already 
in Sweden and Norway, with special material, loco- 
motives able to develop a sustained drawbar pull of 
27,000 kg. are used. The application to goods trains 
of automatic brakes—at present under consideration in 
all European countries, and in use in a few—will allow 
the practical use of longer and heavier trains than those 
employed at the present time. 

In accordance with a more or less settled programme, 
work is in progress everywhere in connection with the 
reinforcement of the track, with a view to allowing an 
increase in axle loads and in average speeds, without 
there being any necessity for exceeding the maximum 
speeds of 120 km. to 130 km. per hour now obtainable 
with steam locomotives. Already in Switzerland, as in 
France (Paris—Brive line), it has been possible to increase 
to 20 tonnes the maximum load per driving axle of the 
electric locomotives, thus enabling us to obtain :— 

Exceptional and momentary tractive efforts of - 
20 tonnes x 25 per cent., 7.e., 5,000 kg. per driving 
axle, using sand if necessary at starting ; 

Sustained efforts (one-hour rating) reaching 12 per 
cent. to 16 per cent. of the adhesive weight, accord- 
ing to the gear ratio, i.¢e., 2,400 kg. to 3,200 kg. 
per axle ; 

Continuous efforts (continuous running) of 9 per cent. ° 
to 12 per cent. of the adhesive weight, 7.e., 1,800 kg. 
to 2,400 kg. per axle. 

The feasibility of the above developments naturally 
points to the use of locomotives similar to those designed 
by the Orléans Company, leaving out of consideration 
the special suburban service for which multiple-unit 
motor-coach trains will provide not only an increase in 
speed and comfort, but more particularly a valuable 
increase in the capacity of the Quai d’Orsay terminus. 

For goods trains, the nominal speed of which is 
never anywhere higher than 55 km. per hour and 
frequently falls, as in the United States, to 25 km. per 
hour, there is no reason why total-adhesion locomotives 
should not be used systematically. Experience having 
proved that it is possible, by adopting forced ventilation, 
to construct motors having a continuous output of 
300 h.p. to 400 h.p. (1,800 kg. to 2,400 kg. at 45 km. per 
hour), there is really no reason why, on account of the 
facilities it affords for maintenance and repairs, the 
tramway type with four-wheel or six-wheel bogies 
should not be adopted, notwithstanding its higher 
price and weight. For these reasons, on the chief 
railway systems in France, namely, the Ouest-Etat, the 
Midi and the Orléans Railways, type BB total-adhesion 
locomotives have been adopted, with free bogies in the 
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case of the Ouest-Etat and most of the Orléans loco- 
motives, and coupled bogies for the Midi Railway and 
some locomotives of the Orléans Company. On the 
Orléans Railway, the normal goods-train locomotive 
comprises two type BB machines coupled together, 
and such a double locomotive will be able to develop a 
continuous effort of about 20,000 kg. at 45 km. per hour. 
On the line from Paris to Orléans, most of the goods 
trains, the average weight of which is over 700 tonnes, 
can be hauled by one BB machine, the use of the two- 
unit normal locomotive being reserved for the heaviest 
trains, in which case one crew drives the two half 
locomotives from a single control position.* 

Although these locomotives have no bogies or Bissel 
@rucks, they have run on the three systems at speeds as 
high as 100 km. per hour without undue effect on the 
track or material. This is not surprising, as the old 
50-ton BR machines of the Orléans Company, built in 
1899, attained, about twenty years ago, speeds higher 
than 100 km. per hour on the line from Paris to Juvisy. 
On certain American tramways, as well as on some 
French suburban lines, speeds of over 100 km. per hour 
are attained daily with type BB electric motor coaches 
of 12 m. to 20 m. length, and it is of interest to recall 
the well-known Zossen experiments made in 1901-02, 
when speeds of 200 km. per hour were reached with 
electric motor coaches of the total-adhesion tramway 
type with two motor bogies of the four- and six-wheel 
type. The stability of high-speed type BB machines is 
such that there is a possibility of extending their use 
to the hauling not only of slow trains, but also of a 
certain number of express trains running at nominal 
speeds of 70 km. to 75 km. per hour (maximum speed, 
100 km. per hour). 

It is just as difficult to determine the type of high- 
speed locomotives as it is easy to settle the type for 
goods and ordinary traffic. At the present time, no- 
where in the world is there a high-speed electric service 
for passenger traffic, and the tests made on certain 
systems, although very interesting, only supply incom- 
plete information as to what may be expected from 
electric traction. At the present time, to speak only of 
French railways, express steam trains are running 
on the Nord, Est, P.L.M. and Orléans systems at 
average speeds of 95 to 100 km. per hour, and the steam 
locomotives run distances of from 300 to 400 km. with- 
out any stop being necessary. The high-speed electric 
locomotive, as we conceive it, must, however, be able 
to maintain, for the same maximum speed, a higher 
average speed than the steam engine, and over much 
greater distances, such as 600°to 1,000 km. per day. 
The problem tiius defined can be solved only by arranging 
for time tests on regular services for as long an electrified 
line as possible. -For the present, as there was 
available only about 60 km. of 4-track line for our 
tests, we have been able to obtain information merely 
in regard to the general operating conditions of the 
locomotives, running stability, smoothness of the 
transmission system, and output of the locomotives in 
practice, and it will be necessary to wait several 
months before we are in a position to make a final 
choice between the various types of machines tested. 
The author proposes here merely to indicate how these 
locomotives have been designed, as regards their 
power and their electrical characteristics, and he 
considers it preferable not to go further into their 
mechanical characteristics, the arrangement of the 
tracks, and the transmission system which differs for 
different: machines. 

The tractive effort and the speed characteristics which 
have been decided on are about the same for the four 
locomotives of the type 2D2. Their construction has 
been governed by the conditions which allow a train 
of 650 tonnes to be hauled on the level and in a straight 
line at a speed higher than 100 km. per hour. As the 
maximum weight now accepted on the Orléans system 
for express trains is about 530 tonnes, we believe that 
sufficient provision has been made for any future 
requirements. Fig. 16, page 383, in which curves have 
been drawn representing the tractive efforts necessary 
to haul trains of 530 and 650 tonnes at various speeds, 
also shows the running characteristics of locomotives 
of the type 2D2 of 3,500 h.p. continuous output with 
maximum field (100 per cent.) and reduced field (60 
per cent.). The latter curve goes through the point 
M of the resistance-output curve of the 650-tonne 
train, corresponding to 104 km. per hour.t In the 





* The Orléans Company has also had under con- 
sideration the question of using double trains formed by 
coupling together two half-trains of 500 to 700 tons 
each, and of having two locomotives, one in front and 
the other in the middle of the train. Tests have also 
been made, with very encouraging results, with a view 
to the installation of a control system in which distant 
control can be effected by means of high-frequency 
currents (3,000 to 10,000 periods per second) super- 
imposed on the traction current. 

Attention must be drawn to the fact that if we 
know merely the position of the point M, we can almost 
completely define the characteristics of the motor with 


same figure has been drawn, for comparison, the curve 
representing approximately the maximum tractive 
effort at the drawbar hook of the tender of a Pacific 
engine of the Orléans Company, weighing (including its 
tender) approximately the same as the connecting-rod 
electric locomotives of the type 2D2. The comparison 
of these characteristic curves shows that, for all speeds 
from 90 to 110 km. per hour, the useful power obtain- 
able continuously at the drawbar hook of the electric 
locomotive is about 2-5 times greater than that 
obtainable at the drawbar hook of the tender of the 
steam engine. For lower speeds, the difference would 
be still greater, as the motors of the connecting-rod 
locomotive can supply continuously about 3,500 h.p. 
at speeds from 70 to 85km. perhour. A very important 
margin of power has been provided, which enables 
tractive efforts of about 10,000 kg. at 80 km. per hour 
to be obtained at the hook, in order to be able to 
maintain that speed on the 1 per cent. up-grades which 
are encountered rather frequently south of Limoges 
on the Paris-Brive line. Already, with a locomotive 
fitted with outside-gear drive and weighing 116 tonnes, 
we have been able to haul between Paris and Etampes 
a 650-tonne train at 120 km. per hour, and at this 
speed the locomotive runs with a smoothness compar- 
able with that obtained with the best bogie coaches. 

Figs. 17 and 18 show two records obtained at high 
speed with a Hallade recording apparatus, one on a 
bogie coach and the other on locomotive 2D2-501. It 
is hardly necessary to draw attention to the fact that 
it is impossible, on account of the amplitude of the 
pendulum blades, to take similar diagrams in front of 
an engine of the Pacific type without damaging 
the apparatus. From tests made with other types of 
machines on the Orléans Company’s tracks or on the 
tracks of manufacturers, it may be hoped that all 
the machines tested will comply with the electrical 
and mechanical conditions set forth in our specifications, 
and it is almost certain that all the transmission 
gears under consideration have proved, or will prove, 
satisfactory on official tests. Encouraging as they 
may be, however, these tests will not allow us to make 
a final choice between the various types under consi- 
deration until each locomotive has run a distance of 
between 100,000 and 120,000 km. (62,000 to 75,000 
miles) which, in our opinion, is the average mileage 
we should obtain per annum from a high-speed electric 
locomotive. 








Moror Roaps in CurwA.—The Siangyang-Shasi and 
the Laohokow-Huayuan motor roads, Hu-peh Province, 
Central China, were opened for traffic some time ago, 
states a recent issue of the Chinese Economic Bulletin. 
The sectional roads linking Siangyang and Laohokow, 
Shayang and Shihlipu, and Kingmen and Kienyangyi, 
have also been completed. The Hankow-Ichang road, 
which will be some 270 miles in length, is now under con- 
struction. A section of approximately 40 miles of this 
road has been opened to traffic. The Hankow-Ichang 
Long-Distance Motor-Bus Service Company, a private 
concern under government control, has been organised. 
The motor road linking Ningsia and Lanchow, Kan-su 
Province, North Western China, has now been com- 
pleted. Ten cars have been despatched from Kalgan 
to make trial runs on the road, which is over 200 miles 
in length. 





SHIPPING CASUALTIES.—Returns recently issued by 
Lloyd’s Register of Shipping showed that the vessels 
of 100 tons gross and above totally lost or condemned in 
consequence of casualty or stress of weather, during 
the quarter ended September 30 last, numbered in all 
40 steamers and motorships of a total tonnage of 41,360, 
of which five vessels, aggregating 12,619 tons, belonged 
to Great Britain and Ireland. During the same period, 
19 sailing ships, totalling 14,823 tons, all of which 
belonged to foreign countries, were lost. Vessels 
otherwise broken up, condemned, &c., numbered, in all, 
55 steamers and motorships, making 106,895 tons gross 
collectively, of which 17 ships, totalling 33,929 tons, 
belonged to Great Britain and Ireland. Sailing ships to 
the number of nine, totalling 11,912 tons, were broken 
up or condemned. One of these, a vessel of 229 tons, 
was British. 


LAMELLAR Hooks FoR FounpRY LADLES.—Accidents 
to the hooks by which are suspended the heavy ladles 
for carrying the molten metal about in foundry 
shops, have been rather frequent, and these accidents 
are mostly serious. For reasons which generally remain 
obscure, the solid hooks may break without giving any 
previous indication of a fault, and it has become the 
practice in some works to replace the hooks after certain 
service periods, in order to obviate risks of accidents. 
That practice involves heavy expense without giving a 
substantial gain in security. The Deutsche Maschinen- 
fabrik Duisburg has, therefore, introduced hooks which 
are built up of flat lamella, all of the same hook shape. 
The lamellx, bolted and tied together with intervening 
air spaces, are practically separate and replaceable if 
fracture should occur in any of them. The hooked 
portion is provided with a kind of cushion or bearing for 
the ladle chain, this bearing being made of an upper 
and a lower portion in cast steel or bronze. 





reduced field (60 per cent.) and maximum field (100 per 
eent.) for small changes, due. in direct-current motors, to 








variations of the saturation and of the air-gap. 





THE CORROSION OF AN ANCIENT 
‘TIN SPECIMEN.* 
By Professor C. O. BannisteR, M.Eng., A.R.S.M. 


Very little information is available in our literature 
on the corrosion of metallic tin, although it is a metal 
generally known to be highly resistant to corrosion, 
It is known to have been used as a constituent of 
bronze since about the year 2500 B.c., but there are 
remarkably few specimens of ancient objects of metallic 
tin in our museums which are available for examina. 
tion, although the metal was probably obtained as 
such about the year 2000 B.c. Tin was probably used 
by the ancients for a much larger variety of objects 
than that represented by specimens still in existence, 
and the scarcity of these specimens is probably due to 
the fact that metallic tin, as we know it, is only stable 
at temperatures above 18 deg., and at lower tempera- 
tures it changes into another modification, the change 
being accompanied by expansion and disintegration, 

The author has recently had the opportunity of 
examining a metallic tin sheath from the Shrewsbury 
Museum, which had previously been described as 
“* bronze, but looks like lead.”’ The specimen is recorded 
in Prebendary Auden’s list in the “ Victoria County 
History of Shropshire,” vol. i, p. 202, as “ Bronze 
scabbard-end in Shrewsbury Museum, found at the 
foot of Caradoc.” From information supplied to me 
by Miss Chitty, I learn that the specimen was found 
in a gutter in Roman Watling Street, Church Stretton, 
by the late Mr. John G. Dyke, about 1900. It was 
exhibited on May 15, 1924, at a meeting of the Royal 
Society of Antiquaries. It was thought to be of lead, 
and the consensus of opinion seemed to be that it was 
medizval, or possibly Roman, probably only a make- 
shift welded on to the broken point of a scabbard. 
The original, as received, was 7-8 cm. long and 4-2 cm. 
wide at the open end. The whole of the article was 
covered with an adherent corrosion product about 
2-5 mm. thick, and the inner layer of remaining metal 
was 2 mm. thick. The analysis of the metal gave :— 
Tin, 99-98 per cent.; copper, trace. This shows 
remarkably pure metal, and its preservation during 
the ages must be due to a peculiar and happy set of 
conditions which ensured its never reaching a low 
enough temperature to allow of the disintegrating action 
of ‘ tin-pest.” 

The corrosion product obtained from the surface of 
the metal gave on analysis the following figures :— 


Per cent. 

Tin ate ere ste ai .... 76°82 
Water (combined) a sis ... 6°10 
Copper oxide _.... aes tae se. OF8l 
Sulphuric anhydride __.... teed ... 0°85 
Iron oxide, &e. .... es ne ze; (OSES 
Lime nee ane ne fe es OD 

83-80 


On heating the original material in dry air, water 
was driven off, but the weight of the product after 
heating was found to be practically the same as the 
original weight. 

In a carefully-conducted experiment, the water 
driven off was found to be 5-1 per cent., and the 
oxygen absorbed 4-51 per cent. From these results 
it appears that the tin was partly present as hydrated 
stannous oxide and partly as anhydrous stannic oxide. 
Calculating from these figures, we have :— 


Per cent. 

’ Stannous oxide 38-25) Hydrated stan- 
Water (combined) 5-10 fnous oxide 43-35 
Stannic oxide _.... 5085 oe .... 54°68 


Copper oxide __.... ates Sed ... 0°81 


Sulphuric anhydride 0-85 
Tron oxide, &e. .... 0-12 
Lime a 0-10 

99-91 


It would appear from this result that the mechanism 
of corrosion of metallic tin comprises the formation of 
hydrated stannous oxide, and the subsequent oxidation 
and dehydration of this compound to stannic oxide. 





LAUNCH oF THE 8.8. “ James Stewart.”’—The single- 
screw steamer James Stewart, built to the order of the 
Eastern Steamship Company, Limited, Canada, Pe 
launched recently, by Messrs. Napier and Miller, Limite 4 
Old Kilpatrick. The vessel is specially designed sn 
equipped for service on the Great Lakes and the sie 
St. Lawrence, for the grain-carrying trade. The crn 
Stewart has been built to the requirements of the = 
Corporation, and has a deadweight carrying capacity ie 
fully 90,000 bushels of grain. After the launch, the 
vessel was towed to Stobcross to be fitted with 
machinery by Messrs. D. Rowan and Co., Limited, 
Glasgow. 





* Paper read before the Institute of Metals, London, 
on March 11, 1926. Abridged. 
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THE DOUBLING OF THE UPPER 
SONE BRIDGE, INDIA. 
By H. C. Muaceripes. 
Across the River Sone, in the Province of Bihar 
and Orissa, India, the East Indian Railway has 
a bridge 2 miles long, consisting of 93 spans of 





Fig.1. 


Department in very nearly undisturbed possession 
of the existing open line, the use of which, owing 
to dense traffic, was not possible for Engineering 
Department purposes, excepting only to a very 
slight extent. It also obviated the interruption 
in the progress of the work which would otherwise 
have been inevitable owing to floods which occur, 


Fig. 2. 
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type, as the various illustrations show, were made 
by Messrs. Dorman, Long and Co. in Middlesbrough, 
and were shipped from England in pieces, the 
heaviest single piece being the central portion of 
the top boom which weighed 4 tons 17 cwt. Any 
part of any one span was interchangeable with the 
corresponding part of any other one of the 93 spans. 
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girders, each affording 100 ft. of clear waterway, 
Supported on stone piers, which were originally 
constructed sufficiently wide to carry two tracks, 
both 5 ft. 6 in. gauge. The girders for only one 
track were provided when the bridge was built 
in 1899, and those for the second track have just 
been put in. 

_ To accomplish this work the method described 
in this article was adopted. It left the Traffic 
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with sudden rises and falls, for about four months 
in the year. 

Briefly the method was to erect and rivet up 
the main girders in a yard (one yard was provided 
on each side of the river), then to pick them up 
on a transporter which carried them to railhead 
and launched them into position over the water- 
way, the cross bracing and decking being added 
afterwards. The girders, which are of a common 





“ENGINEERING” 


Running right through the middle of each yard, 
and extending up to railhead, there was a four-railed 
track, combining both 5 ft. 6 in. and 11 ft. 9§ in. 
gauges, upon which the transporter ran. 5 ft. 6 in. 
is the standard gauge on the East Indian Railway ; 
the 11 ft. 93 in. gauge was employed for the steady 
wheels of the transporter, as will be explained 
later. In the yard, on both sides of this four-railed 
track shown in the plan, Fig. 3, two series of walls 
were built, as shown in Fig. 1 and in Bays A and B 
in Fig. 3. At each end of each bay there was a 
high wall. Between each pair of high walls there 
were four low walls, between which again there 
were two short cross tracks of 5 ft. 6 in. gauge, 
carrying two traversing trollies, on which girders 
were fed to the transporter standing on the 
four-railed track. Figs. 4 and 5 show one of the 
traversing trollies. Running down two-thirds of 
the length there is permanently fixed a wooden 
bolster upon which the 100-ft. girders could be 
comfortably seated. This part of the bolster was 
carried upon five rails which were also permanently 
fixed. On the outermost one-third, the wooden 
bolster, with its five rails underneath, was removable 
so that when a 100-ft. girder had to be erected, 
camber jacks could be introduced, projecting up 
through the traversing trolley, and supported upon 
stones, the tops of which were just below the trolley 
axles (see Fig. 6). Camber jacks were also provided 
upon each of the four low walls (see Fig. 7). These 
jacks were in pairs, there being two at each spot. 
The general arrangement is shown by the diagrams, 
Figs. 1 to 3, and also in Fig. 8. At the start six 
single girders in Bay A and six single girders in 
Bay B were erected and riveted up. The subse- 
quent procedure was to traverse all six girders of 
Bay A so that the two girders marked No. 1, 
Figs. 2 and 3, in this bay were close alongside 
the transporter, as shown in Fig. 8. These two 
girders were then suspended from the transporter 
by means of carriers to be described later. The 
remaining four girders marked Nos. 2 and 3 
were traversed part of the way back, away 
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from the transporter, and placed on the walls oe It follows that whilst erection and riveting was 
the alignments which were formerly occupied by| going on in one bay, traversing and suspending 
girders Nos. 1 and 2. In other words, the girders | to the transporter was proceeding in the other bay. 
which were originally No. 2 became No. 1 and the|Thus the work alternated between Bay A and 
girders which were originally No. 3 became No. 2.| Bay B. 
The weight of these girders was then taken off} Reverting now to Bay A, in which the point 
the traversing trollies by suspending each girder) in our description has been reached at which a 
upon four small hydraulic jacks, two at each} blank space has been left for the erection and 
extremity of each girder, placed upon the high walls. | riveting of a fresh pair of girders No. 3, the 
The traversing trollies, free of all load, were then | erection of another No. 3 girder was in each case 
moved farther back, away from the transporter, to | commenced by laying the three pieces of bottom 
exactly the positions they originally occupied.| boom across the two traversing trollies and the 
The four girders which had become Nos. 1 and 2} four low walls, on an alignment parallel with, 
were then lowered on to the traversing trollies | and 22 ft. away from, the centre line of the four- 
on which there was then a blank space on which | railed track. The bottom boom was supported 
the erection and riveting of a fresh pair of girders,|on camber jacks at six points in its length, each 
No. 3, was carried on. | being immediately under each vertical member of 
The transporter then launched the pair of girders| the girder. In Fig. 1, one extra wall is shown 
which it picked up from Bay A, afterwards returning | adjacent to each traversing trolley, situated between 
to pick up a pair of girders from Bay B. In Fig. 3/ two vertical members of the girder, instead of being 
in Bay A the No. 1 girders are shown suspended | immediately underneath a vertical. At this spot 
on the transporter preparatory to transportation | there is a shipping joint in the bottom boom. This 
to railhead, whilst in Bay B the No. 3 girders | extra wall was provided merely for the convenience 
are being erected. of the erectors, who used it for temporary packing 














to control the shipping joint during the course of 
fitting the bottom boom together. The vertical 
members were next added, and held by tem- 
porary braces to the verticals of adjacent girder 
No. 2, girders Nos. 2 and 1 having been previously 
tied together by temporary cross bracing of 
particularly strong construction, as shown in Figs. 9 
and 10, they formed a structure which was of box 
shape in cross section, with a base of 8 ft. wide. This 
was used as an unshakable anchorage for securing 
the adjacent girder No. 3, whilst it was being built 
up. The diagonals of girder No. 3 were next 
erected. ‘Two camber jacks were placed on each 
of the high walls ready to receive the extremities 
of the top boom. The top boom was supplied in 
three pieces. The two end pieces were slipped on 
over the bare tops of the verticals and diagonals, 
and, finally, the centre piece was placed in the gap 
between the two end pieces. 

The whole of the erection was done by one 
5-ton steam crane working off the adjacent crane 
line, except that two cranes were employed at the 
end of the operation for fixing the central piece of 
the top boom. In the yard the following rivets 
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Fig.9. CROSS SECTION. 
TEMPORARY CROSS BRACING. 
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per span, were put in: 5,296, 1 in. diameter ; 386, 
% in. diameter; total, 5,682 rivets. Two-thirds of 
these holes were filled with service bolts to drag 
plates into close contact and hold them tightly, 
and one-third were filled with drifts to keep the 
holes in the various plates fair and concentric. 

The girder was next cambered to 1 in. by operating 
the eight pairs of camber jacks supporting it, the 
amount of the movements being determined by the 
use of an ordinary telescopic levelling instrument 
set up on the ground and a specially constructed 
long, light staff, having a steel top, which was held 
up against the underneath side of the flange of the 
top boom, since, if the top boom was correctly 
cambered, everything below followed automatically. 
After cambering, riveting was commenced. Thirteen 
gangs of riveters took 24 days to close the 5,682 
rivets in two single girders for one span. 

A span of 100 ft. girders, without trolley refuge, 
but including the cross bracing, decking and all 
its bearings, weighed 93-50 tons complete in position 
on the bridge (94-00 tons with trolley refuge), but 
the weight of one single girder as suspended on the 
transporter was 35:02 tons in all cases, and this 
included 1-77 tons, which was one-half of the span’s 
permanent cross bracing. This cross bracing for 
convenience in carriage to rail head, and for rapidity 
in erection there, was placed in the trough of the 
bottom boom of each girder. 

_One pair of traversing trolleys carried three single 
girders without any permanent cross bracing, but 
the temporary cross bracing which was included in 
their load weighed 3-61 tons, so that the total load 
on a pair of traversing trolleys was 103-36 tons, or 
51-68 tons per troll y. A trolley carrying this 
load was very easily moved, forwards or backwards, 
by four pinch bars levering off the track rails under 
four of the wheels, each bar being operated by 
one man. 

(Lo be continued.) 





THE FIRST BRITISH SCHOOL OF 
NAVAL ARCHITECTURE. 
By A. W. Jouns, C.B.E., R.C.N.C., M.L.N.A. 
(Continued from page 322.) 

_ By an Order in Council dated February 1, 1806, 
it was decided to appoint an able mathematician 
to the office of Professor at the Royal Naval College 
—formerly the Academy—and on July 21, 1807, 








James Inman, M.A., Fellow of St. John’s College, 
Cambridge was selected for this post. He was the 
Senior Wrangler of 1800, and later when the superior 
apprentices joined the College he manifested the 
greatest interest in their studies, and worked hard 
to prepare them for their important duties. In 
September, 1832, on the closing of the School he 
forwarded a report, in which he indicated how far 
the recommendations of the Barham Commission 
had been adopted in the School, and the reasons for 
any departure from them. This report stated that 
at the first entrance examination 30 candidates 
presented themselves, and from these 12 were 
selected who joined the School on January 1, 1811. 
An official list published about the same time gives 
the number of the first entry as 14, three of these 
being shipwright apprentices from the yards, who 
had served two years of their apprenticeship, and 
remained six years at the school. Two of the 14 
died during their apprenticeship, and four were 
dismissed. 

The Barham Commissioners recommended that 
the mornings should be spent at the school, and the 
afternoons at practical work in the dockyard, but 
according to the Professor, experience soon proved 
it was better to devote the first three weekdays to 
study, and the second three to shipbuilding. It 
was found after a time that the dockyard officers 
were so much engaged on their ordinary duties, 
that no time was available for instructing the 
students in their professional work, and to provide 
for this, Mr. John Fincham, afterwards Master 
Shipwright at Chatham and Portsmouth yards, 
and the writer of several excellent works on ship- 
building, was selected by the Admiralty and appoint- 
ed as superintendent of the school of Naval Archi- 
tecture on August 9, 1816. The students soon 
attained a proficiency in French and drawing, and 
in place of those two subjects, the drafting of ships 
and other professional work under Mr. Fincham, 
were added to the course of studies. 

Another recommendation of the Commissioners 
was that the superior apprentices should bespared the 
heaviest manual Jabour, but it was thought advis- 
able by the Professor that they should perform every 
part of a shipwrights duty, and thus become as good 
practical shipbuilders as any of their predecessors. 
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After a thorough course of mechanics and mathe- 
matics, the latter including the calculus, the 
apprentices proceeded to the study of the theory of 
naval architecture. Professor Inman here remarks 
that a difficulty was experienced in securing trust- 
worthy books on the subject, and to meet this he 
translated a work on naval architecture by the 
famous Swedish naval constructor, Admiral Chap- 
man, and this translation and Atwood’s disquisi- 
tions to the Royal Society on stability were the books 
chiefly used by the students. Following this, the 
apprentices were engaged in inventing and drawing 
plans for different classes of ships, and in making 
calculations on displacement, stability, speed, 
easiness of movement, trim, masting, rigging, &c., 
which, as the Professor observes, at the time, 
scarcely an individual in this country was capable of 
performing. Some of the smaller classes of ships 
designed at the school were actually constructed, 
and on service proved good vessels. Amongst these 
were the Sapphire, of 28 guns, and the Orestes, 
Acteon, Comus, Larne, Icarus and Rose. 

The evening lectures to the yard officers, workmen 
and apprentices, which the Commissioners suggested, 
were not given, the Professor observing that this 
recommendation had entirely escaped his notice, 
but on full consideration of the matter it was his 
opinion that such lectures would have proved of little 
use to the students, since, to render them intelligible 
to the workmen, they must have been of a very 
simple character. He stated also that it would have 
been impracticable to have found the time for such 
lectures, his own and the students having been 
fully occupied with the ordinary studies. 

The apprentices did not proceed to sea in the last 
year of their apprenticeship, the Board of Admiralty 
agreeing with the Professor, that it would be 
better for them to acquire a dockyard experi- 
ence, a fuller sense of responsibility, and a greater 
knowledge of life, before so doing. Finally, the 
Professor stated, he had acted throughout under the 
immediate orders of the Admiralty Board, at the 
head of which was Lord Melville, who frequently 
inspected the school and was often present at the 
annual examinations. Professor Inman expressed 
his full conviction that H.M. Government had in the 
graduates of the school a body of officers most 
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eminently qualified in every part of their pro- 
fession. 

During the period for which the school was open, 41 
apprentices were entered, and the total expenditure, 
including 19,0001. for buildings and furniture in 
1816 and 1817, amounted to 50,5601. Five of the 
apprentices died and four were dismissed whilst 
under instruction. The remainder on completing 
their indentures were sent to the dockyards, each 
group passing out being distributed one to each yard. 
Of the 32 who completed the school course, by the 
time the school was closed, two were dead, one 
had been dismissed for incompetence, and four had 
left the Dockyard service. A return published in 
February, 1833, shows that two had been promoted 
to assistant master shipwrights, und 14 to foremen 
of the yard, whilst five, who left the school in 1829, 
were qualifying for foremen. Of the others, one 
was a draughtsman in the Surveyor’s Office in 
London, the second, master of the metal mills at 
Portsmouth, a third, inspector of machinery at 
Woolwich, and the last, timber and store receiver 
at Pembroke Yard. 

Members of the school gave evidence before 
various commissions and inquiries on dockyard 
matters held between 1847 and 1861, and from the 
reports the careers of several can be followed. Whilst 
Lord Melville remained First Lord, members of the 
school obtained reasonably early promotion. Richard 
Abethell, one of the first entrants, who left the school 
in December, 1815, was promoted to foreman in 
February, 1819, and to assistant master shipwright 
at Woolwich in July, 1826. William Morgan, who 
left the school two years later, became assistant 
master shipwright at Chatham in June, 1830. 
Thereafter promotion was extremely slow, and the 
records show that the majority of the members of 
the school continuedas students of naval architecture 
at the yards for seven or eight years before promo- 
tion to foreman, and had to wait twenty years or 
more before becoming assistant master shipwrights. 
A few, whilst students, served as draughtsmen in the 
Surveyor’s Office at. Somerset House for about 
twelve months, and were then sent to sea for the 
same period. The slowness of promotion was not 
caused by a lack of vacancies, but to the dislike of 
the officers of the dockyards to the new type of 
naval constructor, and their refusal to recommend 
them for promotion. Between 1830 and 1840 only 
one member of the school—F. J. Laire, in 1835— 
was promoted to assistant master shipwright. The 
records show, however, that the sons and relatives 
of the master shipwrights, who had served their 
apprenticeships with the latter, were given special 
consideration and early promotion. 

Augustin Creuze, one of the members of the school 
who waited for promotion and eventually left for 
lack of it, explained the prejudices against which he 
and his schoolmates could make no headway. In 
1839 he wrote: ‘‘ The foundation of the school was 
accompanied by the most mortifying and humiliating 
reflections on the officers then filling the chief 
situations in the dockyards, and consequently on all 
who rose to such positions from the working class of 
the yards. From these officers, to all of whom the 
very existence of the school has been a reproach and 
a constant source of mortification, and to many to 
whom the advance of the members would operate 
as a bar to promotion, successive Admiralties have 
been content to derive their information as to the 

success of the school, and the efficiency of its 
members. It surely would be expecting more than 
can be hoped for from human nature, even in its 
most exalted state, to suppose such information 
could be given devoid of party feeling, or of pre- 
judice, or that men would voluntarily admit their 
own inefficiency, and concede to those whom they 
must regard as their rivels for the favours of the 
Admiralty, a merit equal, nay on the very principle 
of the foundation of the establishment (of the school), 
superior to that which they themselves possess.” 
He then records his opinion that the effort of the 
Barham Commission to improve the scientific 
knowledge of naval architects in this country by the 
establishment of the school had proved a signal 
failure. 

The higher authorities at the Admiralty should 
have been fully aware of the strong prejudices of 
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reports on the professional abilities of the new 
type of naval constructor should have been largely 
discounted, but there is little evidence of this being 
done. The cessation of entries to the school after 
1822 suggests that the Admiralty authorities, 
influenced by the reports of the Dockyard officers, 
arrived at the conclusion that the school had not 
fulfilled the expectations of the Barham Commission. 
The Duke of Clarence, formerly President of the 
Society for the Improvement of Naval Architecture, 
was appointed Lord High Admiral in 1827, and 
during the two years he held office endeavoured 
to revive the activities of the school, but was 
unsuccessful. 

The difficulties of those who had passed through 
the school, already sufficiently serious, were appre- 
ciably increased by the course of public events. 
A change in the political complexion of the adminis- 
tration in 1830 resulted in Lord Melville, who had 
taken an active and sympathetic interest in the 
school, being replaced as First Lord of the Admiralty 
by Sir James Graham. The latter was a member 
of a Government pledged to great reforms, and 
within two years of his appointment in November, 
1830, several changes, many of them of great 
importance, had been introduced into the adminis- 
tration of the Naval Service. Amongst these was 
the closing of the moribund School of Naval 
Architecture, and the forced retirement of Sir Robert 
Seppings, Surveyor of the Navy, an able shipbuilder 
with many improvements in warship design and 
construction, and dockyard organisation and 
practice, to his credit. Captain William Symonds 
was appointed to succeed him in June, 1832, the 
first naval officer selected for the important position 
of surveyor since 1660 when Admiral Sir William 
Batten was re-appointed.* The new Surveyor had 
a profound contempt for science, and more especially 
its application to warship design. At the same 
time, Sir James Graham appointed John Edye, 
who had been a foreman of shipwrights at Chatham 
Yard since 1825, as assistant surveyor. From 
evidence which Edye gave before a Parliamentary 
inquiry in 1848, it was clearly his opinion that the 
value of science in naval architecture coincided 
with that of his chief, and with two such officers 
at the head of the Constructive Department, the 
members of the School of Naval Architecture 
could expect neither sympathy nor favour. 

Captain Symonds believed he had discovered a 
secret in naval architecture. ‘‘ Great breadth of 
beam,” he wrote, ‘‘and extraordinary sharpness 
are the principles of my system,” and these features 
characterised all his designs. Unlike his prede- 
cessors, no limitations in dimensions were imposed 
on him, and the extreme breadths of his ships are 
greatly in excess of previous vessels in the British 
or other navies. The stability was thereby rendered 
excessive, and although his vessels heeled con- 
siderably less under the pressure of wind on the 
sails than previous ships, they proved heavy and 
uneasy rollers in a seaway. The surveyor did not 
understand that in the most successful design a 
just balance in the various qualities is secured, and 
that an exaggeration in one feature must be accom- 
panied by a corresponding diminution in others. 
He was so enamoured of his sailing ships that he 
opposed the substitution of iron for wood, and 
steam machinery for sails. His designs were the 
subject of animated debates in Parliament, and of 
vigorous discussion in the Press. According to 
the Surveyor, the members of the School of Naval 
Architecture, led by Dr. Inman, were his most 
active and persistent critics, writing under assumed 
names in the newspapers. The prospects of pro- 
motion of the scholars were not improved thereby. 
In 1841 another turn in the political wheel 
brought with it a change in the fortunes of the 
Surveyor, and in those of the members of the 
school. Sir George Cockburn became First Sea 
Lord, and it is clear from subsequent proceedings 
he had decided to get rid of the Surveyor. In 
December, 1841, a committee of master ship 
wrights was ordered to meet at Woolwich to 
consider certain changes in the construction of 





*Captain William Batten was appointed surveyor of 
the Navy in September, 1638, and from 1642 to 1646 
commanded the Parliamentary Fleet. He revolted in 


warships and in the forms of the bow and 
stern. It was appointed without consulting the 
Surveyor. In April, 1842, Lord Haddington, 
First Lord of the Admiralty, ordered Samuel 
Read, Henry Chatfield and Augustin Creuze to 
meet at Chatham, ‘to prepare conjointly a series 
of designs, including a ship of each class, to be 
accompanied by an explicit statement of the method 
pursued in preparing them.’ The three were 
all graduates of the School of naval architecture, 
and in 1841 had petitioned the Admiralty for 
permission to prepare designs. They prepared 
three, and forwarded their first report—a lengthy 
one reviewing the state of naval architecture as 
it then existed—in February, 1843, and two further 
reports in May, 1844. Three ships were built to 
these designs, the Cressy of 80 guns, the Thetis of 
36, and the Espiegle, a 12-gun brig. The Cressy 
was altered to a steam vessel whilst on the stocks, 
but the other two were completed, took part in 
the experimental sailing tests which were a feature 
at' the time, and proved themselves excellent 
vessels and superior in many respects to those of 
the Surveyor. In May, 1846, another Committee 
was set up at Portsmouth, with Lord John Hay, a 
Lord of the Admiralty, as Chairman, its members 
being Dr. Inman, John Fincham and Richard 
Abethell, with James Bennett as Secretary. In the 
following year Abethell was replaced by Samuel 
Read, and Bennett by Joseph Large. All, except 
the Chairman, had been connected with the school 
as instructors or scholars. This Committee had 
to examine the Surveyor’s designs and report on 
them before their submission to the Board of 
Admiralty. Sir William Symonds protested vigor- 
ously against the appointment of these committees, 
and even more strongly against their suggested 
modifications to his ships and designs, but obtain- 
ing no satisfaction from the Board of Admiralty, 
he retired on the plea of ill-health in October, 1847. 
Captain Sir Baldwin Walker was appointed 
Surveyor in February, 1848, and in June the Board 
of Admiralty issued a memorandum defining his 
duties, the principal being to exercise a general 
supervision of Navy material, to preparé and submit 
the annual programme of naval work, and to 
suggest the yards at which it could best be exe- 
cuted. He was not expected to prepare the lines 
of ships, this being one of the duties of the assistant 
surveyors, the Board “looking more to his sound 
practical knowledge and ability as a seaman, 
than to his qualification as a shipbuilder.” John 
Edye was appointed the senior assistant surveyor, 
whilst the junior was Isaac Watts, “one of the 
most experienced and eminent of the present 
master shipwrights, from whose assistance and 
advice it is hoped that in all matters of construc- 
tion you will derive the greatest benefit.” A 
“Council of Science” was at the same time 
nominated, which was to be called upon for advice 
on design by their lordships or the Surveyor. 
The members of this Council were : John Fincham 
and Samuel Read, both master shipwrights. Of 
the four—Edye, Watts, Fincham and Read—now 
principally concerned with warship design, all but 
Edye were connected with the school. Edye 
retired in 1858, and the vacant place of assistant 
surveyor was given to Joseph Large, the last 
apprentice to enter the school, who had been 
promoted to foreman in December, 1837, and 
had remained in that position until joining the 
Admiralty. 
(To be continued.) 





THE RARE GASES OF THE 
ATMOSPHERE. 
In opening the second lecture of his course on 
the above subject’ at the Royal Institution on 
Saturday, March 13, Sir Ernest Rutherford, F.RBS., 
said that on the last occasion he had described the 
discovery of helium and had shown how it could be 
liberated from radio-active minerals. The gas 
occluded in these was due to the break up of radio- 
active elements the a particles then liberated being. 
as he had shown many years ago, atoms of helium 
carrying two positive charges of electricity. When 
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the a-particles then set free had an active life of 
1, millionth of a second. They then became 
neutral atoms and might remain embedded in the 
rocks for anything between 100 million and 1,000 
million years. By heating or dissolving the radio- 
active minerals we could get considerable quantities 
of helium as reckoned in cubic centimetres or in 
litres, some 10 c.c. being, in fact, obtained from 
every gramme of the raw material. The amount of 
these radio-active minerals was, however, limited, 
and from such sources helium could be obtained in 
quantities sufficient for laboratory purposes merely. 
During the war, therefore, some work was done on 
extracting helium from natural gas, with the object 
of using it for filling balloons or dirigibles. Though 
helium was twice as heavy as hydrogen and had 
correspondingly less lifting power, it had the 
advantage of being non-flammable, so that a 
Zeppelin if filled with this gas could not have 
been set on fire. 

The Board of Invention and Research accordingly 
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asked Professor McLennan whether any Canadian 
source could provide the gas in the quantities 
needed. Helium was found in small quantity in 
the gases escaping from the springs at Bath, but 
in much larger proportion—up to as much as 
2 per cent.—in the natural gases which were used 
on a large scale for industrial ends in Canada and 
the United States. One of the best of the Canadian 
sources were the natural gases occurring near 
Edmonton. This. gas contained helium to the 
extent of 0-36 per cent. In addition, there was 
91-6 per cent. of methane, 1-9 per cent. of ethane, 
and 6-1 of nitrogen. Hence the helium constituted 
about 1 part in 300 by volume. It was accordingly 
determined to separate this out by condensing the 
less volatile constituents by means of liquid air. 
In the first stage of the process a gas was obtained 
containing 5 per cent. of helium. This was passed 
through further rectifying columns, the final result 
being a gas which contained 80 per cent. to 90 per 
cent. of helium. This could be further purified by 
passing it through cocoa charcoal cooled in liquid 
air. The charcoal retained all the less volatile 
gases and practically none of the helium. The 
process was next taken up in the United States 
just before they entered the war. Certain of the 
natural gases of Texas contained from 1 per cent. to 











2 per cent. of helium, and from these millions of 
cubic feet of helium had been extracted. In fact, 
the ill-fated Shenandoah was filled with helium. 
Canadian resources appeared to be in this regard 
less than those of the United States. The total 
possible yearly output from Canada had been 
estimated by McLennan as some 10,000,000 cub. ft. 
This might be enough for a number of pilot balloons, 
but not for a fleet of dirigibles. Sir Ernest thought 
it probable that the supplies derivable from natural 
gas would diminish as time went on. 

The discovery of argon and helium, Sir Ernest 
continued, was followed by attempts to discover 
if the atmosphere contained any other previously 
unknown gases. To this end Sir James Dewar 
took a large quantity of air and liquefied it under 
conditions in which any residue left after re-evapo- 
ration could be examined. He thus proved that if 
the air contained any less volatile gas than those 
already known the amount present must be less 
than 1 part in 100,000. 
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The most complete investigation of this matter 
was, however, made by Ramsay and Travers, who 
succeeded in isolating from the atmosphere three 
previously unknown gases. In the first place, by 
the magnesium process of removing nitrogen from 
the air they got 15 litres of argon, mixed with 
any other gases the atmosphere might contain. 

This crude gas was then passed through the 
apparatus represented in Fig. 4, in which 6 repre- 
sented a bulb immersed in a bath of liquid air. 
This bulb was connected up to the supply of crude. 
argon and its temperature lowered to — 200 deg. C. 
by reducing the pressure above the liquid air 
surrounding the bulb. In this way Ramsay and 
Travers got from their 15 litres of residual gases 
11 c.c. of liquid argon, and ultimately solid argon. 
Some of the residual gases, however, refused to 
condense. These were drawn off and examined, 
and found to consist as to 75 per cent. of the hitherto 
unknown gas neon, the remainder being helium. 
The name neon meant new. This gas constituted 
about 1 part in 100,000 of the air. It proved to be 
inert, like helium and argon, and its atomic weight 
was found to be 20-2. Further investigation 
showed that its boiling-point was 27 deg. on the 
absolute scale, and it was therefore impossible to 
separate it from helium (which boiled at 4 deg. 
absolute) until a supply of liquid hydrogen was 
obtained. With the aid of this, however, the 
separation was effected and the density of the new 
gas measured. The spectrum of neon was charac- 
terised by a strong line in the yellow and a number 
of lines in the red. 

Having thus found in air two gases more volatile 
than nitrogen, Ramsay and Travers next examined 
the liquified argon. This was allowed to evaporate, 
and the density of the gas evaporating off was deter- 
mined from time to time. Towards the end of the 
process, this density became greater and greater, 





and the spectrum changed. Ultimately, two new 
gases were isolated, of which the one was named 
krypton = hidden, and the other xenon = stranger. 
The amount of krypton present in the air was 
5 x 10-° of the total volume; the corresponding 
figure for xenon was 5:9 x 10-7. Both gases had 
characteristic spectra, and in both cases the colour 
of the discharge altered somewhat when Leyden 
jars were included in the circuit, but the change was 
by no means so marked as it was with argon. 

Argon constituted 0-95 per cent. of the air by 
volume and neon 1-2 x 10-%. Both were now ex- 
tracted on a large scale for industrial purposes, being 
obtained as a by-product to the separation of pure 
O or pure N from the air. This was done by a 
rectifying process (similar in principle to that used 
for concentrating spirit), due to Linde and Claude. 

The arrangement was represented diagrammati- 
cally in Fig. 5. Liquid air was passed through the 
rectifying columnshown. At the bottom was liquid 
oxygen, through which air was bubbled up. . Nitro- 
gen, being more volatile than the oxygen, passed 
away, but the oxygen remained behind. The boiling 
point of argon being intermediate between that of 
O and N, a gas rich in argon was obtained if the 
rectifying column was tapped at some intermediate 
point between bottom and top. The gas thus 
obtained was then purified by further rectification. 
A method similar in principle was used for extracting 
the neon. Claude’s apparatus for this purpose 
being represented diagrammatically in Fig. 6. 

Nitrogen, liquified under a pressure of 3 atmos- 
pheres, was passed into the chamber L, the 
residue not condensed here passed up P and the 
neon was condensed in W, which was-kept at a very 
low temperature. From W the condensate was 
withdrawn at V and consisted of neon and helium 
with traces of other gases. Only a fraction (but 
a reasonable fraction), of the neon was recovered 
from the air; but in view of the magnitude of the 
oxygen industry it would be evident that a very 
large volume of neon could be obtained if desired. 

Claude had collected the residues from 190 tons 
of liquid air. From this residue he got about 300 c.c. 
of xenon and rather less of krypton, and he came to 
the conclusion that if any still heavier gas were 
present in the air, it could not amount to more 
than one part in 2,500 million. 

Dr. Aston had sought for this hypothetical 
gas, using material obtained by Dewar who had 
arranged with Brin’s Oxygen Company for the 
collection of their residues. In the course of 6 
months, residues were obtained from 439 tons 
of liquid oxygen. These residues were condensed 
in cooled charcoal, and part was sent to the 
speaker and the rest to Dr. Aston who separated 
out about 500 c.c. of xenon and 200 c.c. of 
krypton (which owing to its higher boiling point 
had been only partially retained by the charcoal). 
The residue then left in the charcoal was collected 
and examined in a positive ray tube, but no trace of 
a gas heavier than xenon was found. If present 
it could not amount to more than 1 part in 10° parts 
of air. If it existed, it should have an atomic 
weight of between 210 and 230, but it was now 
known that the true homologues to this were the 
radio active gases. The industrial use of neon 
for advertising lights depended in the fact that it 
was very easily excited electrically. A vacuum 
tube containing only neon and mercury would 
glow merely if shaken. The friction of the mercury 
over the glass producing sufficient electrification to 
excite the neon. 

Argon was mainly used for gas-filled lamps. 
Pure argon was not used, about 15 per cent. of the 
total being nitrogen. The efficiency of the gas- 
filled lamp depended on the fact that the gas 
checked the evaporation from the tungsten filament 
which could therefore be run at a temperature so 
high that if reached in a vacuous sphere the wire 
would fail in a few hours. The loss of weight by 
evaporation from the wire was so reduced by the 
presence of the argon that a life of thousands of 
hours was attained. 

By including in their circuit a condenser neon 
lamps could be made to give a series of flashes 
instead of a continuous light. The arrangement 
was indicated diagrammatically in Fig. 7. Here a 
battery was used to supply the current. The 
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neon lamp was shown on the right and there was an 
adjustable resistance at R, whilst C represented the 
condenser. On closing the circuit contact, the 
current rushed into the condenser, the voltage of 
which was built up until it was sufficient to start 
a discharge through the lamp. When this happened 
the voltage at the lamp terminals fell, but neon, 
once excited, would continue to carry current under 
less than the starting voltage. Hence, the lamp 
remained alight for some little time. Ultimately, 
however, the discharge ceased, and the current 
again ran into the condenser ; thus, restarting the 
cycle of operations. The periodicity of the flashes 
was dependent on the product of the resistance R 
and the capacity C. The greater this product the 
fewer the flashes in unit time. By using very 
small resistances and capacities very high frequencies 
could be obtained. This the lecturer showed by 
including in the circuit the small transformer T, 
the secondary of which was coupled up to a loud 
speaker. 

In addition to being used for illuminated signs, 
neon tubes were also employed to some extent as a 
guard against over voltage. The tube formed a 
shunt to the main circuit, and started up if the 
voltage became excessive. The current then flow- 
ing through the neon shunt was made to operate 
a relay. Neon tubes could also be used to show if 
sparking plugs were functioning properly, as no 
discharge could pass through the tube if a “* sooted”’ 
plug prevented the proper voltage being attained. 

So far little use had been made of krypton or 
xenon. An electroscope filled with xenon would 
however, be very useful for testing X-rays, since 
the absorption in this gas was much the same as in 
the tissues of the body. Electroscopes filled with 
xenon would also be very useful as a means of 
getting further data regardiny the very penetrating 
radiations which had been observed in the upper 
air. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Prior to the general meeting of the Institution of 
Mechanical Engineers at Storey’s-gate, Westminster, 
on Friday last, March 19, a meeting of members of 
the Benevolent Fund was held to consider the Report 
of the Committee of Management for 1925, and to 
elect office-bearers. The Report was adopted. It 
showed that the membership was 1,033 at the end of 
the vear, and that the funds amounted to 12,9261. 
The income for the year 1925 was 1.255/., but the 
payments made were 336/. in excess of that figure. 
Messrs. Walter Dixon, William Sisson and Edgar 
Worthington retired from the Committee of Manage- 
ment and Messrs. C. W. L. Glaze, F. A. Greene, 
A. H. Hopkinson and F. H. Livens were elected 
to fill their places, and that of the late Capt. H. 
Riall Sankey, C.B. The Hon. Treasurer, Mr. F. H. 
Norwood, and the Hon. Secretary, Brigadier-General 
Magnus Mowat, C.B.E., were re-elected. 


Hieu-Erriciency Om ENGINEs. 

At the general meeting of the Institution, Mr. W. 
Reavell, President, occupied the chair. The paper 
read and discussed was by Mr. Alan E. L. Chorlton, 
C.B.E., and was entitled “The High Efficiency 
Oil Engine.” We reprint this paper slightly 
abridged on page 409 of this issue of ENGINEERING. 

Mr. W. A. Tookey opened the discussion by 
remarking that Mr. Chorlton’s main point was that 
higher efficiencies in internal-combustion engines 
must be looked for in three different directions. 
Firstly, the volume ratio must be increased, in- 
volving, of course, higher compression pressures 
with higher efficiencies. That, however, was not 
new; efforts, attended with a fair amount of 
success, had been made to get these higher efficien- 
cies. The second point was the necessity for 
higher piston speeds. The author also advocated 
higher mean pressures. The diagram, Fig. 1, 
opposite, showed thermal efficiencies he (Mr. Tookey) 
had plotted for various internal-combustion engines. 
In early engines compression pressures of about 60 
lb. per square inch were used, accompanied by 
thermal efficiencies of the order of 24 per cent. 
With the present Diesel engine compression of 
450 Ib. was used. It would be seen, from the 





bottom scale, that the thermal efficiencies on the 
basis of the I.H.P. went up in this case to about 48 
per cent. Inspection of the chart would show 
that all the various engines, oil, petrol and gas 
engines, working with town gas or producer gas, 
showed a somewhat striking degree of correspon- 
dence. There was no really definite efficiency at 
any one of the compression ratios. The irregular 
lines marked R represented a very valuable series 
of tests which had been given by Mr. Ricardo in 
his Empire Motor Fuels Report. With the mixture 
strength Mr. Ricardo used during those trials, he 
obtained very different thermal efficiencies. Taking 
the 150-lb. compression pressure line, the efficiency 
varied according to the mixture strength used. The 
lowest figure shown was about 22} per cent. On the 
same engine, however, Mr. Ricardo had been able 
to reach a value of 36 per cent. The full-line curve 
in the next diagram, Fig. 2, had been obtained by 
drawing a line through the best points in Fig. 1. 
The figuring of that curve represented the value of 
the index in the formula given by the Institution 
of Civil Engineers in 1905. It was curious to note 
that on reaching a volume ratio of 20, the curve 
joined the dotted curve for the index value of 
1-27. He thought it obvious that something could 
be learnt from the diagram, as it afforded an 
idea of the efficiencies to be striven for and actually 
obtained by pushing compression ratios up still 
higher. From the practical results already se- 
cured it might be possible to reach an efficiency 
of something like 0-55 per cent., with a volume 
ratio of 20: 1. The next diagram, Fig. 3, served 
to illustrate another point brought out in the paper, 
namely, the effects of piston speed and volume 
ratio on the thermal effiiciency of engines in rela- 
tion to mixture strength. The plotted points shown 
in the diagram were taken mainly from Ricardo’s 
tests. Two series of plottings were shown, the 
lower one, on the right, for a volume ratio of 3-8: 1; 
the upper one, marked on the left, with a volume 
ratio of 7 : lat the different speeds. It was obvious, 
from a study of these curves, that Mr. Chorlton would 
get higher efficiencies with higher volume ratios, 
and that higher efficiencies were obtained with 
increased piston speeds. The order of the higher 
efficiencies could be gauged by noting the radiating 
dotted lines, which were the lines of thermal effi- 
ciency, on the particular basis on which the chart 
had been prepared. 

Fig. 4 showed why, inall probability. taking a num- 
ber of test results gave an indication that a certain 
mixture strength should not be exceeded. The 
chart marked Q, represented the actual number 
of British thermal units per cubic foot of mixture 
which was usefully employed in developing indicated 
horse-power. It would be seen from that chart that 
from 10 B.Th.U. up to 80-B.Th.U. there was a general 
rise, but that after 80 to 100 B.Th.U. per cubic foot 
there was no rise. There was no increase in the 
amount of heat transmitted to the water, as would 
be observed from the curve Q,. But there was 
a decided increase in the number of thermal units 
which passed to the exhaust, as was plainly seen from 
the curve Q,, which showed the amount of heat 
thus lost, including, of course, the losses due 
to radiation. Fig. 5 was constructed on the 
same mixture strength basis for any fuel, e.g., 
alcohol, petrol, ‘town gas and heavy oil. When 
the various methods of calorimetry employed in the 
estimation of B.Th.U. values, whether of heavy oil, 
petrol or town gas, were reconciled, the correspond- 
ence seemed most striking. Another anf still more 
striking fact related to the crank case compression 
engine. It would be seen that the efficiency obtained 
in practice with this type of engine did not promise 
to give such high results as the more effectively 
scavenged 4-cycle engine. Summarising, Mr. 
Tookey remarked that the future of the design of 
internal-combustion engines would certainly take the 
direction of greater mean pressures, which of neces- 
sity implied higher mixture strengths. 

Mr. D. R. Pye said that up to the point 
where compression of the mixture with spark igni- 
tion was employed, the problem of getting higher 
efficiency was largely one of reducing heat losses ; 
but the moment that point was passed the problem 
became one of burning the fuel that was put in, 7.e., 





of getting satisfactory combustion of the fuel that 





was squirted in by such an ingenious pump arrange- 
ment as that in Mr. Chorlton’s engine. Although the 
experiments on the engines had shown, up to, say, 
an 8:1 ratio, that there was an advantage in push- 
ing up the compression ratio, when that point had 
been passed, say with a ratio of 12 : 1, when ignition 
was obtained simply by squirting the stuff into the 
highly heated air, he, personally felt that further in- 
crease of the compression ratio would lead to great 
difficulties in regard to the actual burning of the 
fuel that was put in. To get complete combustion 
of the fuel, it had to be distributed to all the air 
that was there. Above, say, 12:1 there would 
be an awkwardly shaped combustion space, and he 
would like the author to say whether he considered 
that the advantage of pushing the compression 
ratio up beyond 12:1 would overbalance the 
difficulty of the combustion problem, created by the 
awkward shape of the combustion space, inevitable 
with very high compression ratios. It was not 
quite clear from the paper whether the author's 
advocacy of very high pressures went hand in hand 
with continual increase in compression ratio. 
With the difficulties consequent upon pushing the 
compression ratio above 12: 1, he felt that it would 
be necessary to get self-ignition, and he wondered 
whether the disadvantages would not then outweigh 
the advantages for which the author hoped. He 
understood that Mr. Ricardo had an engine on 
which he could put either a cylinder head which 
gave ratios of 5: 1,6: 1 and 7: 1, ora cylinder head 
which gave Diesel operation—12:1 to 13:1. Mr. 
Ricardo had found that the mechanical efficiency of 
that engine, with no alteration except the sub- 
stitution of one cylinder head for the other, showed 
a very considerable diminution at high compression 
ratios. 

Mr. W. J. Stern felt confideit, from some of the 
work he had done, that the mechanical losses of an 
engine went up with the load. The work he had 
carried out in conjunction with Dr. Moss gave results 
from which it appeared that, using a Benz single- 
cylinder engine, the friction was practically doubled 
at full load. The effect seemed to depend very 
much on the rapidity with which the load was 
applied. A sharp, peaky explosion line on the in- 
dicator diagrams was accompanied by much greater 
friction loss than was the case with a less violent one. 
He would ask Mr. Chorlton how far such an effect 
might vitiate his results at much higher compression 
ratios. In going to higher ratios, the friction losses 
might not, certainly, be big enough to outweigh the 
expected gain in thermal efficiency, but those losses 
would mean greater stresses in the engine, with 
consequent reduction in reliability and life. 

Engineer-Captain Phillins remarked that while it 
was possible to go well beyond a ratio of 15:1 and 
still get an increase in economy, the weight for 
power was also rapidly increasing, and although the 
absolute thermal efficiency was being improved, 
there was practically a loss cn the deal. Tle believed 
that Dr. Diesel was the first to use solid injection. 
With regard to increase in mechanical efficiency. 
which had been mentioned, he thought that this was 
considerably influenced by the jacket temperature. 
That point had not been specifically touched upon. 
Dr. Ricardo, in experiments on the Still engine had 
dealt, in analysing mechanical efficiency, with the 
source of losses through friction, and had made very 
valuable researches into the effect of the increase 
of friction, and its vamation, due to the viscosity of 
the oil. One effect of raising the temperature of 
the jacket water was to reduce the viscosity of the 
oil, and the actual provortion of the friction of the 
piston. Friction would be very much reduced by 
increasing the jackct temperature. It was quite 
possible that the Still engine would develop further 
—not, as might be thought, on the original lines, 
from the point of view of heat saved, but from the 
standpoint of an increase in mechanical efficiency due 
to high jacket temperature, and therefore of low 
viscosity of the oil. After all it was purely from an 
economical point of view that thermal efficiency 
was sought. Capital charges could not be ignored, 
but Diesel engine-makers had got into the way 
of thinking only of weight and power. — 
Mr. F. H. Livens insisted that the first engine 10 





which air was compressed and fuel was driven into 
it was patented and made by Akroyd. There was 
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no getting away from the fact that Akroyd antici- 
pated Diesel. There was, however, this difference 
between Akroyd and Diesel; Akroyd was dealing 
with comparatively rough workmanship and he 
did not carry the compression far enough. There 
was one thing that he (Mr. Livens) did not like in a 
very sharp top in the indicator diagram ; the greatest 
pressure was obtained when the piston was practi- 
cally on the dead centre. He felt that that was one 
of the reasons that would delay the extension of these 
pressures to a high point. When one thought of 
the time actually taken to complete the cycle in the 
evlinder, for instance, supposing one had an engine 
with a speed of say 500 r.p.m., there would be 
found in that sufficient cause for turbulence what- 
ever shape the combustion chamber might be. 
He believed that the main use of the neck in 
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the combustion space of an engine was in heat- 
ing up of the air as it was drawn into the cylinder, 
and again heating it when it was being compressed, 
and just before it received the fuel charge. Not 
only had the fuel to be atomised, but at the same 
time it must be driven in so forcibly that it had a 
penetrating power, and got mixed up, as far as 
possible, with the heated mass of air. Another 
thought that had occurred to him whilst listening 
to the paper was that if the speed of a ‘piston was 
being increased from 900 ft. a minute, which was 
quite common, up to the highest piston speed men- 
tioned in the paper, which was about 2,800 ft. a 
minute, 7.e., 3 to 1, the inertia force was being in- 
creased by 9 to 1 and therefore the weight of the parts 
would have to be greatly cut down. How was it pos- 
sible to deal with that difficulty with comparatively 
large cylinders ? What held them back more than 
anything else were the materials with which they 
had to deal. He did not know what maximum 
initial pressure the author used, but he spoke of 
1,000 Ibs. Personally he was accustomed to initial 
pressures of about 550 or 600 Ib. If those figures 
were increased by 50 per cent. the pressures on the 
bearings, particularly the crankshaft bearings, were 
increased at the same time, and, as a rule, the greatest 
troubles that had to be faced occurred through the 
heavy pressures on the bearings. Piston rings gave, 
comparatively speaking, no trouble; pistons or liners 









lasted very much better than one would expect, 
but it was the bearings that had to be looked after. 
In order to bring home to the members the improve- 
ment that had taken place he would remind them 
that about 1915 an aero engine was supposed to re- 
quire overhauling and perhaps even rebuilding after 
100 hours’ work. On the other hand, recently 
Mr. Cobham had been to the Cape and back on one 
machine. Mr. Cobham had extraordinary diffi- 
culties to face in regard to dust which he (the 
speaker) ventured to say a few years ago would have 
made the journey to the Cape and back absolutely 
impossible. 

Mr. H. Sammons noticed that the engine in which 
the author was interested had a bore of 8} in. by 
12 in. stroke. He desired to know whether a high 
compression ratio was good for a solid injection 
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engine having a piston of from 34 in. to 4 in. 
bore. 

Engineer-Lieut. Hext said that his remarks would 
deal with a solid injection Diesel engine which was 
recently completed at one of the Royal Deckyards, 
and which ran its trials rather over « year ago. Its 
speed was 300 r.p.m. At its highest power on trial, 
it had an oil-fuel consumption of 0-387 Ib. per 
brake horse-power-hour and a mechanical efficiency 
of 84 per cent. The smoke was reported as being 
occasionally slightly visible, but generally invisible. 
Those very excellent results were largely due to the 
recommendations of the Admiralty Engineering 
Laboratory, whose co-operation was sought in the 
design of some of the more important aetails. They 
recommended that the compression pressure, should 
be increased to 480 lb. to the squareinch. They also 
advised that the firing pressure should ke limited 
to 630 Ib. to the square inch, and they designed the 
fuel valve nozzle and the fuel valve toe-piece to 
suit those conditions. They kept the valve period 
to about 26 deg. The result on the indicator cards 
was that at the peak there was visible, but only 
just visible, a part where the firing could be said to 
be at constant pressure. One cylinder differed 
from the remainder in that the card went up abso- 
lutely to 2 point, and its firing pressure was any- 
thing from 700 to 750 lb. tc the square inch. The 
mean pressures were 70 lb. per square inch for the 











five cylinders, and 71 lb. per square inch for that 
giving the high-firing pressure. He thought the 
conclusion could be drawn that the increase in firing 
pressure as an engine approached the constant 
volume cycle was so very great compared with the 
increase, if any, in the M.E.P. that it was advisable 
to continue, as they had been doing up to the 
present, to limit the maximum firing pressure. 

Dr. H. 8. Hele-Shaw, F.R.S., referred to the fact 
that if the higher pressure and the higher velocity 
advocated were to be obtained, the engineer must 
be prepared to make increasing provision for lubri- 
cation. Lubrication must be used unsparingly. 
and it must be provided effectively. He called 
attention to a Report issued by the Diesel Engine 
Users’ Association in regard to 44 large Diesel 
engines at home and abroad, which were used to 
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drive generators producing between them something 
like 51 million electrical units per annum, and he gave 
figures derived therefrom for the various working 
costs in pence per electrical unit, as near as it was 
posible to obtain them. It was a remarkable fact 
that the cost of lubrication was more than 10 per 
cent. of the whole cost of running these engines, in- 
cluding wages and everything else. It would thus 
be appreciated that if it were possible to recover the 
cost of that oil, an enormous saving would be made. 
It was, as a matter of fact, now possible to recover 
the whole of the lubricating oil that was used, in a 
better condition than that in which it originally 
existed. The colloidal carbons and the asphaltines 
in the lubricating oil could be effectively removed. 
Mr. Chorlton then replied to the discussion. 
The curves shown by Mr. Tookey were certainly most 
interesting, and he felt that thanks were due to 
any one who collected material in this way from his 
own numerous tests and the investigations of others. 
Mr. Pye had inquired specifically whether it was 
worth while to go above the ratio of 12:1. Perhaps 
he had not made it sufficiently clear in the paper 
that he was really aiming rather at high pressures 
than, of necessity, at high ratios. It was necessary 
to go to 12:1, or thereabouts, to get ignition. It 
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was impracticable to work below ignition pressures. 
Without going as far as 14:1, 15 : 1 or, possibly, 
16:1, much higher pressures than were normally 
dealt with could be obtained with the ratio of 
12:1. Several speakers had raised the question 
of whether it was worth while going higher, as to do 
so did not result in any higher mean pressure. Asa 
matter of fact, higher mean pressures were so 
obtained, but that was not the object which he 
had had in mind. He contended that he had 
not advocated higher mean pressures in the paper. 
To take off one cylinder head from an engine and 
put on another, as Mr. Pye had suggested, offered 
no material gain. That, indeed, was not the point. 
It was necessary to design the engine anew to work 
under other conditions, and he suggested that 
this could be done and that difficulties would not 
be met with, given a certain amount of experience 
and the use of material that would stand the load. 
Rings would also have to be provided that would not 
be affected by the higher pressures. Mr. Chorlton 
then read a telegram which he had just received 
from Professor Mellanby, stating that a test at 
Parkhead had proved very satisfactory, the horse- 
power figure being 2628 and that for the fuel con- 
sumption 0°35 ib. per horse-power hour. Referring 
to the question of using high temperatures in 
the jacket, he might submit some figures. In 
Table VII of the paper (see page 411), in 
test B, the figures for the cooling water tempera- 
tures were given as 120 deg. F. for the inlet and 
128 deg. F. for the outlet. In the case of another 
test, the brake horse-power was 219, the inlet 
temperature 176 deg. F. and the outlet temperature 
200 deg. F., the fuel consumption being 0-324 Ib. 
per indicated horse-power hour. This result showed 
that the conditions must have been very good. 
Professor Gibson had made tests, from which it 








appeared that the cooling effect with boiling water 
was better than was the case with a lower tempera- 
ture. Apart from these matters, it had been en- 
couraging to him, in his quest of a fuel consumption 
of 0°3 lb. per horse-power, to have now arrived 
as near as the figure he had given. With 
regard to Mr. Livens’ remarks, he need not do 
more than say that he agreed with them. Work- 
ing with a small cylinder of 3} in. to 4 in., it was 
particularly difficult to get good consumption. He 
thought they had already almost got down to the 
limit. The remarks relating to experience with 
the latest Admiralty engines were very interesting 
and practical. A mean pressure of 70 lb. per square 
inch was a good useful pressure, and he thought that, 
even for the higher economies, it was probably 
unnecessary to exceed 80 lb. per square inch. With 
the engine referred to in the paper he had reached 
120 Ib. per square inch, but had not got better 
economies. Apart from economy, the heat trans- 
fer increased and presented another difficulty. He 
thought, when seeking for economy, it was well 
to stick to a mean pressure of 70 Ib. per square inch 
orthereabouts. In conclusion, Mr. Chorlton thanked 
Dr. Hele-Shaw for what he had said about lubrica- 
tion and filtration. It was necessary to have a 
tremendous flow of oil through the engine. Good oil 
also was necessary, together with a special form of 
filter. The ordinary filters supplied, even the 
centrifugals, were not good enough. 

After moving that a vote of thanks be accorded to 
Mr. Chorlton for his paper, which was carried with 
acclamation, the President announced that an 
informal meeting would be held this evening at 
7 p.m., when the subject for discussion, ‘“‘ Foundry 
Practice with Special Relation to ‘ Perlit’ Iron,” 
will be introduced by Mr. Summers Hunter. The 
next ordinary general meeting will be held on 











Friday, April 16, when a paper on “‘ Modern Develop- 
ment of Paper Mill Plant” will be read by Mr. W. 
Worby Beaumont and discussed. 





COMPOUND TANDEM HEAT 
EXTRACTION ENGINE. 


Wuer:E a factory requires not only power but also a 
supply of low-pressure steam for heating or manu- 
facturing purposes, it has long been recognised that 
great economies can be effected by the adoption of 
heat extraction engines. With this system the steam 
required for heating purposes is generated in high- 
pressure boilers, and passed into an engine where it 18 
expanded down to the pressure of the heating mains. 
Since the total heat of steam varies but slightly with 
the pressure, the work done by the engine may become 
almost a bye-product, and its net cost reckoned in fuel 
expenditure be extraordinarily low. 

Messrs. Hick, Hargreaves and Co., Limited, of the 
Soho Iron Works, Bolton, have given special considera- 
tion to the design and construction of this class of 
plant, and in Fig. 1, above, we reproduce a photograph 
showing an engine which they have recently supplied to 
Messrs. J. and J. Crombie, Limited, woollen manu- 
facturers of Aberdeen. An elevation, a plan and a 
longitudinal section of this engine are reproduced in 
Figs. 2, 3 and 4, Plate XXXVI, whilst an end view 1s 
shown in Fig. 5, opposite, and some details of construc- 
tion are illustrated in Figs. 6 and 7 on the same page. 

The engine is designed to work with steam supplied 
to the stop valve at a pressure of 160 Ib. per square inch 
(gauge) and at a temperature of 550 deg. F. It is 
intended to develop 1,235 indicated horse-power at 
normal full power rating, and also to supply at need 
some 15,000 Ib. of steam per hour for manufacturing 
purposes. This steam is withdrawn at a pressure of 
60 lb. per square inch from the intermediate receiver, 
between the high-pressure and the low-pressure 
cylinders. Both the power required and the demand 
for pass-out steam vary considerably, and it was 
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COMPOUND TANDEM HEAT EXTRACTION UNIFLOW ENGINE. 


CONSTRUCTED BY MESSRS. HICK, HARGREAVES AND CO., LIMITED, ENGINEERS, BOLTON. 
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necessary, therefore, to make provision for feeding the 
heating mains directly from the main steam range at 
such times as the engine is running under light load. 
To this end, the heating mains are coupled up to the 
main steam pipe through a reducing valve, which comes 
into operation automatically should the pressure in the 
intermediate receiver fall below 60 Ib. per square inch. 
This receiver is connected to the heating mains through 
a non-return valve which prevents steam from the 
heating mains backing up into the engine. 

The general arrangement of the plant will be best 
understood on reference to the diagrammatic view 
reproduced in Fig. 9, below. In this, the inter- 
mediate receiver is represented by E. The receiver is 
connected by a branch and a breeches pipe to the 
low-pressure cylinder, and through the non-return 
valve shown to the heating main O. A small-bore 
pipe leads from the receiver to an_ oil-pressure 
chamber G, from which a second small-bore pipe 
conveys oil under the receiver pressure to the 
relay F. This relay performs two functions. It 
varies the cut-off in the low-pressure cylinder so as to 
maintain a steady pressure in the intermediate receiver 
in spite of considerable fluctuations in the load. At 
very low loads, however, it is impossible to maintain in 
this receiver the desired pressure of 60 lb. ver sq. in., 
and, when this condition arises, the relay opens the valve 
M, and steam then passes directly in the heating main 
through the reducing valve R. 

As already stated, the variation in the amounts of 
power and “pass out” steam required vary very 
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seen, on an arm projecting from the pawl. The 
further the roller 2 projects away from the centre 
line of the valve, the sooner release occurs, and the 
valve then closes under the action of its spring and 
dashpot. The position of the roller h is adjusted by the 
link shown in Figs. 7 and 8. In the case of the H.P. 
cylinder, this adjustment is controlled by a high-speed 
centrifugal governor driven from the layshaft by 
gearing. As already mentioned, however, the L.P. 
cut-off is controlled by a servo-motor operated by 
oil, the pressure of which is that in the intermediate 
receiver. 

This servo motor is represented in position in Fig. 7. 
The oil is admitted below the relay piston through the 
valve b. The piston is coupled to the upper lever a, 
one end of which rocks the trip shaft to vary the cut-off, 
whilst the other end is connected by the link shown 
to a shaft which, by appropriate link work, opens or 
closes the valve supplying steam directly from the 
main range to the heating system. A second link 
connects the lever a with the lever c, one end of which 
acts on the spring shown, whilst at the other end the 
lever ¢ carries the sliding weight w. By adjusting 
the position of this weight, the normal receiver 
pressure can be varied through a considerable range. 
The spindle of the relay valve is coupled to the lever 
c by the link work shown, so that as the relay piston 
rises the valve is simultaneously moved up to shut off 
the oil supply. 





The exhaust valves for the H.P. cylinder are also 
of the double-ported’drop type, whilst the exhaust 
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considerably, and independently of each other. 
decided, therefore, to install an engine which would be 
economical even when no heating steam was required. 
As shown in our illustrations, this engine is of the 
compound tandem type, fitted with drop valves and 
having a low-pressure cylinder constructed on the 
Uniflow principle. The two cylinders are respec- 
tively 28 in. and 41 in. in diameter, and the stroke is 
3 ft. The jet condenser is fitted immediately under the 
low-pressure cylinder as best seen at K, Fig. 4, Plate 
XXXVI. The horizontal air pump is shown in position 
in Fig. 3, and is driven by a bell-crank as indicated in 
Fig. 2. The relay, which varies the cut off in the low- 
pressure cylinder as already described, is also shown in 
position at mid length of the low-pressure cylinder in 
Fig.2. The low-pressure cut-off, as stated, is controlled 
by the receiver pressure, whilst the speed of the engine 
is regulated by a high-speed governor of the maker’s 
standard type, which controls the cut-off in the high- 
pressure cylinder. 

A section through one of the admission valves is 
represented in Fig. 6, page 393. It will be seen from the 
illustration that these are of the double-ported piston 
type. The valves have therefore no seats, and when 
released are brought quietly to rest in the closed 
position by the spring and dashpot arranged at the 
top of the valve spindle as shown. It will be seen 
that the valves are perfectly balanced against steam 
pressure, and they therefore require a minimum of 
effort to operate them. The arrangement described 
has the additional advintage that the valves have a 
definite lap of 2 in. to }in. They have therefore to be 
lifted by the amount ot this lap before they begin to 
open, and hence, even at the earliest point of cut-off, 
the amount of motion required is more than adequate 
to ensure the full engagement and satisfactory opera- 
tion of the trip gear, which the makers state, works 
and wears exceedingly well even at speeds as high as 
155 r.p.m. 

The valves are raised by the link 7, which is recipro- 
cated by an eccentric on the layshaft of the engine. 
A pawl mounted on the lever g engages with and 
depresses the outer end of the valve lever f, thus 
lifting the valve. The point of release is controlled 
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by the position of the roller h which bears, it will be 


from the L.P. cylinder takes place as one end or the 
other of its piston overruns the central port shown. 
Relief valves are fitted to prevent the possibility of 
excessive cushion pressures on the return stroke. 
The guides, the crosshead pin, and the main crank- 
shaft bearings are lubricated with oil supplied under 
pressure by a pump of the gear-wheel type driven by 
bevel wheels from the layshaft of the engine. After 
passing through the bearings, the oil is cooled and 
filtered before being returned to the pump. 

The guaranteed steam rate of the engine, when not 
passing out steam, was 11-17 lb. per h.p. hour, when 
developing 1,235 i.h.p. At the overload of 1,350 
h.p., the rate rises to 11-2 1b., and at 920 h.p. it is 11-6 
lb. It is thus very constant over a considerable 
range of power. If 15,000 lb. of steam per hour are 
“passed out’? when the engine is developing its full 
load of 1,235 ich.p., the quantity of steam required, 
over and above that passed out, amounts to but 
6-22 lb. per horse-power hour, whilst if this maximum 
demand for steam coincides with a need for only 
920 h.p., the corresponding figure is 4-92 lb. per horse- 
power nour. A comparison of this latter figure with 
the normal steam rate of the engine when power 
alone is required, shows in a striking manner the great 
economy realised by the adoption of the heat- 
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extraction” principle. 





Lirtinc MACHINERY.—At a special meeting of the 
Junior Institution of Engineers, held at the Engineers’ 
Club, Waterloo-street, Birmingham, on March 5, last, a 
paper entitled ‘Lifting and Shifting Machinery: 
Ancient and Modern Practice,”’ was read by Mr. C. H. 
Woodfield, M.I.Mech.E. Slides depicting the conjec- 
tural methods adopted by the Ancient Egyptians in the 
transportation and erection of huge monoliths and blocks 
of stone were shown. Passing on to the middle ages, the 
introduction of a manually-operated crane was referred 
to. The invention, by Bramah, of the cup leather, which 
led to the use of hydraulic cranes was also touched upon. 
The lecturer concluded by describing the construction of 
wireless masts, 820 ft. in height, which were erected by 
him recently in South Africa, A three-storeyed cage, 
which passed up the interior of the triangular mast, was 
used during the work of erection. he cage was 
hoisted by means of a wire rope attached to an engine 
from a Ford car, placed at ground level. 


ENDURANCE TEST OF BRISTOL 
JUPITER AERO ENGINE. 


AN interesting test on the Bristol Jupiter aero 
engine, which has been in progress since January 4 last, 
has recently been completed. One of the latest t 
of this engine was fitted in a Bristol Bloodhound 
aeroplane and used in a series of endurance fiights 
carried out daily between the Filton Aerodrome, 
Bristol, the London Aerodrome, Croydon, and other 
aerodromes. The engine was officially sealed by the 
Aeronautical Inspection Directorate, so that no re. 
placements or adjustments could be made without 
breaking the seals, and the flights were continued until 
the 8th inst. By this time the engine had been in 
use for 225 hours 54 minutes, and the machine had 
flown over 25,000 miles, running at from 70 per cent. 
to 75 per cent. full throttle throughout. The engine 
ran perfectly during the final trip, which consisted of 
a non-stop flight from Bristol to Croydon and back, 
the outward journey being accomplished in 38 minutes 
at an average speed of 174 miles per hour. It was 
then removed from the aeroplane for official inspection, 
and a copy of the report issued by the A.I.D. has 
been forwarded to us by the Bristol Company. 

According to this report, the average fuel con- 
sumption throughout the test was 21-9 gallons per 
hour, and the consumption of lubricating oil was 
3°95 pints per hour. The engine was first run at full 
throttle, and at normal revolutions, for five minutes on 
the brake without any adjustment, and was found to 
develop 440 brake horse-power, as compared with 
452 brake horse-power developed in a similar trial 
previous to the endurance test. On stripping the 
engine, the only parts requiring replacement to render 
it again completely serviceable, were one exhaust valve, 
which had stretched, and one inner valve spring, 
which had broken in the first coil. The general condi- 
tion of the engine is described in the report as excellent, 
and only very slight wear, mostly of the order of a 
few ten-thousandths of an inch, was detected in any 
of the main components; in no case was the wear 
sufficient to justify replacement. 

The performance reported above is certainly a 
remarkable one for any type of aero engine, but a 
particularly noteworthy feature of the test is the fact 
that the engine used was a standard production model 
taken from stock, and that the Bristol Company 
announced their intention of carrying out the test 
prior to commencing it, and issued daily reports of 
its progress throughout the whole period. This action 
is ample evidence of the makers’ faith in the reliability 
of their products, as it would have been impossible to 
hide the fact if any failure had occurred. 

The engine used was of the Series VI. type, which 
has now been in production for about six months. 
An engine of this design passed its official type test, 
under the new Air Ministry schedule, in the autumn of 
last year, completing 10 continuous runs, each of 


fortunately, the Series VI. Bristol Jupiter engine is 
still on the Air Ministry secret list, so that it is impos- 
sible to publish details of the new features incorporated 
in its design. Some particulars of an earlier model, 
with an account of the manufacturing operations 
involved in its production, will, however, be found 
in our issues of September 4 and 11 last, on pages 290) 
and 321, respectively. We understand that, in the new 
model, the frontal area has been reduced by 12 per cent., 
and the weight by 80 Ib., while the power developed 
at normal and maximum revolutions has been in- 
creased by 50-h.p. On this, as well as on the highly 
satisfactory results of the endurance test, the Bristol 
Company are to be congratulated by all interested in 
the development of British aviation. 





THE SEARCH FOR OIL IN 
AUSTRALIA. 


AvsTRaLiA, although nearly as large as Europe. 
Canada and the United States, which are all roughly of 
the same size, is alone among these countries in suffering 
froma lack of petroleum. Until recently, 50 per cent. 
of the petroleum used in Australia came from America, 
6,000 miles across the Pacific, but at present the 
Dutch Indies and the Persian Gulf also send large oil 
supplies. ‘The Search for Oil in Australia, was 
reviewed in a paper read by Dr. Arthur Wade before 
the Institution of Petroleum Technologists on March 9, 
in a hardly more hopeful manner than it has been by 
several other geologists, though he stated that _ 
mercially workable pools occur locally and that the 
normal factors for oil formation, accumulation and 
preservation, are not absent. Fragments of heme 
had frequently been found along the south coas 
and had been regarded as oil seepage residues, 
but drilling had given negative results. The swamps 
formed during the rainy season in the Coorong 
district of South Australia, had received par 
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(leathery flakes, 4 in. thick, often matted by grass and 
seeds) yielded a crude oil on distillation, but they were 
not connected with petroleum fields. In 1912, true oil 
seepages were discovered, if not in Australia, at any 
rate near the Gulf of Papua in the eastern portion of 
New Guinea. During the war, the Commonwealth 
allowed the Anglo-Persian Company to drill there and 
in the adjacent, formerly German, territory. Later the 
tovernment gave up its monopoly, but no oil field 
had so far been developed. 

Dr. Wade has himself reported on these and other 
districts which he has explored. He found the whole 
littoral of South Australia hopeless, Mount Wynne in 
Western Australia more promising, and the Elcho 
Islands of the Northern Territory more of geological 
than of commercial interest. At Roma, in Queensland, 
natural gas had been encountered in boring for water in 
1897. The wet gas contained 14 pints of gasoline per 1 ,000 
cub. ft., and some oil collected in the Artesian wells of 
the neighbourhood, but all the water from the depth 
was hot, and the occurrence of wax suggested that 
dissociation of petroleum had taken place. Dr. Wade 
advised persevering in prospecting work in that district, 
with care, as all the boring operations near Roma 
had unfortunate histories. He also investigated the 
coal measures at Newcastle, in New South Wales, 
to discover whether they had passed through a meta- 
morphic stage favouring oil formation ; the indications 
were not favourable, but the kerosene shale deposits 
west of Sydney, with their seams ranging from 14 in. 
to 50 in. in thickness, were among the finest and largest 
known, and they yielded 100 gallons of oil per ton. Tas- 
mania also possessed, near Latrobe, rich shale deposits, 
and these were being exploited, but the Wolgan Valley 
shale-distillation plant, near Sydney, had been idle for 
some time. While Australia, on the whole, was not 
rich in marine deposits, Dr. Wade concluded, the 
country was too large to base conclusions upon the 
incomplete exploration so far carried out; only one 
per cent. of the Continent was mapped in the detailed 
manner of English maps. 





DILATATION OF IRON AND STEEL. 


TuE relatively simple apparatus which we illustrate 
in Figs. 1 and 2, has proved useful in steel works 
for determining the expansion of steel specimens at 
temperatures up to 1,000 deg. C. The curves, Figs. 
3 to 6, have been obtained with the aid of this appa- 
ratus, which its originator, F. Stiiblein, of Essen, 
described in Stahl und Eisen of January 25. We 
are indebted to this journal for our particulars. 

The specimen 6, which is 5 or 10 cm. (2 or 4 in.) 
long and 5 or 8 mm. in thickness, is placed in a fused 
silica tube, a, of 12 mm. ($ in.) internal diameter and 
1-5 mm. wall thickness, the specimen being pushed 
up to the closed end of the quartz tube. When the 
tube is heated in the electric furnace k& 1, the expan- 
sion of the specimen is transmitted by a rod or a 
closed tube of quartz, 5 mm. in diameter, to the 
carriage e. The other end of a is cemented into a 
frame 7, made of “ Indilatan”’, a nickel-steel having 
a very small expansion coefficient. In this frame is 
mounted the roller d; the two spiral springs f (coiled 
about the guide rod g) and h keep the moving parts in 
proper contact. The tubular electric furnace is passed 
over the closed end of the silica tube and the heating 
coils are arranged so as to ensure uniformity of 
temperature, to within 1 deg. C., over the whole 
length of the specimen; the copper cylinder & and 
the movable asbestos sleeves 1 are provided for the same 
purpose. The temperature of the specimen is deter- 
mined by means of a thermocouple of silver-constan- 
tan (for temperatures up to 500 deg. C.) or of plati- 
num /platinum-rhodium (for higher temperatures). The 
couple is inserted into a hole drilled in the middle of 
the specimen. In order to prevent oxidation of the 
hot specimen, nitrogen is passed into the quartz tube 
a through the tube 7, which extends to the closed end 
of a. The nitrogen travels slowly backwards and 
escapes through the loose plug of asbestos wool m; 
the nitrogen is previously dried with the aid of sul- 
phuric acid and freed from oxygen by being passed 
over a coil of hot iron. 

Observations are made and photographically re- 
corded with the aid of a small mirror fixed to the roller 
d. The are of rotation of the mirror should be pro- 
portional to the difference between the expansion of 
the sample and of an equal length of the quartz tube 
a at the same temperature. This difference is partly 
balanced by the expansion of the rod c, and, as out- 
side the furnace the temperatures of these parts begin 
to fall, it is necessary to apply corrections. It has 
been found, however, that the dilatation reading 
should be increased by that of the same length of 
fused silica, in order to obtain the true dilatation 
of the specimen. The diameter of the roller d 
is 3 mm., and the circular scale surrounding d has 
been arranged to give a magnification of 1,000. 
All the specimens are first heated two or three times 








to 1,000 deg. C. and slowly cooled before the dilatation 
tests are made. 

In the case of electrolytic iron, tests of the character 
described gave the curves reproduced in Fig. 3; the 
full line and dotted curves refer to two different 
specimens. In both cases the reversal in the curve 
took place within a range of 1 or 2 deg., but the two 
specimens did not give identical values. It is well 
known that different specimens of electrolytic iron do 
not behave alike at the A, point, and that their 
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escence point on each curve; the presence of other 
elements—silicon and manganese, &c.—affected the 
position of this point. The diagrams show that the 


dilatation curve, which is simple in pure iron, becomes 
more complex as carbon is added to the iron, but 
that the irregularity becomes less marked as the 
carbon percentage is increased from 0-05 to 0-12, 
0-22 and 0-86; the A; and A, points approach one 
another more, while the general slope of the curve 
is steeper. 


In the hyper-eutectoid steels with 0-97, 
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expansion on heating (the A.) and contraction on 
cooling (the A,) are not exactly the same. The latter 
peculiarity is ascribed to the differences in the a—> 
and the y—>a changes, and to a distortion of the 
lattice ; the former to the fact that the orientation 
of the single crystals in the specimen, with respect 
to the longitudinal axis of the specimen, is a matter 
of chance. The curves of Figs. 4 and 5 bring out 
very clearly the differences in dilatation between 
steels containing more or less carbon than the eutec- 
toid alloy. Arnold first observed that, in eutectoid 
carbon steels (containing nearly 0:9 per cent. of 
carbon), the three arrest points on the heating and 
the cooling curves practically coincided in one recal- 
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1-09 and 1-33 per cent. of carbon, the slope is still 
steeper. In Fig. 6 Stiblein has made a fairly success- 
ful attempt to draw the iron-carbon diagram in 
accordance with the dilatation curves; the black dots 
refer to observations made at rising temperatures, and 
the open circles to observations at falling temperatures. 








PaRaDE or CommeErCcIAL Motor VeExHIcLES.—The 
twentieth annual London parade of commercial motor 
vehicles, organised by the Commercial Motor Users’ 
Association (Incorporated), 50, Pall Mall, London, S.W.1, 
will take place in Lincoln’s Inn Fields to-morrow, 
-under the patronage of His Majesty the King. The 
“Commercial Motor”? Challenge cup will be awarded 
to the owner whose “team” is in the best condition, 
having regard to the class of work upon which the units 
are employed, the ages of the machines, and the total 
distance run by them. The drivers of the winning team 
will receive the ‘‘ Shrapnell-Smith”’ challenge cup ; 
a cash award and a souvenir medal will be presented 
to each individual member of the team. The driver of 
each vehicle of the team placed second in order of merit, 
will receive a cash award and a souvenir medal. The 
drivers of the third, fourth, and succeeding teams, up 
to the fortieth, will receive a cash award, or will be highly 
commended. Any team of three vehicles of similar 
types (petrol, steam or electric) is eligible to take part 
in the parade. The British Electrical Development 
Association (Incorporated) is co-operating in connection 
with the electric class of vehicle, and special prizes will 
be awarded in this section. 
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4,400-H.P. DOUBLE-ACTING TWO-STROKE 


CONSTRUCTED BY 


DIESEL ENGINE. 


THE MASCHINENFABRIK AUGSBURG-NURNBURG, A.G., AUGSBURG. 





Fig. 4. 
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DOUBLE-ACTING TWO-STROKE 
M.A.N. DIESEL ENGINE. 

Ir is hardly too much to say that if marine Diesel 
engines are to be built appreciably more powerful 
than those already in existence, development must 
be along the line of double-acting engines operating 
on the two-stroke cycle. The advantages of engines 
embodying these features, as compared with single- 
acting engines on either the two or four-stroke cycle, 
are sufficiently obvious. But the difficulties associated 
with their development are too well known to require 
emphasis. The type may now be regarded as fully 
established for units developing shaft horse-powers 
up to 7,000, and as a result of the experience now 
being gained with such engines in actual use, there 
is every probability that this limit will be more than 
doubled in the next few years. The success so far 
attained has been largely contributed to by the 
development work of the well-known Maschinenfabrik 
Augsburg-Nurnburg Company, a large proportion of 
the double-acting two-stroke engines now in service 
being either built by them, or, by their licensees, to their 
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designs. The firm have just completed a new engine 
of this type for the cargo vessel Ramses, for the 
German-Austral and Kosmos Line. We_ illustrate 
this engine in Figs. 1 to 7 on page 400 and above ; and 
in Fig. 8, page 397, we show fuel-consumption curves 
taken on the test bench at the Augsburg works in 
January last. 

The engine—a general view of which is given in 
Fig. 1—has six cylinders of 700 mm. bore. The stroke 
is 1,200 mm., and the shaft horse-power developed on 
test was 4,400 at 84 r.p.m. Probably the feature 
which more than any other has contribated to the 
success of engines of this type is the scavenge system 
employed by the M.A.N. Company. This has been 
adopted by the firm as a result of many years of 
systematic experimental work on models, and as 
will be seen from the fuel consumption curves given 
in Fig. 8, the employment of this system has resulted 
in a consumption which is comparable with that of 
four-stroke engines. The system is shown diagram- 
matically in Figs. 6 and 7, and from these figures it 
will be seen that the exhaust and scavenge ports are 
placed on the same side of the cylinder, and occupy 
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about half the circumference. The scavenge ports are 
arranged in such a manner that the air jet first strikes 
tangentially across the piston head, and_ is then 
diverted up the rear half of the cylinder wall to the 
cover. At this point the stream is reversed, and flows 
down the other half of the cylinder wall, and finally 
passes out through the exhaust port. A view of tne 
cylinder, which clearly shows the ports, is given 
Fig. 5. — 
The engine follows the most modern practice In 
that the main cylinder castings are relieved from 
tensile stresses produced by the combustion of the 
gases in the cylinder. The general construction 1s 
shown in the cross-section of the engine, Fig. 4. It 
will be observed that the side members of the A frames 
carry a cross bearer at the top. These bearers are 
bolted together to form a rigid entablature on which 
the cylinders rest. The same form of construction 1s 
adopted above the cylinders, and steel tie rods are 
carried from the upper entablature down through the 
main frames to the bedplate. These tie rods take the 
tensile stresses produced by the combustion, leaving 
the cylinder castings subject to compressive stresses 
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only. The cylinders and liners are free to expand 
under the influence of heat. The pressure resulting 
from combustion above the piston is transmitted to 
the baseplate by the tie rods, while that resulting 
from combustion below the piston is transmitted 
directly by the frame members to the same point. 
The upper and lower cylinder covers are carried by 
the corresponding entablatures, the cylinders and 
liners being bolted to the lower entablature. The 
crosshead guide is bolted across adjacent columns 
and assists in bracing the whole engine longitudinally. 
The bedplate is built up from several separate castings 
bolted together, and carries the main crankshaft 
bearings in the usual manner. The crankshaft is 
built up with the pins and webs forged in one piece. 

The cylinder covers are made in two parts, which can 
be readily dismounted for purposes of inspection and 
cleaning. The upper cylinder cover is fitted with a 
vertical fuel valve in the centre, and with horizontal 
starting and relief valves, which are placed opposite 
one another as shown in Fig. 4. The lower cover is 
fitted with six valves in all, comprising four horizontal 
fuel valves, one starter, and one relief valve. As will 
be seen from Fig. 4, the adoption of horizontal valves 
for the cylinder covers results in an exceptionally 
simple construction. The form of stuffing box adopted 
in the lower cover is the result of many years’ experience 
by the M.A.N. Company in the construction of heavy 
gas engines. It consists of a number of special cast 
iron rings in several parts, held in position by springs. 
This form of packing has proved to be very satisfac- 
tory in service, as it will run for long periods without 
attention. 

The general arrangement of the valve gear will be 
clear from Figs. 3 and 4. The camshaft is situated at 
the level of the lower transverse bearer above the main 
engine columns, and is driven by bevels from a counter- 
shaft. It carries the cams for the fuel and starter 
valves, and also for the fuel pumps. To reverse the 
engine the camshaft is moved longitudinally, separate 
cams being provided for the ahead and astern positions. 
The starter valves are controlled by an air buffer, 
which prevents them from opening when the pressure 
in the cylinder is higher than in the starter pipe. As 
soon as the engine fires, the admission of starting air 
ceases automatically. The axial movement of the 
camshaft is effected by a compressed air cylinder 
operating through a quadrant, the air being obtained 
from the starting air reservoir. 'There is a separate 
fuel pump for each cylinder, mounted above the cam- 
shaft, and operated by cams on the latter as already 
mentioned. The pumps are arranged so that the fuel 
delivery coincides approximately with the period of 
opening of the spray valve, with the result that the 
fuel is not admitted until the moment it is.required for 
combustion. The arrangement eliminates any risk of 
pre-ignition when starting up, or during slow running, 
and also prevents any possibility of excessive explosion 
pressures. The quantity of fuel delivered varies with 
the speed of the engine. There is also no possibility 
of danger arising from the sticking of the fuel needle, 
a contingency which in earlier types of Diesel engine 
occasionally resulted in serious damage. A _three- 
stage air compressor is employed, the first stage being 
double-acting. The compressor may be mounted at 
either the centre of the engine or at the forward end. 

The control platform is shown in Fig. 2. Man- 
cuvring and starting are performed by means of a 
single lever, which is connected to the air control 
valve. In addition to the usual gauges, the platform 
is fitted with the priming mechanism, the air-pressure 
regulator, and the air-pump regulator. The scavenge 
blower can be supplied suitable for engines up to 
about 9,000 h.p., either as a reciprocating set built in 
—_ the engine, or as a turbo-blower with separate 
arive, 

The cooling of all parts of the engine has received 
very careful attention. Forced circulation is employed, 
the speed of the water at each point being proportioned 
to the temperature. The pistons are water-cooled, 
the water being conducted to them through telescopic 
pipes, which have been so arranged that even if 
« leak occurs the water can never reach the lubricatin 
oilin the crank-case. Pressure lubrication is cement 
throughout the engine, with the exception of some 
small pins and joints. The lubricating-oil pump is of 
the gear-wheel type, and the usual filters and oil cooler 
are included in the circuit. 

A very complete series of tests was made on the 
engine after completion at the Augsburg works in 
January last. The load was provided by three direct- 
current dynamos. The fuel consumed was checked 
by weighing. The fuel employed was No. 1 Diesel 
oil supplied by the German-American Petroleum 
Company of Hamburg. The oil had a specific gravity 
of 0-881 at 15 deg. C., and a flashpoint in open crucible 
of 99 deg. C. An analysis gave a carbon content of 
8O per cent., hydrogen 12-6 per cent., and sulphur 
1-25 per cent. The boiling-point was 210 deg. ©., 
and the lower calorific value 10,125 calories per kilo- 





gram. The amount of scavenge air during the test 
was ascertained by an analysis of the exhaust gases, 
as well as by measurement of the air speeds in the 
scavenge pipe, the latter measurement being effected 
by means of a pitot-tube at a number of points of the 
measured cross-section. The concordance of the 
results was found to be good. The admission tempera- 
ture of the cooling water was maintained at about 
25 deg. to 30 deg. C. The quantity of water flowing 
was ascertained generally by measuring vessels, but 
the cylinder-cooling water was further measured by 
means of nozzles. The exhaust temperatures were 
obtained in both the separate branches and in the 
common exhaust by means of iron-constantan thermo- 
couples, and at one point the measurements were 
checked with the nitrogen-mercury thermometer. The 
exhaust gases were analysed with an Orsat apparatus, 
the samples being taken from three different points in 
the exhaust pipe. 

Curves of fuel consumption taken during the tests 
are given in Fig. 8, allowance being made in the upper 
curve for the power absorbed by the scavenge pump. 
It will be seen that when the engine was developing 
4,460 shaft horse-power, at 84 r.p.m., the consumption 
was 182-8 grammes per horse-power. The exhaust 
temperatures measured at the ports and in the pipe 
were practically identical, and rose from 115 deg. C., 
when the engine was developing 1,000 shaft horse- 
power, to 280 deg. C. when the power developed was 


Fig.8. FUEL CONSUMPTION AT 84 R.P.M. 
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5,110. During the entire period of the test, which 
covered 180 working hours, the engine ran quietly 
and smoothly, no adjustments of any sort being 
necessary, apart from the regulation of the fuel injec- 
tion. The combustion was good at all loads, the 
exhaust being invisible under all conditions of loading. 
After concluding the trial run, the engine was dis- 
mantled, and it was found that only slight carbonisation 
of the pistons and cylinder-heads had occurred. Two 
of the piston rings were slightly tight, the remainder 
being in perfect condition. The piston rods were 
bright, and no perceptible wear had taken place at 
this point. The stuffing boxes were also found to be 
in perfect order, with the packing rings bearing equally. 
All the valve boxes were in good condition, the valve 
ports were clean, and the lubricating-oil films were 
uniformly distributed throughout. No _ perceptible 
wear had occurred in the cylinder bores, which still 
showed the machine marks. All joints throughout the 
engine were found to be tight. 

It is interesting to note in connection with these tests 
that great confidence is being shown in the M.A.N. en- 
gines on the Continent. The Rotterdam-Lloyd Company 
have recently placed an order for a cargo and passenger 
vessel from the Maatschappij Fijenoord, who manu- 
facture the engine under licence. This engine will 
have seven cylinders, and will be designed to develop 
5,200 h.p. at 86 r.pm. The Weser A.G. Bremen 
Company, who also manufacture the M.A.N. Diesel 
under licence, have received an order from the Hansa 
Line for two single-screw cargo vessels, to be driven by 
six-cylinder, double-acting, two-stroke engines of 
4,000 h.p. at 76 r.p.m. The four engines to be built 
by the Cantieri Officine Savoia, Cornigliano Ligure, 
Italy, for the passenger vessel Augustus, which is 
being built by the Ansaldo Sestrie Ponente, and 
which will be the largest motor vessel in the world, 
are also of this type, and will each develop 6,250 h.p. 
at 120 r.p.m. 





THE LATE MR. W. R. COOPER. 


Tue death of Mr. W. R. Cooper, which took place at 
his home in Tulse Hill on March 15, would have been 
less of a shock to his friends if it had come in autumn, 
1924, when a breakdown in health obliged him to 
resign his duties as Treasurer of the Physical Society 
and to give up all work. He was able to take up 
work again after a year of rest, partly spent abroad, 
but he was not himself, and he succumbed to a stroke 
last week. 

William Ranson Cooper, born at Hampstead in 
1868, was educated privately and trained at several 
colleges. In 1890 he took his M.A. in mathematics at 
the Royal University of Ireland. The following years 
he studied under Ayrton at the City and Guilds Central 
Technical College, which he left with a Works’ Premium 
to work at the Richmond Electric Supply station and 
in the shops of Messrs. Latimer Clark, Muirhead and Co. 
When that firm came to an end he resumed his studies, 
mainly in chemistry, at King’s College, London, where 
he took his B.Sc. in 1895. In the same year he joined 
Mr. James Swinburne in his practice as consulting 
engineer, becoming a partner in the firm of Messrs. 
Swinburne and Baillie in 1901; in 1909 he started as 
consulting engineer on his own account. In the years 
1909 to 1919 he was editor of The Electrician. Through 
Mr. Swinburne he had become connected with Science 
Abstracts, and he served as editor, in succession to 
Mr. Swinburne, in 1899 to 1901. When Mr. L. H. 
Walter died in 1921, Cooper was again appointed 
editor of Science Abstracts, and he held that appoint- 
ment till the end. An old member and for twelve years 
one of the honorary secretaries, of the Physical Society, 
he initiated the annual exhibitions of scientific appa- 
ratus by the Society, which soon became one of the 
scientific events of the season. He was also for some 
time a member of the councils of the Institution of 
Electrical Engineers and of the Faraday Society. Mr. 
Cooper wrote “ Primary Batteries” and the “Claims 
of Labour and of Capital,” edited the second edition of 
“The Electrician Primers,” revised the third edition 
of W. G. MeMillan’s ‘“ Electro-Metallurgy,” and 
contributed various papers to several societies on 
heat tests of electric machinery, electric cooking, &c., 
one in conjunction with Mr. Swinburne on “‘ Problems 
of Electric Railways.” As member of the Dust 
Committee of the Automobile Club, he also wrote on 
dust prevention. His paper on Electric Tramway 
Traction brought him the Telford Medal of the 
Institution of Civil Engineers in 1902. During the war 
Mr. Cooper was a member of the Nitrogen Products 
Committee of the Ministry of Munitions. 





THE PHYSICAL SOCIETY OF LONDON. 


AT a meeting of this Society held on February 12, 
a paper “‘ On the Hyperbola Method for the Measurement 
of Surface Tension,” by A. Ferguson, M.A., D.Sc., and 
I. Vogel, B.Sc., was read by Dr. Ferguson. The paper 
stated that when a liquid lay between two plates inclined 
to one another at a small angle its surface had a 
hyperbolic section, from measurement of which the 
surface tension could be calculated. The method 
had long been known, but had recently been improved 
by Griinmach. Errors arose, however, from the diffi- 
culty of determining the horizontal and vertical axes 
of co-ordinates, and according to the present paper 
this difficulty could be met by plotting two linearly 
related functions of the observations, the surface 
tension being deduced from the co-ordinates of the 
resulting mean straight line and the angle between 
the plates. The latter might be measured either 
directly or by calibration with a liquid of known 
surface tension. 

In the discussion which followed, Dr. J. H. Vincent 
suggested that, in addition to avoiding errors of dis- 
placement in the co-ordinate axes, the method might 
yield a correction for errors in the verticality of the line 
of intersection of the plates. 

Mr. T. Smith said that in introducing the paper the 
authors had referred to lens-system formule which 
could be transformed so as to yield linear graphs, 
and had suggested that the co-ordinates of the resulting 
mean straight lines would give average results for the 
observations on which they were based. It must be re- 
membered, however, that geometrical optics represented 
only an approximation to the physical facts, and that 
the values obtained in different regions of a range of 
observations had very different probabilities of 
error. In practice the mean adopted must be a weighted 
mean, which was not provided by the linear-graph 
method. 

A second paper on ‘‘ The Application of Radiography 
to the study of Capillarity,’ was presented by E. A 
Owen, M.A., D.Sc., and A.F. Dufton, M.A. This 
stated that the X-ray shadow of a tube had previously 
been used for determining the diameter of a bore. The 
present investigation was designed to test the suit- 
ability of a similar method for capillarity measurements, 
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and observations were made of the rise of mercury 
in copper and steel tubes and between vertical copper 
plates. The results were satisfactory. 

In the discussion, Dr. D. Owen asked if the author 
had tried radium as a substitute for X-rays, and if so 
with what results. In regard to the determination 
of the surface tension of mercury by ascent of a copper 
tube, it appeared that the results by this method agreed 
with those obtained by more usual methods; so that 
the degree of contamination of the mercury by copper 
did not. appear to affect the value appreciably. The 
value of the angle of contact using a steel tube came 
out rather large: it would be of interest to have parti- 
culars of the method of cleansing the tube. 





TRUNK ROAD IMPROVEMENTS. 


On January 9, 1925, we commented on the roads 
policy of the Ministry of Transport as extending in a 
somewhat new direction. That this policy has been 
maintained is shown by the completion of the Sidcup 
Bypass on the London-Maidstone-Folkestone Road, 
which is to be opened on March 31. This bypass is 
2} miles in length and the steepest gradient, for a 
distance of only 150 yards, is 1 in 25. It cuts out the 
old road through Sidcup and Foot’s Cray, which, 
attractive as it is, has some of the sharp bends, high 
walls, and narrow necks common to most villages on 
ancient sites. Through traffic, after leaving the 
junction of the Eltham Bypass with the Folkestone 
Road at Longlands, will be diverted in a south-easterly 
direction, and, after passing through Beaver Wood, 
will cross the Sidcup-Chislehurst Class I Road. The 
ground of Scadbury Park is then traversed and, farther 
eastwards, Cray Lane is crossed, and then the River 
Cray, which is spanned by a 15-ft. concrete bridge 80 ft. 
wide. A slight turn to the north-east ends the bypass 
at Ruxley Corner on the Folkestone Road, at the com- 
mencement of the widened part which was opened in 
August, 1923. The road is of a standard width of 80 ft. 
from fence to fence, and special care has been taken with 
regard to visibility at all crossings or junctions. The 
30-ft. carriageway abuts on stone kerbs. On each side of 
this carriageway is a 10-ft. sidewalk, and the remaining 
space is intended to provide for future widening. 
Cuttings have been made through Beaver Wood and 
Scadbury Park, the greatest depth being 21 ft. The 
spoil has been used to form embankments on low lying 
ground, the highest of which is 16 ft. These embank- 
ments, which require time for settlement, will delay 
the laying of the permanent surfacing over the whole 
length of the bypass for some little while. At present 
a temporary surfacing of 4} in. of tarred macadam is 
laid down on the highest embankment. The work has 
been carried out by Messrs. Sir William Arrol and Co., 
Limited, and use has been made of unskilled local 
labour. The total cost of construction for the whole 
bypass is approximately 150,000/., part of which has 
been borne by the London County Council. 





THE OPTICAL SOCIETY. 


AT a meeting of the Optical Society held at the 
Imperial College of Science, South Kensington, on 
Thursday, February 25th, the following papers were 
presented and discussed :— 

“* Notes on the Significance and Detection of Low Errors 
of Refraction,” by O. Aves. The paper stated that 
examination of a great number of records of tests on 
the eye for the purpose of prescribing spectacles revealed 
a large proportion of low errors of refraction. The 
author suggested certain modifications of the usual 
technique that, in his opinion, should be incorporated 
when testing such cases. The usual objective methods 
of sight examination prior to a subjective test were 
practically useless in the estimation of errors under 
one dioptre. A close preliminary objective examination 
produced distinct after-images on and around the 
macular area, which perceptibly interfered with vision. 
In the subjective test the lenses should be added 
binocularly, before testing the eyes separately. The 
blocking of one eye tended to induce strain, while 
relaxation of accommodation was much easier when both 
eyes were being used. Change of lenses during a test 
should be made smoothly without allowing the eyes to 
be uncovered by a lens or to be covered by two lenses. 
Other points cailing for attention in the testing of 
small errors were the strength of the spherical and 
cylindrical lens elements, the direction of the axis of 
the cylinder, refinement of the test for muscular 
correction, and the possibility of the presence of 
irregular astigmatism. 

“ Vertex Power and Its Measurement,’ by W. H. A. 
Fincham. This paper began by pointing out that the 
demand for increased accuracy in the determination of 
refractive errors had emphasised the need for accurate 
specification and measurement of the powers of correct- 
ing lenses. The effect of an ophthalmic lens might 








following quantities were used in relation to it: 
(1) Equivalent or true power; (2) vertex power or 
vertex refraction, i.e., the power at the vertex near 
the eye; (3) neutralising power, usually the front 
vertex power ; (4) thin lens power, i.¢., the sum of the 
powers of the two surfaces, thickness being neglected. 
In the case of ophthalmic lenses vertex power was the 
important quantity as it gave the effective value of the 
lens at some definite and easily determined point on the 
lens, and consequently lenses of any form having the 
same vertex power were interchangeable if the vertex of 
each lens occupied the same position with respect to 
the eye. An instrument designed for the measurement 
of vertex power was described and the results of 
measurements on a number of lenses were given. 








ENGINEERING TRAINING AND 
EDUCATION. 


Institute of Transport Examination, 1926.—Owing to 
the large number of entrants for the Graduateship and 
Associate Membership examinations of the Institute of 
Transport, to be held on April 15 and 16 next, the 
Council has arranged that candidates shall be examined 
at three centres, namely: King’s College, Strand, 
London, W.C.2; The High School of Commerce, Spring 
Gardens, Manchester; and The University, Leeds. 

Prizes and Awards for Engineering Apprentices.—In 

conjunction with the London County Council, the 
London Association of Foreman Engineers has estab- 
lished a scheme for the award of prizes to approved 
students of mechanical engineering who submit finished 
pieces of work for competition in accordance with 
specified conditions. Candidates must be following a 
satisfactory course of evening instruction, in mechanical 
engineering, at an institution aided or maintained by 
the L.C.C. They must submit a finished piece of work, 
executed at the institution at which they are receiving 
instruction or at their employers’ workshops. The 
first, second and third prizes will comprise, respectively 
51. and a gold medal, 2/. and a silver medal, and 1/. and 
a bronze medal. A silver shield will be awarded to the 
institution presenting the winner of the first prize. A 
committee of three engineers has been appointed to act 
as judges, and the prizes will be presented at the 73rd 
anniversary festival of the Association, which will be 
held at Cannon-street Hotel on May 8 next. Further 
particulars may be obtained from the Secretary, London 
Association of Foreman Engineers, 85, Salisbury-road, | 
Harrow, Middlesex. 
Manchester Technology Old Students’ Association.— 
At the annual general meeting of the Manchester 
Technology Old Students’ Association, held on January 
15 last, it was agreed to start a fund, the interest on 
which would be employed for the assistance of neces- 
sitous and deserving students desiring to take a course 
of study at the College. Old students of the College 
who would like to subscribe to this fund are requested 
to communicate with the Hon. Treasurer of the Associa- 
tion, Mr. A. Grierson, 21, Spring-gardens, Manchester. 
The Institution of Chemical Engineers.—The associate 
membership examinations of the Institution of Chemical 
Engineers will be held in June and July next. Full 
particulars of the examinations and the memorandum 
entitled “‘ The Training of a Chemical Engineer” may 
be obtained on application to the Hon. Registrar, 
Mr. C. S. Garland, The Institution of Chemical En- 
gineers, Abbey House, Westminster, London, 8.W.1. 
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NOTES FROM SOUTH YORKSHIRE, 


SHEFFIELD, Wednesday, 

Iron and Steel.—In view of the lifting of the engineering 
lock-out notices, a more favourable outlook exists for the 
industry as a whole. Confidence, which for some time 
past has been lacking, shows signs of returning, and 
already more orders are being booked. A remarkable 
expansion in the output of steel from this locality js 
shown in the latest returns. In 1913 the amount of 
steel turned out reached the figure of 878,700 tons, whereas 
last year’s aggregate was 1,044,700 tons. With the 
present fierce competition and lack of business the 
increase is striking. In the heavy trades an improve. 
ment is noted. Railway stock is in much better demand, 
especially on home account, but an increase in overseas 
work would help considerably towards keeping plants 
operating on a more satisfactory basis. A more active 
section also is that engaged in the manufacture of ship 
steel and marine castings and forgings. Automobile 
steel makers experience no falling off in the demand. 
Wire rope makers are increasing output to cope with the 
stronger call. Structural steel is being bought in bigger 
quantities by engineers and builders. The latter, too, 
are finding light foundries plenty of work in the form ot 
orders for stove grates, general ironmongery, and stee] 
window frames. In the tool trades mixed conditions 
operate. Files are a better market, while saws of all 
descriptions are in more healthy positions. There has 
been a rush on garden and farm tools owing to the coming 
of spring, and improved lines are found in various kinds 
of edge tools. Business with Russia in respect of 
implements and machinery is at present not of a big 
volume, but reports in circulation indicate a revival in 
the near future. 


South Yorkshire Coal Trade.—The position presents 
very few new features. In washed sorts the demand has 
shrunk, but quotations have not been affected. Best 
steams still occupy a strong position on home account, 
though overseas requirements continue to diminish. 
Cobbles and nuts have failed to improve on their already 
moderate positions, while slacks in the main have held 
their own. The recent cold weather has had the effect 
of stimulating the demand for house coal, but best 
descriptions still continue to be a weak section. Foundry 
and furnace coke have strengthened their position on 
recent rates. Quotations;: Best branch handpicked, 
3ls. to 34s.; Barnsley best Silkstone, 28s. to 30s. ; 
Derbyshire best brights, 26s. to 28s. ; Derbyshire best 
house, 24s. to 25s.; Derbyshire best large nuts, 17s. to 
20s.; Derbyshire best small nuts, 12s. 6d. to 14s., 
Yorkshire hards, 17s. to 19s. 6d. ; Derbyshire hards, 16s. 
to 19s.; rough slacks, 10s. to 12s. 6d.; nutty slacks, 
7s. 6d. to 9s.; smalls, 3s. 6d. to 6s. 





Prrsonat,—Mr. D. M. Shannon has terminated his 
connection with Messrs. Cammell Laird and Co., Limited, 
Birkenhead, and has been appointed British manager of 
the oil engine department of Messrs. Fiat (England), 
Limited, 43, Albemarle-street, London, W.1.—Mr. 
H. F. Rutter, M.Inst.C.E., M.I.Mech.E., will retire from 
his position of Deputy Chief Engineer of the Metropolitan 
Water Board, on March 31, next.—Mr. R. W. Weekes has 
removed from Arundel-street, Strand, to Clutha House, 
10, Prince’s-street, Westminster, London, S.W.1.— 
Ardrossan Dockyard, Limited, is the title of the new 
company, which has taken over the shipyard at Ardrossan, 
Ayrshire, formerly owned by the Ardrossan Dry Dock 
and Shipbuilding Co., Limited.—Messrs. Metro-Vick 
Supplies Limited are shortly removing from 4, Central 
Buildings, Westminster, to Metro-Vick House, 145, 
Charing Cross-road, London, W.C.2. 





ConrTracts.—Messrs. James Pollock, Sons and Co., 
Limited, 3, Lloyds Avenue, London, E.C.3, have received 
an order from clients abroad for the building and delivery 
of four motor tugs and two towing lighters. The motor 
tugs will have a length of 60 ft., and one of them will be 
equipped with a 120 Sap Bolinder marine engine, the 
remaining three will be driven by 60 b.h.p. engines.— 
Messrs. Yarrow and Co. (1922) Limited, Scotstoun, 
Glasgow, have received a further order for their 
patent water-tube, land type boilers, for the County of 
London Electric Supply Company’s station at Barking. 
They are also engaged upon orders for Yarrow boilers 
for Portsmouth Dockyard ; Messrs. Michael Nairn ; the 
City of London Electric Light Company, Bankside ; 
and the London Electric Supply Corporation Limited, 
Deptford. Two high-pressure Yarrow marine boilers, 
capable of sustaining a pressure of 550 Ib. per sq. in., are 
also being constructed.—The Sturtevant Engineering 
Co., Limited, 147, Queen Victoria-street, London, E.C.4, 
have secured an order from Australia, for three of their 
largest grinding units for the manufacture of fertilisers. 
The initial order amounts to about 7,000/.—Messrs. 
Richard Garrett and Sons, Limited, Aldwych House. 
Aldwych, London, W.C.2, have received a contract from 
the Glasgow Corporation Cleansing Department for the 
supply of 36 of their low-loading-line type of electric 
vehicles for refuse collection. The contract amounts, 11 
all, to approximately 40,000/.—Messrs. Frank How and 
Co., Limited, Stratford, London, E.15, have received a 
large order from the Egyptian State Railways for the 
supply of lubricating oils ——Messrs. The Mirrlees Watson 
Co., Limited, Scotland-street, Glasgow, C.5, have received 
a further order from Messrs. Michael Nairn and Co., 
Limited, for a complete oe of evaporating and de- 
aerating plant, including heaters and pumps. The ae 
aerating plant has a capacity of 72,000 lb. of feed water 
per hour, while the evaporator produces 10 per cent. 
feed make-up and consists of a twin evaporator with two 





vessels delivering into a common separator. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is continued absence 
of any new feature in Cleveland pig iron, The statistically 
strong state of this branch of trade enables producers 
to uphold quotations, but orders are not coming forward 
to follow on contracts that are being steadily worked 
off, and the outlook at the moment is far from encouraging. 
Makers have a fair amount of work on hand, and their 
stocks are low, but whether the situation altogether 
justifies the pronounced unyielding policy they are pursu- 
ing seems questionable. Comparatively cheaper products 
of other districts are attracting the attention of customers 
who have been in the habit of drawing their supplies 
from this area. A small home business is reported, but 
foreign trade is almost at a standstill. For home use, 
No. 1 Cleveland is 728. 6d.; No. 3, g.m.b., 70s.; No. 4, 
foundry, 69s.: and No. 4 forge, 68s. 6d.; and for ship- 
ment overseas, makers ask sixpence above these figures. 


Hematite.—East coast hematite is in more than ample 
supply, and consequently the tendency'is towards further 
weakness. In this branch also what little trade is 
passing is almost entirely on home account. Stocks are 
gradually accumulating. Nos. 1, 2, and 3 are offered at 
77s., both for home purposes and for export, and buyers 
claim they can shade that figure. No. 1 is on sale at 
77s. 6d. . 

Foreign Ore.—Resumption of business in foreign ore 
is not looked for until the present heavy stocks have 
been substantially reduced. Nominally best rubio is 
21s, 3d., c.i.f., Tees. 

Blastfurnace Coke-—Durham blastfurnace coke is in 
more than ample supply and is slow of sale, local con- 
sumers being fairly well covered. Good average quali- 
ties are round about 19s., delivered here. 


Manufactured Iron and Steel.—Little new business of 
moment is ascertainable concerning manufactured iron 
and steel. One or two departments are busy but most 
branches are needing orders. Export quotations vary, 
but, for home trade, principal market figures stand : 
Common iron bars, Ill. 58.; iron rivets, 121. 15s. ; 
packing (parallel), 8/.; packing (tapered), 11/.; steel 
billets (soft), 71. ; steel billets (medium), 7/7. 10s.; steel 
billets (hard), 81. 2s. 6d.; steel strip, bridge, and tank 
plates, 77. 7s. 6d. ; steel angles, 7/.; steel rivets, 121. 10s. ; 
steel joists, 71.; heavy steel rails, 8/.; fish plates, 12/. ; 
and galvanised corrugated sheets (No. 24 gauge, in 
bundles), 161. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—With conditions in the labour 
market so unsettled, it is not to be wondered at that 
there are no signs of improvement in the Scottish steel 
trade. Buyers are not risking anything, and dealing 
consists chiefly of a hand-to-mouth character. Orders 
are difficult to secure, and this is particularly so with 
regard to sections. Ship plates are not moving too 
freely, although some works have a fair tonnage booked. 
Boiler plates, which are still on a controlled price basis, 
are only doing fair. The general inquiry is not very 
encouraging. The black sheet trade continues to be 
actively employed, and quite a number of new orders 
have lately been booked for forward delivery. Light 
and galvanised sheets are in good demand, but the 
heavier gauges are still slow. Prices show little change, 
and the current market quotations are as follows :— 
Boiler plates, 117. per ton; ship plates, 7/. 7s. 6d. 
per ton; sections, 61. 17s. 6d. r ton; and sheets, 
under ,*; in. to } in., 91. per ton, all delivered Glasgow 
stations. 


Malleable Iron Trade.—In the West of Scotland malle- 
able iron trade the conditions have varied little over the 
week. Business is very difficult to do, and until the 
troubles in the engineering and coal trades are cleared up 
there is little prospect of any improvement. The present 
demand, as well as inquiry, is not satisfactory. In 
the steel re-rolling branches the business passing is not 
heavy. The price of “Crown” bars is unchanged at 
1ll. 5s, per ton delivered Glasgow stations. 


_ Scottish Pig-Iron Trade.—The Scottish pig-iron trade 
is still dull in tone, and movement is very limited. Buyers 
are showing no desire to enter the market, and with stocks 
so heavy there is no prospect of any increase being made 
in production in the immediate future at any rate. The 
following are the current prices :—Hematite, 77s. per 
ton delivered at the steel works; foundry iron, No. 1, 
19s. to 81s. 6d. per ton, and No. 3, 76s. 6d. to 798. per 
ton, both on trucks at makers’ yards. 


_ Scottish Pig-Iron Shipments.—The shipment of Scot- 
tish pig-iron for the week ending last Saturday, March 20, 
amounted to 604 tons 16 cwt. Of that total 520 tons 
16 cwt. went overseas, and the balange of 84 tons went 
coastwise. For the corresponding week of last year the 
figures were 419 tons foreign, and 175 tons coastwise, 
making a total shipment of 594 tons. 





TENDERS,—The Melbourne City Council is calling for 
tenders, to be presented not later than June 16, 1926, 
for the: supply of a turbo-alternator, exciter and con- 
densing plant for Melbourne.—The Siamese State Rail- 
ways are inviting tenders, to be presented at Bangkok, 
on or before June 28, 1926, for the supply of shunting 
locomotives. Further particulars regarding either of 
the above tenders may be obtained from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1. 


NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 

The Coal Trade.—Stronger conditions have developed 
in the Welsh coal trade during the past week. In view 
of the uncertain outlook combined with the near approach 
of the Easter holidays, contractors have been more 
disposed to take delivery of supplies due to them, and 
consequently colliery stems havefilied up rapidly, with the 
result that the quantity of free coal available has consi- 
derably diminished. New business in the circumstances 
has been rendered somewhat difficult, and prices have 
hardened especially in regard to small coals which have 
become very scarce. The best bunker smalls now 
command from 13s. 6d. to 14s. with cargo smalls from 
lls. 6d. to 138., and the inferior qualities from 10s. 6d. up. 
Best Admiralty large too is steady at 23s. 6d. to 24s. 6d., 
with seconds from 21s. 6d. to 23s., and Monmouthshires 
from 20s. to 22s. Duffs, too, have hardened with washed 
bituminous sorts from 14s. 6d. to 15s., and washed dry 
duffs from 10s. 6d. to 11s., while unwashed dry duff, too, 
is strong at 10s. to 10s. 6d., but dry sized coals are rather 
quiet round 22s, for small nuts and 26s. for large nuts. 
The Egyptian State Railways are now definitely inviting 
tenders for 150,000 metrical tons of large Welsh coal for 
shipment to Alexandria from May to July. Special 
foundry coke has firmed up considerably and is now reali- 
sing from 45s. to 50s. per ton. Shipments of coal as 
cargo foreign from South Wales in the past week reached 
the highest volume since April of last year. The total 
of 546,230 tons compares with 510,840 tons in the pre- 
ceding week and 456,350 tons in the corresponding period 
of last year. Shipments from Cardiff were increased from 
304,000 tons to 358,150 tons, and at Swansea from 47,220 
tons to 53,290 tons, but at Newport were reduced from 
107,490 tons to 98,350 tons, at Port Talbot from 47,380 
tons to 34,190 tons, and at Llanelly from 4,750 tons to 
2,250 tons. Exports to the Argentine were raised from 
28,850 tons to 71,600 tons, to Belgium from 10,900 tons 
to 11,010 tons, to Egypt from 36,800 tons to 58,400 tons, 
to France from 124,230 tons to 133,310 tons, to Gibraltar 
from 3,900 tons to 14,700 tons, to Italy from 68,250 tons 
to 73,200 tons, to Las Palmas from 10,650 tons to 18,750 
tons, to Portugal from 10,870 tons to 20,500 tons and to 
Tunis from 2,490 tons to 13,000 tons. To Algeria they were 
reduced from 18,900 tons to 16,250 tons, to Brazil from 
48,840 tons to 29,900 tons, to Greece from 14,700 tons to 
10,950 tons, to Spain from 33,680 tons to 22,780 tons, 
and to the United States from 22,060 tons to 2,500 tons. 
The Great Western Railway Company have terminated 
their system of stopping coal coming on from the collieries 
to the docks and refusing to realease it under certain 
conditions. This arrangement which was known as 
the ‘‘stop ’’ and ‘“‘ release ’’ system has been the subject 
of much criticism by the colliery owners, and coal will 
now be allowed to come on to the docks freely under 
normal conditions, irrespective of whether ships are in 
berth to take delivery or not. The colliery companies 
contend that this will greatly minimise temporary stop- 
pages at the pits and facilitate shipment. 








Launcu or H.M.S. “‘ CUMBERLAND.” —H.M.S. Cumber- 
land, a further ship of the ‘‘ County ” class of cruisers 
laid down in 1924, was launched on the 16th inst. from the 
Naval Construction Works of Messrs. Vickers Limited, 
Barrow-in-Furness. The vessel, like her sister ships, has 
the full displacement of 10,000 tons allowed by the 
Washington agreement. Messrs. Vickers are also 
supplying the machinery, guns, gun mountings, and 
armour, ° 

age 


ASSOCIATION OF SPECIAL LIBRARIES AND INFORMATION 
BurEAvx.—A business meeting, at which it is proposed 
formally to inaugurate the Association of Special Libraries 
and Information Bureaux, will be held at the Institution 
of Mechanical Engineers, Storey’s Gate, London, 8.W.1, 
at 2.30 p.m., on Monday, next, March 29. The Associa- 
tion is being formed to facilitate‘the co-ordination and 
systematic use of sources of information in science, 
industry, commerce, and public affairs generally. When 
fully developed it will act as a clearing-house for 
those wishing to get into touch with specialised know- 
ledge. Further information regarding the Association 
may be obtained from the organising secretary, 38, 
Bloomsbury-square, London, W.C.1. 

SypnEy Harsour DEVELOPMENT.—The Report of 
the Sydney Harbour Trust Commissioners shows a net 
surplus of 160,417/., for the year ending June 30, 1925. 
The net revenue is equal to a return of 6-85 per cent. 
on capital, as compared with 6-33 per cent. for the 
previous year. The total number of vessels entering 
the port was 8,092, a decrease of 426. The gross tonnage, 
however, shows an increase, the total being only 3-2 
per cent. less than that of the record year, which ended 
June 30, 1914. Imports show a decrease in quantity, 
but an increase in value. Exports have increased both 
in quantity and value. Port facilities have been improved 
by the addition of two new docks for vehicular traffic 
ferries. They are provided with electrically-operated 
gangways. New wharfage at Glebe Island is in hand. 
The extension of jetties in Darling Harbour are well 
forward or completed. This work includes sheds with 
electric equipment. A new bridge for vehicular traffic 
across the Middle Harbour has been completed at a 
cost of 61,875/. It is 720 ft. long and 26 ft. wide. The 
paneee of vessels is provided for by means of a double 

ascule span, electrically operated. This piece of work 
was finished in the short time of seven months. After 
twelve years’ service as President of the Sydney Harbour 
Trust Commissioners, Mr. C. C. Lance retired during the 
year, and has been succeeded in the office by Mr. W. D. 





NOTICES OF MEETINGS. 





THE INSTITUTION OF MECHANICAL ENGINEERS.—To- 
night at 7 p.m., at Storey’s-gate, S.W.1. Informal 
Meeting. Discussion on ‘‘ Foundry Practice, with Special 
Relation to ‘ Perlit’ Iron.’ Introduced by Mr. Sum- 
mers Hunter. 

THE Junior INstTITUTION OF ENGINEERS,.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecturette, 
‘** Metal Aeroplane Construction,” by Mr. A. Basil Miller, 
M.Se. Saturday, March 27, at 2.30 p.m. Visit to the 
Canning 'Pown Glassworks, Limited. 

Tue Royat InstitutTion.—To-night, at 9 p.m., at 
Albemarle-street, S.W.1. ‘“‘ The Radiation from Atomic 
Nuclei,” by Sir E. Rutherford. Saturday, March 27, at 
3 p.m. Lecture, ‘‘ The Rare Gases of the Atmosphere *’ 
(Lecture IV.), by Sir E. Rutherford. 

Tue InstitTuTION OF MUNICIPAL AND County ENGI- 
NEERS: SoutH MipLAnpD DistrRict..—Saturday, March 27, 
at 2 p.m., at the Town Hall, High Wycombe. Discussion 
on “Town Planning.” 


THE Raitway CLus.—-Monday, March 29, at 7.30 p.m., 
at 65, Belgrave-road, S.W.1. Fifth Special Centenary 
Lecture: ‘Electricity in Railway Operation,” by 
Mr. W. J. Mitchelhill. 

THE JUNIOR INSTITUTION OF ENGINEERS: NoORTH- 
WeEsTERN SEcTion.—Monday, March 29, at 7.30 p.m., 
at the Manchester Geographical Society, 16, St. Mary’s 
Parsonage, Manchester, ‘Glimpses in a Dye Manu- 
factory,” by Mr. W. Sutherland. 


THE Royat Society or Arts.—Monday, March 29, 
at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture, ‘‘ Thermometry ”’ (Lecture III.), by Mr. W. F. 
Higgins. M.Sc. 

THE INSTITUTION OF THE RUBBER INDUSTRY.—Monday, 
March 29, at 8 p.m., at the Engineer’s Club, Coventry- 
street, W.1. ‘‘ Pneumatics for Heavier Loads,’ by 
Mr. Colin Macbeth. 


THe InstiruTE oF MARINE ENGINEERS.—Tuesday, 
March 30, at 6.30 p.m., at 85-88, The Minories, Tower 
Hill, E.l. ‘“‘Some Marine Researches and Our Sea 
Fisheries,” by Mr. E. Ford. 


THE INSTITUTION OF ELECTRICAL ENGINEERS : NoRTH- 
WESTERN CENTRE.—Tuesday, March 30, at 7 p.m., at 
the Engineers’ Club, 17, Albert-square, Manchester. 
“*Electro-Farming; or the Application of Electricity 


to Agriculture,’ by Mr. R. B. Matthews. 


THE ILLUMINATING ENGINEERING SoCIETY.—Tuesday, 
March 30, at 7 p.m., at the Lighting Service Bureau, 
15, Savoy-street, Strand, W.C.2. Discussion on “ Stage 
Lighting,’’ opened by Mr. H. Lester Groom. 


THE NEwcoMEN Socrety.—Wednesday, March 31, at 
5.30 p.m., at Prince Henry’s Room, 17, Fleet-street, 
E.C.4. ‘ Fathers of the Machine Cotton Industry,’’ by 
Mr. Frank Nasmith. ‘‘Some Unusual American Spinn- 
ing Wheels,” by Mr. Serge Daniloff. ‘‘Two American 
Textile Pioneers,” by Mr. Robert E. Naumburg. 

Tue LiverPooL ENGINEERING Society.—Wednesday, 
March 31, at 8 p.m., at The Temple, Dale-street, Liver- 
pool. ‘Some Recent Work on the Corrosion of Metals,” 
by Mr. Ulick R. Evans, 





LauNcH OF THE CABLE STEAMER “ DomiIniA.”—The 
twin-screw steamer Dominia, built specially for laying 
and repairing submarine telegraph cables, was launched 
recently by Messrs. Swan, Hunter, and Wigham Richard- 
son, Limited, Newcastle-on-Tyne. She is the largest 
and finest cable steamer yet built, and has a Jength of 
510 ft., a beam of 59 ft., and a deadweight carrying 
capacity of 11,500 tons. The propelling machinery 
consists of two sets of triple-expansion engines, which, 
together with the five large boilers, have been constructed 
at the Neptune Works of the builders. The boilers will 
be oil-fired and will work under forced draught ; large 
oil-fuel bunkers, of sufficient capacity for a voyage of 
about six weeks at a speed of 11} knots, are being pro- 
vided. The cable will be carried in four large-tanks, 
having a total coiling capacity of about 180,000 cub. ft. 
The machinery for paying out and picking up the cable 
will be of the latest type; it is being constructed by 
Messrs: The Telegraph Construction and Maintenance 








Company, Limited, who are the owners of the vessel. 











Loveridge. 


INTER-UNIVERSITY METALLURGICAL CONFERENCE.— 
““The Position of the Metallurgical Student in Industry ”’ 
was the subject discussed at a conference of metallurgical 
students, attended by delegates from the princiyal 
universities and technological colleges, and held at the 
University, Edgbaston, Birmingham, on February 19 
and 20 last. One of the points dealt with in the dis- 
cussion had reference to the theoretical and practical 
training of the University student, and it was suggested 
that a minimum period of six months should be spent, 
before graduation, in acquiring full-time works’ experi- 
ence. It was also submitted that the most. suitable 
method of entry into works’ life was by way of a pro- 
bationary period of one year, during which a self-support- 
ing wage should be received. Another point touched 
upon was that one of the most important objecte of a 
University training was the development of personality 
and character. One of the final resolutions adopted, 
laid stress upon the distinction between a works chemist 
and a metallurgist, and expressed the view that the latter 
would be usually of greater value, if employed in some 
other capacity than that of a routine chemist. Printed 
reports of the conference may be obtained on applica- 
tion to Mr. W. L. Kent, Metallurgical Department, The 
University, Edgbaston, Birmingham. 
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4400-H.P. DOUBLE-ACTING TWO-STROKE DIESEL ENGINE. 


CONSTRUCTED BY THE MASCHINENFABRIK AUGSBURG-NURNBURG A.G., AUGSBURG. 


(For Description, see Page 395.) 



































Fia. 1. GENERAL VIEW. Fia. 2. Controt PLATFORM. 
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HIGH-PRESSURE STEAM PLANTS. 


In the competition between the steam prime 
mover and the internal combustion engine, the 
former has had the advantage of being able to 
utilise the toe of the diagram and a low limiting 
temperature, whilst the efficiency of the Diesel 
engine has been based on the utilisation of 
high initial temperatures and pressure. The 
latter field which in commercial practice has 
hitherto been exploited solely by the internal 
combustion engine is now being encroached on by 
the steam turbine, and in an interesting, though in 
parts not wholly reliable, paper, read before the 
Institute of Marine Engineers last Tuesday, Mr. 
David Brownlie gave a useful synopsis of the 
history of high-pressure steam from Savary, 
Trevethick and Perkins, to the modern power 
station. Ten years ago the standard working 
pressure in these power stations was. some 200 to 
275 lb. per square inch. To-day pressures of 350 lb. 
per square inch are not uncommon. At the North 
Tees station the boiler pressure is 475 lb. per square 
inch; at Barking it is 400 lb. At the Crawford 
Avenue station, Chicago, the corresponding figure 
is 600, whilst the Langebrugge station in Holland 
is to be operated with a boiler pressure of 725 lb. 
per square inch. 

In his historical sketch Mr. Brownlie made no 
mention of the pioneering work done by Dr. de 
Laval, who at the Stockholm exhibition held in 
1897, showed a turbine driven by steam sup- 
plied at a pressure of 1,600 lb. per square inch. 
No difficulty, it is said, arose with the turbine, but 
it is understood that there was more trouble with 
the boiler, and this led to the construction of the 
** Atmos” boiler, the tubes of which are kept 
steadily rotating at some 300 r.p.m., so as to ensure 
by centrifugal action, that close contact is always 
maintained between the wall and the water, 

A boiler of this type, working at a pressure of 


_| passed through 


401 


1,500 lb. and in operation at the Carnegie sugar 
refinery at Gothenburg, was illustrated in our 
issue of October 30 last (page 538). Another 
ingenious method of dealing with the difficulties 
arising in the producing of steam at super-pressures, 
has been devised by Professor Loffler, and was 
described in our issue of April 17 last, page 473. In 
this apparatus the steam is generated in a relatively 
large vessel, by pumping back into it steam which 
has been raised to high temperature in a super- 
heater. All the steam. generated in the boiler is 
this superheater. About two- 
sevenths of the total is led off to a steam turbine or 
other engine, and the remainder is forced back into 
the boiler where it generates fresh steam. 

Since the boiler is not exposed to any external 
heating it can be of considerable size and hold a 
large quantity of water, which serves as a heat store. 
In this connection, mention may be made of the 
striking contrast between the water capacity 
deemed essential only a few years ago, and that 
which is now demanded. The old Cornish and 
Lancashire boilers held a great deal of water, but 
they have been practically eliminated from power 
station practice and replaced by water-tube boilers 


5|in which, in some cases, the reserve is so small that 
5] at full load the whole of the water held, circulates 


completely round the system every 6 minutes. 
With the Loffler system there would be no difficulty, 
other than the financial one, of providing, even at 
super-pressures, any water capacity desired. In 
fact a few months ago Messrs. John Brown and Co. 
of Sheffield, supplied for oil cracking purposes a 
solid forged steel container 41 ft. long and 
measuring nearly 4 ft. in outer diameter, the wall 
being 4 in. thick. This was subjected to a test 
pressure of no less than 10,000 Ib. per square inch. 
From Mr. Brownlie’s paper it appears that what is 
apparently a very similar forging is being used for 
the steam drum of the Babcock and Wilcox boiler, 
constructed for the Weymouth Power Station at 
Boston, U.S.A. The pressure in this case is 1,200 Ib. 
per square inch, and it is worthy of note that the 
boiler is merely a modification of the ordinary type, 
and that it has not been thought necessary to 
resort to any of the special expedients now being 
tried on the Continent and elsewhere. Amongst 
these it may be noted that Mr. Brownlie stated that, 
a practical application of the ingenious Benson 
boiler is now under trial in Berlin. It will supply 
steam to a turbine designed to develop 2,000 kw. 
This boiler, as built by the English Electric Com- 
pany, Rugby, has already been described in our 
columns.* The plan followed is to generate the 
steam at a little above the critical pressure, of some 
3,200 lb. per square inch. Under these conditions 
water is necessarily a uniform fluid, and there is 
then no possibility of the formation of the bubbles 
which have in certain cases given rise to trouble 
when high-pressure steam is generated in tubes of 
small bore. The total heat of steam at the critical 
pressure is small, being only some 921 B.Th.U. per 
lb., and the steam generated as described, is accord- 
ingly throttled down to a pressure of 1,500 Ib. 
per square inch, and passed through a super-heater 
before it is allowed to enter the turbine. 

In this country neither power station engineers 
nor contractors have so far shown an inclination to 
pioneer with these extreme pressures. In part, no 
doubt this arises from the lack of any serious 
competition from the internal-combustion engine, 
and in this respect we are inclined to think that Mr. 
Brownlie is mistaken in his forecaste regarding the 
future of power station practice. He suggests, in 
fact, that, save where steam is required for heating 
purposes, power will be mainly developed by 
means.of internal combustion engines. This appears 
to be exceedingly doubtful, since, as Mr. Ferranti 
pointed out many years ago, the internal-combustion 
engine is essentially a small unit machine. At small 
or moderate outputs it is both light and efficient ; 
indeed, aeroplane engines are now in existence in 
which the weight is under 1} lb. per brake horse- 
power of maximum output. For this special pur- 
pose, however, costs are a secondary consideration, 
and we may be fairly confident that it will ever be 
financially impossible to model a large power plant 
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on the same lines. The principles of dynamics 
similarly show that the weight of an engine must 
increase at least as fast as the cylinder diameter 
and, as matters stand, the Diesel engine is a some- 
what ponderous machine, and its specific weight 
will necessarily increase with every increase of 
cylinder diameter. The steam turbine, on the other 
hand, is essentially a large unit machine, and even 
in very large sizes has a very high output per unit 
of weight. The high pressure unit of the turbine sup- 
plied to Chicago by Messrs. C. A. Parsons and Co., 
for example, weighs only some 4} to 5 lb. per brake 
horse-power developed. Moreover, the efficiency of 
steam plant is certainly being increased at a much 
faster rate than is that of the internal-combustion 
engine. In fact, modern steam plants have now 
a distinctly higher overall efficiency than the pro- 
ducer gas engine, which Mr. Brownlie suggests 
may displace steam from the power station. 

The Diesel engine, of course, still leads in the 
matter of thermal efficiency, but cost for cost it 
cannot now compete with the large steam plant. 
In sea service the turbine is handicapped by the 
small output commonly required, but even here a 
highly interesting experiment is now in progress, 
intended to prove that, in the matter of overall 
costs, steam has still the advantage. We refer to 
the high pressure steam plant now under con- 
struction by the Parsons Marine Steam Turbine 
Company, Limited, for a passenger steamship 
which is being built by Messrs. Wm. Denny and 
Brothers at Dumbarton. The boilers for the boat 
have now been completed by Messrs. Yarrow, 
and have been passed by the Board of Trade, who 
subjected them to a test pressure of 913 lb. per square 
inch, the working pressure being 575 lb. (gauge). 

Possibly Mr. Brownlie’s preference for the gas 
producer engine is to be attributed to a certain 
misunderstanding in regard to latent heat. Like 
many others, he is not too sound on thermo- 
dynamics, and holds that the fact that steam has a 
latent heat is a drawback. He makes the remark- 
able and, of course, wholly inaccurate statement, 
that “only the sensible heat in the steam” is 
“available for useful work in pushing the piston 
of the engine or the blade wheels of the turbine.”’ 
He goes on to say that at about 200 Ib. gauge 
pressure only “‘ 94°2 units are available for work.” 
This, actually, is only a small fraction of the true 
figure. So far from being a drawback, the latent 
heat of steam, constitutes one of its greatest 
advantages as a working agent. In fact, the latent 
heat of the steam is the only part of its total heat 
which is theoretically utilisable with a Carnot 
efficiency. This Carnot efficiency is, of course, the 
highest compatible with the limits of temperature 
concerned. Owing, moreover, to the high latent 
heat of steam, very much more energy can be 
conveyed through a given pipe with steam than with 
air at the same pressure and temperature. Thus 
the work theoretically due from 1 Ib. of air supplied 
at 250 Ib. absolute and at a temperature of 401 
deg. F., is equivalent to about 115 B.Th.U. 
The available heat of 1 lb. of saturated steam 
at the same pressure and temperature, expanded 
down to at 28} in. vacuum, is 366°3 B.Th.U., or 
more than three times as much. There would be 
very little difference in the size of piping required 
to pass the same weight of the two working agents, 
so that the steam piping is much more compact than 
that for a compressed air plant of equal output. This 
is due solely to the fact that steam has a latent heat, 
which it is practicable to get rid of in the condenser. 
In the case of air the exhaust pressure cannot be 
less than that of the atmosphere. To get rid of its 
latent heat we should have to cool it down to a 
temperature of some 350 deg. to 400 deg. F. below 
freezing point, whilst the temperature correspond- 
ing to the 284in. vacuum postulated for the steam, 
is only 91°7 deg. F., and is thus readily attainable. 
Moreover, owing to its high latent heat, which 
implies a large specific volume, the pound of 
steam would be capable of doing much more work 
than the pound of air, even if the final pressure were 
atmospheric in both cases. In fact, the available 
heat of saturated steam expanded from 250 lb. 
absolute to 15 lb. per square inch, is about 205 
B.Th.U., or nearly double that of the air. Of course, 





who have studied even elementary thermodynamics, 
but experience shows that the fallacy that the latent 
heat of steam is a disadvantage is quite frequently 
met with, and is not unknown even amongst power 
station engineers. It is therefore particularly 
regrettable that it should appear in a paper read 
before the Institute of Marine Engineers, the 
majority of whom have, in the very nature of things, 
not had the opportunity of making any profound 
study of thermodynamic principles. 





SOUTH AFRICAN RAILWAYS AND 
HARBOURS. 

THE prosperity of a country is, as a rule, accurately 
reflected by that of its railways, and, consequently, 
railway returns constitute a fairly reliable gauge 
by which to estimate conditions generally. Too 
often during recent years annual reports of all kinds 
have been able to present but a gloomy picture, and 
South Africa has suffered under the wave of depres- 
sion in common with most of the world. It is 
pleasant, therefore, to find a tone of optimism 
running throughout the Report of the General 
Manager of South African Railways and Harbours 
for the year ending March 1, 1925, recently pub- 
lished, this being, moreover, substantially supported 
by facts and figures which the report embodies. 

In his covering summary, dated October last, the 
General Manager stated that an exceptionally heavy 
rainfall had then had most beneficial effects upon 
agriculture, so that the prospects were distinctly 
good. The maize crop was a record one, and other 
cereals were expected to show an increased pro- 
duction. Grazing had improved, with consequent 
advantage to cattle and sheep. The probable cotton 
crop was estimated at double the preceding one. 
The cultivation of oranges and other fruits was being 
greatly extended. The discovery of platinum in the 
Transvaal gave promise of the establishment of 
what may become a new and important industry. 

Total imports during 1924 reached 65,894,7811., 
an increase of 8,058,020/. over 1923. Exports for 
the same period were 78,016,816/., an increase of 
2,637,186l., the most valuable items being gold 
(40,199,380/.), wool (15,763,9531.), | diamonds 
(7,133,3701.). Many commodities which ten or 
fifteen years ago were imported are now produced 
in the Union. 

The general situation is thus favourable, and in 
the railway returns, as might under these circum- 
stances be expected, quite a number of records are 
reported for the period under review. The number 
of passengers carried was 70,832,189—a record, and 
representing an increase of 5,020,579, or 7-63 per 
cent., over 1923-24, the previous highest figure. 
The total tonnage hauled of goods and mineral traffic 
was 22,817,060, and the train mileage totalled 
40,262,785 ; these figures have never before been 
equalled. 

The tonnage of cargo handled at the ports 
(7,138,829) and the gross tonnage of shipping which 
called at the ports (22,751,552) also constitute 
records. The tonnage of coal transported from 
the various collieries in the Union was 12,507,909, 
an increase of 605,399 tons over the previous year. 
Railway revenue exceeded that of the previous year 
by 152,987/., the total earnings being 21,747,6311., 
the increase being attributed principally to the 
greater quantity of coal transported. As a result of 
reductions in rates, a decrease was shown in the 
earnings from goods traffic (other than coal). 
The total mileage worked is 12,162, and the total 
capital expenditure to March 31, 1925, was 
120,161,755. The average cost of the railways per 
open route-mile is 10,268/., including workshop and 
rolling-stock expenditure, also discount and expenses 
in raising loans. During the year the open mileage 
has been increased by 417 miles. During 1925 the 
construction of 25 new lines of railway aggregating 
949 miles were authorised. 
At the time the report was written the railways 
were having to deal with an exceptional and 
unprecedented amount of traffic arising from the 
record maize crop and greatly increased traffic in 
coal and fruit. To cope with this, 20 powerful 
locomotives had been specially ordered from over- 
seas, but they, unfortunately, were delayed in 


to relieve the situation, such as curtailment of 
passenger services, restriction of loading on certain 
days, extension of the “‘ caboose ”’ system of working 
(under which trains are manned with two sets of 
trainmen working in shifts). New stock was then 
on order to the extent of 74 new locomotives, 
representing the most modern practice, and 1,400 
goods vehicles, a large proportion of which has a 
capacity of over 50 tons each, were on order or 
under erection. Drawings were being prepared for 
a 70-ton, six-wheeled bogie wagon. 

In long-distance runs it is obviously more eco- 
nomical to avoid engine changes as far as possible, 
and thus to obtain the maximum mileage per day 
from each locomotive, at the same time saving 
changes of crew and depot and fuel expenses. As we 
have several times recorded, long-distance runs 
with a single locomotive have proved satisfactory 
in the United States of America, and as the result 
of a visit there by an official of the S.A.R. Adminis- 
tration, four locomotives, two of the 4-8-2 type, and 
two of the 4-6-2 (or ‘* Karroo ”’) type were selected 
as representing a combination of the best British 
and American practice suitable to South African 
requirements. They possess several features new 
to South Africa, such as self-cleaning smoke- 
boxes, top water feed, drifting valves, and grease 
lubrication applied to the coupled wheel-boxes and 
crank pins, including big ends and driving bushes. 
The provision of tenders with greater coal and 
water capacity is also important. Both the 4-8-2 
and 4-6-2 locomotives have been given exhaustive 
tests which they have come through with great 
success, including a record individual and continuous 
performance of 956 miles in 29 hours 13 minutes. 
In the summer service which commenced in No- 
vember, 1925, the “‘ Karoo”’ type is being used to 
haul the “ Union Limited ” and ‘‘ Union Express ” 
trains between Johannesburg and Beaufort West, a 
distance of 616 miles, and the ‘‘ Mountain” type 
between Capetown and Beaufort West—340 miles. 
On the latter section grades of 1 in 40 and 1 in 
66 are encountered with a rise en route of 3,500 ft., 
whilst several heavy grades are also met with on 
the former section. Ten additional 4-8-2 and five 
4-6-2 type locomotives have been ordered. 

In Natal 175 miles of track from Glencoe Junc- 
tion to Mason’s Mill, near Pietermaritzburg, is in 
course of electrification, and should be completed 
early this year. This portion of the Natal main line 
traverses one of the most hilly sections of the 
Union Railways, rising from 2,218 ft. altitude 
above sea level at-Pietermaritzburg to 4,302 ft. at 
Glencoe, the highest point reached being at Stockton 
Tunnel, which is 4,952 ft. above sea level. The 
ruling grades are 1 in 65 in the coastward direction 
and 1 in 50 in the inland direction. 

A power station at Colenso on the Tugela River 
generates three-phase electric current which is 
stepped up from 6,600 to 88,000 volts, and trans- 
mitted by two separate transmission lines, situated 
about half a mile apart on either side of the railway 
line, to step down sub-stations situated at 12 points 
on the electrified route, varying from 11 to 23 
miles apart, where the power is transformed from 
88,000 volts to 6,600 volts and converted to 3,000 
volts D.C. for feeding through the overhead 
equipment of the track to the electric locomotives. 
Owing to additional facilities which have been 
added the actual track mileage electrified will he 
approximately 309 miles of single track. Power 
was first used for traction on October 9, 1924, and 
at the date of the report 113 miles were in opera- 
tion for which some 250,000 units were used daily. 
The heavy maize crop already mentioned has 
brought into prominence the use of grain elevators. 
The Capetown port elevator has a storage capacity 
of 30,000 tons and 33 country elevators in maize 
areas with a total storage capacity of 106,000 tons 
were opened for normal working in August, 1094. 
In the period July 1, 1925, to October 3, 1925, 
125,976 tons of maize were shipped through the 
Capetown elevator. 

An important event was signalised on June 4, 
1925, by the opening by H.R.H. the Prince of 
Wales of the new graving dock at Durban. This 
dock is of sufficient size to accommodate the largest 
mercantile vessels afloat and is built according to the 
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illustrated in ENGINEERING, vol. cxix, pages 438 
and 497. Whilst on the subject of the Prince of 
Wales’ visit, mention may be made of the special 
train used by him in South Africa. The articulated 
principle was used for the first time on these rail- 
wavs on the new saloon constructed at Pretoria 
for the Governor-General and used by the Prince 
during his recent tour. The combination consists 
of two bodies each 45 ft. long. Consideration is 
being given to the question of ordering 25 articu- 
lated coaches for use on the ‘‘ Limited Express ”’ 
and “ Union Limited ”’ trains. 

Anew “ gas-electric ” locomotive, which is claimed 
to be the largest of its type in the world, was to be 
ready for service last November. The engines of this 
machine have been specially designed to the speci- 
fications of the S.A.R. Administration by Messrs. 
Ricardo Bros., of Shoreham, England, and embody 
several departures from the ordinary type of internal 
combustion engine, and special attention is given 
in the design to long service and accessibility for 
cleaning, &c. In place of the ordinary camshaft and 
poppet or sleeve valves, a single sleeve within the 
cylinder operates as a valve and has a reciprocating 
and semi-circular motion derived from a small crank- 
shaft which takes the place of the ordinary camshaft. 
The engines developed on test 280 h.p. each. The 
electric equipment consists of a specially designed 
separately excited generator and four under-carriage 
motors. The control is of the “‘ Ward Leonard ”’ 
type, the output of the generator being controlled 
by the field currents of the generator which it is 
claimed will eliminate arcing troubles when dealing 
with large currents on the ordinary controller. 
The weak points in previous “ gas electric ’’ locomo- 
tives have been specially studied with a view to 
their elimination, and if this has been accomplished 
a step will have been made in the solution of the 
problem of providing cheap transport on branch 
lines, 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 


THE spring meetings of the sixty-seventh session 
of the Institution of Naval Architects, held this year 
in the lecture hall of the Royal Society of Arts, 
John-street, Adelphi, W.C.2, commenced on Wednes- 
day morning of this week and will terminate to-day. 
The programme included the reading and discus- 
sion of twelve papers dealt with in six sessions 
arranged for the morning of Wednesday, the 
morning, afternoon, and evening of Thursday, and 
the morning and afternoon of to-day. The annual 
dinner, which we refer to below, was held in the 
Grand Hall of the Connaught Rooms, Great Queen- 
street, W.C.2, on the evening of Wednesday. The 
President of the Institution, His Grace the Duke 
of Northumberland, occupied the chair in the 
morning session of Wednesday last, and the 
first item on the agenda was the annual report 
of the Council which was read by the Secretary, 
Mr. R. W. Dana. 


REPORT OF THE COUNCIL. 


The report stated that the membership of the 
Institution had increased by 168 during 1925, as 
compared with 143 in the previous year, and that 
the number of deaths and resignations during the 
year covered by the report had been 160. It was 
feared, however, that the continued depression in 
the shipbuilding industry might result in a decline 
in the total membership during the current year. A 
sympathetic reference was made to the loss sustained 
by the Institution by the death of its Hon. Vice- 
President, the late Sir Philip Watts, and to several 
other well known officers and members of the 
Institution who have passed away during the 
year. The Secretary here remarked that since the 
report had been prepared, two messages had been 
received, one of which was from the secretary of 
the American Society of Naval Architects, expressing 
deep regret at the death of Sir Philip Watts, and 
offering condolences to the profession and to the 
family of the deceased. The other message was 
In the form of a letter from Senatore Orlando, 
Past President of the Italian Society of Naval 
Architects, also expressing regret at the death of 





Sir Philip. This tribute referred to the fact that, 
as the designer of the British Fleet at Jutland, 
the deceased had been largely responsible for 
the victory in the Great War, his name would 
be remembered with gratitude by all the Allied 
Nations. An announcement was made in the 
report of the fact that the summer meeting will 
be held this year in Belgium, probably in the 
last week in June, an invitation to hold the 
meeting there having been received from the 
Burgomaster of Antwerp. Arrangements are now 
being made for visits to Antwerp, Brussels, and 
other places. Another interesting announcement 
was to the effect that the Council have passed a 
resolution enabling ex-enemy members, temporarily 
removed from the roll in December, 1914, to be re- 
admitted to membership on application to the 
Council. A reference to the interview between the 
First Lord of the Admiralty and a deputation from 
the leading engineering institutions of the country, 
respecting the status of engineer officers in H.M. 
Navy, as affected by the Fleet Order dated 
November 21, 1925, was made in the report, and 
also to the subsequent reply, which makes it clear 
that the interview failed to achieve the desired 
results. The Council feel that the matter is one of 
far-reaching importance, not only to the Naval 
personnel but also to the engineering profession as 
a whole. Our own views on this question have 
been expressed on several occasions since the Order 
was issued, most recently on page 369 of our last 
week’s issue. 

Attention is again called in the report to the need 
for supporting the research fund of the William 
Froude National Tank at Teddington, and it is 
pointed out that unless there is a considerable 
increase in the sum available for research, the future 
usefulness of the tank will be seriously affected. 
The proposal to award National Certificates in 
Naval Architecture has now been agreed to by 
representatives of the Board of Education, of the 
Institution of Naval Architects, and of the Worship- 
ful Company of Shipwrights, and regulations have 
been drawn up and circulated to the principal educa- 
tional centres of England and Wales. Similar 
arrangements have also been entered into with the 
Scottish Education Department, and it is hoped 
that both schemes will shortly be in working 
order. 

Arrangements have now been made with the 
Institution of Civil Engineers to render the abstracts 
of articles appearing in technical periodicals, at 
present prepared under the auspices of that Institu- 
tion, available to members of the Institution of 
Naval Architects. A panel has been formed of re- 
presentatives of the latter Institution, and of others, 
to supervise the preparation of these abstracts 
which will be issued quarterly. The Engineering 
Joint Council, on which the Institution is repre- 
sented, have recommended that there should be a 
preliminary examination common to all the con- 
stituent engineering institutions in connection 
with the admission of students, and the report states 
that this proposal has been agreed to in principle ; 
it is hoped that a workable scheme may be evolved 
to give effect to the recommendation. Two pre- 
miums have been awarded for papers contributed 
to the Transactions in 1925 :—one to Dr. C. Frods- 
ham Holt for his paper on “Stability and Sea- 
worthiness,”” and the other to Mr. G. H. Hoffmann 
for a paper entitled ‘‘ Analysis of Sir John H. Biles’ 
Experiments on H.M.S. Wolf in the Light of 
Pietzker’s Theory.”” The Armstrong scholarship in 
naval architecture and the Parsons’ scholarship in 
marine engineering were awarded to Mr. J. F. C. 
Conn and Mr. B. Barbeck, respectively, and the 
post-graduate research scholarship of the Royal 
Commissioners for the 1851 Exhibition, to Mr. W. 
Sprague. The report gives the names of the 
members elected to serve on the Benevolent Fund 
Committee for the current year, and appeals for 
additional subscribers to the fund in order to 
increase its scope. It also mentioned the names of 
members representing the Institution on various 
other bodies, and concluded with a full statement of 
the general accounts and of the accounts of the 
various scholarships and other funds. The Chair- 
man moved the adoption of the report which 
was carried unanimously. 








ELECTION OF PRESIDENT, OFFICERS AND 
CouNcIL. 


The next business was the election of the Presi- 
dent, Honorary Treasurer, and Vice-Presidents for 
the ensuing year. His Grace the Duke of North- 
umberland was re-elected as president and Sir 
Charles Ellis as honorary treasurer, while the 
following gentlemen were re-elected as_ vice- 
presidents :—Sir William E. Smith, Engineer Vice- 
Admiral Sir Henry J. Oram, the Hon. Sir Charles 
A. Parsons, Sir Alexander Gracie, Mr. J. Foster 
King, Sir Thomas Bell, Engineer Vice-Admiral Sir 
G. G. Goodwin, Mr. Andrew Laing, Sir E. T. d’Eyn- 
court, Mr. W. H. Whiting, Mr. A. E. Seaton, Sir 
Westcott S. Abell, Mr. W. J. Luke, Lord Weir, and 
Mr. W. J. Berry. The re-election of these gentle- 
men was duly confirmed, and the Secretary 
announced the result of the ballot for the election 
of two vice-presidents, members of council and 
associate members of council. The two  vice- 
presidents were Mr. James Brown and Mr. Summers 
Hunter, while the members of council elected 
were Mr. E. W. Colvill, Mr. A. W. Johns, Dr. James 
Montgomerie, Engineer-Captain W. Onyon, Mr. 
H. Ruck-Keene, Mr. A. W. Sampson, Mr. Tom 
Westgarth, Mr. H. G. Williams, and Mr. Harold 
Yarrow. The associate members of council elected 
were Professor W. E. Dalby, Mr. A. C. F. Hender- 
son, and Sir Charles Sanders. 

After the scrutineers for the next annual meeting 
had been appointed, the Chairman announced that 
Dr. C. Frodsham Holt was abroad, and was there- 
fore unable to be present to receive the premium 
awarded him for his paper, as mentioned in the 
report. Mr. G. H. Hoffman, however, was present, 
and received his award from the Chairman, who 
congratulated Mr. Hoffmann on his work. 


PRESIDENTIAL ADDRESS. 


After welcoming members, His Grace expressed 
his satisfaction at the opportunity once again 
afforded him of presiding over the meeting. As 
would be seen by the report, the Institution had 
suffered great loss by the death of some of the 
most distinguished of its members, among them 
being Sir Philip Watts. This was an irreparable 
loss, not only for the Institution but for the country. 
His name would go down to history as the designer 
of the Navy which fought and won the Great War, 
and he had left behind him a record of public service 
given to few men to attain. 

The Institution had passed satisfactorily through 
another year, notwithstanding the depression in the 
shipbuilding industry, which, it had been hoped, 
would before now have reached the lowest point 
of the ebb. The industry, however, still suffered 
from lack of orders, but the Institution, being a 
scientific and not a commercial body, had for- 
tunately escaped the worst consequence of the 
industrial crisis. It might be said, however, that 
the orders for new merchant shipping placed during 
the past few months led to the hope that some re- 
covery might now be looked for, although they 
did not suggest any large increase in employment. 
The financial and industrial conditions abroad were 
less unfavourable to our tendering in competition 
with Continental shipyards than was the case last 
year. British credit, moreover, still stood high in 
financial circles, and British industry was second 
to none for good and accurate work. It would 
take too long to enter into the causes of the 
existing troubles, due to the aftermath of the war, 
from which we were slowly recovering, though the 
situation in Russia and China was seriously hinder- 
ing the return to normal conditions. 

His Grace then referred to the question of the 
status of naval engineers, as affected by the Fleet 
Order issued last year, from which it appeared 
that naval engineers were not to enjoy the military 
status which they had previously held. This 
order, he said, would have an unfortunate effect 
upon that branch of the Naval Service which was 
so largely represented in the Institution. Attention 
had been drawn to the matter only a few days ago 
in the House of Commons, but he feared that those 
who raised the question had not received any 
great satisfaction. The Admiralty regarded the 
grievance as an imaginary one, but those who were 
most competent to judge of the effect of the Order 
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held that it would impair the efficiency of the 
engineering branch of the Navy, and therefore 
felt bound to protest against it. Our warships, 
from the largest battleship to the smallest sub- 
marine, consisted of a vastly intricate agglomeration 
of mechanical appliances, and, in the opinion of 
the Institution, it was an anachronism to emphasise 
the difference between the executive officer and 
his engineering colleague. The union between 
them, on the contrary, should be strengthened 
so as to unite into corporate membership all 
branches of the Service. It was not contended 
that, under present conditions of Service, engineer 
officers shou'd aspire to command ships, although 
in some other navies they might do so. Their 
status, however, he felt would justify their con- 
tinuation in the executive branch of the Service. 
The engineers should have power and command 
over their subordinates in the matter of discipline, 
and their authority should not be less than that 
of any other class of officer. It was also felt that 
if a place could be found on the Board of the 
Admiralty for direct representation of the engin- 
eering branch, it would certainly tend to make 
engineers confident that their views would be 
fully considered. 


THE OvuTLooK FoR British SHIPBUILDING. 


Mr. A. C. F. Henderson contributed the first 
paper, and in it discussed ‘‘ The Present Outlook 
for British Shipbuilding.” This paper, with slight 
abridgement, is reprinted on page 412 of this 
issue of ENGINEERING. 

Sir Westcott Abell, in opening the discussion, 
remarked that he was glad that Mr. Henderson 
had given them such a forceful reminder of the 
necessity for active co-operation between the 
constructional and operating sides of the shipping 
industry. There were one or two points on which 
he was not entirely in agreement with the author 
of the paper. The variations in the export of 
coal could hardly be taken as an index of the 
world’s trade. He was doubtful whether such a 
procedure was justifiable. There was some similarity 
between the growth of steamship transport and the 
exportation of coal, but a relationship to world 
trade could hardly be established. There were 
difficulties in obtaining a suitable trade index 
for the shipbuilding industry. The figures for 
entrances and clearances of goods were obviously 
unsuitable. ‘There were variations in the bulk of 
goods and the figures which could be obtained 
for their carriage. It was also sometimes cheaper 
to run a vessel with very little cargo than to lay 
it up. Export cargo figures were available, but 
only for some classes of goods. The trade index 
for the shipbuilding industry must be based on the 
figures of imports and exports of the various 
maritime countries. Correction, however, was 
necessary for currency variation and other factors, 
such as the fact that certain of the goods might 
come twice into the returns. Even when such 
allowances were made they had still to measure 
the benefits arising from the transport of passengers. 


If they could get a combined index of the character | 3-000,000 tons. ; 
all these vessels as many were of special types, such 


suggested, it would show variations similar to 
those of the world’s trade. 
“that the fluctuation in tonnage figures follows 
very closely to world’s trade figures,” 
statement should show that the tonnage anticipates, 


instead of follows, the figures for trade. The| Scrapped for every new one built. 


movement in a curve of shipping tonnage production 


occurred four and a half months earlier than the |} 
corresponding change in the trade of the world} the recent inquiry into the conditions in the ship- 
and nearly six months before similar variations | building trade. 


were noted in the general} unemployment returns 


for the country. The tonnage commenced in the | own yards, and they would, naturally, do everything 
yards, taking such figures as were given quarterly | in their power to see that this condition should con- 
tinue. 


in Lloyd’s List, was the best basis of comparison. 
Sir John E. Thornycroft thought that the ship- 


builders of the country would be pleased if Mr. | tons, andit was hoped that the figures for 1925 would 
Henderson’s prophecy was correct, providing that | show a bigger total still. 
the ships could be built at a profit. He agreed that | industry, everything was being done to keep costs 


the workmen in this country were the best in the | « 
world, but unfortunately that was of little account | ¢ 
if they could not use their services to the best | « 
advantage. If cheaper production could not be 
obtained they could not run their works for many | « 


Mr. Henderson said | #8 dredgers. A : Ne 
scheme under which special facilities would be 
but the} afforded by the Government, under the ‘Trade 
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in the paper were built each year. The subdivision 
of labour, which prevented interchangeability, was 
a factor that should not be overlooked. Demarca- 
tion of work was one of the most troublesome 
causes of the increasing costs of production at home 
and enlarged the differences in prices between this 
country and others. Unfortunately the trades 
unions decided to use their power to make demar- 
cation troubles greater than ever. Sir John con- 
cluded his remarks by referring to a letter he had 
received relating to the placing of orders for four 
vessels in foreign yards, which contained the state- 
ment that though the owners would have preferred 
to put the orders in British hands they would not 
be justified in doing so until prices could be obtained 
here similar to those obtaining on the Continent. 

Mr. G. W. Barr stated that it was important that 
they should have some formula by means of which to 
prophesy, with a reasonable measure of accuracy, 
with regard to what was likely to happen in the 
shipbuilding industry in the near future. If the 
provisions of the joint inquiry into the condition of 
the industry, which relate to the cheapening of 
production, were made possible of achievement by 
the active co-operation of the trades unions, they 
would make the greatest step towards the recovery 
of the proportion of the world’s shipbuilding, which 
they had before the war. 

Sir Archibald Denny, Bart., dealt with the 
possible cheapening of production by the adherence 
of the shipowners to the use of standard details in 
ships and their machinery. In the work of the 
British Engineering Standards Association, co- 
operation was possible by shipowners, shipbuilders 
and marine engineers which would be of the greatest 
value to the industry. Once decisions on stan- 
dardisation were reached, to which the owners had 
been a party, orders could be given by them that 
such details must be used in the construction of their 
future vessels with a resulting saving in costs. It 
was interesting to note that Mr. Henderson saw 
the bottom of the depression and hoped for a 
recovery of business. Mr. Robert Clark, the 
chairman of the British Corporation for the Survey 
of Shipping, in a recent speech showed that, 
generally speaking, the numbers of ships in use from 
year to year was practically constant, but _ the 
tonnage grew, as the later boats were of greater 
average tonnage. The trade of the world was 
carried out in 30,000 ships, of which 12,000 were 
of 1,000 tons or less. In 1922 the gross tonnage 
was 644 million tons, comprising 34,000. ships, 
while in 1924 the figures were 64 million tons 
and 33,000 ships. An increased percentage of 
ships under 1,000 tons, and between 1,000 tons 
and 2,000 tons, which were afloat at the end of 
the war, sufficiently accounted for the changes 
in these figures. There were 1,300,000 tons of 
shipping over twenty-five years of age. If some. 
scheme could be arranged under which such vessels 
could be scrapped it would be of great service to 
shipbuilding. Taking vessels of 1,000 tons and more, 
there were 376 of over twenty-five years of age and 
788 over twenty years. In all, this tonnage was 
It would not be advisable to scrap 


It might be possible to arrange a 


Facilities Acts, by which two old vessels would be 


Mr. J. T. Batey called attention to the fact that 
Mr. Henderson did not hope for any benefit from 


In that he thought he was wrong. 
Foreign owners gave their orders for ships to their 


The world’s tonnage lost and broken up in 
1923 was 1,716,719 tons, and in 1924 was 1,857,679 


Within the shipbuilding 


lown, but they would not get back to reasonable 
-onditions until railway transport, and other charges 
‘xternal to their industry, were much reduced. 

Mr. A. T. Wall, in discussing Mr. Henderson’s 
sstimate of the probable annual production as 





years, even though such a tonnage as was suggested | 1,188,000 tons, pointed out that it was about 
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10 per cent. better than the figure for last year. 
In the estimate 110,000 tons were allowed as being 
built for foreign owners, but it was very doubtful 
whether that would be the case. The drop in the 
world’s tonnage built between 1924 and 1925 was 
55,000 tons, whereas the drop in the British tonnage 
built in the same period was no less than 355,000 
tons. In foreign yards there was an increase of 
300,000 tons. It was difficult to see how they could 
hope to build so large an amount of foreign tonnage 
as Mr. Henderson estimated. It was certainly the 
case that foreign workmen were less skilled than ours, 
but their wages were only half of ours. As it would 
be many years before standards of living would be 
similar in the various countries, it was a mistake 
to belittle the capabilitieseof foreign yards and 
workers in dealing with the building requirements of 
their shipowners. ‘To-day just over 60 per cent. of 
the available shipbuilding workers were employed. 
If all were engaged on production, 1,800,000 tons 
would be built each year. Such an output had been 
attained on occasion, but only in four separate years. 
It must be recognised that they had more than 
enough workers to deal with the requirements of 
an average year. Warship building was reduced, 
and this further increased the number of men who 
looked for employment in merchant shipbuilding. 
Mr. A. C. F. Henderson, in reply, stated that he 
agreed with Sir Westcott Abell that the coal exports 
did not give a good trade index figure. His sugges- 
tion of export and import figures was also open to 
objection. Not merely would they have to correct 
for differences in exchange, but also for the values 
of specific commodities in the various countries. 
Returns could be obtained for passenger traffic ; 
these showed the trend of passenger business all 
over the world, year by year. He thought business 
had taken a turn for the better and that they could 
look forward to greater activity. Standardisation 
of details might be the means of reducing costs, 
but the fads and prejudices of shipowners would 
prevent that desirable result being obtained. 
The Duke of Northumberland said it was no 
innovation to have a paper of general interest read 
before the Institution. This one was of great value, 
and he called on the members to give Mr. Henderson 
a hearty vote of thanks for the work entailed in its 
preparation. 


THE LAUNCHING OF SHIPS. 


Mr. W. J. Berry, C.B., Director of Naval Con- 
struction, was then called upon to read his paper or 
“Launching Arrangements of H.M. Ships Nelson 
and Rodney,” which is reprinted on page 414. 

Mr. W. J. Luke opened the discussion, and stated 
that the detailed figures in the paper would prove a 
very valuable addition to the data of launch calcu- 
lations. In launching a vessel much was left 
to the discretion of the builder. The conditions for 
the two vessels were very different, the pressures on 
the grease were different, and yet equal satisfaction 
was recorded in each case. On the Clyde the range 
of tide was not nearly so great as on the Tyne and 
Mersey, and indeed was only such that 8 ft. to 9 ft. 
of water over the ends of the ways could be expected. 
but launches were carried out with entire satis- 
faction. Referring to the figures for pressure on 
the grease, he made comparison with the Hood 
and the Aquitania, where the values were 2-45 lb. 
and 2-27 Ib. per square foot respectively. ‘They 
had as much as 5,000 tons acting on the fore poppets 
in the case of these two vessels, as compared with 
2,000 tons for the Nelson and Rodney. As it was 
advisable to extend as far as possible the figures 
available to shipbuilders, Mr. Berry might give them 
for comparison the figures for H.M.S. Hood. He 
had read in the discussion of a paper some forty 
years ago of the use of a grease pressure as high 
as 6 tons per square foot; the maximum value 
desirable was, however, believed to be 3 tons per 
square foot. H.M.S. Rodney was launched in 
December, when difficulties might have been anticl- 
pated due to cold weather. He recalled a launch 
where there was no actual stop of the vessel in its 
movement, but it took 15 minutes to move about 
100 ft. There was no other reason for this action 
than the cold prevailing. Breakage in the case of 
both vessels during launching was given as “nil,” but 








he had never previously known of such a result with 
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a large heavy ship. He was surprised to find that 
there was no longitudinal breakage. 

Mr. Harris G. Williams reminded the members 
of a paper read before the Institution by Mr. H. R. 
Champness in 1881, comparison between which and 
Mr. Berry’s paper showed how largely launching 
calculations had been elaborated. From the calcu- 
lation point of view there was no difference between 
the two-way and four-way systems of launching. 
There was, however, always a doubt with multiple 
ways whether the loads would be taken uniformly 
by the ways. They had to rely on the rigidity of 
the ship and of the ground under the ways to obtain 
uniform distribution of load. Launching was 
always attended by the dangers of sticking, the 
breaking of drag wires, and such-like actions. Their 
only incident in the launching of the Nelson was the 
breaking of a drag-wire, which caused no trouble 
whatever. 

Professor Percy A. Hillhouse said that these 
launches were of interest because of the use of 
four ways. The accuracy of Mr. Berry’s calcula- 
tions left very little to be desired. In the paper, 
reference was made to 12 ft. over the way ends as 
the maximum safe launching tide. Why, he asked, 
was 12 ft. regarded as safe? For comparison with 
the pressures on the grease mentioned in the paper 
the value for the Transylvania was 11-2 tons, 
Aorangi 21-3 tons, Submarine E.38, 19 tons, Renown 
5-3 tons, and Valiant 7-3 tons per square foot. Was 
there any reason for the use of 16 ft. as the length 
over which the pressure on the fore poppet was 
assumed to be uniform when the stern lifted ? 
Personally, he used 30 ft. in his calculations. He 
concluded his remarks by asking for further details 
of how the speed records were obtained, and also 
regarding Professor Abell’s pendulum apparatus. 

Mr. E. L. Attwood, R.C.N.C., stated that the 
tallow used was tested to 7-6 tons per square foot 
to determine whether it might be cracked at any 
load within the range to which it might be subjected. 
In the actual launches the tide was high and the 
stresses were therefore reduced. 

Professor T. B. Abell, in a written communica- 
tion which was read by the Secretary, referred 
to the advantage to be obtained in observing the 
acceleration of a vessel being launched, rather 
than deriving the result. The difference between 
observed and derived graphs was very marked. 
As a ship moved down the slips and entered the 
water the resistance to motion through the water 
was increased very rapidly, and the acceleration 
decreased very rapidly. “When the stern was lifted 
changes in the resistance from moment to moment 
were small, and the acceleration became more or 
less uniform. This state of affairs appeared to 
have been reached when the ship had travelled 
400 ft. and continued until it had gone 650 ft. 
If that were true, and that seemed to be the case, 
it was the moment of buoyancy and the moment 
of pressure on the hull which created a rise of 
level of the water in the form of waves at the 
after end of the ship, reducing the hogging moment 
and also the measured tension in the upper 
deck as compared with the expected tension. 
Any increase of the pressure on the fore poppet 
area required a bigger range of reinforcement of 
the ground ways than would be estimated from 
static calculations. 

Mr. W. J. Berry, in reply, thanked Mr. Luke 
for his suggestion to give the figures for the Hood, 
which he would do his best to comply with. All 
the blocks were removed before the ships went 
off, and they were only held by dog-shores. The 
Admiralty used grease pressures of 2 tons to 2} tons 
per square foot. They had to test the grease to 
be sure that it was in every way suitable for the 
work. Despite the experiences referred to, the 
breakage was nil in these launches. Although the 
comparison of the calculations with their experience 
at the launches, showed such close approximation, 
it was even better than appeared to be the case, 
due to the difference in buoyancy at the launch. 
A 12-ft. launching tide was based on an old-time 
theory that the tipping moment of the stern must 
not exceed a certain value. The use of a 16-ft. 
length, in dealing with the uniform stress on the 
fore poppet, was adopted because of the way in 
which it was built. Professor Abell intended to 


give a contribution later to the Institution on the 
subject of his short pendulum apparatus. 

The Duke of Northumberland then called for 
a vote of thanks to Mr. Berry for his interesting 
and imformative paper. 


THe ANNUAL DINNER. 


About 550 members and guests attended the 
dinner which, as previously mentioned, was held 
in the Connaught Rooms on Wednesday evening. 
After the loyal toasts had been duly honoured 
the President, who occupied the chair, proposed 
the toast of “The Royal Navy,” his speech being 
mainly to the effect that the Navy was still a vital 
necessity to the Empire, notwithstanding the 
various peace treaties now in existence. The re- 
sponse was by Mr. J. C. C. Davidson, Parliamentary 
Secretary to the Admiralty, who touched on the 
effect of aircraft in naval warfare, concluding by 
remarking that whatever part the air might play 
in the future, it was essential that the British Navy 
should be maintained. Vice-Admiral Sir Ernle 
Chatfield, proposed the toast of ‘‘ The Mercantile 
Marine,” referring to the part played by merchant 
shipping in the war and to the cordial relations 
existing between the Merchant Service and the 
Navy. The Right Hon. Walter Runciman, M.P., 
replied to this toast in an eloquent speech in the 
course of which he referred to the present depression 
in shipping, ‘but expressed faith in the future, 
remarking that it lay in the hands of naval archi- 
tects to enable British shipping to hold its own. 

The toast of “Scientific and Engineering 
Societies,” proposed by Lord Eustace Percy, Presi- 
dent of the Board of Education, was responded to 
by Sir William Ellis, President of the Institution of 
Civil Engineers. Sir William, in the course of his 
remarks, said he did not wish on that occasion to 
deal at length with the subject of the status of the 
naval engineers as affected by the recent {Fleet 
Order, but he would put three questions on the 
subject. He asked, in view of the many services 
of naval engineering officers in the war, how the 
country could be so ungrateful as to allow the blow 
to their status and prestige to go unchallenged ; 
how their brother officers in the executive branches, 
with any feeling of comradeship, could countenance 
the discrimination in the social rank of engineer 
officers which the Admiralty’s decision conveyed ; 
and how it was possible for naval engineers to 
command the respect of members of their staff, 
which was due to them in view of their great responsi- 
bilities, while the staff were aware of the distinction 
of social position and status existing between 
executive officers and their own superior officers. 
He would not then express an opinion on these 
points, but could sympathise with the position of 
the naval engineer officers, which, he believed, was 
trying them severely. 

His Excellency Baron Moncheur, the Belgian 
Ambassador, proposed the toast. of “ The President 
of the Institution of Naval Architects,’ and the 
function terminated after a brief response by His 
Grace, the Duke of Northumberland. We must 
defer our account of the meeting held yesterday 
and to-day until our next issue. 


(To be continued.) 








STANDARD SPECIFICATION FOR 
MARINE ENGINES. 


THE latest standard specification issued by the 
Society of Motor Manufacturers and Traders covers 
tests for petrol, petrol-paraffin, and semi-Diesel 
marine engines of 10 brake horse-power and upwards. 
The specification lays down that there shall be three 
running tests in all, the first to consist of a four-hour 
run at rated brake horse-power, with the reverse 
gear in the ahead position, at normal revolutions per 
minute. This test is followed by a one-hour no-load 
test at not more than two-thirds full speed, without 
fuel adjustment, the engine to be opened out to 
full throttle after the test. The third test consists 
of a half-hour run with the reverse gear in the astern 
position, the general conditions being the same as 
in the first test, with the exception that no brake 
horse-power-readings are required. It is clearly 





important that a standard specification should be as 


specific as possible, and it appears to us that the 
one with which we are dealing is open to criticism 
from this point of view. In the case of the second 
test, for example, the required conditions would be 
fulfilled by an engine which misfired badly when 
the throttle was opened, as no conditions are laid 
down about speed or load after opening out, nor is it 
stated whether the engine is to run for a few seconds 
only, or for several minutes under the new condi- 
tions. 

The clause relating to the type of brake to be 
employed also appears to be a little ambiguous. 
It is stated that the brake must be of the positive 
type, ‘‘devoid of any efficiency factor,” and, while 
this apparently rules out the practice of coupling 
the engine to a dynamo from which the output is 
calculated from a knowledge of the dynamo effi- 
ciency, it is not clear to us whether a fan brake would 
be acceptable or not. Apart from the running tests, 
the specification states that any guarantees given 
by the makers regarding fuel and oil consumption 
and governor control, shall be satisfactorily fulfilled. 
It is also stated that petrol-paraffin engines shall be 
re-started on paraffin not less than half an hour 
after being stopped. Presumably there is a good 
reason for the inclusion of this test, which is certainly 
a very severe one. The majority of such engines 
will only pick up on paraffin after the vaporiser has 
been effectively heated by the exhaust gas; and 
in the case of most of the engines on the market at 
the present time, the vaporiser rapidly cools down 
below the point at which a pick-up on paraffin 
would be possible. Two final clauses of the specifi- 
cation state that a sample of the fuel used in the 
trial shall be submitted to the customer for analysis, 
and that the dimensions of both engine and reversing 
gear shall comply throughout with Lloyd’s rules 
or with a specification approved by them. 








THE LATE SIR BRADFORD LESLIE. 


In the feverish clamour for self-government in 
India, the pioneer work which consolidated the very 
peoples who make the outcry, is apt to be forgotten. 
In the light of the turn of events, it must have been a 
source of satisfaction to the late Sir Bradford Leslie 
to recollect that, when, by his genius, the floating 
bridge over the Hooghly at Calcutta was opened, 
the assembled crowds sang ballads and hymns in 
his praise for having given them the means of 
crossing the sacred river. 

From the earliest ages the bridge builder has 
been deemed worthy of honour, and it was as a 
constructor of bridges that the venerable engineer 
Sir Bradford Leslie, who passed from among us on 
Sunday last, spent the earlier part of his long and 
active life. 

Sir Bradford Leslie was born in London in 1831. 
Thus he had reached the advanced age of 95, and 
though he did not live to quite the age of Sir Guild- 
ford Molesworth, whose death we recorded about 
a year ago, he carried almost to the last, an 
astonishing degree of activity and vigour which 
many younger men envied. It is interesting to 
note that Sir Bradford’s grandfather was a friend 
of Benjamin Franklin, in Philadelphia, and was 
possessed of considerable mechanical skill. His 
father, Charles Robert Leslie, R.A., was, however, 
a painter and writer of repute, as were also his two 
brothers, and thus it was in an atmosphere of art 
and letters that Sir Bradford grew up. His early 
education too, was anything but technical. for, 
when he left the old Mercers School at the age of 16, 
he had been taught only a little elementary mathe- 
matics though he was well drilled in Latin and 
Greek. Yet, inherent mechanical ability and earnest- 
ness of purpose transformed for him what would 
have been a handicap to most men. He successfully 
utilised the habits of application and analysis 
inculeated by classical education in the study of 
mechanics after being apprenticed to I. K. Brune! 
in 1847, and showed such promise, as to be sent 
four years later as assistant engineer on the con- 
struction of the bridge over the Wye at Chepstow. 
This was followed by the post of resident engineer 
on the Saltash bridge across the Tamar, with its 
comparatively novel experience in connection with 





the large compressed-air caisson of the central pier. 








406 
After this, railway and dock work, on the large scale 
characteristic of Brunel, and some work in con- 
nection with the “‘ Great Eastern,” occupied him 
‘until 1859, in which year he went to India. 

This came about at the instance of Brunel, who 
was consulting engineer to the Eastern Bengal 
Railway, and Mr. Leslie, then only 27, was put 
in charge of the construction of two large bridges 
over the Kumar, viz., the Ichamatti bridge and the 
Alumdanga. Here, his Saltash experience stood him 
in good stead as the 8 ft. cylinders for both bridges 
had to be sunk by com- 
pressed air. No skilled 
labour was available 
and no machine tools 
existed, so, having to 
teach the natives how 
to rivet by hand, the 
engineer himself was 
called upon at times to 
work in the cylinders. 
His constitution was, 
fortunately, proof 
against such  condi- 
tions, and, not ;only 
were the bridges suc- 
cessfully completed, 
but railway station 
work and canal bridges 
were also taken in hand 
and finished. In 1861 
he returned to England, 
subsequently being re- 
sponsible for the sur- 
vey, alignment, design 
and construction of 
several railways in 
mountainous districts 
of’ Wales. 

In 1865 he was ap- 
pointed Chief Engineer 
to the Eastern Bengal 
Railway and returned 
to India. One of the 
extensions of the rail- 
way involved a bridge 
across the Gorai, of 
seven spans of 185 ft. 
each. The piers, of 
iron lined with brick- 
work, had to be sunk 
to a depth of 80 to 
100 ft. in a_ rapid 
stream, a feat demand- 
ing an inventiveness of 
which Mr. Leslie proved 
fully capable. He de- 
vised and utilised a 
special boring appliance 
which proved eminently 
successful. An account 
of this bridge formed 
the subject of a paper 
submitted by Mr. Leslie 
to the Institution of 
Civil Engineers in 1872, 
which gained for its 
author the Telford 
Medal and Premium. 

A short visit to Eng- 
land followed the 
completion of the ex- 
tension and _ {bridge. 
During this he was ap- 
pointed consulting 
engineer to the Oudh 
and Rohilkhand Railway Yompany. In 1872, how- 
ever, he was back in India, this time at the invitation 
of the Secretary of State, to inquire into the condition 
of bridges over the rivers Beas, Jumna, and Sutlej, 
on the Sind, Punjab, and Delhi Railway. A serious 
accident had occurred on the first-named bridge 
when the river was in flood, and some alarm was felt 
about the whole position. This alarm, after a 


rigorous examination, Mr. Leslie was able to allay, 
and, by approving the measures taken by the Com- 
pany’s engineers, instead of yielding to popular ex- 
citement, was able to effect a great monetary saving. 

A more difficult problem, however, was calling for 
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solution. This was the spanning of the Hooghly at 
Calcutta. This great waterway, subject to big and 
rapid fluctuations from tides and floods, had 
hitherto discouraged all those who wished to see it 
bridged. The problem was complicated by the 
need of affording free passage for ships both large 
and small. Mr. Leslie saw from the first that a 
floating bridge was the most reasonable project, and 
set to work to perfect a scheme. This done, with 
drawings and models he was able, in the face of much 
opposition, to bring his scheme to the notice of 
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THE LATE Sir BRADFORD LESLIE. 


the Viceroy, Lord Mayo, at once securing his 
interest. Accordingly work on the bridge was 
commenced, but before it was completed the health 
of the Municipal Engineer at Calcutta, Mr. William 
Clarke, gave way, and Mr. Leslie was appointed his 
successor. Thus the bridge, designed by Mr. Leslie, 
was actually largely constructed under his own 
supervision, and was opened for traffic, under the 
circumstances above alluded to, in 1874. Mr. Leslie 
afterwards gave a full account of the bridge in his 
paper presented to the Institution of Civil Engineers 
in 1878. For this he was awarded the Watt Medal 
and Telford Premium. 





In the capacity of Municipal Engineer, Mr. Leslie 
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also completed the City water supply and drainage 
schemes initiated by Mr. Clarke, and took an active 
part in many other schemes. His acceptance of this 
post naturally resulted in his resignation from the 
position of consulting engineer to the Oudh and 
Rohilkhand Railway. In 1876 he was offered and 
accepted the post of Agent and Chief Engineer to the 
East Indian Railway. Though his former posts had 
been mainly on the constructive side, this had new 
work, involving as it did wide administrative duties, 





which he carried out 
with equal conscien. 
tiousness, ingenuity 
and ability. The rail- 
way, even then exten- 
sive, was inspected 
from end to _ end. 
Wagon stock was re- 
placed. Cast - iron 
sleepers were _ intro- 
duced. Native drivers 
were trained for the 
goods traffic. The ex- 
act territory belonging 
to the railway was, for 
the first time, delimited, 
and a practical econ- 
omy was effected by 
utilising scrap material 
for many purposes 
which had formerly 
been met by new. 
Traffic questions were 
considered at the same 
time and every means 
examined for putting 
the producers of the 
Ganges valley in direct 
touch by rail with Cal- 
cutta. The solution 
was found to lie in 
another bridge over the 
Hooghly at Naihati. 
This important canti- 
lever structure was 
completed for the East 
Indian Railway in the 
short space of three 
years. It was opened 
by the Viceroy, Lord 
Dufferin, in 1887. and 
is thus known as the 
** Jubilee ” bridge. For 
his} work in India Mr. 
Leslie was at this time 
honoured with the rank 
of Knight Commander 
of the Indian Empire. 
The Jubilee bridge was 
described in the paper 
contributed by Sir 
Bradford, and read at 
the Institution of Civil 
Engineers in 1888, for 
which he received the 
Stephenson Medal and 
Telford Premium. 

About this time Sir 
Bradford Leslie was in- 
valided home, and was 
unfortunate enough to 
suffer shipwreck and 
disablement on _ the 
voyage. He did not 
return to India till 
1899, and then only for a short visit. The 
occasion of this trip was that Sir Bradford real- 
ised that, though having given excellent service 
for twenty-five years and still structurally quite 
sound, the floating bridge was becoming inadequate 
to deal with the increasing volume of the traffic 
of Calcutta. His far-sighted proposals for antici- 
pating the inevitable congestion were not seriously 
considered, and it was only in 1910 that a Bridge 
Committee was formed to consider the whole 
matter. In 1918, at the age of eighty-eight, Sir 
Bradford complied with an invitation to submit a 
design. This embodied the construction of two 
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floating bridges, one in the situation of, and the 
other alongside, the original bridge of 1874, with 
the important difference of one-way working, and a 
total roadway of 100 ft., against the existing 
48 ft., with proportionately wider sidewalks. The 
rejection of this design for the somewhat grandiose 
scheme of a large cantilever bridge is a matter 
for which the Government of Bengal is responsible, 
but at the moment the matter remains unsettled. 

Though his active participation in Indian engi- 
neering ceased on his retirement in 1887, his interest 
in and connection with the country was maintained 
up to the last, as his almost constant attendance 
in the chair at the meetings of the Southern Punjab 
Railway Company in London testified. 

In 1889 he was appointed a British Juror at 
the Paris Exhibition, and he later held the French 
distinction of Officier de linstruction publique. He 
was also a Fellow of the University of Calcutta. 
His work for, and honours in the Institution of 
Civil Engineers have been alluded to above. He 
became a member of that Institution in 1872, and 
for some time was also a member of council. 
The portrait we publish of Sir Bradford Leslie 
shows him in his vigorous old age. Only last 
vear, at the age of 94, he read a paper on permanent 
way before the Permanent Way Institution. Until 
the last he consistently took an active interest in 
all current questions. 

It was not because fate was particularly kind 
to Sir Bradford that he enjoyed, in the fullest 
sense, so long a life. To say nothing of the early 
loss of wife and of three of his five children, he 
suffered from exposure, long hours, and the harder 
life in hot climates in the strenuous times now long 
past. These brought later in their train a more 
than normal share of sickness. Yet he had serenity 
and courage, single-mindedness, unselfishness and 
industry to an unwonted degree, and his name will 
be long remembered for this, as well as for his 
high professional attainments, in both India and 
England. 


LETTERS TO THE EDITOR. 


SPECIFICATIONS FOR CONSTRUC- 
TIONAL TIMBERS. 


To THE EpitoR OF ENGINEERING. 

Sir,—The engineer, accustomed to the fully-detailed 
specifications of a mechanical and physical type that 
are drawn up to-day for iron, steel and non-ferrous 
metals, must be surprised when he has occasion to read 
the brief, vague and apparently out-of-date require- 
ments that are often deemed adequate to stipulate the 
conditions to be fulfilled by timbers for constructional 
purposes. 

The writer frequently has occasion to examine 
specifications applying to the construction of wood 
vessels, yachts, launches, &c., and it may be sufficient 
for the present purpose to take as an example the speci- 
fication which has been adopted by Lloyd’s Register of 
Shipping for wood used in the construction of yachts. 

The timbers in questions are mainly East India teak, 
American rock elm, English elm, cedar, mahogany, pine 
= oak of many varieties, and the specification runs as 
OMOWS :— 

“The timber is to be of good quality, properly 
seasoned, free from sap, shakes and from all other 
defects.”” In some cases a note is added to the effect 
that the weight per cubic foot for suitable material 
should approximate to a given amount or should be in 
excess of a certain figure. Apart from this single and 
occasional proviso, the specification in question is of the 
purely qualitative type—there is nothing included 
which can be measured. 

When drawing up a specification for materials, it is 
surely good practice to insert no more qualitative 
stipulations than are absolutely necessary, and, wherever 
possible, to supplement these by quantitative require- 
ments. With qualitative stipulations standing alone 
the decision as to the suitability of the material is 
necessarily left to personal opinion only, and hence 
this latter practice is not infrequently the cause of 
friction between contractor and inspector. 

It is true, of course, that timber is a material of 
organic origin and that it is necessary to proceed warily 
when applying in the cases of such substances the 
mathematical and physical methods that are found to 
yield results of so great reliability where inorganic 
materials are concerned. 

Nevertheless, a considerable amount of research has 
now been carried out on wood, and it is certain that a 
great deal can now be done to include in specifications 

















for constructional timbers the mechanical and physical 
conditions to be fulfilled ; and this would ensure much 
greater certainty as to the suitability of these materials. 
I am, Sir, yours faithfully, 
T. W. MacA.pine. 
London, March 16, 1926. 








EXHIBITS AT THE BRITISH 
INDUSTRIES FAIR. 


To THE Epitor or ENGINEERING. 

Sir,—With reference to the British Industries Fair 
which it is stated will be held in 1927, might I suggest 
for the consideration of the President of the Board of 
Trade, that he should take more adequate steps to 
prevent the exhibition of foreign goods, as purporting 
to have been made in this country. I attended this 
year both at Birmingham and the White City, with 
the buyers of my own Company. They named to me, 
in several cases, the works in Sweden where goods 
exhibited as British, had been manufactured. I 
would suggest, as a test, that exhibitors should be 
compelled to give a bond equal to, say, ten times the 
rental of the stand, that the goods exhibited were 
wholly produced or manufactured within the Empire. 

Next, might I suggest that encouragement should 
be given to firms such as my own, who do not sell 
direct to the public, but distribute through recognised 
channels, to accepted retailers, goods produced in 
Great Britain, but not necessarily manufactured by the 
distributors. The modern tendency seems to ignore 
one of the largest trades in the country, that is the 
recognised distributing agencies who sell to the small 
dealers, goods produced by many manufacturers. 
These firms could probably show greater ranges of 
British produced goods than any group of manufac- 
turers, and they occupy such an important position 
in the trade, that facilities should be given to them to 
exhibit, and endeavours made to attract them to this 
Fair. 

In my opinion, one of the principal reasons why such 
distributing firms do not exhibit, is the admission to 
the Fair of the public in the evenings. Customers of 
these firms, the small shop-keepers, are much afraid lest 
these large firms should develop general mail-order and 
direct business with the public, and the wishes of their 
customers must be recognised if the distributing 
firms are to continue to fulfil their function. 

Yours faithfully, 
For Messrs. JOHNSON, CLAPHAM, AND Morris, Lip. 
A. L. Jonnson, Managing Director. 
Jacem House, Trafford Park, Manchester. 
March 22, 1926. 





DIE CASTING. 
To THE Eprror oF ENGINEERING. 

Srr,—In the December 18 issue of ENGINEERING 
appears an interesting article on “ Die Casting,” 
by Mr. Budgen. I wish, however, to take exception 
to the definition of the term; for, at its best, the 
term “die casting” is meaningless, and because 
there are so many different methods of producing 
castings outside of the sand casting field, we should 
be more specific regarding the definition. The word 
“ die” is usually associated in the mind with pressure 
and at least in the States, it is generally accepted 
that a “‘ die-casting’? may be defined as one formed 
in a metallic die, while the molten metal is under 
the influence of either mechanical or gaseous pressure. 
This definition excludes forgings, because the metal 
is not molten, but in a plastic and semi-plastic 
condition. It also excludes gravity-poured castings, 
which are properly classified as ‘ permanent mould,” 
or “long-life mould” castings. 

The Germans are more fortunate in the selection 
of a name for what we call “ die casting.” They call 
it ‘‘spritzguss,” which literally translated means 
“ squirt-casting,” and this name also implies the 
application of pressure. 

Very truly yours, 
Marc STERN. 

A.C. Spark Plug Company, Flint, Michigan, U.S.A. 

February 22, 1926. 








DISCUSSIONS AT TECHNICAL 
MEETINGS. 


To THE Eprror or ENGINEERING. 

Str,—In these times of bad trade, when the openings 
for new outlets for trade are only too scarce, the papers 
presented before the various institutes are always 
awaited with much interest by technically trained 
business men, and we are voicing the opinion of many 
when we state that the last proceedings of the Institute 
of Metals again proved very disappointing. Some of 
the papers read were excellent. Others, on the other 
hand, should never have been read before such an 


institute and yet, when one visits the meetings, it is 
impossible to help being bored to death by the lavish 
compliments which are showered quite indiscriminately 
upon all authors by practically every speaker. 

At the recent meeting, the undersigned took a few 
rough notes of the remarks made by the different 
speakers and, although they contain slang expressions 
which, under ordinary circumstances, you would 
probably refuse to allow to appear in the columns of 
your journal, we venture to give you an exact copy as 
below :— 

Speaker No. 1. Praised paper. Then gave a brief 
summary. Three quarters of a minute devoted to 
comments. Concluded with thanks. 

Speaker No. 2. Thanked author for paper. Brief 
contribution. Concluded with praise of author’s work. 

Speaker No. 3. Praise again. Long contribution. 
Concluded with further appreciation. 

Speaker No. 4. Thanks again expressed. Paper 
discussed fairly well. Concluded with thanks. 

Speaker No. 5. More appreciation. Vague sort of 
summary. More praise. 

Speaker No. 6. Expression of appreciation. Good 
contribution. Concluded with appreciation. 

Discussions of such a nature can be of no use whatso- 
ever to authors of papers, as good and bad work is 
alike encouraged. It was also very noticeable that, 
almost without exception, only gentleman with the 
degree of Doctor were called upon to speak. During 
the last few years, our metallurgists have shown that 
that they are, in every way, capable of appreciating the 
most advanced research work and turning it into useful 
channels, and we think that sneers at the inefficiency of 
the manufacturers are made only too readily by certain 
gentlemen. 

Perhaps your kind publication of this short communi- 
cation may have a tendency to heighten the tone of 
future meetings, and we may ultimately be able to 
listen to a real discussion without any of the superfluous 
thanks which could be more suitably conveyed by the 
President at the end of the proceedings. 

Yours faithfully, 
NorTHERN STEEL AND MaGnet Company, 
J. Ferprnanp Kayssr, General Manager. 
Sheffield, March 17, 1926. 








LABOUR NOTES. 


At a meeting on Thursday last week the men at 
Messrs. Hoe’s works whose action had obliged 
the federated engineering employers to post lock- 
out notices, decided to resume work on the follow- 
ing Monday, and, in view of their decision, Sir 
Allan Smith, who was in touch with the various 
trade union executives, agreed to withdraw the 
intimations. The men duly returned on Monday 
morning, and their resumption, in compliance with 
the Provisions for Avoiding Disputes, enabled the 
committee of their unions in the Metropolitan area 
to get a date for the local conference with the em- 
ployers on the wages question, which it has desired for 
a considerable time. The local conference was fixed 
for March 24. The action of the employers’ national 
federation in deciding to bring the whole industry 
to a standstill because of a local dispute, involving 
only a single firm, has been described as harsh. The 
truth is that in sheer self-defence they were absolutely 
obliged to take the step. If they had not taken it, 
other local groups of extremists would have been 
encouraged to select single firms for similar treatment, 
and by depriving them of men put them out of business. 
That something of that sort is part of the programme 
of Labour extremism, is practically certain ; one of the 
resolutions passed at Battersea on Sunday, most 
certainly strongly suggests that it is. 





The National Minority Movement’s week-end con- 
ference at Battersea did not differ materially from the 
similar meetings which have been held previously 
in the same place. Mr. Tom Mann, and the other 
speakers, were characteristically extreme in their 
utterances, and the resolutions adopted called for 
things which have been for many months in the pro- 
gramme of the Communist Party and its auxiliary, the 
Red International Labour Union. The demands re- 
lating to industry included (1) the organisation of 
factory and pit committees; (2) the formation of 
workers’ defence corps; (3) the repeal of the sedition 
and anti-labour laws; (4) assertion of the right of 
soldiers and naval ratings to refuse strike services ; 
(5) the calling by the General Council of the Trades 
Union Congress of a national council of action to con- 
sider plans for the complete scientific utilisation of 
the whole trade union movement in the struggle of 
the working class; (6) the securing by the General 
Council of the full support of the international trade 
union movement for the British working class; (7) an 
amendment of the Standing Orders of the Trades 
Union Congress to permit of the affiliation of the 





National Unemployed Workers’ Union; (8) the 
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initiation by the Trades Union Congress of a campaign 
in favour of the summoning of an international trade 
union conference of action to prevent international 
blacklegging ; and (9) a boycott of British employers 
who precipitate industrial conflicts by attempts to 
reduce existing standards. All the resolutions were, 
of course, unanimously adopted. 





According to The Ministry of Labour Gazette there 
was a further improvement in employment during 
February. Among the 11,892,000 workpeople insured 
against unemployment under the Unemployment 
Insurance Acts in Great Britain and Northern Ireland, 
the percentage unemployed at February 22 was 
10-5, as compared with 11-1 at January 25, and 
11-3 at February 23, 1925. Among the members of 
those trade unions from which returns were received, 
the percentage unemployed was 10-4 at the end of 
February, 1926, compared with 10:6 at the end of 
January and with 9-4 at the end of February, 1925. 
Employment was good, on the whole, with brick- 
makers, with most classes of skilled operatives in 
the building trades, and with electrotypers and stereo- 
typers, it was fairly good with millsawyers and coach- 
builders and in some sections of the metal and clothing 
trades. In coal mining, in the cotton and wool textile 
industries, and with dockers and seamen, it was still 
slack ; and in iron and steel manufacture, shipbuilding 
and marine engineering it continued bad. Among the 
principal industries there was an improvement in coal 
mining, iron and steel manufacture, brick manufacture, 
and in the building, pottery, and the clothing trades. 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
in February resulted in an aggregate net reduction 
of nearly 12,0001. in the weekly full-time wages of 
over 14,000 workpeople, and in an increase of about 
2,900]. in the weekly wages of 28,000 workpeople. 
The principal groups of workpeople affected by reduc- 
tions included nearly 40,000 men employed in steel- 
melting shops and rolling mills in various districts in 
England and Scotland, and over 40,000 men employed 
at iron-puddling furnaces and iron and steel-rolling 
mills and forges in the Midlands. In the former case 
the reduction amounted to about 5 per cent. on the 
current rates of those men whose basis rates are over 
7s. per shift, the lower-paid men sustaining no reduction. 
In the latter case there was a reduction equivalent to 
about 1} per cent. on current wages. Other large 
bodies of workpeople whose wages were reduced 
included electrical cable makers, steel sheet millmen 
and galvanisers, iron puddlers and millmen in Scotland, 
and hosiery workers at Hawick. There were also 
reductions under Trade Board Orders in the minimum 
rates fixed for certain classes of workpeople employed 
in the brush and broom trade. The principal groups 
of workpeople whose wages were increased included 
coal miners in the Radstock district, iron-ore miners 
in Cumberland, building trades operatives at certain 
towns in the Midlands, and men employed in the 
non-trading services of local authorities in the West 
Riding of Yorkshire. 


During the first two months of 1926 the changes 
reported to the Ministry of Labour in the industries 
for which statistics have been compiled, have resulted 
in net reductions amounting to 14,6501. in the weekly 
full-time wages of about 250,000 workpeople, and in 
net increases of 8,2501. in those of 80,000 workpeople. 
In the corresponding period of 1925 there were net 
increases of over 60,0001. in the weekly full-time wages 
of 650,000 workpeople and net reductions of over 
20,0001. in those of nearly 600,000 workpeople. 


The number of trade disputes involving stoppages 
of work reported to the Ministry of Labour as beginning 
in February was 36. In addition, 26 disputes which 
began before February were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in February (including work- 
people thrown out of work at the establishments 
where the disputes occurred, but not themselves 
parties to the disputes) vas about 22,000; the esti- 
mated aggregate duration of all disputes during 
February was about 366,000 working days. These 
figures compare with totals of approximately 26,000 
workpeople involved and 412,000 days lost in the 
previous month. 


The Ministry of Labour states that on March 15, 
1926, the number of unemployed persons on the 
registers of Employment Exchanges in Great Britain 
was 1,070,800, of whom 874,100 were males and 
196,700 females. On March 8, 1926, the number 


was 1,094,082, made up of 891,700 males and 202,382 
females, and on March 18, 1925, it was 1,219,206, 
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of whom 973,075 were males and 246,131 females. 
Details of the 1926 totals are given below :— 





Persons Normally in 

















Regular Employment. Persons 
Normally 
—— in Casual 
Wholly | Temporarily |Employment. 
| Unemployed.| Stopped. — 
March 15, 1926— 
Males oy 669,300 129,900 74,900 
Females 123,500 72,000 1,200 
Total .. 792,800 201,900 76,100 
March 8, 1926— 
Males ne 683,438 134,698 73,564 
Females 127,436 73,806 1,140 
Total .. 810,874 208,504 | 74,704 





| 





It was officially announced on Tuesday that the 
ballot of the Amalgamated Engineering Union on the 
question of affiliation with the proposed Industrial 
Alliance had gone in favour of affiliation by 70,695 
votes to 31,423. The total membership of the A.E.U. 
at the end of February was 234,155. The ballot was 
a postal one. In the statement, accompanying the 
ballot paper, it will be recalled, the executive council 
pointed out that if affiliation were decided upon, 
important alterations of the rules of the union would 
have to be made. In ordinary circumstances, these 
changes would take time to make; but, in order to 
keep the possible delay to a minimum, the executive 
council submitted a number of suggested alterations 
for the consideration of the national body which is 
shortly to revise the rules. If the vote had gone the 
other way, the suggestions would, of course, have 
been dropped. The general character of the proposals 
may be judged from this suggested addition to Rule 1, 
clause 3, paragraph 13 :—‘ The union as a constituent 
part of the Industrial Alliance shall be empowered 
to take such action as may be deemed necessary to 
give effect to the constitution, aims and objects, 
financial or otherwise, of the said alliance, so long as 
the union decides to remain a party to such alliance.” 

Other trade unions which have decided to affiliate 
to the Alliance are the Miners’ Federation of Great 
Britain, the Transport and General Workers’ Union, 
the Associated Society of Locomotive Engineers and 
Firemen, the Workers’. Union, the Electrical Trades 
Union, and the Iron and Steel 'Trades Confederation. 
Amongst the organisations which have definitely 
decided not to affiliate are the National Union of 
Railwaymen, the United Society of Boiler Makers and 
Iron and Steel Shipbuilders, and the Federation of 
Engineering and Shipbuilding Trades. A meeting is 
to be held after Easter for the purpose of bringing the 
Alliance formally into operation. The idea of its 
projectors was to support the miners in any action 
which they might take in May. Trouble may emerge 
then or it may not. But the fact which it will be 
unwise of anybody on the side of Labour to ignore, is 
that several of the affiliated organisations, including 
the Amalgamated Engineering Union, cannot function 
efficiently as units of the Alliance without coming into 
conflict with the Engineering and Allied Employers’ 
National Federation. Under the Provisions for Avoid- 
ing Disputes none of these unions can take the kind of 
action demanded of them by the constitution of the 
proposed Alliance. 








At a meeting in London on Tuesday night of the 
London District Council of the National Union of 
Railwaymen, reports were received from the branches 
in the metropolitan area on the question of putting 
forward a new programme on behalf of railway workers. 
After a prolonged discussion it was decided to inau- 
gurate a campaign in London, and to ask the support 
of all other parts of the country for (1) an all-round 
advance of ten shillings in wages and the establishment 
of a three pounds per week minimum wage for all 
grades; (2) the setting up of suitable negotiating 
machinery for railway shop workers, and railway 
dining-car, hotel and refreshment room employees ; 
(3) the establishment of a guaranteed day and week 
for all grades ; (4) an annual holiday of twelve work- 
ing days with full pay ; (5) the recognition of member- 
ship of a trade union as a condition of employment 
on the railway. 

The conference of Ministers of Labour on the subject 
of hours of industry, which took place in London last 
week, seems to have reached agreement on practically 
all the difficulties which stood in the way of ratifi- 
cation by the principal industrial powers of the 
Washington Convention. Until, however, the terms 
of the various Bills embodying the agreement are 
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criticisms of the proposals. The overtime arrangements 
are not quite clear in the official report of the conference, 
but sufficient information is given to suggest that they 
are unlikely to be satisfactory even from the point of 
view of craft unionism. 





On Wednesday, the Prime Minister, the Mining 
Association of Great Britain, and the Miners’ Federation 
of Great Britain, met in London for the purpose of 
discussing the situation created by the recommen. 
dations of the Coal Commission. Mr. Baldwin said 
that the Government had considered with great care 
the report and conclusions of the Royal Commission. 
The conclusions reached by the Commission did not in 
all respects, accord with views held by the Government, 
and some of the recommendations contained proposals 
to which, taken by themselves, the Government were 
known to be opposed. Nevertheless, in face of the 
unanimous report of the Commission, and for the sake 
of a general settlement, the Government, for their 
part, would be prepared to undertake such measures 
as might be required by the State, to give the recom- 
mendations effect, provided that these engaged in the 
industry—with whom the decision naturally rested— 
agreed to accept the Report and to carry on the industry 
on the basis of its recommendations. It was the 
Government’s hope, in that event, that by the co-opera- 
tion of all parties it might be possible to find in the Report 
a lasting solution of the problem. In reply to Mr. 
Herbert Smith, Mr. Baldwin said that the subsidy 
would come to an end on April 30. The Government 
recognised, however, that in some districts, if a settle- 
ment was to be arrived at, the sacrifice that would be 
required would be heavy. They were willing to consider 
the question of temporarily omitting these districts, 
but any money spent in that way would have to be 
considered in relation to the money that might have 
to be spent under the other recommendations of 
the Commission. 





Later in the day a list of the proposals in the Coal 
Commission’s report involving action by the Govern- 
ment was circulated. They are as follows :— 

1. Further assistance by Government in the investi- 
gation of processes of low-temperature carbonisation. 

2. Establishment of a National Fuel and Power 
Council. 

3. Provision for research to be largely extended by 
the industry with the support of the State. 

4. The promotion of desirable amalgamations by 
provision for compulsory transfer of interests under 
existing leases where desirable amalgamations are 
prevented by the dissent of some of the parties or their 
unreasonable claims. 

5. State purchase of royalties. 

6. Royalties to contribute to the Welfare Fund. 

7. The granting of powers to local authorities to 
engage in the retail sale of coal. 

8. A Standing Joint Committee of the Ministry 
of Transport and Mines Department to promote 
measures to secure the adoption of larger mineral 
wagons on the railways and a greater concentration 
of ownership of wagons. 

9. Profit-sharing schemes providing for the distribu- 
tion to the workmen of shares in the colliery under- 
takings to be made obligatory by statute. 
10. The Government to make such modification in 
the law governing hours as the owners and men may 
agree. 
11. Government to facilitate the transfer of dis- 
placed labour and to provide funds for the purpose. 
12. Consideration to be given to the regulations 
governing the qualification of mine managers. 

13. Pithead baths to be compulsory and to be 
financed from the Welfare Fund. 

14, Joint Pit Committees to be established generally. 


A local conference which took place on Wednesday 
to discuss the application of sixteen engineering unions 
in the London area for a wages advance of 20s. per 
week “failed to agree.” In accordance with Clause B 
of the Provisions for Avoiding Disputes the matter 
will now come before the Central Conference, which is 
due to meet at York on April 9. 





PropuctTion oF PETROL FROM NATURAL GAS IN THE 
UnirED STATES IN 1924.—It is announced that the pro- 
duction of unblended petrol in the United States 1 
1924 amounted to 933,861,000 gallons, an increase of 
117,635,000 gallons over the output for 1923. Increased 
production was reported in all States excepting West 
Virginia, Ohio and Kentucky, where small losses were 
recorded. The greatest gain over the output in 1923 
occurred in California, the increase amounting to 34 
per cent. Many compression plants have been re- 
modelled to embrace the absorption process. The new 
charcoal process is also being used, not only by itsel!, 
auxiliary charcoal plants having been constructed and 
operated on the discharge gas of plants utilising the 





known, it would serve no useful purpose to offer any 





compression and absorption processes. 
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THE HIGH EFFICIENCY OIL- 
ENGINE.* 
By Aan E. L. Cnortton, C.B.E. 

A goop deal of work has been steadily carried on 
since the war in this and other countries with the object 
of still further increasing the already high efficiency 
of the internal-combustion engine. 

The thermal efficiency of the steam-engine, its 
great competitor, has also been materially raised by 
intensive methods, such as higher boiler pressures, 
higher degrees of superheat, interstage abstraction 
and feed-heating, air regenerative heating, &c., and 
the good results obtained have no doubt all tended to 
spur on the internal-combustion engineer to do better. 
The advance in efficiency of the steam-engine has 
perhaps been more rapid than that of the internal- 
combustion motor, if we consider the high economy of 
the Diesel engine in its early days. These steam results, 
due to continuous detailed progressive development, are 
sufficiently encouraging to assail seriously the leading 
economic position held by the large slow-speed heavy- 
weight Diesel engine as used for marine propulsion, 
unless corresponding progress is made. Another 
interesting feature is that in such development of the 
latest steam systems, limits of pressure equalling those 
up till now, occurring within the internal-combustion 
engine cylinder proper, are used with success, without 
any undue concern, in extended circuits exterior to the 
engine proper. Experimental investigations carried out 
in this country on the internal-combustion engine, and 
published in scientific form, have generally been related 
to the constant volume or explosion cycle. It would 
almost appear that the Diesel engine as it came into 
practice working on the constant pressure cycle became 
accepted as the final stage, without practical prospect 
of improvement from the efficiency point of view, of all 
heat engines using liquid fuel, and the earlier views 
envisaged were somewhat lost sight of. This may 
explain why its later results differ not very greatly 
from those obtained in the earlier days. This is 
indicated by taking the results obtained by Mr. A. 
Clark, given in a paper read before the Institution, 
and later figures such as were given in the Report on 
the trials of the “ Sycamore”? and shown in Tables I 
and IT. 

It should be noted that in a test on the “ Pacific 
Trader ” with airless injection, the fuel consumption is 
given as 0:40 lb. per brake horse-power-hour, and the 
mechanical efficiency as 87 per cent. 

Sir Dugald Clerk and’ Captain Sankey in the James 
Forrest lectures of 1904 and 1925, have dealt with 
the object of further economies in the engine. The 
former has also many times reviewed the possibilities 
of well-known cycles and their efficiencies, showing, 
as is well known, that better results can be obtained 
by the constant-volume cycle than with that of the 
constant-pressure cycle. The practical difficulties in the 





The main line of development in the improvement of 
the efficiency of the internal-combustion engine has 
always been by the increase of the compression or 
expansion ratio, and it is suggested that it is in this 
direction that further progress is still possible. 

Apart from the apparent belief that practical difficul- 
ties beset the use of an increase in the compression ratio 
with the constant-volume cycle, it is suggested that an 
advance along these lines may also have been dis- 
coyraged because of the suppression of heat, whether 
by variable specific heat, dissociation, or after-burning, 
so that such higher ratios would result in little, if any, 
practical gain. Further, that the higher ratios were 
impracticable with the explosion cycle for reasons of 
pre-ignition, &c. In the main, however, the con- 


struction of an engine to work under such conditions 


Fig.3. 


o-9 


08 


07 


O-6 


O5 


o4 


os 


Oz 


o1 





’ se 2 


“ENGINEERING* 


oo 2¢68 0 2% «4 6 
(9540.A,) Values of “r” 


8 


S 
Ss 


Increase in Efficiency -Per Cent. 
§ 8 





" 6 7 8 9 wou Bw HS 4 15 























development of the constant-volume cycle appeared to (9540.8 ) Compression Ratio. wanes 
limit construction by a maximum practicable compres- 
TABLE I. : 

Load... ec ob a nt Ae * Full 0-53 Lae ana ee 
Revolutions ag rare 154-5 157-0 . . 59-¢ 
MEP. a wT. eas te Ps ne 113-4 64-7 51-9 38-2 46-2 
M.E.P. R - or a re! os 114-5 74-1 60-7 46-2 39°7 
L.H.P. total or mean .. hs “x He 204-4 126-8 100-0 74-9 39-64 
Net I.H.P. from the oil 4 4 oe 201-1 123-6 97-0 | 71-93 36-66 
Eff. H.P. “ ia a as ae 164-8 87-2 ba | ee _ 
Mechanical efficiency .. es aa ee 80-7 68-8 . “f _ 
Oil per net I.H.P. pee hour .. at Ib. 0-333 0-329 0-309 | 0-356 0-415 
Oil per eff. H.P. perhour.. - Ib. 0-408 0-465 0-505 0-724 — 
Thermal efficiency on net 1.H.P. per cent. 39-25 40-0 41 5 37 2 — 
Thermal efficiency on eff. H.P. per cent. 32-3 28-3 26-1 | 18-3 sp 

TABLE II. of high pressure or heat flow was not a practical 
ay proposition. 

Fuel Con- That there was some practical limit seems to have 
ae sumed been felt by Clerk, for he says in a paper* read before 
Authority. oa ee ie the North-East Coast Institution of Engineers and 

j Hour Shipbuilders in 1919 :— 
eh “From the results of prolonged experience of 
internal-combustion engines during many years, it 
; Per cent. that f ae 5 % f th 

Ade Clark .. 80-7 0-408 |The Diesel engine | ™ay be taken that for explosion gas-engines o e 
LM.E. 1903. four- and two-stroke types, the extreme practicable 

Marine Oil Engines 79:8 0-425 | T.S.M.S. Sycamore, ’ ee 
Trials Committee I.M.E. 1924. compression ratio . is ;4, and the maximum prob- 














sion ratio, and hence it followed that the only gains 
that could be hoped for were those that could be made 
through other channels, by improvement in the details 
of the cycle, so to speak. Consequently in later years, 
quite a big volume of work has been done in connection 
with supercharging, decrease of maximum flame 
temperatures, use of cooled exhaust, stratified charging, 
and so on, all of which, whilst valuable, are somewhat 
in the nature of refinements, as compared with what 
may be possible along the main line of development. 





_* Paper read before the Institute of Mechanical 
Engineers, London, March 19, 1926. Abridged. 
Tt The “ Diesel Engine,”’ by H. Ade Clark, 1903, 





able brake thermal efficiency 39 per cent.” Though 
gas-engines are here mentioned, it is inferred that 
any other engines working on the explosion or 
constant-volume cycle were included. For a similar 
conclusion reference maf be made to Dr. Walker’s 
paper of 1925.f Later work, however, has shown that 
there is a distinct practical possibility of progress in 
the direction of higher ratios, and it is the object of 
this paper to direct attention to it, and to give some 
results that have been obtained. 





* “The Limits of Thermal Efficiency in Diesel and 
other Internal-Combustion Engines.” 

+ ‘‘A Standard Cycle for all Types of Internal Com- 
bustion Motors,” Inst.C.E. 


The investigations of Tizard and Pye* have demon- 
strated that the actual efficiency of the increased 
ranges of compression or expansion is greater, relative 
to the air standard, than had been anticipated, and 
that the indicated thermal efficiency may be expected 
to approach more nearly to that of the air standard 
efficiency as the compression ratio is increased. Curves 
based on the results of Tizard and Pye are given in 
Fig. 3, in which Curve A shows the efficiency for a 
weak mixture, whilst Curve B is the usual air standard 
efficiency curve and C shows the ratio of A to B carried 
forward to a compression ratio of 20 to 1. Stanwood 
W. Sparrow, in a report} on the effect of changes in 
compression ratio, shows that an increase in brake 
horse-power and a decrease in the pounds of fuel 
used per brake horse-power-hour results from an 
increase in compression ratio. This is shown to be 
true at least up to the highest ratio investigated— 
namely, 14 to 1, provided there is no serious pre-ignition 
or detonation. Fig. 4 shows the close agreement 
between the observed increase in efficiency and that 
which would be expected from a comparison of air- 
cycle efficiencies calculated with an exponent of 1-4. 
The dotted curve and the points in the figure are 
derived from actual tests. Some experimental results 
obtained by A. F. Burstallt on a high-speed gas engine 
show that the relations between thermal efficiency and 
compression ratio appear to follow the same law as that 
given by Tizard and Pye. 

In reviewing the subject of the higher compression 
ratios, different ratios of compression were examined 
with a view to comparing the prospects of improve- 
ment, taking for each case a certain maximum pressure. 
In this investigation the maximum pressures and. 
efficiencies were calculated from the formula given by 
Dr. W. J. Walker. Taking the case of a 13-25 :}1 
compression ratio, the thermal efficiency is 64-6 per 
cent. for a maximum pressure of 1,000 lb. per square 
inch, and a maximum temperature of 1,500 deg. C. 
With a lower calorific value of the fuel equal to 
18,300 B.T.U.S. per lb., the consumption per indicated 
horse-power under these conditions, and allowing for 
no heat losses, would be 0-216 Ib. per i.h.p.-hour. 
With an efficiency ratio of 85 per cent., the consumption 
per indicated horse-power becomes 0-254; Captain 
Sankey’s figure of 0-296 was calculated for a com- 
pression ratio of 13:1 with much lower maximum 
pressures, and an efficiency ratio of 90 per cent. In 
comparison with the consumption figures actually 
attained in practice at the present time, these figures 
indicate that there is much to be done before the 
unavoidable heat losses are brought down to about 10 
or 15 per cent. This indicates particularly that 
atomisation should be given much attention. 

The analysis of mechanical efficiency, with its 
prospect of improvement from the examination of 
available data, is an involved one, owing to the want of 
agreement in information from various sources. Some 
of these figures, it will be noted, are remarkably high, 
and it is difficult to follow how such efficiencies can 
be obtained from an inspection of the constituent parts 
of the engine. For a standard Diesel engine, Captain 
Sankey has taken the figure of 75 per cent., and it is 
thought that this is a reasonable one, and it is used, 
therefore, in connection with our examination of the 
possibilities of improvement. The mechanical effi- 
ciency of quicker running engines of the motor-car 
and aero types reaches, in some cases, 90 per cent. It 
was felt, therefore, that 85 per cent. should not be 
too difficult of attainment, even for high pressures, for 
tests have shown that the loss does not increase with 
rise in ratio. With a mechanical efficiency of 85 per 
cent., and an efficiency ratio of 85 per cent., the fuel 
per brake horse-power for a 13-25: 1 compression 
ratio is 0-3 lb., and if the above assumptions are near 
the truth, it should be possible to reach a consumption 
of thisorder. Table IV gives these results with different 
mechanical efficiencies, 

The mechanical losses in internal-combustion engines 
are approximately as given in Table V,§ from which it 
is seen that most regard must be paid to the piston- 
rings. Though this is well known, and has been 
several times demonstrated for the constant volume 
engine, tests were carried out to determine the ring 
loss with high pressures, and also to find the effect of 
variations in piston construction, which may be of 
interest. These results are given in Table VI. 

The norma! Diesel engine piston is one with a large 
number of rings, seven or more, and it can, therefore, 
from the foregoing, be safely concluded that considerable 
losses are occasioned thereby. It does appear, there- 
fore, if the mechanical efficiency is to be raised, that 





* “Report of the Empire Motor Fuels Committee.” 

t “Report No. 205 of the National Advisory Com- 
mittee for Aeronautics ’’ (Washington, U.S.A.). 

} “Experiments on the Power and Efficiency of the 
High-speed Gas Engine,” by A. F. Burstall, Journal, 
Institution of Automobile Engineers, 1925. 

§ ‘Indicated Power and Mechanical Efficiency of 
the Gas Engine,”’ by Prof. B. Hopkinson, Proe.I.Mech.E., 





1907, page 863. 
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the design must follow the line of motor-car or aero 
practice, that is to say, higher speeds, smaller pistons, 
fewer rings, &c. Against this, it must not be lost sight 
of that fluid friction with the higher speed of rubbing of 
the piston, tends to increase, thus reducing the 
mechanical efficiency and, therefore, this must also be 
taken into account. Gains from savings on other 
losses obviously cannot be considerable, probably the 
most important is the use of pressure lubrication 
throughout, and ‘in connection with this it will be 
agreed that, apart from any mechanical gain, it is*really 
an absolute necessity for an engine running at the 
higher speeds ; this, the investigation seems to indicate, 
is the avenue of advance. It will be seen that the 
total saving, made by the greatest care in all these 
points, should succeed in the end, in obtaining a 
mechanical efficiency even of 90 per cent. in favourable 
conditions. 

The effect of speed on thermal efficiency is shown by 
the tests carried out by Sparrow, which indicate that 
with some engines increasing the compression ratio 
increases the power loss at low speeds more than at 
high speeds. The experiments by A. F. Burstall also 
show conclusively that higher power and efficiency can 
be obtained from the gas engine by increase of speed, 
provided that the engine be suitably designed to run at 
a high speed. It has also been shown by Burstall that 
it is possible to run efficiently at very high speeds—say, 
2,000 ft. per minute piston speed—with mixtures as 
weak as 75 per cent. of the “‘ correct” without using a 
stratified charge. Curves are also given in this paper* 
from which it is at once evident that the combustion 
chamber efficiency of the engine is higher at the higher 
speeds. This is, no doubt, due to smaller heat loss, 
which entirely outweighs any slight drop in volumetric 
efficiency, and a comparison of the curves shows that, 
apart from the volumetric efficiency change, the engine 
is a more efficient heat motor at the higher speeds, and 
thus should improve on the gains theoretically indicated 
by previous figures. 

Considering now the possibilities of an engine to 
meet these conditions, we find that in this country the 
development of the engine using simple liquid-pressure 
injection of the fuel direct, without air blast, through 
an atomiser into the cylinder and working with com- 
pression ignition, has recently been more marked. 
This type of engine undoubtedly originated in this 
country, and works on a cycle approximating to the 





outside casing; connecting rods; cylinder covers and 
bolts ; and crankshaft. By the adoption of cast steel 
for the main structure, formed as a box or multi- 
cellular crank-casing, adequate provision is made to 
cover all stresses, even when metal thickness is cut 
down to Zin. The connecting rod requires but a small 
percentage of increase as a strut and the cylinder bolts 
equally so in tension. Generally, the engine could 
not be made much lighter except by change of material. 
For this type, the average weight/power ratio is but 
15 lb. to 20 lb. per brake horse-power. In an engine 
of this type, with cylinder diameters up to 18 in., a 


Fig.5. 


cae @ 
a a 
Se § §$ §& 





2 
s 
P 
S 
3 


(9540.C.) 


$00 800 1000 T1200 1400 1600 1800 2000 
Speed -R.PM. 


“ENGINEERING” 





“ENGINEERING 





TABLE IV. 






























































| Fuel per B.H.P. Hour, Lb. 
Efficiency 
is | Ratio. = 
—e Mechanical Efficiency. 
| Maximum |- Tier OR eee 
Com- | Pressure | g5 per ‘ | : 
poonion | of 1,000 ed ng ped ? 75 per cent. | 80 per cent. | 85 per cent. | 90 per cent. 
Ratio. | Lb. per ils Pee : 
| Sq. In. 
Efficiency Ratio. 
! 
Percent. | Fuel per L.H.P. | | wea . 
| | Hour, Lb. 85 per | 90 per 85 per | 90 per | 85 per 90 per 85 per 90 per 
| | cent. | cent. cent. cent. cent. cent. cent. cent. 
nee Pane ts ema ae) ae | | 
13-25:1| 64:6 | 0-254 | 0-240 | 0-339 | 0-320 0-317 0-300 | 0-300 0-283 0-282 0-267 
| | 
15:1] 65-3 | 0-252 | 0-238 | 0-336 | 0-318 | 0-315 | 0-298 | 0-297 0-280 0-280 | 0-264 
16 1} 65-8 | 0-250 | 0-236 0-334 0-316 0-313 0-296 0-295 0-278 0-278 0-262 
| 
7 1 66-0 | 0-242 | 0-235 0-332 0-314 0-312 0-294 0-293 0-277 0-277 0-260 
| | 
TABLE \ liner of homogeneous hard, thin steel allows of great 
jaic tt a a : = | accuracy of manufacture with equality of expansion, 
- H.P. and with good cooling, closer piston fits are possible, 
ease PP ee Be Rg ne cent. of I-H.F. | thus securing continued tightness and ability to carry 
Other friction (valvelliftng, &c.) | 1-1 2-7 per cent. of LH.P. | the higher pressures, with freedom from wear, and 
é ——— without any undue material stress under all loads 
Total 5-0 12-2 per cent. of I.H.P.| or temperatures; it also maintains this tightness 
—__— throughout better than the low-speed engine with a 
Tas_e VI. large cylinder. 





Full Complement of Rings. 


| 
4 Rings, 1 h.p. Scraper, and 1 2 Rings and 1 High Pressure 

} 

| 


Wide Scraper. Scraper Ring. 





Revs. | 


| 
Friction Revs. Friction 
per Minute. a. | per Minute. fe 
330 11-4 | 325 10-6 
395 14-4 | 395 13-8 
500 | 22.3 500 20-3 
620 34-7 600 | 29-7 
700 8 720 44-7 


47-8 | 

| 
constant volume, and though now materially different 
in constructional detail, sprang from Lincolnshire 
stock. This type seems a useful basis to begin on. 
When applying the high pressures to design, the parts, 
in the main, which have to be considered are: The 








* “ Experiments on the Power and Efficiency of the 
High-Speed Gas-Engine,” by A. F. Burstall, Journal 
Inst, of Automobile Engineers, 1925. 








With a high-pressure lubricating system throughout, 
engines running at such speeds will give a degree of 
reliability no less than that of the slow speed type 
itself. The piston and rings are subjected to the 
high pressures for a much shorter time, and working 
against a hard steel liner the wear of these parts some- 
times found in low-speed Diesel engines is obviated. 
In practice it has been found that with quick revolu- 
tion engines, there is no difficulty in maintaining piston 
tightness with fewer rings and lighter ring pressures 
than are usual in the low-speed type. Mechanical 
efficiency is thereby raised. Higher engine speed also 
gives another advantage, inasmuch as it permits of the 
better use of the rapid firing of the constant volume 
cycle. With respect to the other mechanical com- 
ponents of the engine, high loading of the big end 
bearings and crankshaft are found to be factors worthy 
of consideration, with the high maximum pressures. 
Though they do not affect mechanical efficiency, and 
can be covered by normal design, methods to reduce 





them were considered, and two suggest themselves as 
effecting reduction of loads :— 

(a) Increasing still further the speed of the engine. 

(>) Increasing the weight of the reciprocating 
masses. 

On the whole method (a) is the most practical and 
simplest, as, increasing the speed. besides raising the 
value of the counteracting inertia forces, is accom- 
panied by an increase in power. Considering the effect 
of speed on big end loading in more detail, the curves 
in Fig. 5 were calculated for an engine having a 12-in. 
stroke, and an aluminium alloy piston weighing 17-25 
lb. the reciprocating masses being 28-27 lb. The 
intersecting curves shown are derived from the condi- 
tions on the first and third strokes. The figure shows 
that the maximum loading decreases to some par- 
ticular point, in this case where the speed is 1,325 
r.p.m. After this point the maximum loading in. 
creases continuously as the speed is increased. 

The use of high conductivity material is much 
more possible in the smaller cylinders of quick running 
engines, and advantage can be taken to construct the 
usually difficult cylinder cover in such material with 
consequent gain. The stress in cylinder liners is a 
combination due to temperature, and to gas pressure. 
Investigation of this is carried out in a paper* by 
H. F. G. Letson. 

In proceeding with the consideration of the higher 
speed engine, we are at once faced with what has been 
more or less an unknown problem, that is, the burning 
of the oil fuel when injected, in a sufficiently rapid 
manner to give complete combustion, and to be, further- 
more, within such control as to allow of the heat being 
added as is most suitable, that is, at constant volume 
and/or constant pressure. An additional difficulty 
from the design point of view is the very limited com- 
bustion space of the small cylinder. The design of 
such an engine should, to be an advance, include weight 
reduction, for merely to build to permit the higher 
pressure would mean greater weight and cost. This, 
in effect also, indicates higher speeds of rotation, as the 
remedy. 

The complete combustion of heavy residual oils in 
quick running engines having cylinders of compara- 
tively small dimensions, has engaged a good deal of 
attention latterly, and it has been many times stated 
that the difficulty of burning oil at rapid rates when 
sprayed into the cylinders was so great and had such 
little hope of practical success as to discourage develop- 
ment work. 

Some small Diesel engines have been constructed with 
the typical air blast injection of fuel, and it is understood 
have run successfully, though it is suggested, to reach 
the high mechanical efficiency indicated, such types 
could not be considered. Furthermore, their cost of 
construction tends to be high. A line of combustion 
development for intermediate higher speeds, so to 
speak, which has made considerable progress on the 
Continent and in America, though comparatively 
little in this country, has been evolved from the original 
design of Brons, in which a small cup, or ante-chamber 
to the combustion space proper, first received the fuel 
and evaporated a portion of it, which then being 
exploded, impelled the rest of the fuel through the fine 
orifices of the cup into the cylinder proper. This 
method at one time, seemed to offer advantages for 
quick running work, and quite a lot of attention was 
concentrated on it, to which considerable public refer- 
ence has been made. 

As previously stated, steady progress has also been 
made in this country with the engine utilising plain 
fluid pressure injection of the fuel alone through an 
atomiser without any other complication, and the 
author’s considerable experience in this line led him 
naturally, when carrying on experimental work with 
high speeds, to continue with the method. 

The problem in its other aspect can hardly be brought 
to quite simple terms, for there are many variations 
in the way in which it may be attacked. Thus, the 
form of combustion chamber is important, and there are 
several different types of such chambers in use. The 
globular is the form that has sprung out of the Lincoln- 
shire type of engine, and the flat type is, and always has 
been, the Diesel type proper. In the consideration 
of the comparative merits of these, the question of 
turbulence plays an important part. In the globular 
type the connection to the cylinder proper has nearly 
always been through a conduit of reduced area, and 
by this means any degree of turbulence can be created. 
Turbulence goes to improve the degree and speed of 
burning, and in this wise assists in completing atomisa- 
tion. The disadvantage is, that the flow through the 
narrow orifices causes loss of heat during the expansion 
stroke at a rate above normal. Mechanical strains 
are sometimes induced in this part for this reason. 
In actual practice there is considerable difference 1 
results between the two forms, but, if a sufficient 





* “The Temperature Distribution and the Thermal 
Stresses in a Diesel Engine Liner,” Proc.I.Mech.E.. 





1925, page 19. 
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= re Cooling Water 
beets Fuel Temperatures. 
| uration 2 é 
Test of Test oe B.H.P. B he om | Fuel. 
Derles. Hours. ai : athag Inlet Outlet 
| | } , | Deg. F. Deg. F. 
| | | 
4 | 4} 689-3 | 160 - 26 | 0-418 121-5 127-4 Shell-Mex Diesel. 
B | 3 700-0 172-0 | 0-385 } 120-0 128-0 Shell-Mex Diesel. 
c | 3 1007-0 | 424-0 0-365 140-0 150-0 Shell-Mex Diesel. 
| | | 





6540.4) 


degree of turbulence can be obtained with the flat | 
and simple form, together with good atomisation | 
when higher speeds are used, then it would be better | 
to adhere to this type. 

There is another consideration which has to be borne | 
in mind, namely, that for small engines, the flat form | 
would appear to present the only way of getting a | 
sufficiently high compression pressure and temperature. 
In mechanical atomisation a rapid acting atomiser | 
or injection valve is essential. In some systems, this, | 
as with the original Diesels, is operated mechanically, | 
but the greater number at the present time employ 
an automatic valve whose action depends upon the 
variations in the pressure supply set up from the fuel 





| 
| 


pump proper. 


Furthermore, the measuring of the discharge must | 
be accurate and maintained, which for high speeds is | 
still more difficult. The fuel pump has, therefore, a 


| 


dual duty, firstly, to measure out accurately and 
consistently, the requisite amount of fuel, and secondly, | 


to inject or supply it to the cylinder under a high 
pressure with a rapid start and finish to its flow. Until 
these two conditions are fulfilled, it will not be possible 
to obtain good combustion. 

Atomisation has the following as fundamentals :— 

(1) Definite injection period in continuous service. 

(2) Precise measurement of fuel over long periods. 

(3) Instantaneous cut off action. 

(4) Fine division to give sufficiently good rapid 
combustion. 

(5) Discharge into all the air possible with avoidance 
of wall contact. 

The fuel pump must be relied upon to give continuous 
accurate measured quantities of fuel and periods of 
injection. The length and capacity of the fuel pipe 
also affects the action of the whole. In a multi- 
cylinder engine running at a speed of 1,000 revolution, 
with cylinders of 8-in. diameter, the fuel pump has to 
measure precisely a small quantity of oil for each 
cylinder and maintain its exactitude, as well as to 
project the fuel into the combustion chamber in such 
& Way as to secure complete combustion in a rapid 
manner. 

The principle of the type that the author has devised 
and used is shown in Fig. 7. The main feature of this 
pump is that normally the plunger actuated by an 
eccentric reciprocates the oil fuel backwards and for- 





of which is to send a vibration through the column of 
oil lying between this valve and the atomizer itself, 
marked (6), with a reflex action, when the valve (c) 
re-opens the passage (a). With this vibration the 
atomizer-valve is lifted off its seat, and a small amount 
of oil forced past it at high pressure ; it is then drawn 
on to its seat again by the reflex action, giving a sharp 
and effective cut-off. 

Though the mechanical system of injecting fuel 
has made great progress, it is still, purely from the 
combustion point of view, not as effective as the air 
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wards through the passage (a). At precisely the right 
point this passage is ‘interrupted momentarily by a 
valve travelling at high speed marked (c), the effect 


blast, with its excellent turbulence effect. This can 
be seen by a comparison of consumptions per indicated 
horse-power of the two types. Its great simplicity is 
the reason for the marked preference that is now 
shown for it. On the other hand the progress made 
indicates that before long it will equal the air blast on 
the indicated power, with the consequent increase in 
lead on that of the brake. 

The author concludes with a short description of a 
quick-running engine manufactured by Messrs. William 
Beardmore and Co., which, though not normally in 
service running at higher pressures, has by reason of its 
special construction in the use of a material like steel 
throughout the frame, its higher speeds of revolution, 
forced lubrication, &c., allowed of tests being made at 
such higher pressures. Unfortunately, these tests have 
not yet been completed so the attainment of the highest 
results sought for has not been, so far, reached. The 
results of three series of tests are given in Table VII. 
Series A was carried out on a standard engine with 
normal maximum pressure by Professor Mellanby. 
Series B was made on a similar engine with improved 
mechanical efficiency, the engine also having a much 
longer running life. In series C, a high maximum 
pressure was used. It must be borne in mind when 
reviewing the results of the last series, that the cylinders 
were of small diameter with a very high piston 
speed. 

Figs. 8 and 9 are sections through an 8-cylinder 
engine, with cylinders of 8}-in. bore by 12-in. stroke, 
running at 750 r.p.m. and clearly reveal the design. 
The whole frame is of special cast steel of cellular form, 
a square cell to each cylinder, the walls continuing to 
the crankshaft bearings, and carrying directly the 
stress due to combustion pressure. The liners are thin 
steel tubes, the pistons and the cylinder covers are of 
aluminium alloy. This engine is normally rated at 
400 brake horse-power and weighs 2} tons. Jn practice 
these engines have been applied to railway service 
with remarkable results, the economy achieved being 
considerable, giving a cost much below that of steam 
power. The engine, by a special relay governor, runs 





between 250 and 750 r.p.m. according to the train 
speed required. No engine attendant is carried. The 
fuel oil used is standard Diesel; so far tests with 
speeds of revolution up to 1.400 r.p.m. have been 
successfully carried out. 
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EIGHT-CYLINDER MARINE ENGINE. 


WE have from time to time described and illustrated 
engines made by The Parsons Motor Company, Limited, 
of the Town Quay Works, Southampton, and it will be 
recalled that the firm manufacture models suitable for 
marine, stationary, and industrial purposes. The 
marine sets are built-in two series, having bores of 44 
in. and 64 in., respectively. The full series was 
previously comprised by engines having 2, 3, 4 and 6 
cylinders, but has now been increased by the addition 
of a new engine, which, as will be seen from the figure 
annexed, has eight cylinders in line. This engine 
follows the firm’s usual practice in having separate 
cylinders, built-in reverse gear, and soon. The normal 
running speed is also the same as that of the smaller 
units, being from 900 to 950 r.p.m. The rating of the 
eight cylinder model is 56 b.h.p. on paraffin, and 70 
b.h.p. on petrol, at normal speed. It is, however, 
capable of being run under full load at much lower 
speeds when necessary, and, in common with the smaller 
engines, can be run at higher’ speeds, with a correspon- 
ding increase in power, if required. 

The engine is provided with a bearing on each side of 
every crank throw, and has forced lubrication through- 
out, the oil being conducted in passages formed in the 
casting so that there are no pipes whatever inside the 
crankcase. Ignition is by high tension magneto 
with impulse starter. There is a totally enclosed 
governor mounted on the engine, which operates an 
independent throttle valve which cannot be put out 
of action by the hand controls. The latter are used for 
speeds below that of the governor. The whole of the 
gear drives for the magneto, governor, oil pump and 
water pump are all conveniently arranged at the forward 
end, and at this end also is situated a very accessible 
strainer in connection with the lubricating system. 
The engine which we illustrate is of the paraffin type, 
there being two separate vaporisers each dealing with 
four cylinders. A water-jacketed casting connects 
the exhaust outlets from these two vaporisers, so 
that a single exhaust pipe only is required. 

The engine is provided with the Parsons patent 
standard built-in reverse gear with an internal cone 
clutch of large diameter for the ahead drive, and very 
substantial bevei wheels and brake band for running 
astern. 

The engine is claimed to be extremely flexible, 
and will run throttled down on paraffin without any 
load for a considerable peviod. All scantlings of engine 
and gear are in excess of Lloyd’s and Board of Trade 
requirements, and the engine complies with the new 
S.M.M.T. test conditions. 





A Lare Carspurettor.—An interesting photograph 
received from the Zenith Carburettor Company, Limited, 
40-42, Newman-street, W.1, shows one of their recent 


products, which is believed to be the largest carburettor 
ever made in this country. It has been designed and 
cogstructed for use with a new 1,500-h.p. aeroplane 
engine, and appears to be about a foot in height and about 
15 in. wide. Beside it in the photograph is one of the 


firm’s carburettors suitable for a small motor-cycle 
engine, and the contrast in dimensions is certainly 
very striking. 


THE PRESENT OUTLOOK FOR 
BRITISH SHIPBUILDING.* 


By A. C. F. Henperson. 


I Futty realise that the title of this paper, and in 
consequence, its subject-matter, may be regarded in the 
nature of a slight innovation, in so far that the majority 
of papers read befor this Institution in the past have 
dealt mainly with technical subjects. If this is so, I 
crave your indulgence in departing from this precedent ; 
but whilst invention and change, and the discussion 
of them, are the life of an industry such as ours, they 
will, and do, flourish much more readily in the healthy 
atmosphere of normal times, rather than in the state 
of affairs which exist to-day, except for the fact that 
dire necessity is really the mother of invention. I 
therefore thought it would be of interest if we could 
discuss the present situation, which is so vital to all 
of us, whether we are shipowners, shipbuilders, or 
engineers. Again, it may be said that the subject of 
this paper is somewhat redundant, in view of the recent 
inquiry into the conditions in the shipbuilding trade, 
from which we all hope much good may result, but 
with this view I venture to disagree. In the first 
place, it seems to me that the shipbuilding trade cannot 
be considered alone, as its past, present, and future 
is so bound up with the kindred industry of shipowning 
that it would be a good thing if the whole subject 
could be considered and discussed from all sides. 
Whilst on this subject, although I do not want to broach 
anything of a controversial nature, may I be allowed to 
say, purely as a very amateur shipbuilder, but as also 
representing the owners, that I feel sure it would 
be of mutual advantage in the future if both industries 
considered and discussed together the matters coming 
under the purview of this Institution, more in collabora- 
tion than has been the case in the past. 

The figures on which the curves in the diagram on 
page 413 are based, of course, relate solely to the past ; 
but in trying to make any estimate of what is likely 
to happen in the future, or the likely course that events 
will take, it is necessary to study what has gone before, 
and before going any farther I should like to call your 
attention to some very interesting facts. In the first 
place, I had hoped to be able to secure some reliable 
figures showing the total volume or value of the world’s 
trade, and plot these against those for tonnage, 
but I found it impossible to secure these accurately 
enough to be of any value. I think it can be safely 
said that the fluctuation in tonnage figures follow 
very closely to world’s trade figures. They, however, 
follow a good deal in the rear of world figures, and 
reductions in old tonnage are generally delayed until 
forced, by some considerable period of bad trade ending 
in the scrapping of tonnage which is no longer suitable 
or economical to run. 

The first thing that strikes one on looking at the 
graphs is the position that Britain and her Dominions 
occupy, and have occupied, in the world’s tonnage 
position. In the year 1893, their total was 12,788,282 
out of a total of 24,236,865, or 52-76 per cent. This 








* Paper read at a meeting of the Institution of Naval 
Architects, March 24, 1926. Abridged. 





position, with slight variations, continued until the 
year 1900, but from that date our premier position 
began to decline, although our percentage remained 
fairly constant until 1912, when world’s tonnage 
grew a great deal faster proportionately than British and 
Dominion tonnage. The growth all along has really 
been in the British figures, as Dominion tonnage only 
increased by 50,000 tons during nineteen years. At 
the end of the war we had actually 2,400,000 tons less 
than in 1914, although the world’s tonnage had grown 
in the period by nearly 2,000,000 tons. Since 1919 we 
have made up the deficiency and now possess more 
tonnage than we have ever had, but owing to the large 
fleets built by the United States and other nations, 
our percentage of the world’s total has fallen consider- 
ably. There is reason to hope, however, that a great 
many ships built during the war will, when scrapped, 
never be replaced, and that this country’s proportion 
will thereby benefit. This is borne out by the fact that 
whilst the world’s tonnage last year was less than in 
1923, the British tonnage increased. 

As regards the tonnage lost by casualty and broken 
up, the one fact that stands out is the very slight 
variation that has taken place during the period in 
question, either in the world’s or British figures. This 
is even true during the period of the war if we exclude 
the figures of purely war losses. There are, however, 
two periods of exception to this regularity—namely, 
during 1909-11 and the last four years—both brought 
about by the economic necessity of the day. This, 
I think, is an encouraging sign, both from the ship- 
builder’s and shipowner’s point of view. In the year 
1923 the tonnage lost and destroyed exceeded that 
built by over 700,000 tons, and in the following year 
the tonnage built was only in excess by the small 
margin of 390,000 tons. The tonnage built is, per- 
haps, the most interesting of all the data. Whilst 
the world’s population and, in consequence, its trade 
goes on increasing decade after decade, the tonnage 
built does not generally follow the same proportions, 
but varies according to limited periods of years within 
fairly narrow margins. This would seem to show that 
shipping, unlike other forms of the utilisation of capital, 
is more of an opportunist trade, not anticipating an 
increase, and that generally, except in very exceptional 
times, there is a large volume of tonnage in excess 
of the world’s demand. 

The period that I have taken in my paper covers 
several distinct phases, but I am not alluding to the 
war period, except in its effect, as that was distinctly 
abnormal, The first six years (1893-1898) were 
distinctly ordinary, but the next five were moderately 
good with the year 1901 reaching a peak. The follow- 
ing year saw a slight drop, but the next three were 
good years. We then entered a very dull three years, 
and it was not until the year 1911 that shipbuilding 
really became active again, and in that year and the 
three following the tonnage launched was never 
exceeded until the war and the after-war periods. 
The latter periods need, of course, no explanation, 
but what is interesting to note is that the high rate of 
building by the world was protracted long after the 
war, and it was not until the year 1922 that the amount 
became more or less a pre-war normal figure. The 
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British figures followed very closely to the world’s 
figures, except that an increase began in 1908, a year 
earlier than the world’s figures, whilst the world’s 
drop in the year 1904 was protracted over the previous 
year also, in the case of Great Britain. The percen- 
tage of building done by Great Britain as against the 
world’s total has also been a gradually reducing figure, 
coming down from above 80 per cent. to nearly 50 

r cent., except during the war, which was abnormal. 
This is only to be expected on account of the natural 
desire of other countries to build for themselves. I 
think, however, we can look forward to preserving the 
total percentage we now build, and perhaps even 
increasing it. : 

Now as regards what is really the title of this paper— 
namely, the outlook for British shipbuilding—I must 
confess that I speak with a considerable amount of 
diffidence, realising as I do that the role of a prophet 
has never been a popular one. On the other hand, 
we'start, with things as they are to-day, from the best 
possible basis for our purpose, as whatever figures we 
arrive at are more likely to be exceeded, rather than 
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the reverse. To secure some sort of basis on which 
to work, I have divided the figures since 1893 into 
the periods which I referred to earlier, taking the 
figures for British building only, and the following 
averages are the result :— 


Period. Average Tons. 
1893-1897 989,219 
1898-1902 1,435,825 
1903-1904 1,197,890 
1905-1907 1,686,467 
1908-1909 960,364 
1910-1914 1,660,246 
1920-1925 1,299,154 
1921-1925 1,147,860 


In trying to arrive at what one may look forward 
to for the future, at any rate for the next few years, 
one can deduce it by either of two ways. For instance, 
you can take a given period, say the years 1908-1909, 
the conditions of which nearly coincide with what 
we have at the present time, or it would be 
perfectly allowable to take the average of the last 
five years. In each case we will have to build up by 
Making certain reductions and additions for more or 
less known facts. In the case of the last five years 
some reduction would require to be made for the 
fact that a large number of lines have, since the war, 

n engaged in replacing lost tonnage, thus adding 
to the yearly total a very much larger volume of 


tonnage than would be the case in normal. years. 
Against this should be added some ¥figures for an 
improvement in trade, of which there are now small 
but quite distinct signs. It is also, I think, reason- 
able to expect that we will regain some of the Colonial 
and foreign orders which we have lost, and despite the 
fact that more and more countries are building for 
themselves, as time goes on our techical and engineer- 
ing knowledge, the skill of our operatives, and our 
building costs, ought to enable us to recover ground in 
this direction. Therefore, in order to try to arrive 
at some sort of figure which would seem to be a close 
estimate of what we may expect in the near future, I 
have worked out the calculations on the basis of each 
of the two periods quoted. In the case of the period 
1908-1909 I have added 10 per cent. as the addition 
to shipbuilding figures due to better trade, and in this 
connection I think an improvement in trade will be 
more quickly reflected in the figures in the near future 
than has been the case in the past. I have also added 
111,481 tons as representing the difference between 
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in the last two years, and a more normal total of 
250,000 tons. In the case of the years 1921-1925, 
I have first of all deducted 150,000 tons before making 
the other additions. This figure represents, in my 
opinion, a very fair estimate of the excess of normal 
building owing to the rapid replacement by liner 
companies due to war losses, and the consequent 
increase over what may be termed normal figures. 
In addition to this, the same calculations as in the 
previous period have been made. The results of the 
two calculations are as follows :— 


Tons. 
Period 1908-1909 1,167,881 
Period 1921-1925 1,209,127 


This is, perhaps, not a very satisfactory result from 
the British shipbuilder’s point of view, but if we 
take an average of the two periods, namely, 1,188,504 
tons, it does represent a slight advance over last year, 
and not the reverse, as many of us might have ex- 
pected. 

I have said before that prophecy, or rather the 
attempt to prophecy, is not a satisfactory business, 
and I again repeat that. At the same time, let us 
remember the following facts :—({1) That we are start- 
ing from the very worst basis from a trade point of 
view, and that therefore all indications are that the 
trend of the curve will be upwards. (2) That British 
invention and initiative are never so keen as when they 





are up against a very serious position. (3) That a 
large amount of tonnage at present in existence is now 
useless without large expense, and in a few years’ 
time will, in any case, be scrapped. (4) That there are 
distinct signs of a trade revival, especially in pass- 
senger business, and although this may be slow in the 
shipowning trade, it will have its effect on the ship- 
building business. (5) That we still have as good, if 
not the best, operatives as any in the world in ship- 
building, and given some revival in the industry, a 
new generation of workers will grow up in the industry, 
for whom the incentive does not at present exist. 
Taking all the above facts into consideration, I think 
we can confidently look forward to something in the 
neighbourhood of 1,200,000 tons for British ship- 
building construction in the current year, and perhaps 
its eventual improvement next year. 





A LARGE AMERICAN DREDGER. 


For the improvement of the harbour of Portland, 
Oregon, the authorities a few months ago, placed in com- 
mission a very large suction dredger, which is claimed to 
be the most powerful in the world. It was built by the 
Wallace Equipment Company of Seattle, at Portland. 
The hull is of steel, 236 ft. long, 50 ft. beam and has a 
displacement of 2,480 tons on a draft of 7 ft. 8 in. 
Particular attention has been paid to the construction 
of the hull which besides many transverse bulkheads has 
two longitudinal bulkheads for three-quarters of the 
length. The port authorities had two dredgers sunk 
by being rammed by steamers, and great care has there- 
fore been given to the design of this last one. Known 
as the Clackamas, the vessel is fitted with Diesel engines 
and electric generators, the main machinery consisting 
of two 800 h.p. McIntosh and Seymour Diesel engines, 
driving two 540 kw.-direct-current generators, and two 
marine type Diesel engines driving 610 kw. direct- 
current generators. With all engines in use the 
consumption of oil works out at about 100 barrels per 
24hours. The high-speed centrifugal pump is driven by 
a 2,700 h.p. variable speed constant-power, motor, 
having a speed varying from 250 to 360 r.p.m. The 
suction and discharge pipes are 30 in. diam., and the 
discharge pipe varies from 1,000 to 7,000 ft. in length. 
Running right along the upper deck is a heavy bridge 
type steel truss, which is extended forward to carry 
the ladder hoists, with fittings at the after end carry- 
ing mooring spuds, these being stiffened steel tubes, 
80 ft. long and 35 in. in diameter. The vessel was 
launched just a year ago and began work in August, 
1925. Portland is 110 miles from the sea, being in 
the Willamette River, a tributary of the Columbia 
River. While the Portland Harbour Board concen- 
trates on the Willamette River and the Portland 
Harbour, the United States Engineers maintain a plant 
in the Columbia River from close to Portland to the 
Pacific Ocean. 





CATALOGUES. 


Electric Mining Cables.—We have received from British 
Insulated Cables, Limited, Prescot, Lancs., a copy of 
their catalogue of mining cables and accessories. 


Oil Engines.—Messrs, Plenty and Son, Limited, New- 
bury, have sent us a copy of their monthly bulletin 
illustrating in detail the controls of their stationary type 
of oil engine. 

Lubrication.—A pamphlet on the lubrication of central- 
exhaust steam engines has been issued by the Vacuum 
Oil Company, Limited, Caxton House, Westminster, 
London, 8.W.1. 


Electrical Supplies —We have received a copy of a 
new priced list of electrical and other supplies from 
London Factors and Agents, Limited, 38, Parliament- 
street, London, 8.W.1. 

Oil Engines.—Messrs. Henry Brice and Co., 37, Jewry- 
street, London, E.C.3, have issued a list of land and 
marine oil engines, formerly known as Benz engines, 
and now as M.W.M. engines. 


Lifting Appliances.—Messrs. Herbert Morris, Limited, 
Loughborough, have issued some further pamphlets and 
leaflets illustrating their lifting blocks, runways, battery 
trucks and passenger and goods lifts. 


Magnetometer—An air-damped magnetometer suit- 
able for students’ use is shown on a card issued by the 
makers, the Cambridge Instrument Company, Limited, 
45, Grosvenor-place, London, S.W.1. 


Switch Panels——A catalogue of industrial panels for 
circuits up to 600 volts and equipped with full provisions 
for safety and easy control, is to hand from Messrs. 
Donovan and Co., 47, Cornwall-street, Birmingham, 


Belting.—A catalogue of their fabric and rubber belting 
has been issued by the Goodyear Tyre and Rubber 
Company (Great Britain), Limited, Chelsea Wharf, Lots- 
road, London, S.W.10. The belting is made in three 
grades, in widths from 1 to 18 in. and from three to eight 
ply. The grades provide for heavy drives, high-speed 
drives on small pulleys, and average drives. Standard 
endless belts are made for outdoor work with portable 
engines, and other endless belts are supplied as required. 
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LAUNCHING ARRANGEMENTS OF 
H.M. SHIPS ‘“NELSON’’ AND 
** RODNEY.’’* 
By W. J. Berry, C.B. 


NELSON and Rodney are the first ships to be designed 
and built to a standard displacement of 35,000 tons, 
the limit laid down for capital ships by the Washington 
Treaty on the Limitation of Armaments. The purpose 
of this paper is to place on record certain launching 
particulars of the ships. which it is thought will be 
of some interest, since they are the only battleships 
that have been launched in Great Britain during the 
last eight years, and others are not likely to be laid down 
during the next five or six years. 

The keel plate of H.M.S. Nelson was laid at Messrs. 
Armstrong’s naval yard, Walker-on-Tyne, on Decem- 
ber 28, 1922, and that of H.M.S. Rodney at Messrs. 
Cammell Laird’s shipyard, Birkenhead, on the same 
date. Nelson was launched on September 3, 1925, 
and Rodney on December 17; 1925. Both vessels 
were retained on the building slips till they were in a 
more advanced state of completion, for both hull and 
machinery, than is usual for battleships, and the 
armour was practically all on board. As a result the 
launching weight was approximately 20,000 tons, a 
very considerable figure in view of the length between 





perpendiculars being only 660 ft. This launching 


weight was exceeded by about 2,000 tons in H.M.S. 
Hood, and by about 5,000 tons in U.S.S. Saratoga, 
but in these ships the weight was carried on a much 
greater length. Having regard to the launching weight 
and its distribution longitudinally, and more par- 
ticularly transversely, the side armour being on board, 
the builders proposed launching on four ways, the 
arrangements adopted in the two ships, after discussion 
with the Admiralty, being shown in Figs. 1 (a) and 
1 (6). General particulars are given in Table I. 

Thorough investigations were made tv estimate the 
condition of the ship at launch and the probable forces 
acting during the launch. These investigations in- 
cluded :—(1) A close estimate of the launching weight 
and position of the-centre of gravity. (2) An estimate 
of the stability of the ship during and after launch. 
(3) The usval launching calculations to determine the 
run before stern lifts, pressure on fore poppet at lift, 
minimum moment against tipping, distribution of 
pressures, &c. (4) An estimate of the structural 
strength of the ship girder during the launch. (5) 
Experiments to determine the suitability of the tallow 
and lubricants proposed for the sliding surfaces. 

The investigations were made for two heights of 
tide, about 3 in. and 15 in. respectively below the 
expected high tide, the lower tide being in the neigh- 
bourhood of what was considered to be the minimum 
safe launching tide. In this connection it may be 





Fig.2. H.M.S. NELSON. LAUNCHING DIAGRAM 
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distribution of the ship. For the supporting forces 
the launch was assumed to be slow and the ship con. 
sidered to be in equilibrium when at various positions 
on the ways. At each position the longitudinal dis. 
tribution of the supporting force of buoyancy and 
pressure on the ways was calculated. Then by suc. 
cessive integration of the difference between the weight 
and supporting curves, a curve of bending moment 
acting on the ship at each position was obtained, 
The envelope of these curves was taken to represent the 
maximum bending moment that any section of the 
ship might experience. Fig. 4 gives the envelope of 
the bending moment curves so obtained for Nelson, 
The estimated maximum hogging moment at each 
section at the actual launching tide, viz., 13 ft. 5} in, 
over way end, is also shown. The maximum sagging 
moment at each section occurred at the position where 
stern lifts. Except that the stern lifts after a shorter 
run, the maximum sagging bending moments are not 
appreciably affected by differences in the height of 
tide. The one maximum sagging moment curve is 
therefore assumed to apply to the two heights of tide 
under consideration. 

The principal results may be summarised as follows :— 

Hogging—The maximum bending moment anti- 
cipated with tide line 12 ft. 1 in. above way end was 
about 560,000 tons-ft., its position being somewhat 
abaft amidships. Adopting the usual method of calcu- 
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TABLE I. TABLE II. lating stresses, this gave :—Tensile stress in upper deck 
ahs <7 Seta TT EE popes eS me wae = 7-3 tons per square inch; compressive stress in 
oa | ‘ Nelson.” “ Rodney.” | _ | “Nelson.” | outer bottom = 4-9 tons per square inch. - 
! aa a Sagging.—The maximum bending moment antici- 
Lenath bet — 600 660 I ni Or ea gn 19.780 pated was about 210,000 tons-ft., its position being 
ength between perpendiculars, ft. zaunching weight use n S, tO iS sf . A Pre sag 
Declivity of tery in. per foot = 0-5 0-503 (Hull and contents, saddles, fore stopping and about 90 ft. before amidships. At the position — 
Declivity of chord of ways, in. per 35/64 37-3/64 sliding ways) - sidered above for hogging the maximum sagging 
~~ | 24 in. i Wat pod oe es y + "| ase. 6 . |moment was 150,000 tons-ft., giving the following 
Camber of ways «<j 26 it... In 4 in. in yater on way en ee e. ee rr me in . A de Reg i ke 
: 717 ft. 715 ft Poppet from way end when stern lifts, ft. B 212-5 stresses at that section :—Compressive-stress In pc oa 
Length of ground ways (inner), ft... 717 715 Weight on poppet when stern lifts, tons a 2,580 deck = 1-1 tons per square inch ; tensile stress in outer 
Length of ground ways (outer), ft... 533* 521t i. rr oppet at way end, —_ i P,# bottom = 1-5 tons per square inch. In calculating the 
Length of sliding ways (inner), ft. . . 542 570-5 Mean initial pressure on grease, tons per sq. ft. 2-495 ° i s 
Length of sliding ways (outer), ft. .. 245 216 Pressure on grease when stern lifts, tons per sq. ft. 13-44 strength modulus of the section : : (4) ype ee 
Breadth of ways (each) (inner), ft... 6 8 Maximum load per foot run on way end during been included when under compression, but exclude 
Breadth of ways (each) (outer), ft... ¢ m 3 ‘ —- mid-body, tons ne dis 66_ under tension; (6) On the tension side two-elevenths 
Area of sliding surface, sq. ft. ae 7,974 424 Jorresponding pressure on grease, tons per sq. ft... 5-5 f the section has been deducted for rivet holes. “yy 
Ways apart outside to outside (inner Least moment against tipping, tons ft. Bee 405,000 ort ‘ 7 . 
ft. . : < ‘ : - . 83 32 As before stated, the actual height of tide at launch 
Ways apart outside to outside . dig of Nelson was 1 ft. 4} in. higher than the tide assumed 
_ (outer), ft. .. a ss 8 adind stated that the actual tide at the launch of H.M.S.|in the original strength calculations. The effect of 
Fore edge of poppet from fore per- es - . j 5 ‘ 
pendicular, ft. wk x if 76 65-6 Nelson was 2} in. higher than the expected high tide, | this on the calculated results is as follows :— 
Launching weight used in calcula- x8 giving a height of water 13 ft. 5} in. over the way end.| Hogging.—The maximum bending moment was 
O.G abate mldehign tee pT), foe 5% 7 The actual tide at launch of Rodney was | in. below | reduced to 420.000 tons-ft., the corresponding stresses 
Water on wayend .... ‘*| 12 ft.1in. | 12ft.1in. | the lower of the two tides considered, the height of; being :—Tension in upper deck,= 5-5 tons per square 
Poppet from way end when stern water over the way end being 12 ft. inch ; compression in keel = 3-7 tons per square inch. 
Le =f ‘he 160 198°5 After the launch, the case of Nelson was again inves-| Sagging.—Except that the stern lifts after a shorter 
Weight on poppet when stern lifts, m " ‘ ei . ° A a "C- 
tons ‘ uw z if 2,650 2,585 tigated in view of the actual conditions which obtained | run, the sagging bending moments were not app! 
Weight on poppet at way erd, tons 230 273 on the day of the launch. Fig. 2 shows the launching | ciably affected by the rise of tide. 
ae aaa on greaie, tons 2-435 1:97 curves obtained at the tides stated in the case of Nelson.| The maximum calculated stresses in the uppe! 
Pressure on grease when ster lifts, hy The principal results obtained from the curves have | deck at the position selected with the actual tide at 
tons per square foot * < 13-8 9-9t been embodied in Tables I and II. In Table I, results| launch became :—5-5 tons per square inch tension ; 
nuibeine Geaean ct at ber dita are also given for Rodney, assuming height of water | 1-1 tons per square inch compression. These stresses 
tons 4: ee ‘panini 119 156-6 over way end to be 12 ft. 1 in. It will be noticed | assume the launch to be very slow—that is, static forces 
Corresponding pressure on grease, nae that the exceptionally high tide which gave 16} in.| only acting. In view of the high estimated hogging 
tous ‘per square foot Peel Sy 9-01 was more water over the way bed than was assumed in the | stresses it was decided to take stress measurements 
Least moment against tipping, : ‘ ay : : : R : f i mber 
tons-ft. .. = nf ..| 280,000 270,000 ‘| first calculation for Nelson very materially modified | during launch, using for this purpose, four in number, 
the results obtained. Fereday-Palmer strain recorders. The four — 
* In the Nelson the outer ground ways were stopped 20 ft An investigation was made to ascertain the maxi-| ments were arranged in a line across the upper = 
short of river wall. ; mum longitudinal bending moments and stresses that | about 20 ft. abaft amidships, two port and two s ’ 
t In the Rodney both sets of ground ways were carried down | the ship might experience during her passage down the| board. Three instruments were arranged to Lae 
gg yl a length of 16 ft. ways. For this purpose, the lower of the two tides| curves of stress on a photographic film in the we 
assumed in the calculations prior to launch was adopted | manner; the fourth was read visually. rien gre 
* Paper read at a meeting of the Institution of Naval | namely, a height of tide 12 ft. 1 in. over way end. | taken to connect the stress curves obtained with the 
Architects, March 24, 1926. Abridged. A curve was drawn giving the longitudinal weight ' space-time curves measured at the launch. 
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Observations were made to enable a space-time curve 
of the ship to be plotted from which the velocity and 
acceleration of the ship during the travel down the 
ways were obtained. Curves for Nelson are shown on 
Fig. 3, plotted to a base of distance run. It will be 
noticed that the ship reached a maximum velocity of 
18-8 ft. per sec. after arun of about 320 ft. The accelera- 
tion attained a maximum value of 0-8 ft. per second 
per second after a very short run, and retained this 
value fora run of nearly 100 ft. The estimated co- 
efficients of friction are 0-045 initial and 0-021 sliding. 
After passing the position of maximum velocity, the 
retardation soon became practically constant at about 
0-23 ft. per second per second. Shortly after the fore 
poppet passed the after ends of ways the retardation 
increased to about 0-55 ft. per second per second ; at 
this stage the first pair of drags had commenced to act. 
At the launch of Rodney, the acceleration was measured 
directly by means of an apparatus designed by Professor 
T. B. Abell, of Liverpool University, the records being 
taken by Mr. J. C. M. Wilson. The apparatus makes 
use of the fact that a simple pendulum of short period 
will take up the line of action of the resultant force. 
The results obtained were very similar to those obtained 
for Nelson by the usual methods. 

The results obtained by the four strain-recording 
instruments were in close agreement with one another. 
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A mean of the four curves plotted to a base of distance 
run is given on Fig. 3. On the same base are shown 
curves of time and velocity and acceleration of ship. 
The following points are noted :— 

1, Maximum tensile stress recorded = 2-6 tons per 
square inch, and occurs after a run of about 326 ft., 
at which point the position selected is still 117 ft. from 
wayend. (It was anticipated that the maximum stress 
would occur after a run of about 400 ft.). This stress 
combined with the strength modulus of the section, 
may be taken to represent a bending moment of 200,000 
tons-ft. instead of 420,000 tons-ft., the estimated 
maximum, 7.¢., a reduction of 220,000 tons-ft. 

2. Maximum compressive stress recorded = 2-2 tons 
per square inch, and occurs after a run of about 500 ft., 
at which point it was estimated the stern would lift 
at 13 ft. 5} in. tide. This stress represents a bending 
moment of 300,000 tons-ft. instead of 150,000 tons-ft., 
the estimated maximum, i.e., a gain of 150,000 tons-ft. 
In short, the ¢naximum tensile stress recorded is only 
one-half of that estimated, whereas the maximum com- 
pressive stress recorded is double that estimated. 
A factor that may have a bearing on this result is the 
method of taking account of armour and protective 
plating when estimating the inertia of the section. This 
was entirely neglected under tension but included 
under compression, and it is considered that this 
probably underestimated the inertia of the section 
when hogging, and thereby overestimated the stress, 
the reverse happening under sagging. Probably a per- 
centage of the armour and protective, plating should 
have been included even when under tension, and a 
larger percentage, but not the whole, when under 
compression. It may be stated that if the armour and 
protective plating is included at 50 per cent. full value 
when under tension, the calculated maximum tensile 
stress in the upper deck at the position selected is 
reduced from 5-5 tons per square inch to 4 tons per 
Square inch. Also, if armour is included at only 50 per 
cent. full value when under compression, the calculated 
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Fig. 3. H.M.S. NELSON. LAUNCHING SPEEDS AND STRESSES 





position selected is increased from 1-1 tons per square 
inch to 1-3 tons per square inch. A further point with 
regard to the calculation of the moment of inertia of 
the section is that a deduction of two-elevenths of the 
material under tension was made in order to allow for 
rivet holes. It is probable that this deduction also 
tended to overestimate the tensile stress in the upper 
deck at the position selected, as the instruments were 
placed between two frame stations, not spanning a line 
of rivet holes. The factor, however, which probably 
had the most important bearing on the results is the 
effect of the forces brought into play by the passage 
of the ship into the water. It will be observed (Fig. 3) 
that the maximum velocity of the ship down the ways 
was 18-8 ft. per second, equal to a speed of 11-1 knots. 
Clearly a vessel thrust stern first into water at this 
speed will meet with a substantial resistance; owing 
to the flat nature of the buttocks in the ship and the 
angle at which the ship enters the water, this force of 
resistance must have a very considerable vertical 
component. 

Based on the value of the acceleration of the vessel 
down the slip, shown on the curve of acceleration, 
Fig. 3, an approximate calculation has been made of 
the resolved part of the resistance acting up the ways 
and checking the velocity of the ship. An estimate 
was then made of the vertical component of the 





over a length of 16 ft., was about 134 tons, this figure 
being little influenced by the rise of tide. 

Melted tallow to a thickness of about } in. was 
applied over the ground ways. Next a coat composed 
of three parts of tallow to one part oil was applied, 
following which were two coats composed of half 
tallow and half oil. Patches of soft soap at close 
intervals were then placed on the ground ways over 
the whole length of the sliding ways, and finally oil 
was sprinkled over the whole of the surfaces so treated. 
In addition, two coats of tallow were applied to the 
bottom surfaces of the sliding ways before these were 
pulled into position. In order to observe the effect, 
if any, of the lubricants on the tallow, short sample 
lengths of ground and sliding ways were prepared 
coated as described above. The surfaces were examined 
at inttrvals prior to the launch, and no granulation or 
deterioration of the tallow was visible. In addition, 
the following experiments were carried out :—(1) Two 
patches of tallow 12 in. square and } in. thick were 
prepared, and weights to the extent of 7 tons 13 ewt. 
placed on these patches. No cracking resulted, and 
the compression was barely 7 in. (2) Short lengths 
of ground and sliding ways were prepared as described 
above and set to a declivity of #} in. to the foot. A 





weight equal to 2} tons per square foot was placed on 


Fig.4. H.M.S. NELSON. ESTIMATED MAXIMUM BENDING 
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resistance, and the bending moment set up by this 
vertical component on the section of the ship where 
the instruments were situated. It has been found 
that the bending moment so obtained might be approxi- 
mately :—(a) 150,000 tons-ft. after a run of 326 ft., 
at which point the ship has just passed the position 
of maximum velocity. The effect of this moment 
would be to reduce the calculated tensile stress in the 
upper deck from 5-5 tons per square inch to 3-5 tons 
per square inch. If, in addition, we include armour 
at 50 per cent. full value in the hull girder, this moment 
would reduce the maximum tensile stress of 4 tons per 
square inch then obtained to about 2-6 tons per square 
inch, which agrees with the measured stress. (6) 
100,000 tons-ft. after a run of about 500 ft., the velocity 
of the ship having then fallen to about 16-5 ft. per 
second. The effect of this moment would be to increase 
the calculated compressive stress in the upper deck 
from 1-1 tons per square inch to about 1-8 tons per 
square inch. If, in addition, armour is included at 
50 per cent. full value in the hull girder, this moment 
would increase the maximum compressive stress of 
1-3 tons per square inch then obtained to about 2-2 
tons per square inch. This agrees with the measured 
stress. It is seen, therefore, that the dynamic forces 
exerted by the water on the stern of the ship during the 
run account for a large proportion of the difference 
between the calculated and measured stresses. This 
result is reassuring in cases where the hogging stresses 
calculated by the usual methods are high. 

Internal fortifications were arranged throughout the 
length of the ship, particular attention being paid to 
the portions of the hull where the upward pressure 
per unit area obtained on the usual assumptions was 
expected to be considerable. At the lower of the two 
tides mentioned previously, a possible pressure. of 
10 tons per square foot had to be provided for over 
the midship portion of Nelson. Under the actual 
conditions obtaining at launch 5} tons per square foot 
was the estimated maximum pressure in this neigh- 
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the sliding way, which was then released and allowed 
to slide freely over the ground way, with results 
considered to be satisfactory. 

Owing to the restricted width of the river, it was 
necessary to ensure that Nelson should be brought 
to rest after a run of not more than 350 ft. subsequent 
to the stem passing the after end of the ground ways. 
Eight drags were placed on each side of the ship, the 
total weight being 1,162 tons. The first pair of drags 
was arranged to act when the stem of the ship was 
still about 50 ft. from the way end, and the remaining 
drags came into operation in pairs after further runs of 
25 ft. between each pair. Actually the ship was 
brought to rest before the last pair of drags began to 
act. No drags were necessary at the launch of Rodney, 
the width of the river being ample in this case. 

For Nelson the holding, releasing, and starting gear 
consisted of one dog-shore to each of the inner ways, 
two dog-shores to each of the outer ways, two 150-ton 
hydraulic holding and releasing triggers to each of the 
inner ways, two 100-ton hydraulic starting jacks to 
each of the inner ways, and two 40-ton hydraulic start- 
ing jacks to each of the outer ways. For Rodney : one 
200-ton and two 150-ton hydraulic holding and releasing 
triggers to each of the inner ways, and one 100-ton hy- 
draulic starting jack to each of the inner ways. 

On releasing the triggers, both ships immediately 
started down the ways, without aid from the starting 
jacks. 

The “‘ breakage”’ of eaeh ship in launching, both 
longitudinally and transversely, was found to be nil, 
and no structural damage of any sort was sustained. 
The launch in the case of both ships was entirely 
successful. 





LAUNCH OF THE Motor Yacut ‘‘ CHELSEA ’’—The new 
twin-screw motor yacht Chelsea, built for Mr. J. F. 
Harris, of New York, U.S.A., was launched recently 
from the Troon yard of Messrs. Ailsa Shipbuilding 
Company, Limited. The vessel, which has been built 
under Lloyd’s special survey, was designed hy Messrs. 
G. L. Watson and Co., Glasgow. The Chelsea has a 
length of 131 ft., a breadth of 23 ft., and a depth, moulded, 
of 12ft.9in. She has a cruiser stern, and will be lightly 
rigged as a schooner with pole masts. The main engines 
consist of two sets of Atlas-Polar inverted, single-acting, 
two-stroke-cycle Diesel engines. Each engine has six 
cylinders and will be capable of developing 220 brake 
horse-power. In addition to the main machinery, two 
semi-Diesel engines are provided for the electric generators 
and for the air compressor. The steering gear, windlass, 
and warping capstan will be electrically driven. 
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ELECTRICAL APPARATUS. 


242,911. A. H. Roberts, Shooter's Hill. Electric 
Cables. (2 Figs,) June 23, 1925.—The invention has 
relation to paper-insulated electric cables. In accordance 
with the invention, the insulating strips or tapes 11 of 
ay od are wrapped around the stranded conductor 10 
in helices of such pitch that the strips or tapes approach 





parallelism with the longitudinal axis of the stranded 
conductor. Also, in accordance with the invention, the 
insulating strips or tapes 11 are laid on the stranded 
conductor 10 in layers, the lay of the strips or tapes in 
one layer being of opposite hand to that of the adjacent 
layer. (Seaied.) 


241,684. G. F. Shotter, New Southgate. Electric- 
ally Measuring Level and Flow of Liquids. (7 Figs.) 
September 23, 1924.—The invention relates to appa- 
ratus for the measurement of the level or flow of liquids, 
comprising a main or level-measuring pair of electrodes 
at a fixed distance apart, so immersed in the liquid that 
the resistance between them changes when the level 
changes within the limits to be observed, in combina- 
tion with a compensating pair of electrodes immersed to 
a constant degree in the liquid, or in liquid, of similar 
polarising properties, an electrical generator, and a 
resistance indicator, which has a_ control-producing 
circuit and a circuit to provide a deflecting force, the 


liner and B the cylinder jacket forming around the 
cylinder liner the water jacket 6. C is the cover with 
cover liner D, the liner making a fluid-tight pressure 
joint with the upper end of the cylinder liner. The 
cover liner D is formed with the outer up-turned flange 
ad at the lower side constituting an annular water 
channel d?, The flange is provided with bosses d, 
formed with water passages d+ arranged tangentially, 
these water passages communicating with water passages 
62 in the cylinder jacket B so that cooling water from the 
water space 6 passes through the tangential passages 
d‘ into the annular water space around the cover liner, 
giving @ circular flow or swirl and escaping through 
the cooling-water outlet c of the cylinder cover. 
(Sealed.) 


HYDRAULIC MACHINERY: 


242,365. H. J. Meldrum, Welwyn Garden City. 
Hydraulic Clutches. (2 Figs.) August 14, 1924.— 
The invention relates to hydraulic clutches and power 
transmitters. According to the invention, the liquid 
circulating system of a clutch is provided with a turbine 
or reaction wheel so arranged as to be operated by the 
circulation of the liquid through the passages of the 
system, 2 is the power receiving shaft to which is fixed 
a disc 3 having a high-pressure passage 4, to the face 
of which is fixed a flange 5. On the outside of the 
flange 5 is fixed a hollow cylindrical member 6, in the 
rim of which is formed a number of radial holes 7 fitted 
with plungers 8. The plungers bear on a ring 10 fixed 
on the outer race of a ball bearing 12, the inner race of 
which is secured on an eccentric 14 fixed on the driven 
shaft 15 of the clutch. The inner end of the eccentric 14 
has a concentric boss 75 carrying the inner race of a 
ball bearing 17, the outer race of the ball bearing being 
fixed in the boss 46 of the cylindrical member 6. The 
outer end of the cylindrical member 6 is closed by a 
disc 20 having a central bore in which is fixed the outer 
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parts being so connected that the generator, the control- 
producing circuit and the compensating electrodes are in 
one closed circuit and the generator, the circuit to 
provide a deflecting force and the main electrodes are 
in a second closed circuit. According to this invention, 
the main or level-measuring electrodes 5, 32, are mounted 
in a tubular member 1 of insulating material, such as 
glazed earthenware, of triangular, circular or other 
section. The electrodes are mounted transversely of the 
carrier. Preferably, one of the electrodes is mounted 
within, midway of the length and transversely of the 
earrier, while the other electrode is in two parts which 
are mounted at opposite ends of the carrier. (Sealed.) 


GAS ENGINES, PRODUCERS, HOLDERS, Kc. 


241,847. Swan, Hunter & Wigham Richardson, 
Limited, Walker, Newcastle-on-Tyne, F. Rowntree, 
Monkseaton, and P. Belyavin, Jesmond, Newcastle- 
on-Tyne. >Internal-Combustion Engines. (2 Jigs.) 
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August 5, 1925.—The invention relates to cylinder 
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race of a ball bearing 23, the inner race of the bearing 
being fixed on the driven shaft 15. In a space provided 
between the cylindrical member 6 and the dise 3 is 
arranged a turbine wheel 25 secured to the boss 75. 
The periphery of the turbine wheel is provided with 
inclined passages, the sides of which are designed to form 
reaction faces against which act jets of fluid passing 
through inclined nozzles formed in a ring fixed in the 
driving disc 3. The turbine exhausts into a low-pressure 
passage 36 formed in the cylindrical member 6, and 
between these two passages suction and delivery valves 
37 and 38 are arranged. The valve 37 opens into a 
passage 41 which communicates with the space behind 
the plungers 8 and also with the under side of the 
valve 38, so that during the out stroke of the plungers 8 
liquid is drawn from the passage 36 through the valve 37, 
and during instroke of the plungers 8 liquid is forced 
along the passage 41 and through the valve 38 into the 
high pressure passage 4 in the driving disc. The circu- 
lation of the fluid from the passage 4 to the passage 36 
takes place through the nozzles supplying fluid to the 
turbine wheel. (Accepted November 18, 1925.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


243,164. The Gear Grinding Company, Limited, 
Handsworth, Birmingham, and H. F. L. Orcutt, 
Handsworth, Birmingham. Grinding Machines. 
(2 Figs.) November 26, 1924.—The invention has for 

















its object to provide an improved 





spline shafts, gear wheels and the like. The invention| a main flue or chimney. ‘ 
comprises the combination of a work table which cah| hearth 4 and the passage 7 is a recuperator to which the 
be reciprocated on a horizontal bed a, the table being| combustion air is admitted, and in which the air }s 


intermediate surfaces so that vertical adjustment of 
one part is effected by a horizontal movement of one 
part relatively to the other. Work supporting head. 
stocks g, h and grinding wheel trimming tools i are 
mounted on the table, and a grinding wheel j is carried 
on a vertically adjustable slide. (Sealed.) 


241,638. W. H. Parsons, Birmingham. Drilj- 
ing Machines. (3 Figs.) July 27, 1924.—The inven. 
tion comprises improvements in automatic horizonte] 
drilling machines. The drill spindles 1, la are carried 
in holders 2 mounted to slide on the bed 4. The outer 
end of the drill spindle can slide and engage with the 
spur wheel 5 of a train of wheels 5, 6, 7. The wheel 7 
of this train of wheels is mounted on the driving shaft 8 
which has mounted thereon fast and loose pulleys 9, 
The holders are reciprocated through the medium of a 
camshaft 10, which is geared to the shaft 8 by means 


Fig. t 2 1 2 Py 





























of a transverse shaft 11. The cam member 17 com- 
prises a disc 18 having a groove 19 in the periphery, 
with which engages a roller 20 carried by an arm 21 
placed at the rear of the holder 2. The groove 19 
in the cam is so arranged that the drill spindle is moved 
quickly forward towards the work and then fed forward 
more slowly during the actual drilling operation. The 
spindle after the hole has been drilled, is withdrawn 
quickly and is then caused to remain stationary whilst 
the work is being rotated into position for the next 
drilling operation. (Sealed.) 


MINING, METALLURGY AND METAL- 
WORKING 


241,471. Brown Bayley’s Steel Works, Ltd., 
Sheffield, F. G. Bell, Sheffield, and W. Harrod, 
Sheffield. Furnaces. (7 Jigs.) March 29, 1925.— 
The invention relates to a metal-reheatingfurnace. The 
furnace setting encloses the fireplace, comprising an ash- 
pit 1 over which the firebars 2 are disposed upon bearers 
3, and a hearth 4 over which pass the gases from the 
fire. At the end of the hearth 4 remote from the fire, 
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are outlets 5 for the gases which have passed over the 
hearth 4. These outlets 5 communicate with a vertical 
passage 6 opening into a horizontal passage 7, whereby 
the gases are re-conducted to the front end of the furnace 
achine for grinding | whence they flow downwards by way of passages 8 to 


Between the roof of the 








covers provided with a cover liner. A is the cylinder 





constructed from a pair of parts 6b, c having inclined} preheated. (Sealed.) 
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THE DOUBLING OF THE UPPER SONE 
BRIDGE, INDIA. 
By H. C. Muaerripae. 
(Continued from page 387.) 

‘tes. 11 and 11a are drawings of the transporter 
with its overhead winches, or travelling crane, 
shown in the position it occupied when the trans- 
porter was being moved. Figs. 12 and 13 shows the 
general arrangement when the transporter was in 
its final position at rail head, with a pair of girders 
partly lowered into the waterway. The transporter 





was a girder 215 ft. 9} in. long, mounted upon 
two bogie trucks, provided on its top boom with a 
travelling crane, to which was suspended the load 
of two 100-ft. girders, one on each side. The 
transporter was pushed out from the yard by a 
locomotive, as shown in Fig. 14, until its nose was 
over a prop which was waiting for it at rail head. 
This prop (shown in Figs. 12 and 13 and 15to 19) was 
attached to the nose of the girder, and the locomo- 
tive pushed the transporter forward, with prop 
attached, until the latter was within about 10 ft. of 
its final position, the cantilever portion of the trans- 





porter then stretching across the open span ahead. 
The locomotive was then detached, and the trans- 
porter was finally positioned by pinch bars, levering 
off the rails, under the 5-ft. 6-in. gauge track wheels 
of the bogie trucks, using blunt-nosed pinch bars. 
The prop is shown being moved into, and in position, 
in Figs. 15 and 16. 

At the bottom of the prop, and forming an in- 
tegral part of it, there are, as may be seen in the 
drawings, Figs. 17 to 19, three screw jacks, operated 
by a worm common to all so that equal travel of 
the three jacks is assured. Below the jacks there 
is a rocker shaft. By running out the three screw 
jacks the prop was elongated, and the rocker shaft 
was thus lowered into the permanent bearings 
belonging to the girders of the span in advance 
of the one about to be launched. By continuing 
to jack up, the nose of the transporter was raised 
until its deflection of 6} in. was eliminated. The 
wheels of the bogie trucks were then blocked so 
that the transporter could not move, and the 
travelling crane was next moved along the top 
boom of the transporter, carrying the girders for- 
ward until they were vertically over their permanent 
bearings, which had been previously fixed on the 
piers below. This operation is depicted in Fig. 20. 
The travelling crane, having lowered the girders 
into the bearings, it was worked back to its position 
midway between the bogie trucks. The prop was 
shortened by revolving the screw jacks, was 
detached from the transporter and attached by 
temporary struts to the extremity of the girders 
just launched. Here it was left to be reattached 
to the nose of transporter during the next launch- 
ing operation. 

When moving out to rail head, and returning to 
the yard, the speed of the transporter was varied 
but never exceeded 4 m.p.h. If a uniform speed 
was maintained the cantilever portion began to 
whip, and synchronised motion was set up. From 
the time the transporter left the yard until its 
return from rail head, averaged about 44 hours. 

Details of the transporter will now be dealt with. 
The girder of the transporter, Figs. 11 and 11a, 
was designed for a maximum working unit stress 
of 10 tons per square inch, qualified by the 
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usual column formula. It carried the following 
loads :—(a) In the yard: its own weight, 69-90 
tons (which includes the counter balance cf 
9-40 tons) plus the travelling crane, 20-50 tons, 
situated centrally between the bogie trucks. 
Total, 90-40 tons, with 119 ft. 73 in. overhang as 
a cantilever. (b) Moving out to rail head: the 
load, 90-40 tons as above, plus 70-04 tons for 
two single 100 ft. girders (including their per- 
manent cross bracing). Total, 160-44 tons. (c) 
Crossing empty span ahead with prop attached : 
the load 160-44 tons as above, plus 3-43 tons for the 
prop and rocker shaft attached to the nose of the 
cantilever. (d) In its final stationary position 
over empty span ahead as a continuous girder : 
the loads, as per para. (6), 160-44 tons, with the 
loaded travelling crane (45-27 tons on each winch, 
including weight of winch) advancing, panel by 
panel, up to the final position from which the 100 
ft. girders were lowered into the waterway. (e) 
Wind: A horizontal wind pressure of 20 lb. per 
super foot was allowed for, which from the formula 
P = 0-0032 V2 would result from a wind velocity 
of 80 m.p.h. In a gale of this intensity operations 
would be suspended and the transporter guyed. 
When the travelling crane was situated centrally 
between the bogies, without any extraneous load 
on it, the girder was practically on the balance 
about the central bogie truck and as a greater 
margin of safety was desirable a counter balance, 
9-40 tons of pig iron, was placed on the bottom 
boom of the girder as close as possible to its rear 
extremity. 
(To be continued.) 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Continued from page 405.) 

THE morning meeting of Thursday, the 25th ult., 
was presided over by His Grace the Duke of North- 
umberland and was occupied with the reading and 
discussion of two papers. 

TEMPERATURE STRESSES IN DigsEt ENGINES. 

The first paper was by Mr. Robert Sulzer, and 
was entitled “Temperature Variation and Heat 
Stresses in Diesel Engines.’”” This paper we repro- 
duce, commencing on page 447 in this issue. After 
it had been read by the author the chairman 
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called upon Professor Dalby to open the discussion. 
After complimenting the author upon his paper, 
Professor Dalby stated that he regarded it as of 
first-rate importance, as future progress in Diesel 
engine design rested largely upon our knowledge 
of the heat gradients in the important parts of an 
jengine, and of the stresses produced by tempera- 
|ture differences. He then compared the results 
| obtained by Mr. Sulzer with some earlier measure- 
|ments made by Professor Callendar on a steam 
engine. When determining the periodic variation 
|of temperature in the cylinder walls, Professor 
| Callendar found that with a temperature range in 
the steam of some 67 degrees, the temperature 





| variation at the wall surface was 3-7 degrees below 











NUT TO WORM WHEEL 


\ 
s 
= 


ENGINEERING 


: 
: 


and above the mean value, and it was of very 
considerable interest to compare this result with 
that shown in Fig. 1 of the paper. Professor Dalby 
mentioned that the surface temperature must not 
exceed that at which the lubricating oil would per- 
form its function satisfactorily, and that the heat 
produced must be carried away at a sufficiently 
high rate to secure this result. He regarded the 
author’s work on the determination of gradients 
and the calculation of stresses as most valuable. 
as in the past the failure to examine designs from 
the point of view of these factors has led to cracked 
liners and similar troubles. As the methods could 
only be applied to symmetrical parts, as pointed 
out by Mr. Sulzer, it was important to adopt a 
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simple form of casting, He was particularly inter- 
ested in the statement given on page 4 of the paper 
that Messrs. Sulzer had experienced cases of cracked 
covers in four-cycle engines and two-cycle engines 
with valve scavenging in the cylinder heads, but 
never with symmetrical two-cycle covers, except 
where the cooling system had not received proper 
attention. In concluding his remarks, Professor 
Dalby mentioned that he had himself been carrying 
out some experiments on the temperature of the 
exhaust gas on a car engine, and had had difficulty 
in obtaining a satisfactory thermo-couple for this 
work. He, therefore, thought that it would be of 
great interest if the author would give particulars 
of the actual plug used in his experiments, and 
also a diagrammatic sketch of the Einthoven 
galvanometer connections. 

The next speaker was Sir Robert Dixon, who 
said that the paper would be particularly valuable 
to builders of Sulzer engines. The results were not 
directly applicable to other types of Diesel, but no 
doubt the designers of such engines would be able to 
adapt them, to some extent, to their particular needs. 
Sir Robert thought it would be »f great interest 
if some information could be given regarding the 
temperatures within the combustion space, as he 
noted that it was stated in the paper that these 
temperatures had been measured in the course of the 
tests. Referring to the measurements of piston-ring 
temperatures, he was particularly interested in the 
low values obtained, as they were in conformity with 
the results of experiments on a double-acting two- 
cycle engine with which he had been associated. 

Engineer Commander Hawkes, who followed Sir 
Robert Dixon, laid stress on the importance of sym- 
metry in the design of the hot parts of the engine. 
He stated that it was now becoming increasingly 
recognised that thickness was not infrequently 
Synonymous with weakness. He thought that the 
correct principle was to make the inner wall, which 
was subjected to the hot gases, as thin as possible, and 
to rely for strength on the reinforcement given by 
the outer wall. He thought that possibly insufficient 
attention was being devoted to the cooling arrange- 
ments, and suggested that a large water space was 
not necessarily better than a small one. The most 
important consideration was to get a direct flow of 
water over the heated surface. Dealing with 
temperature stresses, he said that the small tempera- 
ture oscillations at the surface of the metal, referred 
to by Mr. Sulzer, undoubtedly played a most impor- 
tant part in causing fractures. In his own experi- 
ence he found that cracks always appeared first on 
the inside surface, suggesting that the compressive 
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stresses in the outer skin. He would like to ask the 
author what the limits of accuracy in the measure- 
ments of fluctuating temperatures, as given in the 
paper, were likely to be, and also what was the 
probable temperature lag. The latter would have 
the effect of reducing the maximum recorded 
temperature, with a corresponding reduction in the 
estimated stress. Further points on which Com- 
mander Hawkes asked for additional information 
were the methods of obtaining the curves given in 
Fig. 5, and the nature of the curve of temperature 
gradient given in Fig. 4. For the value t = 





this appeared to be a straight line in the figure, and 
he asked the author whether this should not be 
a curve. As a final point, would the author give 
some information regarding the couple employed 
for determining the temperature inside the com- 
bustion space ? 

Mr. H. Ruck-Keene commented on the extra- 
ordinary delicacy of the measurements taken, as 
illustrated by the appearance of the small kick in 
the curve given in Fig. 17. Referring to the author’s 
remarks regarding the relative temperatures attained 
by the piston rings of two-cycle Diesel and of 
steam engines, he asked whether it was not a 
recognised fact that lubrication difficulties were 
less in the steam engine. This, however, might 
possibly be due to the increase in rubbing friction 
during that portion of the Diesel-engine stroke 
when the pressure was very high. Referring to 
Fig. 19, the speaker said that this figure showed a 
rise of 160 deg. C. in two minutes in the cover. 
Reasoning from this, it appeared to him that possibly 
some of the cover failures that had occurred might 
be due to this sudden rise in association with small 
initial flaws. It would seem to indicate that 
preliminary warming was desirable in the case of all 
types of Diesel engine. 

Engineer-Captain Tostevin paid a tribute to 
Messrs. Sulzer and other investigators for allowing 
valuable information such as that given in the paper 
to be published. Referring to the high temperatures 
recorded at the top of the cylinder liner, he asked 
the author whether his firm had ever found it 
necessary to allow for special cooling at this point. 
While agreeing with the author that four-stroke- 
cycle engine covers were more complicated than 
those of the two-stroke-cycle type, he thought that 
this difficulty could be overcome by designing the 
cover in two parts, as suggested by Engineer- 
Commander Hawkes. In the case of naval vessels, 
it would be necessary to give the engine twice the 
piston speed, and a higher mean-effective pressure, 
than the one referred to in the paper, and, in this 





proposed by Commander Hawkes, might be ‘satis- 
factory. In connection with the temperaturefof the 
piston rings, he noted that the ring-carrying portion 
of the piston was fairly thin and cooled, and it 
appeared that the low measured temperature of the 
rings might be due to this fact. The temperature 
recorded was the more remarkable in that, in addi- 
tion to being subjected to high gas temperatures, the- 
rings were also subjected to considerable friction. 

Major le Mesurier said that it would be of great 
interest if the author would say whether in larger 
sized engines the significance of temperature: 
fluctuation was greater, and whether it was more 
important in four-stroke-cycle than in two-stroke 
cycle engines. 

Wing-Commander Cave-Brown-Cave asked the 
author whether any experiments had been carried! 
out with higher water temperatures than those’ 
given in the paper, and more particularly with the 
water in the jackets at boiling-point. He referred! 
to the recent work of Professor Gibson on piston 
temperatures, and also to the employment of 
evaporative cooling in aero and car engines. He 
stated that the results obtained on these smaller 
engines were very satisfactory, and it was possible 
that advantages might result from the adoption of 
the system, for marine engines. Mr. Ricardo had 
found that the optimum temperature lay between 
that of-a water-cooled and an air-cooled cylinder, 
and this result should be equally applicable to large 
as to small engines. It was possible that the 
employment of boiling water in the jackets of large 
engines might result in a reduction of the tempera- 
ture stresses by the production of a more uniform 
temperature. 

The chairman then called upon the author to 
reply to the discussion. Mr. Sulzer stated that a 
large number of interesting points had been raised 
by the various speakers, many of which were 
difficult to answer in detail. He did not feel that 
he could deal with the bulk of the questions satis- 
factorily in the time at his disposal, but would 
contribute his reply in writing at a later date. He 
might, however, deal with one or two of the points 
raised. Replying to Sir Robert Dixon, he said it 
was difficult to estimate whether the plug was 
actually measuring the temperature at a depth of 
5 mm., or a mean between this point and the surface, 
as the plug was of appreciable area, and it was always 
open to question whether the temperature actually 
recorded was that on its inner or its outer side. 
Dealing with the various points raised regarding the 
temperature of the rings, he said that the low 
temperature recorded was due, in part, to heat with- 
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that passing to the piston itself. The former was 
the more important, and this had a direct bearing 
on double-acting engines, as in this case the ring 
would be re-introduced into a hot area at the 
bottom of the stroke. Messrs. Sulzer were at 
present building a single-cylinder double-acting 
engine of large size, and results obtained from this 
engine would be available at a later date. He 
agreed with Engineer Commander Hawkes that the 
parts should be kept as thin as possible, and speaking 
of the form of construction advocated for covers by 
that speaker, he said that in practice it was difficult 
to support the thin member in a simple and effective 
manner. It was not certain whether it was better 
to have the supports forming a solid metal connection 
or resting mechanically on the thin metal. Referring 
to the question of lubrication raised by Mr. H. Ruck 
Keene, he said that the conditions were undoubtedly 
more favourable in a Diesel engine than in a steam 
engine with superheat. The ash deposits from the 
fuel oil played a most important part in the question 
of lubrication, and the wear on the liner was found 
to vary directly as the ash deposits from different 
oils. 

Replying to Engineer Captain Tostevin, the high 
temperatures in the upper part of the liner only 
occurred when the engine was on full load. When 
the engine was running light, the entire process of 
combustion occurred in the central part of the com- 
bustion space, and there was an outer fringe of rather 
stagnant gases. He thought it desirable that the 
upper part of the liner should be uncooled, rather 
than that small water passages should be intro- 
duced, as such spaces were very liable to get 
choked. In reply to Wing Commander Cave- 
Brown-Cave, he would say that Messrs. Sulzer had 
not made any experiments on evaporative cooling 
in large engines, and thought an objection to the 
proposal for marine engines was that an enclosed 
circuit employing distilled water would be neces- 
sary. Deposits from ordinary water would be very 
detrimental from the point of view of insulation. 


Carco VEssEL Economics. 


A paper entitled “‘ Comparative Freight Economics 
of a Cargo Vessel with Reciprocating and with Diesel 
Machinery ” was next read in abstract by Mr. W. J. 
Lovett. At the outset the author explained that 
the conjunction of steamer and Diesel in the title 
was subsidiary. The dimensions selected for a 
basic vessel were a length of 400 ft. and a beam of 
53 ft., the gross deadweight being 8,000 tons on a 
draught of 23 ft. 6 in., and a block coefficient of 
0-775. The power assumed was 2,400 i.h.p., or its 
equivalent, capable of giving the loaded vessel a 
maximum speed of 11 knots, but the ordinary 
service speed was taken to be under 10 knots with 
reduced power. The reciprocating machinery was 
assumed to consist of triple-expansion engines and 
three natural-draught boilers, coal fired. The alter- 
native equivalent Diesel machinery was taken to 
have steam auxiliaries, 4 

The author compared the results of a year’s trading 
of a steamer, conforming to the particulars given, 
for varying lengths of voyages, at varying speeds, 
and with varying cargoes. The same comparison 
was also made with the hull fitted with Diesel 
machinery. The comparisons were made for one 
year’s trading, and gave the results of the variations 
on the total weight of cargo carried, on annual 
expenditure, on freight rates, and on profit and loss. 
In each case the effect of modifications in fuel 
prices, in the lengths of voyages, and in speed were 
shown, both for steamer and motor-ship, and finally 
the effect of variation in loading conditions was 
dealt with. The results were shown in both tabular 
and graphical form, bui the space at our disposal 
does not permit of our reproducing the figures. 

The conclusions reached by the author are of 
very considerable interest, and we reproduce them 
in full below :— 

(1) The tremendous cost of stevedoring for vessels 
on short voyages makes the design of the loading 
and discharging appliances and facilities of para- 
mount importance. 

(2) It would appear to pay large shipowning 
companies to carry some or all of their insurance. 

(3) The equivalent proportionate costs of coal 
and oil are such that a change of ls. in coal prices 


requires a change of about 3s. in oil prices, but 
low price of coal is of more value to the steamer 
owner than constant relationship between coal and 
oil prices. 

(4) It costs very much less to run a vessel on long 
voyages than on short voyages. 

(5) Within small limits an increase of speed is 
not costly as affecting transport rate. 

(6) It is not much more costly to run a vessel 
with full cargoes out and home than with full 
cargoes home and ballast only outward. 

(7) There is an economical speed for all lengths 
of voyages, and this is not necessarily the slowest 
speed. This speed is higher in the motorship than 
in the steamer. 

(8) For very full vessels a reduction in the block 
coefficient will probably result in a cheapening of 
the cost of transport. 

(9) The motorship is more economical than the 
steamer for long runs and higher speeds, and the 
economy is greater when full cargoes are not 
obtainable ; but with coal available at 15s. per 
ton, the steamer is at present more economical 
than the motorship when trading on short runs 
from the United Kingdom. 

(10) Under certain conditions of trading, when 
a vessel has to go out in ballast to get a homewards 
cargo, the tramp steamer, with coal bunkers full 
and with ballast tanks full, will be at a deeper 
draught and more seaworthy with empty holds 
than the Diesel-engined vessel in similar .cireum- 
stances. This might be a deciding factor of the 
design. a 

When reading his paper the author explained that 
the last conclusion given did not arise directly 
from his calculations, but that he thought it was 
of sufficient interest for inclusion in his summary. 

The discussion on Mr. Lovett’s paper was opened 
by Sir John Biles, who said it was obvious that the 
author had gone to very great trouble in working 
out his conclusions. The paper was typical of the 
sort of work that might be done on a larger scale 
if a chair of shipping research were established in 
Liverpool or one of the other universities. He had 
made a suggestion to this effect at the summer 
meeting of the Institution in Liverpool, and Mr. 
Lovett’s paper, taken in conjunction with that of 
Mr. Henderson read the previous day, prompted 
him to bring this proposal again to the notice of 
the members. He had himself worked out some- 
what similar results to those of the author, but, 
instead of working on a basis of freight rates, 
he had determined the length of voyage on which 
the two types of vessel, Diesel and steamer, gave 
an equal commercial efficiency. Taking a 12-knot 
cargo vessel with engines of 3,600 h.p., running 
280 days per annum, and taking the cost of Diesel 
oil at 47. per ton, of fuel oil 65s. per ton, and of 
coal at 23s. per ton, he found that equal commercial 
efficiency was reached at 10,800 miles for coal-fired 
and Diesel ships, and at 6,120 miles for oil-fired 
and Diesels. Above these figures the Diesel was 
superior in commercial efficiency in each case. 
The results were obtained on the assumption that 
the steamer was fitted with water-tube boilers 
and high-efficiency turbines. Sir John gave some 
further comparative figures for a cross-Channel 
type of steamer of 12,000 h.p., fitted with turbines 
and Scotch boilers working at 200 lb. per square 
inch pressure. Supposing the same vessel to be 
fitted with Diesel engines, he found that, for the 
same weight, the horse-power developed would 
fall to 8,750, or, if allowance were made for the 
lighter fuel, to 9,500. With turbines and water-tube 
boilers, 17,000 h.p. could be anticipated, but as 
this combination would interfere with the ship 
arrangements, owing to lack of space, 14,000 h.p. 
would be a fairer figure. A further possibility lay 
in the adoption of turbines utilising the steam from 
high-pressure boilers at, say, 700 Ib. per square inch, 
and if the shaft horse-power per foot length was 
taken as a basis of comparison, the figures were, 
with high-pressure boilers and turbine, 143; with 
low-pressure turbine and water-tube boilers, 125; 
with low-pressure turbine and cylindrical boilers, 
110; and with Diesel engines, 104. It might 
appear from his quoting these figures that he was 
prejudiced against the Diesel engine, but he con- 
sidered that for some fields of work this type of 
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before the next meeting of the Institution informa- 
tion would be available regarding the employment 
of high-pressure steam in marine work. In his 
closing remarks, Sir John mentioned that the oil 
supply of the world had not been proved to be 
inexhaustible, and that there was no assurance 
that oil would not become prohibitive in price 
even in the life of a new ship. From this point 
of view, a vessel fitted with high-pressure turbines 
and water-tube boilers was at a great advantage 
as either coal or oil could be used for fuel. 

Mr. A Hamilton, who was the next speaker, 
stated that the number of days that the ship was 
in port was an important factor not referred to 
in the paper. He also noticed that, in working out 
his results, the author had made no allowance 
for interest on capital. He thought that one of 
the great difficulties in making such comparisons 
as those given by the author was to fix a fair cost 
for oil and coal. A vessel might take in oil at a 
home port at 65s. per ton, at Panama at 43s., and 
at California at 30s. Generally, if going east of 
the canal, oil became much more expensive. No 
mention was made in the paper of the capital cost 
of the oil-engined ship, and this would often be a 
deciding factor. Would the author give the figures 
on which his results were based ? 

Mr. A. M. Robb also referred to the price of oil as 
taken by the author. He thought that the price 
taken for coal represented a fair world average, but 
that 65s. as an average for oil was much too low. 
Possibly, however, the author had assumed the fuel 
to be boiler oil, but it was open to question whether 
the use of the latter, with mechanical separators, 
effected any economy. He thought that the author 
had favoured the Diesel ship both in respect to 
oil prices and by taking no account of interest on 
capital, but that, on the other hand, he had 
favoured the steamer in calculating the effect of 
office expenses. He thought that it was unfair 
to base these on first cost, and that they should 
depend on the cargo carried. He noticed that it 
appeared from the calculations that the Diesel ship 
was most economical when trade was dull. This 
result appeared surprising, as the increased first 
cost as compared with the steamer was a dead load 
carried cuntinually, and was of more particular 
effect when the ship was in ballast. 

Mr. W. G. Cleghorn said that the factors govern- 
ing the whole problem, as dealt with by the author, 
were the first cost of the two types of vessel, the 
fuel consumptions per horse-power, and the times 
taken to turn round. These factors appeared diffi- 
cult to determine from the information given, and 
it was correspondingly difficult to judge the value 
of the solution. Dealing with the author’s method 
of taking the annual balance as a criterion of 
economy, the speaker suggested that the annual 
return on the sum invested would be a_ better 
criterion. The Diesel might show a larger profit 
balance per year, but when the respective profits 
were divided by the first cost, the steamer might 
show a better return on the capital invested. Deal- 
ing with the author’s conclusions, he thought that 
no account had been taken of the fact that, if a 
full cargo were carried only one way, it was generally 
the homeward voyage. To illustrate the point he 
took the case of a steamer and a Diesel vessel of 
the same dimensions bunkering for the round trip to 
New York. The steamer would take on, say, 1,000 
tons of coal at Liverpool, and the Diesel 400 tons 
of oil at New York. On loading with a full cargo 
at the latter port, the steamer would have 500 tons 
of fuel on board, only 100 tons more than the 
Diesel. The two vessels were therefore able to load 
practically the same maximum cargo. Incidentally, 
on leaving Liverpool in the ballast condition, the 
steamer would have 800 tons more fuel on board 
than the Diesel, and this might be a deciding factor 
in favour of the steamer. ‘ 

Mr. Lovett, replying to the discussion, stated 
that with the chairman’s permission he woul 
answer fully in writing. In connection with Sir 
John Biles’ remarks on the high-efficiency steam 
engine, he suggested that, in view of recent develop- 
ments, both Diesel and steam engines could be 
regarded as being in their infancy. The questions 
of some of the speakers were covered by the fact 
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that the preliminary calculations had not been in- 


cluded in the paper, but were available if required. 
On the subject of oil costs, he had taken prices 
obtaining abroad, which were much below home 
costs, as he thought that this would make a fairer 
comparison. Office expenses had been based on a 
percentage of both first cost and number of tons 
carried. 


PROPELLER DIMENSION FoRMUL®. 


The first paper on the programme for the after- 
noon meeting on Thursday, March 25, when His 
Grace the Duke of Northumberland again presided, 
was one by Professor C. M. Carter, entitled “‘ Pro- 
peller Dimension Formule based on Mr. R. E. 
Froude’s Model Screw Experiments.” In this 
paper, the author gives formule deduced from the 
curves accompanying Mr. R. E. Froude’s paper of 
1908.* entitled ‘“‘ Results of Further Model Screw 
Propeller Experiments,” in which paper are given 
a set of C,, C, and efficiency curves, one of each for 
a definite pitch ratio, which Mr. Froude devised for 
the purpose of determining the dimensions and 
efficiency of screw propellers for ships. Professor 
Carter first explains the method of using the C, Cp 
curves for obtaining screw dimensions and then 
remarks that to those accustomed to using the 
curves and making the calculations involved, the 
production of a set of screw-dimension curves 
satisfying definite ship-design conditions does not 
present any difficulty. Considerable time, however, 
is occupied in the work, so that it is advantageous to 
employ a simple method based on Froude’s curves, 
which will give the required information with less 
labour and more rapidly, provided that the accuracy 
is sufficient at least for the preliminary design stage. 

He explains how the formule for pitch ratio and 
efficiency were deduced from Froude’s curves, both 


: ; b 
having the form y= a+-—— where a, b and c are 
x+e 


numerical constants, and y is the value of p ore, and 
x the corresponding value of C,, which differ, in 
general, for each curve. From these formula, 
since the ship conditions contain sufficient infor- 
mation to give the value of C,, a formula for the 
diameter can be obtained. An example of the 
application of the formule is given in an appendix 
to the paper, and it is shown that the results obtained 
by their use agree closely with those obtained from 
the curves in the usual manner. A complete set of 
formule is given in tabular form in the paper, which 
gives all the necessary information for their use. 
The first speaker in the discussion on this paper 
was Mr. W. J. Berry, who remarked that masses of 
propeller data were available, but the difficulty was 
to make use of the information. In most design 
offices, curves were constructed to their own require- 
ments and the desired results were obtained, each 
designer employing his own method. Professor 
Carter had shown, however, that area, pitch and 
efficiency could be obtained from simple formule ; 
he hoped experience would show the method to be 
reliable and safe to work with. One of the primary 
questions in starting a new design of a ship was to fix 
the revolutions for a limiting diameter of propeller. 
At the Admiralty they usually took a series of six 
propellers, varying the revolutions, and selected 
the best from among them. That was done from 
Froude results which were tabulated in various 
Ways, but it was not always easy. He thought 
Professor Carter’s method should be most useful. 
Che next speaker, Mr. M. P. Payne, said it might 
be of interest to mention that Froude himself 
devised another method of presenting the results 
of his experiments, using a graphical rather than an 
arithmetical process, The speaker then proceeded 
to explain Froude’s method. The value of Professor 
Varter’s method, he continued, depended upon the 
accuracy obtainable. A few cases had been worked 
out by the new method and compared with the 
results obtained in the usual manner from Froude’s 
original curves, In these cases, the error in 
efficiency was never more than 1 per cent., but the 
pitch was not obtained quite so accurately. The 
accuracy, however, was sufficiently good to make 
the formule of considerable value for the principal 





* See Exciverrinxe, vol. Ixxxv, Pages 546 and 602. 








purpose, particularly as the accurate determination 
of pitch was not so important in the early stages of 
design. 

Sir J. Henderson, who continued the discussion, 
said the paper dealt with the subject from the 
point of view of the designer, whereas he suggested 
that the author should go into it with a view to 
advancing the theory of propulsion; some new 
discovery, he added, might lie hidden in the curves 
of Froude. It had been said by some that the 
phenomena of screw propulsion were too compli- 
cated to be dealt with mathematically, but examples 
of more complex matters so treated could be cited. 
The theory of radiation was a case in point. 
Equations to experimental curves had been deter- 
mined, and Planck had found he could obtain 
the same equations from thermodynamic con- 
siderations by making the one assumption that 
energy was radiated in quanta. This gave rise 
to the quantum theory, which had revolutionsed 
modern physics. Einstein followed with the 
equation for the specific heat of gases, and the 
speaker had applied this to ballistics so that the 
indicator diagram of a gun could be calculated. 
In this way ballistics had been raised from an 
empirical science to a more or less exact science. 
This was an example of a lesson to be learnt from 
another branch of science, and he hoped Professor 
Carter would study the equations further with the 
same end in view. 

Mr. G. S. Baker, the next speaker, said few of those 
concerned in propeller calculations had not attempted 
to rearrange Froude’s experiment data so as to 
minimise the calculations necessary in designing 
screws for a given ship. Froude himself had stated 
that it was not practicable to treat pitch ratio 
as an unknown quantity, and most of their 
endeavours had been aimed at reducing that 
difficulty. None that he knew of, however, came 
so near a real solution of the trouble as that of 
Professor Carter. By using a very simple co-relation 
of pitch ratio and slip, the pitch ratio was disguised 
and diameter calculated directly in one step, and 
the pitch derived in the second. He thought Pro- 
fessor Carter was to be congratulated on the 
simplicity and usefulness of the idea. 

The discussion was continued by Mr. R. W. L. 
Gawn, who, in the course of his remarks, said 
that, in his opinion, the important problem was 
the elucidation of the ship conditions, viz., speed, 
wake, hull efficiency and thrust horse-power. 
Once these had been satisfactorily estimated in the 
design stage, the routine process of obtaining 
screw dimensions was fairly rapid and easy. The 
real achievement of the author was that of con- 
densing a large portion of Mr. Froude’s propeller 
results into one page of the paper, and that this 
had been done with such a small sacrifice in 
efficiency was deserving of their best thanks. 
With regard to the practical problem of ascertaining 
the desirable revolutions, it seemed that the method 
adopted by the author did not give the desired 
result. A curve given in the paper suggested 
that even with a propeller 12 ft. in diameter, the 
revolutions would need to be as low as 200 per 
minute to obtain the best results. From Froude’s 
curves, however, it appeared that, for the quoted 
ship conditions, 220 r.p.m. would be as favourable 
as 200 r.p.m. at the diameter mentioned. It did 
not appear that the formule were sufficiently 
elastic to give a really satisfactory solution to that 
problem. 

Mr. W. Hamilton Martin inquired if Professor 
Carter’s work would be of any service to designers 
of propellers for motor vessels, &c., which often 
gave indications of propeller vibrations. He gave 
particulars of a vessel.in which trials had been run 
with different propellers having 2, 3, 4 and 6 blades, 
respectively, and with two different pitches. The 
results obtained indicated that there was little to 
choose between these propellers from the point 
of view of efficiency and again proved that propellers 
could be designed between wide limits without 
materially affecting the results. Actually the six- 
bladed propeller was eventually fitted as being 
slightly the best of the series, but its chief advantage 
was that with it propeller vibration was almost 
completely absent. The speaker inquired whether 





tank tests had been made or trials carried out 


with propellers having more than the usual number 
of blades, or why it was of no use doing so. 

The only other contribution to the discussion 
was a written contribution from Professor A. T. 
Abell, which was read by the Secretary. In this, 
Professor Abell said he had had an opportunity 
of testing Professor Carter’s method, and had 
found that, for preliminary proposals, they would 
be quite satisfactory. He had not, however, had 
sufficient experience to say whether or not the 
methods would result in a saving of time; that 
might be due to the fact that he had had long 
experience with Froude’s methods, and had 
acquired some skill in using them. The method 
proposed by Professor Carter for rearranging the 
data was most ingenious, and if Professor Carter 
would prepare tables for other relations between 
C, and C,, the method would be extensively 
employed. C,, however, had to be calculated in 
the first instance, and those already familiar with 
Froude’s methods would not readily discard 
them. 

Professor Carter then replied to the speakers in 
the discussion, first expressing thanks for the 
reception accorded his paper. He concurred with 
the remarks as to the curves of professional designers, 
but repeated that his formule were only intended to 
apply to Froude’s data given in the paper of 1908. 
In reply to Mr. Payne, he thought the curves 
relating to Froude’s later work would be a valuable 
addition to the Transactions, but thought they 
should be inserted separately rather than as an 
addendum to his own paper. In thanking Sir J. 
Henderson, Professor Carter said, with regard to the 
development of theory from empirical data, that 
he had endeavoured to do something on those lines 
with Froude’s actuator theory. The Aeronautical 
Research Committee, however, had gone farther in 
that direction than naval architects could go, and 
had developed the circulation theory. He had 
noted Mr. Baker’s remarks, and agreed with 
Mr. Gawn that, with regard to the determination of 
revolutions, the method was not sufficiently elastic. 
Knowing Mr. Gawn’s reputation, Professor Carter 
could not challenge his statement as to the speeds in 
the particular case quoted, but he could not himself 
find that 200 r.p.m. was the speed for the best 
results. In reply to Mr. Martin, the speaker 
remarked that the formule could not be applied to 
the conditions referred to as they related only to 
Froude’s propellers. With regard to the use of 
multi-bladed propellers, much had been done by the 
Aeronautical Research Committee, who had found, 
as far as propellers working in the open were con- 
cerned, that as the number of blades was increased 
the efficiency was reduced. In conclusion, Professor 
Carter remarked that the purpose of his paper was 
not so much to assist those already conversant with 
Froude’s curves as those who were not. 

The Chairman, after proposing a vote of thanks 
to Professor Carter, which was carried by acclama- 
tion, vacated the chair, which was then taken by 
Sir John Biles, who called on Mr. W. G. A. Perring 
to read his paper, forming the next item on the 
programme. 


Skin Friction oF SmMootH SURFACES. 


This was entitled ‘Some Experiments upon the 
Skin Friction of Smooth Surfaces,” and it gave an 
account of experiments carried out at the William 
Froude Tank. The experimental work was part of 
the research undertaken in connection with the 1851 
Royal Commissioners’ Post-Graduate Research 
Scholarship. The paper was divided into three 
sections, the first of which dealt with the experi- 
mental results upon the longitudinal edge effect 
obtained with a smooth plank surface 28 ft. in 
length. The second section of the paper briefly 
compared the frictional data for smooth surfaces 
obtained by experiments in tanks, and the third 
section discussed the variation of the specific 
resistance of long surfaces. In this section the 
author pointed out that tank limitations imposed 
restrictions on the length of body upon which 
experiments could be made and that, except for the 
28-ft. plank, experiments had been made in the 
National Tank on only one other long surface.. 
This was a wax plank-like surface 34. ft,,long and. 





triangular in cross-section, having a maximum 
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was formed with 17 ft. of parallel middle body, the 
two ends tapering off to knife edges, and was towed 
in the ordinary manner, floating with a uniform 
draught of 19 in. A second model was made from 
this by removing the parallel middle body, and the 


results for the two models, plotted on a vs basis, 


were nearly in agreement. The author pointed out, 
however, that it was not possible from the results 
of these two sets of experiments to decide between 
the merits of one method of extension or another, 
adding that it was doubtful if any extension based 
merely on tank results could be accepted as satis- 
factory until confirmed by large-scale work. The 
remainder of the section was devoted to a com- 
parison, by methods outlined by Dr. Kempf, of 
Hamburg, of the results obtained with the two models 
above referred to with similar results obtained by 
Herr Gebers at the Vienna Tank. 

The discussion on this paper was opened by 
Mr. W. J. Berry, who remarked that the question of 
skin friction on smooth surfaces had been much to 
the fore in the last few years. In the mercantile 
marine, some doubts existed in the extension of 
Froude’s 50-ft. plank experiments to the full-size 
ship, and at the Admiralty also some need for 
corrections was felt. He was glad to find the 
problem was being tackled in a scientific manner at 
the National Tank, as it also was at Haslar and 
elsewhere, and he hoped that their united efforts 
would result in some conclusions being arrived at 
that would enable them to feel that they were on 
sure ground, 

Mr. G. S. Baker said the salient features which 
the paper brought out were connected with edge 
effect. It was shown in the paper that this could 
hardly be taken as a simple augment of the girth, 
but that it fell off in value as the speed increased. 
If, therefore, one ran a shallow plank the edge effect 
would cause the specific resistance to appear to fall, 
and the speed index would be smaller than the true 
one. In the paper the edge effect was put forward 
as part of the explanation of the relatively high 
results obtained by Froude as compared with later 
tests. There could be little doubt that it played 
some part, although the great rigidity of the plank 
might have helped to keep down its resistance. All 
except one of the models of which the results were 
given in the paper had resistances lower than the 
values calculated from Froude’s data, and these 
were paraffin-wax models prepared in the usual 
manner. The difference, the speaker said, was 
some indication of the probable value of the edge 
effect in Froude’s data. The remainder of Mr. 
Baker’s remarks were devoted to an explanation of 
the exceptional results obtained with one of the 
models dealt with inthe paper. In this model, the 
resistance per unit area was some 5 or 6 per cent. 
greater than that of another model from which the 
former differed only by having a rounded base 
instead of a deep sharp-edged keel. He attributed 
the effect to instability of flow or eddy-making and 
not to edge effect, pointing out that in the case of 
the mode! having the lower resistance eddy-making 
was entirely absent. 

The next speaker, Mr. M. P. Payne, in the course of 
his remarks, said it would add to the value of the 
paper if Mr. Perring would include a curve for his 
28-ft. plank, giving the specific resistance of the 
plank excluding the free-surface effect, the lower- 
edge effect and the wave-making resistance. He 
agreed with a statement in the paper to the effect 
that one must not too hastily adopt the view of 
Dr. Kempf that after a certain initial length, the 
length effect ceased, and added that a careful analysis 
of Dr. Kempf’s published data for the resistance of 
his long tubes bore out the statement to a high 
degree of accuracy. 

Mr. W. J. Luke enquired as to the degree of 
smoothness obtained by the author and asked for a 
definition of smoothness, and also for explanations of 
some of the symbols employed in the paper. The 
next speaker, Professor C. M. Carter, said the amount 
of edge effect, or its equivalent the girth augment, 
would have been appreciated better if the author’s 
diagram had been drawn to a larger scale. He 
enquired if the increased specific resistance of the 
model referred to by Mr. Baker meant that, for a 


ship model, the frictional resistance was greater than 
that of a plank of the same length and area. This 
model was more like that of a ship than any of the 
others, though it was still far from representing an 
ordinary vessel. It appeared from the author’s 
investigations that the edge effect was of negligible 
importance in the case of an ordinary ship and of 
very minor importance in its model. 

The last speaker on this paper, Commander 
Hunsaker, referred to Mr. Luke’s request for a 
definition of smoothness, and said the utility of 
plank experiments in general might be questioned 
until smoothness had been defined. The naval archi- 
tect’s methods of estimating the speed and power 
of ships were useful if the errors made were always 
the same and predictions of speed were fairly 
accurate for vessels of ordinary design. He thought 
progress would be made not so much by making more 
plank experiments as by studying the mechanism of 
flow along surfaces. The flow must depend upon 
the form of the plank and on its smoothness, and 
also on the previous history of the fluid passing any 
point. On one of the Hamburg-American liners, 
the speaker mentioned, Dr. Kempf had had two 
movable plates inserted in the hull to enable surface 
resistance to be measured at sea. 

The Chairman then called upon the author to 
reply, and Mr. Perring, after thanking the speakers, 
said he would not then deal with the whole of the 
points raised in the discussion. He was glad to 
hear from Mr. Berry that similar work was being 
carried out at Haslar, and with regard to Mr. Luke’s 
request for a definition of smoothness, said he 
thought the problem had been tackled optically, 
but was not sure whether any definition had been 
obtained. Froude had published photographs of 
his surfaces, but these defined roughness rather than 
smoothness. Several questions relating to the 
increased resistance of one of the models had been 
raised by Professor Carter, and in this matter the 
speaker pointed out that his paper formed a link 
between the present results and his last year’s paper 
on “ Form Effect and Form Resistance of Ships.”* 
The increased resistance in the case of the model 
referred to, he suggested, was a form effect. He 
was interested to hear that Dr. Kempf had started 
to make experiments on skin friction at sea, and 
mentioned that cones had been used in determining 
wake. In conclusion, he remarked that much was 
still to be done in connection with skin friction, 
and expressed the hope that the combined efforts 
of Haslar, the National Tank staff, and others 
would eventually result in a solution being obtained. 

After the Chairman had expressed his appreciation 
of the paper and had proposed a vote of thanks to 
the author, the meeting was adjourned until the 
evening. 

WAVE RESISTANCE. 


At the Thursday evening meeting, when Sir 
John Harvard Biles occupied the chair, papers 
dealing with ship wave resistance were submitted 
for discussion. The first was contributed by Mr. J. L. 
Kent, and bore the title “‘ Experiments on Mer- 
cantile Ship Models in Waves.” It was presented 
in abstract by Mr. G. 8S. Baker. This paper proved 
to be a record of further experiments made with 
models of merchant ships of different fullness in 
artificially-produced waves. Like the earlier work 
on the same subject undertaken by the author 
(see ENGINEERING, vol. cxiii, page 668) the investi- 
gations were made at the William Froude National 
Tank. The principal object of the experiments 
was to determine the effect of fullness of form on 
ship resistance in waves. It was generally accepted 
that for average ocean weather conditions, to 
maintain a given speed, a certain block coefficient 
should not be exceeded, if the ship was to be driven 
economically throughout the voyage, even though 
better results might be obtained with greater 
fullness in perfectly smooth water. Authorities 
differed on the maximum economical block coeffi- 
cients suitable for ocean work at different average 
speeds, and it was to obtain some general informa- 
tion on this point that these tests were made. 
Five models were tried, all of which were cut from 
the same set of lines. The finer forms were obtained 
from the fuller ones by diminishing the amount of 








* See ENGINEERING, vol. cxix, pp. 443, 718. 


parallel middle body and lengthening the entrance 
and run. Each model was 16 ft. long, and had the 
same longitudinal profile, i.e., the freeboard along 
the length was identical in each case. This was 
arranged in order to compare the relative wetness 
of one model with another under the same experi- 
mental conditions. 

Each model was first tested for resistance in 
smooth water over a range of speeds at load draught, 
and also at an assumed ballast load and trim. 
Experiments were then made with the model “ head- 
on” to a regular train of waves, under the same 
draught, trim and speed conditions. A wave- 
maker (see ENGINEERING, vol. cxiii, page 668) was 
used to create the waves, the model being run in 
each experiment through a series of waves, each 
of the same length and height. The range of waves 
produced corresponded to lengths between 190 ft. 
and 560 ft., with a height of 4 ft. The models 
corresponded to ships of 400 ft. in length, and the 
expe iments were repeated over the same range of 
wave lengths in waves 8 ft. high. 

The results obtained in smooth water showed 
that the fullest form used could be economically 
driven up to 12 knots, and the finest form to 15 
knots in the load condition. At higher speeds 
transverse wavemaking increased rapidly. Under 
the assumed ballast conditions, the results showed 
that the ship’s smooth water wave resistance be- 
came important at approximately 1 knot higher 
speed. The resistance for each model towed “ head- 
on” in sets of waves of different lengths was 
obtained over a wide ship-speed range, the highest 
speed being that appropriate to economic pro- 
pulsion in smooth water, and the lowest 4 knots 
below that speed. The loss of speed of each vessel 
at load draught, and also in ballast trim was 
obtained on the assumption that the same tow-rope 
power of 1,500 h.p. was always available for each 
ship. For waves of 4-ft. height there was little 
difference between the speed lost with the three 
finer models at Joad draughts, but the two fuller 
models were distinctly worse. In waves 8 ft. high 
the fullest form lost more speed than any of the 
other cases, and it was probable that in still higher 
waves this form would show to a still greater dis- 
advantage, compared with the others. The experi- 
ments also indicated that in waves of small height 
the relation between the ship’s natural pitching and 
dipping periods and its period of encounter with the 
waves was of equal importance to the fullness of 
form (between the limits tried) in causing loss of 
speed. It therefore appeared to be advisable to 
use block coefficients of 0-8 if the ship was required 
for service in seas where waves of 8 ft. or more 
were to be encountered generally. At the 
ballast draught the speed loss was greater, but the 
advantage was, if anything, in favour of the fuller 
model. In this comparison it should be noted 
that loss of speed due to loss of propeller efficiency 
was ignored. For the same model conditions and 
speed the fullest model shipped water over a smaller 
range of wave length than the finest form; but 
when water was shipped, the fuller the form the 
greater was the quantity taken inboard. Ship form, 
fullness, speed and wave height, in addition to 
period of encounter, affected the model’s capacity 
to keep free of water. 

Mr. W. J. Berry, opening the discussion, said 
that the type of ship which was the subject of test 
was one with which he had had but little to do, 
but he was rather surprised to find that the amount 
of water taken over did not appear to depend upon 
the fullness of the vessel. He had previously 
thought otherwise. The fact that ships of finer 
lines were more likely to take on water on a longer 
length of wave than on a shorter one was borne 
out by experience with the finer-lined vessels of the 
Royal Navy. The paper apparently showed the 
reason for this and contained a vast amount of 
information which might prove of service to all 
designers of merchant vessels. 

Mr. W. G. A. Perring commented on the fact that 
no heeling diagram for the models was given 1D 
the paper. A similar analysis might have been 
given for heeling forces as for the pitching action’. 
It had been found in the test that dipping attained 
to a maximum when the period of encounter of the 





waves was 5-3 seconds. He suggested that the 
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dipping curve was a geometrical property of the 
boat. The results obtained in the tests brought 
‘out clearly many of the contentions made in Mr. 
Kent’s earlier papers on models and actual vessels. 

Mr. W. J. Luke said that a point he desired to 
challenge, in dealing with the tests in smooth water, 
was the relationship of the speeds used in the tests 

or the various degrees of fullness. ‘The following 
figures were given by Mr. Luke as relationships 
which could easily be got in trials and left some 
reserve in speed as possible of attainment. 
Block coefficient ... 0-8 0-7 0-6 0 
Visti i <a" OC-0%, 09° | 

In settling the speeds at which the tests were 
run, the finer vessels were treated much more easily 
than those of greater fullness. The tests of the 
amount of water shipped were not as valuable as 
might be thought, as some of the models were run 
at quite unsuitable speeds. More useful results 
would have been obtained had the tests been con- 
ducted with speeds appropriate to the various 
degrees of fineness. The finer models should have 
been run at higher speeds, which were more suit- 
able to their dimensions. 

Mr. A. L. Ayre acknowledged the debt of those 
who had to design ships, to the published work of 
Mr. Baker and his colleagues at the National Tank. 
One thing which struck him as being an essential 
feature in such test work was that the speed must 
be related to the block coefficient. In practice 
many designers had found that the relationship 
speed in knots 

2 ./length 
gave very good results. It was unnecessary to 
run tests with each model over great ranges of speeds. 
The time was coming when they would be able to 
fix standard block coefficients and longitudinal 
centres of buoyancy. In the paper a table was 
given showing that the distance of the centre of 
buoyancy forward of the mid-section varied from 
7-9 ft. in the fullest model to 12-6 ft. in the finest. 
It would have proved much better had this dimen- 
sion been varied in the opposite direction. The 
tests showed that a fuller form gave better results 
in a bad sea. This was common experience on 
the North Sea, where a vessel of full lines could 
make a successful passage when a fine-line vessel 
could not. 

Sir John Biles then asked Mr. Baker if he would 
care to say anything in reply to the discussion on 
Mr. Kent’s paper. He preferred, however, to leave 
the reply to the author, but said that they would 
consider very carefully what had been said about 
the speeds at which model tests were run. Their 
programme was never a rigidly-fixed one, and, if 
possible, they would run tests at the speeds sug- 


to ot 


Block coefficient = 1-08 — 


- gested by some of the speakers. 


After a vote of thanks on the motion of Sir John 
Biles, had been accorded to Mr. Kent for his paper, 
and to Mr. Baker for presenting it, Sir John vacated 
the chair, which was then taken by Mr. W. J. 
Luke, who called upon Mr. W. ©. S. Wigley to 
read his paper on ‘‘Ship Wave Resistance: A 
Comparison of Mathematical Theory with Experi- 
mental Results.” In it, he stated that a consider- 
able amount of work on the mathematical theory of 
ship-wave resistance and kindred problems had been 
carried out in recent years, particularly by Professor 
Havelock in this country and by Mr. E. Hogner in 
Sweden, and the stage had now been reached when 
it was desirable to have experimental tests of the 
theoretical, results, to confirm the accuracy of the 
assumptions. After demonstrating the methods of 
attacking the problem in a mathematical way, which 
have been adopted by the various investigators, 
Mr. Wigley gave the results obtained in tank tests 
with three models, and made comparisons between 
them and those theoretically deduced. Generally 
Speaking, the tests provided verification for the 
mathematical theory. It was found that the chief 
discrepancies between the calculated and experi- 
mental curves of wave resistance were that the 
theoretically deduced curve tended to be less in 
mean value than the other, particularly at the higher 
speeds ; that the humps and hollows in the calcu- 
lated curve were exaggerated, and that the humps 
cccurred rather earlier in the deduced graph than 


in that experimentally obtained. Explanation was 





afforded for whatever discrepancy was found, as 
being due td the neglect of eddy-making and form 
resistance in deriving the experimental curves, and 
to the error introduced by the assumption in the 
calculations that the angle between the tangent 
plane to the ship’s side and the median plane of 
symmetry might be regarded as small. The 
accentuation of the humps and hollows in the calcu- 
lated graphs were common to all resonance calcula- 
tions where ideal conditions were assumed. The 
neglect of all influence of viscosity in the wave 
motion was probably responsible for most of this 
effect, as it clearly affected interference effects. It 
was not clear, however, why the hollows on the 
curves should be more diminished than the hump, 
due to the action of viscosity, but such was the 
case in every test. 

Mr. Lloyd Woollard thought that the investiga- 
tion showed a remarkable degree of qualitative 
agreement in the results and in certain cases there 
was some evidence of confirmation quantitatively. 
He wondered if Mr. Wigley could state whether 
such agreement was obtained in the case of a form 
having parabolic water planes and vertical sides. 
It would be of interest to know what degree of 
experimental confirmation of the theory could be 
expected for such a form, which was fuller than 
either of those dealt with in the paper, and had a 
bluffer entrance and run. For one of the models, 
the results were at variance, but afforded a lesson 
on the extent to which eddy-making actions could 
increase the resistance in a badly-designed form, 
as well as the importance of bilge rounding. The 
results afforded a good opportunity for testing 
the accuracy of the methods for predicting the 
critical speeds, According to one view, introduced 
by Baker, the wave-making distance, or length 
between the first bow crest and the first stern 
trough, increased with the speed, but R. E. Froude 
contended that it remained constant. These were 
both empirical rules. The results in the paper 
showed that the critical speeds were more nearly 
in agreement with Froude’s assumption. 

Mr. Mark Payne said that Mr. F. Bailey had 
asked him to communicate the latter’s views to 
the meeting. He contended that in secking to 
apportion to the various approximations of the 
theory their share in producing errors, Mr. Wigley 
did not appear to have given due weight to the 
boundary conditions at the free surface. The wave 
heights observed at bow and stern, which were 
recorded in the paper, corresponded to a velocity 
due to wave motion of about 12 per cent. of the 
model speed. It was to the neglect of this velocity 
and the wave slope in satisfying the boundary 
conditions, that he would ascribe the exaggerations 
of the humps and hollows in the theoretical curves, 
rather than entirely to viscosity. 

Mr. G. S. Baker referred to the theory of wave 
resistance, and suggested that the assumptions made 
appeared to be fairly serious. It had been shown 
in this investigation that turbulence could not be 
neglected, and that it was impossible to obtain 
comparable experimental results with forms which 
induced eddy-making. For the time being we must 
attribute the change in the humps and hollows of 
the experimental and deduced curves to the smooth- 
ing out of the calculated pressure changes due to 
the frictional belt effect. 

Mr. Wigley suggested that he would prefer to 
reply to the discussion in writing, once he had had 
time to examine the various contentions in relation 
to the results of his investigations. Thereafter, 
Mr. Luke proposed a vote of thanks to the author, 
and the proceedings were adjourned until Friday 
morning. 

(To be continued.) 





STANDARDISATION IN THE COLLIERIES.—An extract 
from the Report of the Royal Commission on the Coal 
Industry (1925), issued by the British Engineering 
Standards Association, states the Mining Association and 
the B.E.S.A., have recently set out to standardise 
colliery plant and equipment. The work is proceeding, 
through committees of those concerned with the manu- 
facture and use of this type of plant. It is stated to be 
the most important general inquiry in which the industry 
has been engaged in recent times, and, in view of the 
multifarious types of plant and equipment now used at 
different collieries for similar purposes, it may be expected 
to yield valuable gains in efficiency and economy. 


ATOMS OF LIGHT AND OF 
ELECTRICITY. 

Havine in his first two lectures reviewed 
processes which involved the absorption of light, 
apparently in quanta, Dr. Ellis in his third, and 
concluding lecture, delivered at the Royal Insti- 
tution, on March 11, dwelt with the scattering of 
light, which was concerned in the phenomena of 
light reflection, refraction, polarisation, and inter- 
ference. Old text books, Dr. Ellis remarked, 
mainly limited their consideration to these pheno- 
mena, which the classical undulatory. theory so 
well explained. This theory also accounted for the 
variation of scattering with the wave-length of 
incident light and even admitted of determining 
the number of electrons in an atom. But, in 1922, 
Compton showed that scattering was accom- 
panied by a change in wave-lengths. That obser- 
vation was inexplicable on the classical theory 
and, though it did not take away the support of 
that theory, it necessitated a change of view. 

Dr. Ellis first illustrated the difference between 
the absorption and the scattering of light by a 
few experiments. He heated iodine in a glass 
flask, which also contained a piece of sealing wax, 
and the iodine vapours and wax fumes mixed to a 
cloud which emitted reddish light laterally when 
a horizontal arc beam was passed through the cloud ; 
nitrosodimethyl aniline gave a yellowish cloud 
under similar conditions. When some solution of 
mastic was dropped into the water contained in a 
glass cylinder, and the arc beam was passed verti- 
cally upward through the water, the light scattered 
sideways by the turbid water looked bluish, whilst 
the beam itself appeared reddish. This was shown 
by placing a prism on the top of the cylinder to 
throw the beam on to the screen. Polarised light 
gave the same phenomenon, and, when a mirror 
was held behind the cylinder, the intensity of the 
scattered light changed as the mirror was turned. 
To explain this, Dr. Ellis showed a model of a 
wave of light polarised in the vertical plane ; this 
light falling upon an electron allowed the electron 
to oscillate only in the same plane. 

On the classical theory, Rayleigh had shown 
that short waves should be more scattered than long 
waves, had explained the blue colour of the sky as 
due to scattering from fine particles of matter, and 
had even deduced the number of molecules in a 
cubic centimetre of air; J. J. Thomson had also 
calculated the number of electrons in an atom. One 
point, however, was found to be unsatisfactory. 
According to J. J. Thomson, the energy scattered 
by an electron should be independent of the wave- 
length, and the intensity of the scattered radiation 
should be the same on the two sides of the layer 
of matter traversed by the rays. That rule was 
found to fail when hard, high-frequency X-rays 
were tried by A. H. Compton, then working in 
the Cavendish Laboratory. Compton first thought 
that the difficulty could be met by assuming 
electrons of various forms and sizes, though there 
was no evidence of the existence of larger elec- 
trons. When he further observed a change of 
wave-length in the scattered light, which a second- 
ary photo-electric emission would not explain, 
he gave up the wave-theory, so far as scattering 
was concerned, in favour of some kind of quantum 
theory, in spite of all criticisms of his experiments. 
Returning to America, he devised experiments to 
test whether the frequencies of the scattered and 
incident light were the same, using, in the first 
instance, not the photographic spectrometer method, 
illustrated in Fig. 11 (which was due to Ross), but 
an ionisation method, The X-rays from a bulb 
situated in a large room fell upon a scatterer and, 
through a slit, in the wall, on to the crystal and 
photographic plate in the adjacent room. Dr. Ellis 
exhibited the K spectrum of molydenum obtained 
later in this way by P. A. Ross, who scattered the 
X-rays from aluminium at 90 deg. Normally this 
K spectrum consisted of a doublet and a single 
line. Each of these lines appeared double -after 
scattering, one line being in the original position ; 
the other “ modified ’’ line near it was of greater 
wave-length. These experiments were confirmed 
by Alexander Miiller and by others working with 
X-rays of various metals scattered from carbon, 
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Supposing, Dr. Ellis continued, a light quantum 
approached an atom with energy hv. This energy 
might be absorbed, as he had explained previously. 
The quantum, however, might be imagined as some- 
thing solid; in any case it had energy and momentum. 


According to Compton, the quantum transferred all | 


| Fig. 11. 
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its energy to one particular electron and was 
scattered in some definite direction ; the scattered 
quantum would go off with part of the energy 
hv’, while the electron recoiled with energy E such 
that hy’ +E=Av. The conservation of momen- 
tum gave another equation. When a quantum of 
frequency v, was scattered by an electron of mass m, 
the momentum of the incident radiation would be 
hvo 


= (where c was the velocity of light), and that of 


hy 
the scattered ray was = ° where 6 was the angle 


of deflection ; see Fig. 12 (4). The momentum of re- | 


coil of the scattering electron should be equal to the 
vector difference between the momenta of the two 
rays, as in Fig. 12 (B), where 8 was the ratio of the 
velocity of recoil of the electron to the velocity 
of light. From these two equations 8 could 
be deduced. The bending of the path involved 
a change in wave-length given by Ag — A, = 


= (1 — cos 6), showing that this change depended 


upon 6, but was independent of the scattering 
substance. Diagram Fig. 13, due to P. Debye, 
explained the relations, marking, by the length of 
the arrows, the energies of the scattered quantum 
(upper half) and of the recoil electron (lower half) 
and the angles of scattering and recoil; the two 
rays bearing the same number, belong together. 
As regards the separation of the unmodified 
and modified rays, Dr. Ellis showed slides due to 
Compton. The unmodified K-rays of molybdenum 
gave a sharp peak. When the rays were scattered 
by graphite at 40 deg., the peak was double; as 
the inclination increased to 90 and 135 deg., the 
separation of the two peaks increased by the calcu- 
lated amounts. 

Thus, Dr. Ellis proceeded, the Compton effect 
seemed to be established, when Duane and his 
collaborators found that the change in wave-length 
depended upon the scattering material when the 
scatterers were heavy metals (but not with the light 


all) raged fiercely and was one of the chief subjects 
of discussion at the Toronto meeting of the British 
Association (ENGINEERING, September 5, 1924, 
page 322). Supporters of Compton had begun to 
waver, when the Duane case collapsed, in January, 
1925. <A flaw in his technique had been detected, 
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which had escaped the attention of all, including 
Compton, who had examined the apparatus. 

Both sides, however, continued to experiment in 
various directions. There should be a recoiling 
electron associated with each quantum; that re- 





coiling electron had been observed independently 
by Bothe (Reichsanstalt), and by Compton and 
C. T. R. Wilson. Fig. 14 is a reproduction of one 
of Wilson’s photographs; the long fine lines 
mark the tracks of the photo-electrons, and 
the shorter streaks or spots the recoil electrons. 
That seemed to remove doubts; but it was 
not certain that the modified ray and the recoil 
were simultaneous. Bothe and Geiger attempted 
to prove this last year with the aid of the Geiger 
electron counter, which we described on page 
387 of our issue of March 31, 1922. In the 
apparatus (Fig. 15) the X-rays SS entered a 
spherical bulb, jacketed with lead and filled with 
hydrogen, through two slits B, B, ; the rays passed 
through a strong magnetic field. Immediately 
after the field, two counters were arranged on the 
right and left, so as to face SS and one another. 
Each counter consisted of a brass cylinder, charged 
to a high potential, and an insulated axially pointing 
needle ; any electron entering the counter ionised 
the air in it and caused the string electrometer, 
connected to the counter, to give a kick. The two 
counters, which contained air, had a common lead 
shell P. The front of the electron (recoil) counter e was 
open, while that of the hv counter was closed by 
Jead and a window covered with very thin platinum 
foil as shown in the top left-hand corner of the 
figure. The processes were complicated and the 
experimental difficulties were great, but the coin- 
cidences of the two kicks were considered to be 
satisfactory. 





materials first tested), that there was no definite 
angle of scattering, and that the phenomena were due | 
to secondary and tertiary radiations. Compton had | 
generally enclosed his X-ray bulb and scatterer | 
in a box and Duane observed the Compton effect | 
when he used a box, but not without it; the | 
secondary and tertiary radiations were to come from 
the wood of the box, the glass or whatever else 
there was in the box. The controversy about the 
“* wooden box ”’ and the “ room ” (a large box, after 


Dr. Ellis finally passed to another point. An 
electron might be bound too strongly to be removed 
by the quantum ; there would then be no recoil, but 
the quantum should go on with the same frequency. 
To study these relations, Ross determined the 
intensity ratio of the unmodified ray to that 
of the modified ray in its dependency upon 
frequency and scattering material. That ratio 
should indicate whether the material scattered, 








according to J. J. Thomson, or acquired momen- 
tum, according to Compton. Ross observed that 
the modified line was relatively strong for carbon; 
weaker for aluminium, still weaker for copper 
and hardly perceptible for silver; the intensity 
ratios were found to be proportional to the 
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atomic numbers, and the displacements in agreement 
with Compton. Summing up, Dr. Ellis remarked 
that it was amazing that the quantum theory was 
able to account for the complicated phenomena in 
so simple a manner. Physicists were now looking 
for some scattering effect they could not explain, 
because the quantum theory alone could not he 


a theory of light, and neither could the wave theory. 
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Les Proprictés Physiques des Vapeurs de Peétrole et les Lois 
de leur Ecoulement. By M. JEAN Rey, Ing. Civil des 
Mines. Paris: Dunod. 

THE enormous developments which have taken 

place in recent years in the use of liquid fuel, have 

given rise to the publication of much literature 
dealing with all aspects of the subject—from the 
geology of petroleum to the design of aeroplane 
engines. Not a great deal of data are, however, 
available on the physical properties of oil fuel and 
petrol vapours, on the heat of vaporisation, the 
specific heat of liquid petroleum and similar ques- 
tions, and the present book is intended as a contri- 
bution to this aspect of the general question. It 
is the outcome of the author’s efforts, commenced 

in 1896, to evolve a powerful illuminant for . 

lighthouses. 

The principal characteristics of the lamp evolved 
were the use of an incandescent mantle and petro- 
leum vapour produced under pressure in the appa- 
ratus, drawing in air through an injector so as to 
form a combustible mixture of high calorific value. 
The success obtained—a maximum consumption 
of 1 to 1-2 kilogrammes of petroleum per hour—gave 
M. Rey the idea of adapting the principle to the 
firing of boilers for generating steam. During 
the course of the experiments which followed, to 
which reference is made below, the necessity for 
further data regarding the physical properties of 
petroleum, and especially of petroleum vapour, led 
to the investigations, the results of which were ~ 
published in the autumn of 1925 in “ Annales des 
Mines,” and are now published in book form. 

In order to make the experiments, which extended 
over several years, bear a definite relation to one 
another, it was necessary to employ an oil of as 
definite a composition as possible, and common 
lamp petroleum, popularly termed “ paraffin in 
this country and known as kerosene in the United 
States, was decided upon. It is this which is herein 
referred to throughout as petroleum (sp. gr. at 
20 deg. C., 0-790 to 0-810). Part I. of the volume 
is devoted to theory, results of experiments and 
mathematical calculations to determine the approx!- 
mate law of variation with temperature and pressure 
of each of the physical properties of petroleum, '.¢.. 
vapour tension, heat of vaporisation, liquid density 
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specific heats, specific volume, rate of flow and 
delivery by weight of superheated vapour. 

In the distillation of petroleum between the 
temperatures used to obtain paraffin lamp oil, viz., 
151 deg. C. to 285 deg. C., eight different hydro- 
carbons are encountered ranging from C,H,, to 
C,sH,q ‘To simplify the calculations which would 
otherwise be inextricable, the author assumes a 
hypothetical composition to represent petroleum, 
consisting of four hydrocarbons only, and after 
careful consideration of previous analyses given by 
American writers, adopts the following propor- 
tions :—40 per cent. nonane (C,H,9), 25 per cent. 
decane (C,sH,,), 15 per cent tridecane (C,;H2,) 
and 20 per cent. hexadecane, (C,,H;,). The results 
calculated on this hypothesis were found to agree 
satisfactorily with those obtained by experiment. 
Before deducing the physical. properties of the 
mixture, the properties of the elementary consti- 
tuents must first be available, and although only the 
lighter hydrocarbons (pentane to octane) have 
hitherto been determined, it was possible to calcu- 
late the constants mathematically for those required. 
Applying Dalton’s law to the mixture, it was then 
possible to determine the tension of the saturated 
vapour, and the figures thus obtained agree satis- 
factorily with results of experiments. 

As regards the heat of vaporisation, a general 
relationship with the already known hydrocarbons 
was found, which can be extrapolated for those of 
a higher molecular weight, and certain points were 
also determined experimentally. With the aid of 
theory and the numerical data already known, 
the two specific-heat values of petroleum vapour 
were calculated, that of the liquid being obtained 
by experiment. Once these fables were drawn up 
it was possible to plot the entropy diagram for 
ordinary petroleum. These results paved the way 
to finding an equation which would express the 
numerical values as satisfactorily as possible. This 
had not hitherto been done, and M. Rey has been 
able to carry the study of this question to consider- 
able lengths, demonstrating the most exact charac- 
teristic function which included three constants ; 
these, with slight approximation, may be reduced 
to two. 

Once this characteristic function is determined, it 
becomes possible to calculate the rate of flow, and 
the specific volume of petroleum vapour given the 
temperature and pressure. The delivery in weight 
from a calibrated orifice can then be deduced. The 
general formule thus obtained are more complicated 
than those for perfect gases and steam, but if 
supported by sufficient accurate experiments it is 
easy to determine the constant coefficients. The 
author claims a satisfactory agreement between 
theory and practice, although the accuracy obtained 
is a long way from that realised in the case of steam 
and true gases. 

In Part II, a description, with numerous illustra- 
tions, is given of the author’s experimental models 
of burners and vapour lamps for lighthouse illumina- 
tion, which he began in 1896. A few years later 
this principle was adopted by Trinity House, and 
by all the most important lighthouse authorities 
in the world, in place of the old multiple-wick burner. 
The first design for a vapour oil burner for boilers 
had the disadvantage of taking up too much head- 
room, and was followed successively by other models 
in which the diffuser was placed at an angle of 
180 deg., and later at 90 deg. A new type of 
rapid-steaming boiler with spiral water-tubes was 
invented to suit the particular characteristics of 
this method of firing, the advantages claimed for 
which, besides the rapidity with which steam can 
be generated, being: lightness, compactness and 
portability. Several models are described, but it 
will suffice to mention some of the results obtained 
with the 60-kg. model, in which 65 kg. of water 
was evaporated with a consumption of 4-7 kg. 
petroleum “kerosene.” The amount of water eva- 
porated per kilogramme of petroleum per hour was 
13-81 kg., and the thermal efficiency 88-6 per cent. 

A larger model, generating 1,200 kg. of steam per 
hour, was also constructed, in which four spirals of 
water tubes, increasing in diameter from the feed- 
water inlet as they approach the superheated steam 
delivery pipe, were set vertically side by side... Un- 
fortunately, the high cost of the fuel prevents 


this type of boiler from being used industrially. After 
describing experiments using crude oil, and the 
adaptation of his vapour burners for use as steam 
superheaters, the author concludes by describing 
the apparatus used for measuring the physical 
properties of petroleum vapour, the results of which 
are tabulated. The work, summarising as it does 
the patient researches of many years, is well worth 
the attention of all those interested in the subject. 





Wire Drawing and the Cold-Working of Steel. By A. T. 
ApaM. London: H. F. and G. Witherby. [Price 
21. net.] 


British Wire-Drawing and Wire-Working Machinery. By 
H. Dounritt. London: Constable and Co., Limited. 
[Price 21s. net.] 

THE literature of wire-drawing is scanty and, until 
within the last few months, the very useful volume 
by J. Bucknall Smith, published in 1891 by Enet- 
NEERING, was the only book dealing exclusively with 
the subject. Such information of a later date as is 
available is scattered far and wide in the files of 
the technical press and in the transactions of 
various societies. The two books which have now 
appeared will be welcome, as they deal with different, 
but complementary, aspects of the subject. 

Taking Mr. Adam’s book first, it may be described 
as a painstaking attempt to introduce into an art, 
which is still to a large extent governed by empirical 
considerations, some elementary conceptions of the 
nature and behaviour of iron and steel when drawn 
in wire mills and when subjected to cold working. 
Within the limitations which, in his preface, the 
author has imposed upon himself, he has succeeded 
in producing a book which gives a very good 
general survey of his subject, although the metal- 
lurgist will find that he has been somewhat chary 
of placing his own actual experience at the service 
of the reader and has, for the most part, preferred 
to epitomise the experience of others. It is doubtful, 
moreover, if any really useful purpose is served by 
introducing into a book of this class, discussions 
relating to the existence, or otherwise, of the 
amorphous phase in steel, and still more so whether 
it is wise to encumber it with even more contro- 
versial and unproven topics. The speculative 
theories of Professor Thompson and Mr. Millington, 
however ingenious and suited to the arena, have 
hardly gained sufficient suffrages to warrant their 
lengthly inclusion in what is obviously intended to 
serve as a text-book, and it would have been 
better to have dealt at rather greater length with 
the practical and essential aspects of wire-drawing 
and cold-working, than with the hypothetical con 
siderations to which so much space has been devoted. 
To this extent the title of the book may even 
be described as misleading ; it does not deal with 
wire-drawing and cold-working, but only with the 
effects of those operations. Over two-thirds of the 
entire volume consist of descriptions of the micro- 
structure of wire-drawn and cold-worked metals. 
The editor’s preface recognises this; the author’s 
does not. Hence, a serious endeavour to find any 
reference to “reeling,” to “ Sheffield-” or “ tool- 
finish,” or to the interesting subject of planishing, 
or the production of “‘ bright bars” will be followed 
by disappointment ; the subjects are not referred 
to. With these reservations, it may, nevertheless, 
be recognised that Mr. Adam’s book is a conscien- 
tious and well-done piece of work, and will be 
exceedingly useful to engineers who often seek 
information of the nature the author has furnished, 
and will, by its help, be able to visualise the results 
on the inner structure of the metals of the opera- 
tions which cold-working in its various forms 
involves. 

The volume by Mr. Dunell is in an entirely dif- 
ferent category, and its title corresponds thoroughly 
with its contents. It is a very complete detailed 
and sound account of British wire-drawing and 
wire-working machinery. As the industry is one 
which entails the consumption of some 325,000 
tons of material per annum, which it works up 
into highly-finished and valuable products, ranging 
from pins to. picture cord and cables, and from 
nails to spring mattresses, it is one which well 
merits a text-book to itself, and the twenty 
chapters into which the book is divided cover the 





whole sequence of operations, for the most part, 





adequately. The only adverse criticism to which 
the work lends itself is that the first chapter, 
dealing with the manufacture of wire rod, is too 
meagre, and could have been made more informative. 
A page and a half is insufficient to do justice to 
continuous mills, and two pages are inadequate to 
deal with the looping mill. Both types of mill 
are used in this country as well as on the Continent 
and in America, The remaining 19 chapters, 
however, make ample amends for the short- 
comings of the first, those on wire-drawing, on dies 
and on drawing blocks being more especially 
excellent. The author has been successful in 
compressing a vast mass of useful information 
into a small compass, and, at the same time, of mak- 
ing it readable. There is, indeed, hardly any type 
of machine employed in the industry of which a 
good account and a satisfactory illustration are 
not supplied, and although much of the matter 
has already appeared from time to time in the 
columns of a contemporary, it is a real advantage 
to have it, in its present revised and expanded 
form, in the convenient and useful volume now 
available. The book by Mr. Adam has been 
referred to as “‘ exceedingly useful.’”’ Of the book 
by Mr. Dunell it may, with equal truth, be said 
that it is indispensable and that engineers will 
welcome it as a valued work of reference. 





Die Dinpassungen und thre Anwendung. Dinbuch 4, 
By K. Gramenz. Second supplemented edition. 
Berlin: Beuth-Verlag. [Price 5.50 marks.] 

THE British Engineering Standards Association 
(then the Engineering Standards Committee), in 
No. 27 of its series of reports, and its first on Limit 
Gauges (Running Fits), issued in 1906, recommended 
the shaft as the basis for tolerances. The recom- 
mendation was not generally adopted in the 
engineering industry. In 1917, a committee was 
appointed to revise the report. This committee 
unanimously decided to reverse the previous recom- 
mendation and to adopt the hole as the basis. 
The principal difficulty in standardising tolerances 
on the hole basis lies in the fact that two systems 
were and are in common use. The practice varies 
with the mode of manufacture. When the article 
is made with the aid of a die, for instance, suc- 
cessive articles are apt to become larger because 
the die wears away. When rolls are used, the 
articles may tend to become either smaller or larger. 
On the unilateral system, tolerance is allowed only 
in one direction (usually the positive) from the 
nominal size; a hole is either of the nominal size 
or larger. On the bilateral system, the tolerance 
extends in both directions (though not always to 
equal amounts), and the hole may be smaller or 
larger thin the normal size. By the time the 
decision had to be made with respect to the limits 
for cylindrical work in the British engineering 
industry, a marked preference, notably in the British 
motor trades, developed in favour of the bilateral 
system. But it was not so on the Continent and 
in America, and in Great Britain many users of 
bilateral limit gauges were willing to acquiesce in 
a change. The report of 1924 (serial No. 164 of 
the B.E.S.A.) therefore unanimously recommended 
the use of the unilateral system as applied to 
cylindrical mating surfaces in cases in which it did 
not conflict with predominating practice. Another 
census of the industry, it was suggested, might be 
taken later. There was no restriction as to non- 
mating surfaces, in which only one surface has to 
be considered, and the question of shaft basis or 
hole basis was left open. 

German engineers have been simultaneously 
working on this subject. A great deal has been 
written on it, and, after more than five years of 
deliberation, the Normenausschuss der Deutschen 
Industrie, N.D.1. issued, in 1923, a D.I.N. book on 
fits and their application. The second edition of this 
publication, D.J.N. buch 4, Die Dinpassungen und 
thre Anwendung, again compiled by K. Gramenz, 
a pocket book of 219 pages, does not differ much 
from the first, which is supplemented in certain 
parts, but hardly altered because the proposed 
recommendations as to fits and tolerances had 
met with approval and found little adverse criticism. 
As over here, a good many different standards 
systems had been in use, prominent among which 
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were the Loewe-Schlesinger, the Kirsch, the Mahr 
and the Reinecker systems. They differed with 
regard to the reference temperature, the zero line 
and other points. Some of these problems have 
been settled. 

The standard temperature, formerly 0, 14 or 
20 deg. C., is now 20 deg. C. (68 deg. F.), which is 
the general standard temperature of the Continent 
and also of the United States, against the 62 deg. F. 
(16% deg. C.) of the British Empire. The question 
of shaft or hole basis—unit shaft or unit bore. as 
it is termed in Germany—remains under discussion, 
and attention is drawn to the combination and 
exchange systems of Gottwein and of Pfleiderer. 
As a reference or zero line, either the symmetry 
axis or the lower tolerance limit on the hole basis, 
and the upper limit on the shaft basis, may be 
chosen. The book adopts the latter suggestion as 
generally more lucid and simple, specially when 
several grades of fits are recognised. The B.E.S.A. 
distinguishes three classes of fits: the clearance 
fit (where there is a positive allowance between the 
largest possible shaft and the smallest possible hole), 
the interference fit (with a negative allowance, an 
obstruction, between the largest hole and the smallest 
shaft, the shaft being larger than the hole), and 
the transition fit covering intermediate cases. 
Though not recommending terms such as push fit, 
&c., which have no exact numerical meaning, the 
British rules indicate their approximate applications 
in the tables of the report. The German equivalents 
of the three classes are Bewezungsitz, Festsitz and 
Ruhesitz, but the terms Pressitz, Festsitz (which 
thus has a double meaning), Treibsitz, Schrumpfsitz, 
&c., correspond more distinctly to the English force 
fit, drive fit, keying fit, shrink fit, &c. Numerical 
values for the different qualities of shrink fits and 
for the races of roller bearings have not yet been 
fixed in Germany. The British tables give certain 
multipliers and ranges by the aid of which tolerances 
and allowances can be found for any diameter 
(within restricted ranges). This, however, is not 
done in Germany, and the gradations in the toler- 
ances and allowances there progress as the cube root 
of the diameter, whilst over here the steps follow the 
square root; the British tables, it should be noted, 
are calculated on both the British and the 
metric systems. 
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The terms used are fully defined and the rules are 
clearly explained. Where matters remain undecided 
the arguments for and against are summarised. 
A good many pages of the volume are taken up by 
illustrated examples, chosen from the industries en- 
gaged in the construction of tools, apparatus, shaft- 
ing, Diesel engines, turbines, automobiles, agricul- 
tural machinery, &c. The volume thus partly covers 
ground to which special publications have been 
devoted in this country. The book concludes with 
a critical review of the status of these standards 
problems in the different countries of Europe and 
America, It is too early to hope for unification of 
these matters on international lines, and perhaps not 
even necessary, but Mr. Gramenz points out that 
the general adoption of the zero line, as defined 
above and as proposed—though in different terms— 
by Mr. Remington* in 1921, would certainly be a 
step in the right direction. 





LAUNCH OF THE M.S, ‘‘ RetparerL.”—The twin-screw 
motorship Belpareil, built to the order of Rederiet 
Belpareil A-S, Oslo, Norway, by Messrs. Sir W. G. 
Armstrong, Whitworth and Co., Limited, was recently 
launched. The overall length of the vessel is about 
427 ft. 6 in. ; the length between perpendiculars, 410 ft. : 
the breadth, moulded, at the top of the bulwarks amid- 
ships, 68 ft.; the breadth, moulded, on the base line, 
60 ft. 6 in.; and the depth, moulded, 33 ft. 6 in. The 
deadweight capacity of the Belpareil, on a mean draught 
of 26 ft. 4 in., is approximately 10,375 tons. She is of the 
single-deck type, with poop, bridge and forecastle, and 
is built to Lloyd’s highest class and to the requirements 
of the Norwegian Board of Trade. There are three 
cargo holds, located forward of the machinery space, 
each of which is served by a large hatchway. The 
cellular double bottom and large fore and aft peaks are 
arranged to carry water ballast, while oil fuel is carried 
in a large cross-bunker under the bridge. The vessel is 
fitted with a windlass, 10 winches and 12 derricks for 
ordinary cargo work, and six winches and:three derricks 
for heavy lifts; there is also a warping capstan. All the 
deck machinery is electrically driven. The steering 
gear, which is of the Donkin-Scott electric type, is placed 
in a compartment in the poop abaft the crew’s quarters. 
The propelling machinery,.which is being constructed 
by Messrs. Armstrong Whitworth, consists of Armstrong- 
Sulzer two-cycle type Diesel engines, each having four 
cylinders, 600 mm. in diameter and a piston stroke of 
1,060 mm. The engines are capable of developing 
2,700 brake horse-power at 110 r.p.m. All auxiliaries 
are electrically driven. 





* See “Limiting Gauges”, ENGINEERING, April 15 
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THE SLADE HEATH PUMPING STA- 
TION OF THE SOUTH STAFFORD- 
SHIRE WATERWORKS COMPANY. 


THE South Staffordshire Waterworks Company 
supply a large and important area, and to meet the 
increasing demands for water, application was made 
to Parliament in 1915 for further powers. As a result, 
the company were empowered to construct the Somer- 
ford and Slade Heath pumping stations. The former 
was completed some time ago, and was described in 
our issue of February 1, 1924. 

The Slade Heath station, which has recently been 
started up, is situated on the western side of the 
company’s area in the parish of Brewood in the 
county of Stafford. It is adjacent to the main 
road from Wolverhampton to Stafford, being 6 miles 
from Wolverhampton. Four boreholes will eventually 
be sunk to complete the station, but at the present 
time two only have been completed. These are at 
36 ft. 6 in. centres, the one of a total depth from 
ground level of 639 ft. and the other of 603 ft. In 
both cases a shaft approximately 6 ft. square was sunk 
to a depth of 33 ft. In this shaft heavy cast-iron 
ribbed cylinders, 24 ft. long and 36} in. in diameter 
internally, were placed and concreted in position in 
6 to 1 Portland cement concrete to form a foundation 
for the head box and rising main. Between 33 ft. 
and 100 ft. below ground level, the borehole was made 
33 in. diameter to receive 30} in. internal diameter solid 
steel lining tubes of }-in. metal, with screwed sockets. 
These lining tubes were placed in accordance with the 
Company’s Act of 1915, wherein it is stated that the 
boreholes shall be effectually lined for such a depth, 
and in such a manner, as will secure that no water shall 
be drawn into the borehole from the upper portion 
of the Bunter Sandstone. To complete the seal, the 
tubes were finally’ grouted in position with cement 
grout. Between a depth of 100 ft. and 300 ft. the 
diameters of the unlined boreholes are 30 in., and below 
the latter depth they are 20 in. to the full depth 
639 ft. in the case of No. 1, and to 603 ft. in No. 2. 
The work of boring was rather protracted on account 
of adverse circumstances. Operations were commenced 
in 1916, and eventually completed in 1920. ; 
It may be of interest to note that considerable diffi- 
culty was experienced with running sand in the sinking 
of the shafts. In the case of No. 1 borehole, this was 
encountered between the depths of 8 ft. and 16 ft., 
but was successfully dealt with. In the case of No. 2 
borehole, the first position selected revealed a greatly 
increased thickness of running sand, and after the 
contractors had spent considerable time and money 
in attempting to deal with it, the shaft was abandoned, 








The Din book is well arranged and illustrated. 





and 22, 1921, pages 441-443, and 480-482. 





after being excavated to a depth of 26 ft., and another 
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site was selected where a trial boring had indicated 
a better geological formation. The type of boring 
generally employed was the rotary chilled-shot method, 
but, from time to time, percussion boring was resorted 
to. The rotary method permitted cores to be obtained, 
and some excellent specimens have been preserved. 
Geologically the two holes are very similar. No 
marked contrast in stratification was revealed by the 
boring. The strata passed through include the Upper 
Bunter, the Pebble Beds and the Lower Bunter 
Sandstones. Boring terminated in the Permian forma- 
tion. As an illustration of the nature of the strata, 
the following information, taken from the records of 
borehole No. 1, may be of interest, the depths being 
approximate. Ground level to 8 ft. loamy clay; 
8 ft. to 16 ft., running sand; 16 ft. to 197 ft., red 
sandstone of varying hardness; 197 ft. to 268 ft., red 
sandstone and pebbles; 268 ft. to 442 ft., conglomer- 
ate; 442 ft. to 458 ft., grit and pebbles; 458 ft. to 
528 ft., sandstone with marl partings; 528 ft. to 
552 ft., sandstone and pebbles; 552 ft. to 566 ft., 
conglomerate ; 566 ft. to 592 ft., sandy marl; 592 ft. 
to 639 ft., mixed grey and pink hard sandstone, with 
occasional marl partings. On completion of the 
boring at No.1 hole, a yield test was carried out, the 
pumping being continuous from a depth of 240 ft. 
below ground level over a period of 14 days. The 
average water level during this test was 119 ft., with 
a maximum of 128 ft., the rest water level being 8 ft., 
while the average rate of pumping was approximately 
1,500,000 gallons per 24 hours. The discharge was 
measured by the flow over a rectangular weir, 18 in. 
wide, the water level being registered on an automatic 
water-level recorder. This was checked from the num- 
ber of strokes of the pump, due allowance being made 
for slip.. For the purpose of comparison, the ground 
level from which the boring depths were taken is 
8-65 ft. lower than engine-house floor level. 

General plans of the buildings are shown in Figs. } 
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and 2, page 426, the latter being a basement plan, 
while the former shows the general location of the 
station with respect to the main road, the London and 
North Western Railway, and the Worcestershire and 
Staffordshire Canal. The general layout had to be 
carefully planned owing to the somewhat limited area 
of the site, and also to give the most convenient line 
of communication between the boiler-house and the 
coal wharf on the canal. The architecture of the build- 
ings is in the Italian Renaissance style. The external 
walls are built with multi-coloured brindled facing 
bricks of a bluish shade, with wide light mortar joints. 
The copings, cornices, window, and door ings are 
in buff terra cotta. Internally, the buildings are faced 
with pressed red bricks, with salt glazed brick dado. 

The engine house, the size of which is 57 ft. 3 in. by 
55 ft. 6 in., is laid out to accommodate the pumping 
plant with ample provision for dismantling any part 
of the machinery. Large glazed doors are provided 
opposite each borehole for this purpose. The house 
has been designed to receive duplicate plant when 
required. An overhead travelling crane has been 
installed, the height from the floor level to the top of 
the gantry girder being 27 ft. 1 in. The height of the 
engine-house is 35 ft. from the floor level to the under- 
side of the tie-bar of the roof principal, giving ample 
clearance for the crane. A special feature of these build- 
ings is the lighting and ventilation of all parts by large 
windows, which were constructed by Messrs. H. Hope 
and Sons, Limited, of Smethwick. They are all fitted 
with swing or hopper opening casements. The engine- 
house, in particular, has large windows on three sides 
rising to the underside of the crane gantry, and above 
this, there are circular windows on all sides with open- 
ing lights, for cross-ventilation. A glazed lantern light 
has been provided at the apex of the roof for properly 
lighting the engine tops, and this is fitted with opening 
and closing louvres, and also with a cowl ventilator, 
so that at all times the temperature can be properly 
regulated. The roof is constructed with steel prin- 
cipals and angle iron purlins, covered with blue Welsh 
slates on pitch pine boards. The floor is formed with 
3-in. rubbed York stone flags on rolled-steel joists, 
and it may be noted that the winches for dismantling 
the borehole pumps are fixed in wells formed in the 
engine foundation, and covered over with removable 
steel floor plating. 

A central staircase in the engine-house, shown in 
Fig. 2, gives access to a well-lighted pump-room, 17 ft. 
below, of the same size as the engine-house. The 
engine foundations, built with blue bricks in cement, 
are placed in the pump-room, as are also the force 
and borehole pumps, together with the air-pump, 
Baker separator, &c., and the connections to the 
pumping main. The floor of the pump-room being 
below drainage level, a sump has been constructed in the 
centre, to which the surface gutters are connected, to 
deal with floor drainage. The rear wall of the pump- 
room was formed in one face without projections, to 
give a straight run for the steam mains, &c. In an 
offset from the pump-room a bucket store and electric 
accumulator house is provided. Settling cisterns, 
42 ft. by 10 ft. 6 in. by 10 ft. deep, built in brindle 
bricks, have been constructed for the present and 
future plant. These are below ground level on each 
side of the engine-house, and are provided to receive 
the water delivered from the borehole pumps. The 
surface condensers are placed in these cisterns. At the 
rear of the engine-house an office is provided for the 
foreman-in-charge, with windows giving supervision of 
engine and boiler-houses, and fitted with private and 
public telephones, a Kent venturi recorder, draught 
indicators and CQ, recorders. 

Special consideration has been given to the auxiliary 
services, and a sé te room is provided for them 
between the engine-house and boiler-house. In this 
room is placed the necessary apparatus for dealing with 
boiler-feed water, and also the electric lighting generator 
and switchboard. Consequently, the whole of this 
apparatus can be kept free from dirt and under proper 
supervision at all times. The same remark applies 
to the economiser, which is divided from the boiler- 
house by a glazed screen, thus preventing the usual 
fouling of the economisr engine and tops by coal dust. 
The remaining accommodation to be noted is the 
boiler-house, measuring 76 ft. by 40 ft.; in this there 
are two boilers, with space for a third. This building 
is fitted with large roller doors to admit steam wagon 
or lorries. The position of the boiler-house is shown 
in Fig. 2, and in the same figure can be seen the tool 
house and the base of the stack. The latter is of 
octagonal form and 120 ft. in height. The accommoda- 
tion further includes a workshop, with a manhole for 
bringing up buckets direct from the pump-room, 
stores and a weighing machine house. There is a 
subway under the railway, as shown in Fig. 1, leading 
to a eanal wharf for unloading coal barges. <A tram- 
way through the subway connects the wharf directly 
with the boiler-house. A septic tank with distributing 
apparatus is installed for dealing with sewage, and 








also weir filtration tanks for removing oil from the 
pump-room. The position of the septic tank and oil 
filters is shown on the plan, Fig. 1. The whole of the 
premises are lighted electrically from a small 5 kw. 
steam-driven set. 

The plant is capable of pumping 2,000,000 gallons of 
water every 24 hours, as regi the Venturi 
meter, from a depth of 300 ft. in the bore-holes below 
engine-house floor level (in ordinary work about 230 ft.) 
and delivering to Scout House Reservoir against an 
additional head of 517 ft. This includes pipe friction 
in the delivery main. The total inclusive head is thus 
817 ft. when fulfilling the maximum duty, and 747 ft. 
when fulfilling the normal duty, when the engine is 
supplied with superheated steam at a pressure of 
180 lb. per square inch above a 


the fork type, with — pin shrunk in. The 
wikpin ends are of the adjustable marine type. The 
crankshaft is of the built’ up type, all cranks being 
double webbed with the shafts and pins shrunk jn. 
The shaft is made up in three sections, which 
joined together by flanged ——- forged solid on 
the shafts, spigotted into each » and secured 
by taper bolts of ample size to transmit the power. 
flanged couplings are placed between the throws 
of the engine cranks. The engine bed-plates are in 
three parts of box section, with the bearing pedestals 
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. The con-| separate casting of similar design. As previously 
tractors’ rantee when fulfilling normal duty, | mentioned, the engine is carried on a cast iron under. 
stated under “ Capacity of Plant,” was that the engine | frame, su on two massive brickwork foundation 


would give a duty of 180,000,000 ft.-lb. for each and 
every 1,120 Ib. of steam which passed the engine stop| girders, which span the space 
valve, as ascertained by weighing the air-pump dis- | ti L 
charge and all drains, the quantity pumped being based | them under each crankshaft bearing. All these girders 
on the net discharge of the force pumps, as regi are machined on their top face, and the underside of 
by the Venturi meter recorder, and the head as ascer- = bed- —_ = ea hined — i The ae _ 
tained from the readings. ts an e i are carrie ‘ough the 
The engine harag triple-expansion, surface-con- underframe, the whole forming a massive and rigid 
densing type, with Corliss valve gear, and drives two | base for theengine. The two flywheels, situated between 
bore-hole pumps and three vertical ram force pumps. | the engine and the borehole pumps, are 14 ft. 24 in. 
A general view of the engine is given in Fig. 9, page i in diam: _— po — ph = Re Phen The 
in Fi 8 ve is fix ressure 

ak ot en ee ae linder, and is fitted with an extension spindle with 


hotographs being taken in the station. The engine} CY! . 
8 rea ply Rape ng ag Orr 2 Figs. 3 to 8 on| hand-wheel operated at engine house floor level. 


igs. 5 to 8 showing the bore-hole An auxiliary stop valve is also provided, worked 

sac oF ate ness hm he. and | from the same place, for assisting when starting up. 
ow-pressure cylinders of the engine are 24 in., 43 in. and | High pressure steam is admitted to the high-pressure 
66 in. in diameter, respectively. There are three force-| Teceiver, and steam is admitted to the low-pressure 
pump rams, each 13} in. in diameter, the common | receiver at 30 lbs., this pressure being obtained through 
stroke of engine and force pumps being 4 ft. The two|# reducing valve. To prevent the engine racing, 
bore-hole pump buckets are each 16 in. in diameter, and | in case of a burst main or loss of load, or from any 
have a stroke of 5 ft. The three engine cylinders are| Other cause, a trip gear is fitted, which works in con- 
coupled to the three middle cranks of a five-throw | junction with a throttle valve, placed in the steam 
crankshaft, as shown in Fig. 3, the two outer throws Tange near the engine stop valve. The trip gear con- 
being utilised to drive the bore-hole pumps. The three | sists of a piston, working in a cylinder which is in direct 
engine cranks are spaced 120 deg. apart, and the séquence | Communication with the force-pump delivery main, 
is low pressure, intermediate pressure, high pressure. and a vacuum-destroyer valve connected with the 
The two bore-hole cranks are 180 deg. apart, and the} Condenser. Mounted on the cylinder top there are two 
bore-hole crank at the low-pressure end coincides with | pillars and a cross bar, against which a powerful spring 
the intermediate-pressure cylinder crank. The force-| 18 fixed. A lever is provided for holding the piston 
pump rams. have crossheads cast solid with them, and | UP when starting against an empty main. Under nor- 
these are rigidly connected to the engine crossheads by | mal conditions the piston holds the spring in com- 
mild-steel side rods. The load on the pistons with this| pression, thus keeping the throttle valve open. In 
arrangement is transmitted direct to the rams, leaving | ©ase of loss of pressure, the spring overcomes the resis- 
the crankshaft only with the duty of transmitting the| tance of the piston, closes the throttle valve, and 
power for driving the bore-hole pumps, together with | breaks the vacuum, with the result that the engine 
any surplus which is alternately stored and given out | Pulls up. 
by the heavy flywheels in maintaining steady rotation. The exhaust steam from the low-pressure cylinder 

The cylinders are not jacketed, and have double-| is passed through a Baker oil separator of — 
ported Corliss valves working in valve chests formed in| vertical type, which can be seen in Fig. 4, before 
the cylinder covers. Both cylinders and covers are being discharged into the condenser. The latter ? 
completely protected with non-conducting material | of the surface cooling type, and, as already mentioned, 
to the outer flange diameter, and are lagged with | 18 placed in a covered brick cistern outside the engine 
planished sheet-steel lagging. The steam valves are| house, as shown in the same figure, the top of = 
of the variable cut-off type, provided — _— —- = being er oe ities aa 4 

i of the mj condenser consists - 

ra Tcl aneaiaie nan to actuate the| are attached the brass tube plates. The tubes con- 
gear for each cylinder. The exhaust valves of each the two boxes are I in. external iponatgg td 
cylinder are also operated by separate eccentrics, which | 15 B.W.G. thick, the tube plates being 8 ft. ae e 
are directly coupled by rods to the exhaust-valve levers. | effective g surface is thus 866 sq. ft. “1 re 
The piston rods and valve spi are all fitted with | denser cistern is made toa design for dealing 
United States metallic with water drawn from holes in ee somristone, 
bonnets are all extended to provide an outer bearing at | Which is liable to carry appreciable quantities of oe 
the end of each valve pared in suspension. The two hole pumps eee . 
therefore a ing on each side, thus reducing the| 0pposite ends of the cistern through u a po 
strain on the spin A reheating receiver, having a | mouthed pipes, the outlet of which is ab "4 a: ‘op 
heating surface of 150.sq. ft.,is placed between each pair | Tow of condenser tubes, as shown in Fig. 4. ae 
of cylinders. The reheating element is formed of mild-| ensures that the condenser shall not be a = 
steel U-tubes expanded into a mild-steel tube plate,| when the plant is standing, due to leakage — 
which is secured between the reheater body and the| buckets and clacks. In the centre of the cis om 
bottom cover. The body portion forms the reheating} nd directly opposite the condenser, is an _— 
chamber, and the bottom cover forms the header for the | chamber, into which project the force pump com 
live steam for the reheater tubes. The drainage from | pipes from the high- ure and low-pressure vw 
the headers is collected in a pocket which is controlled | pumps. This inner chamber has a weir yh 
by a steam trap, and this discharges direct to the feed | the water falls from the main cistern to a a 
tank. The cylinders are carried on a massive cast-iron | force —. The lip of the weir is higher é ~ a 
entablature of box section, which is supported at the condenser tubes, so that it is no rr re 
back of the engine by cast-iron straddle leg columns, | for the force pumps to lower the on hate 
rigidly bolted to the engine bedplates. The front of I sin ae aching 
the entablature is supported on polished mild-steel| pumps fail. The water from the boreholes on 
he ine crosshead slides are embodied 


columns. engine > n ha @ to | , 
in the back columns. They are provided with cover| weir. This gives a flow from two directions, ensuring 
heal The crossheads are rf to the palm ends of | @ good circulation round the condenser. Also, * 
the piston rods by large bolts. The crossheads consist | to the size of the cistern, the water velocity vs 4 
of a steel plate to receive the side rods, a steel crosshead | is very low, thus greatly facilitating the sett a 
block with gudgeon-pin bearing, and mild|of amy sand in suspension. This ~~. a bene 
steel cap. bolts are provided with collars to secure | effect on the life of the force pump valves. = 
The air pump, shown in Fig. 3, is of the vertica 


driven by means of @ bracket 

pressure force pump ram 

crosshead. The pump is 18} in. in diameter Py 
4 ft. stroke. It is fitted with foot, bucket, an 


the pace rod, side-rod plate, and crosshead block, 
which are not disturbed when the cap is removed to 
adjust the bearing. The cast-iron slipper is attached 
to the crosshead block. 

The engine connecting rods have a crosshead end of 
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Fie. 25. Main TuRBINEs. 


head valves of the multiple Kinghorn t; and 
delivers direct to a grease separating Ath ag - the 
auxiliary house. The delivery is then taken through 
* Measuring tank with recorder, into the main feed 
tank. The oil-extraction pump for the Baker oil 
mperetoe is also driven from the intermediate-pressure 
orce pump ram crosshead, as shown in Fig. 3. The 
nike lubrication is carried out by means of 
mpire mechanical lubricators. The high-pressure 
inder lubricator is fitted with six visible feeds, one 
ot uch steam inlet, and one to the metallic packing 

each steam and exhaust valve. The intermediate- 
Pressure and low-pressure cylinder lubricators each 





have four feeds, which are taken to the metallic 
packings of the valves. Lubrication of all the motion 
work is effected by adjustable visible drop lubricators 
of Hunt and Mitton manufacture. Where moving parts 
have straight-line motion the oil is fed from the 
lubricators through pipes into oil catchers. Where 
the motion is rotary, the lubricators are mounted on 
supports and fiti with wicks, the moving parts 
being fitted with wipers. There are two stagings for 
giving access to the various parts of the engine, as 
shown in Fig. 4.. These are reached by staircases 
behind the engine. The lower staging gives access to 
the crossheads and slides, whilst the top staging, 


which completely surrounds the engine, gives access 
to the cylinders and valve gear. Pressure gauges, 
showing the: pressure in each receiver body, are con- 
nected directly to the receivers, and can be readily 
observed from the front of the engine. All other 
gauges are mounted on a board fixed on the engine 
house wall, and are in such a position that they can be 
readily seen by the driver when standing at the engine 
stop valve control. The gauges indicate steam range 
ressure, vacuum, and force pump delivery pressure. 

addition a seven-day steam pressure recorder, and 
a seven-day Glenfield and Kennedy borehole depth 
recorder, are mounted on the board. The latter is 
operated by air pressure taken from the main air 
vessel on the force pump delivery. 


(To be continued.) 





THE ANCHOR LINER ‘“ CALEDONIA.’’ 
(Concluded from page 264.) 


THE most important departure, from the usual 
practice in steamships to be seen in the Caledonia 


.| is in the feed system, which is arranged on the Weir 


closed circuit principle. The condensate is drawn off 
from the condenser by a Weir turbine-driven rotary 
water-extraction pump, and is delivered through a 
small heater and then through the main feed water 
surface heater to the suction of the main feed pump, 
which is also of the Weir turbine-driven rotary type. 
This is illustrated in Fig. 24. The air and vapour are 
withdrawn from the condenser by a steam-jet ejector, 
and the steam used is condensed by the extraction of 
some of its heat in the small heater already referred to. 
This condensate is drained through a Carruthers 
sponge filter to the main feed tank, the air passing 
away through an outlet pipe. Whatever is drained 
from the main feed heater is led to a small condenser. 
An extractor pump and air ejector are fitted to each 
condenser, the pumps being interconnected to permit 
overhauls being conducted, when either pump may 
be used to deal with both condensers. This service 
has been amply covered, for either pump can perform 
the double duty at full power. Two auxiliary feed 
pumps of the Weir direct-acting type are also supplied 
as reserve. For the auxiliary condenser the same 
closed circuit system has been adopted. The drains 
from the heating system and from those galley and 
pantry appliances which use steam, are kept separate 
from those of the general auxiliaries and are connected 
to a Carruthers condensing plant. 

There are two sets of turbines of the Brown-Curtis 
type, which drive the twin screws through double- 
reduction gearing. The ahead portion of each set 
consists of three separate turbines through which the 
steam is passed in series, the ahead and intermediate 
pressure turbines being mechanically coupled in 
tandem and driving one pinion on the inboard side 
of each gear. The lay-out of these is shown in Fig. 18 
on Plate XXIII (see EnernzErine of February 26, 
1926), and a reproduction of a photograph taken in 
the engine-room is given in Fig. 25. The low-pressure 
turbines are arranged on the outboard sides of the red: c- 
tion gearing. Aft of the ahead turbines there are astern 
turbines capable of developing about 70 per cent. of the 
full-ahead power. The high-pressure components of 
these astern turbines are incorporated in .the same 
casing as the intermediate-pressure ahead turbine 
and the low-pressure units, ahead and astern, are 
mounted within the same casings. There are advan- 
tages obtained from the placing of the high-pressure 
astern unit at the exhaust end of the intermediate- 
pressure turbine, as this construction enables the high 
and intermediate-pressure ahead turbines to be 
separated by a diaphragm plate, and in passing through 
from one component to the other there is little loss of 
steam pressure. Carbon packing rings of L section, 
fitted to this diaphragm plate, also contribute in no 
small measure to the reduction of losses. At the same 
time, these packing rings cause the minimum of rubbing 
pressure, and, therefore, of wear on the shaft. Carbons 
of similar cross section are also fitted to the two glands 
of the high-pressure turbines and steam-packed glands 
of the carbon ring type are fitted to all the turbine 
units. 

Steam is admitted to each of the high-pressure 
turbines through 24 nozzles, ‘of which number 
12 are in the lower half of the turbine and are 
uncontrolled. The others are divided into two groups 
of six each, and these groups are controlled by separate 
stop valves mounted on the forward end of the casing. 
By the use of these valves the control pressure may 
be kept from dropping to a very low value at reduced 
powers, and this results in keeping down the: con- 
sumption of steam at reduced powers, In the high- 
pressure turbines there are three stages of the velocity 
compounded type, the wheels for which have each 
two rows of moving blades. There is also a velocity 
compounded wheel, with two rows of blades, as ‘the 





first stage in each of the intermediate-pressure turbines, 
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but the remainder of the wheels in these and the 
low-pressure units are of the simple impulse-stage 
type. In the intermediate-pressure turbines the 
number of impulse stages is seven, while in the low- 
pressure sets eleven such stages are used. For astern 
working the turbines have three velocity-compounded 
stages, consisting of a single three-row wheel in the 
high-pressure units and a three-row wheel followed by 
a two-row wheel in each of the low-pressure sets. 

In the construction of the casings for the high- 
pressure turbines cast steel was used, but al] the 
others were made in cast iron. That for the low- 

turbine was designed to carry the underslung 
weight of the condenser, hut the others are also of 
’ 








very strong construction. The high-pressure ahead 
turbine diaphragm plate was made in var eigtetyers 
as also were the first stage nozzle plates for both the 
ahead and the astern turbines. These have nickel steel 
blades embedded in the castings. All the other nozzle 
plates and diaphragms are cast iron, but have nickel 
steel blades. The central location of the bronze 
diaphragms is ensured at all temperatures. For 
inspection and overhaul it is essential that access 
may be readily obtained to the rotors, packings and 
blades. This has been arranged for by having split 
diaphragms, arranged so that their upper halves are 
retained within the turbine covers when these are 
lifted. The rotors are built up of forged steel discs 





LINER “CALEDONIA.” 


AND SHIPBUILDERS, LINTHOUSE, GLASGOW. 
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forced into place on the steel spindles and retained 
in position by means of suitable keys. All the blades 
are made of phosphor bronze. These are of the 
Brown-Curtis type, are machined from the solid 
and have the blade portion integral with the packing. 
In every case the tips of the blades are shrouded. 
The thrust blocks on the turbines are of the Michell 
type with double-sided collars to permit ahead and 
astern running. In heavy weather there are possl- 
bilities of over-speeding in the event of the propellers 
racing and this action -has been: prevented by the 
use of Aspinall governors at the forward ends of the 
turbines. These governors operate at about 15 per 
cent, above the normal full-power revolutions, and 





OW. 


ned 
des 
the 
lid 
ing. 


hell 
ind 


lers 
the 
the 
per 
ind 





sO: ENGINEERING. 





ApRiL 2, 1926.] 431 


THE TWIN-SCREW TURBINE-DRIVEN ANCHOR LINER “CALEDONIA.” 


CONSTRUCTED BY MESSRS. ALEXANDER STEPHEN AND SONS, LIMITED, ENGINEERS AND SHIPBUIEDERS, LINTHOUSE, GLASGOW. 
[~ ! 



















{ 
{ 
' 



















i 
! 
| 






Fig. 31. 


SECTION AT FRAME 84. 
LOOKING FOR® 














(9933.F) z rs +a i oe 7 ae : ENGINEERING” 


SECTION AT FRAME 8&1 
AFT. 


| 
cera A —— Sie - i. <= | 


4 


SECTION AT 















FINGINFERING 








ENGINEERING. 





[APRIL 2, 1926, 








entirely shut off steam at the bulkhead stop valves. 
An emergency hand-worked cut-out gear is also 
provided, and since the governors work through 
an oil-pressure relay from the main lubricating system, 
they also come into action in the event of a pre- 
determined reduction in the pressure of the oil supply 
to the bearings and sprayers. A further provision 
for safety is the use of indicators to call attention 
when the white metal on the pads of the turbine or 
main thrust blocks should run or become excessively 
worn. When such an action occurs an electric contact 
is established which causes one of a series of red lamps 
on the starting platform to light up, which indicates 
the particular thrust affected. 

The main condensers are placed athwartships, being 
suspended below each of the low-pressure turbines, 
They are of the two-flow type with sufficient cooling 
surface to maintain a vacuum of 28} in. of mercury 
column at normal atmospheric pressure, when the 
circulating water is supplied at 60 deg. F. The 
condensers are built up from steel plates, but have 
cast-iron doors and waterways and brass tubes and 
tube-plates. Two Weir centrifugal pumps, driven by 
impulse turbines, supply the necessary circulating 
water to the two condensers. 

The drive from the turbines is taken through double- 
reduction gearing to the propeller shafts. The first 
reduction wheels run in the central gap of the main 
gear wheels (see Figs. 17 and 18, on Plate XXIII). 
With a speed of rotation of 2,750 revolutions per 
minute for high-pressure and intermediate-pressure 
units and 1,770 revolutions per minute for the low-pres- 
sure turbines, the speed of the first-reduction wheels and 
second-reduction pinions is 370 revolutions per minute 
and the propeller shafts turn at 90 revolutions per 
minute. The positions of the various shafts of the gear 
may be seen in Fig. 31 on page 431. The teeth of the 
gear are of the Parsons standard form, those for the 
first reduction being of 4, in. pitch and for the second 
reduction of 1 in, pitch. The first-reduction — ion 
was machined from the solid out of the special steel 
made by Messrs. William Beardmore and Co., Limited, 
for double-reduction gearing, while the second reduction 
pinion has a tooth ring of the same material shrunk on. 
These second reduction pinions are on the same shafts 
as the first reduction wheels, which are built up of 
cast-iron centres and forged steel rims, in which the 
teeth are cut. All the pinions are hollow, the bore of 
those for the first reduction bejng made sufficient to 
take the flexible spindles from the turbines, necessitated 
by the nodal drive. A provision made to reduce the 
natural frequency of the torsional vibrations to a low 
figure, consists in the mounting of a flywheel between 
the high-pressure and the intermediate-pressure 
turbines. 

All the gear cases are made of cast iron. Lubri- 
cation under pressure is employed for the bearings of 
both turbines and gearing, but the teeth are sprayed by 
a continuous supply of cooled oil. In order that the 
oil supply to the bearings may be observed at any time, 
the oil is drained away through sight boxes. This 
arrangement is also used for the oil-drains from the 
thrust blocks. All this oil, after going through the 
sight boxes, as well as that from the bottom of the 
gear cases, is led to a tank formed in the structure of the 
double bottom of the ship, from which it is pumped 
through filters and coolers back to the forced lubrication 
supply mains. For use in turning the turbines and the 
gearing, a worm wheel is mounted on the main shaft 
coupling immediately aft of the gear case and this 
is driven from the gearing on the shaft of a 20 brake 
horse-power motor. Immediately aft of the main 
gearing there are also Michell blocks to take the 
propeller thrust. These are constructed with pads 
mounted on spherically seated rings, in order to 
equalise the loads on the pads, Each propeller, 
which is 20 ft. in diameter, has four manganese bronze 
blades mounted on a cast steel boss, and this boss has a 
cone attached to ‘it, to reduce the eddies. Before 
concluding the description of the propulsion plant, it 
should be mentioned that wherever possible the pipes 
connecting the turbines are attached to the bottom 
half of the casings, in order that when inspections are 
necessary the breaking of numerous pipe joints is 
obviated. Lifting blo:ks and tackle are arranged so 
that the turbine and gearing may be examined and 
overhauled with the expenditure of very little labour. 

For the forced lubrication system, there are three 
Weir pumps fitted at the forward end of the engine- 
room ; these can be seen to the left of the centre line in 
Fig. 33. The remaining engine-room auxiliaries in- 
clude two Weir evaporators with a capacity of 50 tons 
each, shown at the right-hand side of Fig. 32; a Weir 
distilling plant having 200 sq. ft. of condensing sur- 
face; a Cunard bilge pump; two Carruthers ballast 
pumps, one of which is motor-driven ; two fresh-water 
and two hot-water pumps by Lamont; two Railton 
fresh-water filters; a Paul auxiliary circulating pump; 
a Rees Roturbo motor-driven sanitary pump; and a 
Chadburn oil purifier. 


All the pressure gauges and control appliances are 
concentrated at the starting platform, a good illus- 
tration of which is afforded by Fig. 26, page 430. Just 
aft of the main propulsion machinery in the engine- 
room (see Figs. 17 and 18, Plate XXIII), are the two 
turbine-driven electric generators, which supply all 
the requirements of the light and power circuits of the 
ship. These turbines are of the Rateau impulse type 
and they drive Metropolitan- Vickers generators through 
gearing; see Fig. 27. In addition to this equipment, 
there is a motor-driven auxiliary generator on the 
“C” deck, for use in emergency. 

The refrigerating machinery for the cargo is placed 
in the forward tunnel, and consists of two twin vertical 
motor-driven machines, using carbon-dioxide. These, 
with their condensers and evaporators, were made b. 
Messrs. J. and E. Hall, Limited. To provide for the 
circulation of sea water through the condensers, a 
motor-driven pump is used and two pumps of the 
same type are used for circulating the cold brine. The 
cooling of the provision chambers is effected by the 
use of a separate refrigerating plant, which is installed 
at the aft end of the engine-room and consists of two 
single vertical motor-driven carbon-dioxide machines. 

The machinery and boilers were constructed to meet 
the Board of Trade requirements, and those of the 
highest class of the British Corporation for the Survey 
and Registry of Shipping. In the trials of the Cale- 
donia, which were carried out on the Skelmorlie 
measured mile, two double runs were made with the 
vessel loaded to 24-ft. draught. The maximum speed 
obtained as a mean of two runs was 16-44 knots, with 
86-9 r.p.m., and 11,040 shaft horse-power. As this 
result was obtained with only one of the top groups 
of the nozzles of the high-pressure turbines open, it 
will be appreciated that the vessel has ample reserve 
of power. 
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Tue Exxcrriciry Suppty Buu.—The Council of the 
Institution of Electrical Engineers has forwarded to us 
a copy of a letter, which has been addressed by them 
to the Prime Minister, on the subject of the Electricity 
Supply Bill. After full consideration of the Bill now 
before Parliament and the Weir Report, the Council is 
of opinion that certain of the provisions in the Bill 
require material amendment, as they are based upon an 
imperfect knowledge of all the facts, and, if embodied in 
an Act, might be detrimental to the national interest. 
The Council therefore considers that it is of the greatest 
importance that the fundamental questions upon which 
the Bill is based, should be the subject matter of an 
inquiry, at which the various interests in the electrical 
industry may be heard, before the Bill becomes law. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday, 


The Cleveland Iron Trade.—Transactions in Cleveland 

ig-iron still keep within narrow limits. Little of the 
fnsited make is available for the open market, a large 
proportion of the output going into direct consumption 
and at manufacturers’ own steel works. Continued 
inadequate supply for current needs enables producers 
to adhere to figures that have been quoted for some 
time past, but customers are markedly disinclined to 
pay recognised market rates, and are, in some cases, 
purchasing the comparatively cheaper products of 
other districts. The trade passing is almost entirely 
on home account, export inquiries being trifling. For 
home purposes No. 1 is 72s. 6d., No. 3 g.m.b., 70s.; 


Y|No. 4 foundry, 69s.; and No. 4 forge, 68s. 6d.: 


for despatch to foreign destinations 6d. above these 
figures is asked. 


Hematite.—Conditions in the East-Coast hematite 
branch are far from satisfactory. Supply is more than 
ample, and the outlook for the near future is discouraging. 
With stocks now steadily accumulating, makers are 
anxious to secure orders and are prepared to grant 
price concessions. Both for home use and for overseas 
trade, Nos. 1, 2 and 3 are offered at 76s. 6d., and No. 1 
is on sale at 77s, 


Foreign Ore.—Business in foreign ore is little heard 
of, transactions being confined to sales of odd cargoes, 
as consumers are carrying considerable stocks which 
must be substantially reduced before they can be 
expected to re-enter the market and negotiate for 
contracts. Nominally best rubio remains at 21s. 3d., 
c.i.f. Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke is in 
only moderate request, and is in more than ample 
supply, but values are hardly so weak as they have 
been. Good medium qualities are 19s. to 19s. 3d. 
delivered here. 


Manufactured Iron and Steel.—Very little news is 
ascertainable concerning manufactured iron and steel. 
Plates have moved up half a crown, and, following on 
one or two orders for steamers, a little buying of ship- 
building materials is reported, but foreign competition 
is keen. Most finished iron and steel commodities 
are slow of sale, and producers in several branches need 
orders. Common iron bars are 11l. 5s.; iron rivets, 
127. 15s.; packing (parallel), 8/.; packing (tapered), 
1ll.; steel billets (soft), 7/.; steel billets (medium), 
7l. 10s.; steel billets (hard), 81. 2s. 6d.; steel ship, 
bridge and tank plates, 7/. 10s.; steel angles, 7l.; 
steel rivets, 121. 10s.; steel joists, 7/.; heavy steel 
rails, 8l.; fish plates, 12/.; black sheets (No. 24 gauge), 
1ll.; and galvanised corrugated sheets (No. 24 gauge), 
161. 





PERsoNAL.—Mr. Hubert B. Scott has been appointed 
local director of Messrs. Michell Bearings Limited, 
South Benwell, Newcastle-on-Tyne.—Mr. J. G. McLean 
has severed his connection with Messrs. Ed. Bennis and 
Co., Limited. All communications to the Company, from 
the North East Coast and the Sheffield and district areas, 
should, for the present, be addressed to the head office, 
Little Hulton, Bolton.—The Cierva Autogiro Company, 
Limited, 80, Bishopsgate, London, E.C.2, was formed on 
March 24, last, for the purpose of research in connection 
with the Cierva Flying machine, a description of which 
appeared in our columns on October 23 and 30 last, pages 
521 and 549. The company has, as its directors, Mr. 
J. G. Weir, C.M.G., C.B.E. (Chairman), Mr. Juan de le 
Cierva, and Mr. H. K.M. Kindersley. Mr. F.T.Courtney 
has been appointed technical manager.—Messrs. August's 
Muffie Furnaces, Limited, Thorn Tree Works, King 
Cross, Halifax, have appointed Mr. H. G. Sommerfeld, 
Charterhouse Chambers, Charterhouse Square, London, 
E.C.1, to be their representative in the south of England. 





Tue British AssociaTion.—Invitation circulars for 
the 96th meeting of the British Association to be held 
at Oxford, from Wednesday, August 4, till Wednesday, 
August 11, have been issued to members. The President- 
Elect, H.R.H. the Prince of Wales, D.C.L., F.BS., 
will deliver his address in the Sheldonian Theatre at 
8.30 p.m. on August 4. The address, which is to - 
relayed to the Town Hall and, if necessary, also to t 4 
hall of the Oxford Union Society, is expected to . , 
inter alia, with relations between scientific research, 7 e 
community, and the State, both at home and in the 
Overseas Dominions. The reception room will be i 
the examination schools. The local executive com- 
mittee of the British Association at Oxford will — 
members in securing accommodation in lodgings, hoste ~ 
private hotels and in the colleges, but members — 
make their own arrangements for rooms in the ho “ “ 
Early application is advised. The sections will meet 1 
various colleges and in the institutes close to the museum. 
General enquiries should be addressed to the Secretary, 
the British Association, Burlington House, W.; enquiries 
as to papers to the Recorder of the respective sections. 
We add the meeting places and the names of the presi- 
dents and recorders of the sections in which we. =~ 
more particularly interested: Section G (Engineering! 
Electrical Labora ; President, Sir John — ; 
Recorder, Professor F. C. Lea, Sheffield Universi y- 
Section A ne egg a aig wy oy Soke 

; ident, essor A. ; A ’ 
ane a Tendell, Bristol University. Section ay 








Professor A. M. 

mistry), The Playhouse ; President, Professor F 
co ‘. Paspacr, . H. McCombie, King’s College, 
Cambridge. 
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NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Colliery Developments.—Despite the extent to which the 
coal trade of South Yorkshire has suffered and continues 
to suffer, from the slump in shipments via the Humber, 
numerous preparations are being made for widening the 
basis of output in the hope of benefiting from a return 
to better conditions. Striking progress in this direction 
has been madé at Firbeck, where Barnsley seam has 
been proved at 825 yards. Only 22 months have been 
occupied in sinking the new shaft. This is regarded as a 
record in Yorkshire, and probably in any other British 
district. The colliery is now practically completed, and 
coal is being raised at the rate of 7,000 tons a week. If 
the contractors could move it, the output could be 
increased immediately to 10,000 tons a week. 


Iron and Steel.—Most of the heavy sections in the 
engineering and steel trades are closing until the middle 
of next week. In few cases will the stoppage involve any 
real dislocation. Order books have thinned more 
rapidly than is usually the case at this time of the year. 
The leading. Masmmneventts regard the results of the first 
three months of the year as disappointing. Outputs have 
been maintained at a fair level, —~ the further pruning of 
prices ing face of recurrent competition has militated 
against satisfactory financial results. Official returns for 
the output of steel ingots and castings in the Sheffield dis- 
trict for January, show that the total of 88,000 tons was 
8,000 tons less than in the corresponding month last year, 
although it represented an advance of 7,000 tons on 
December last. Similarly, Lincolnshire’s gross output of 
basic steel fell to 35,000 tons in January last, as against 
approximately 40,000 tons in January, 1925. Though 
crude steel is depressed, there is a better tone in ship- 
building. It is believed that rising costs among Con- 
tinental competitors will have an important bearing on 
the developments of the next six months. Good progress 
is being made with the latest railway contracts, which are 
mostly on British account. The erection of new plant is 
to some extent interfering with manufacturing facilities. 
Production of tyres and axles has had to be carried on at 
overtime rates to make up for interruptions during 
ordinary working hours. As plant of this description 
usually takes a considerable time to bed itself down, the 
best results are not expected immediately. The lighter 
trades are moderately employed. The production of 
saws, files, and engineers’ tools has fallen off, but there is 
afair call for farm and gardentools. Progress in safety- 
razor blade manufacture has not been checked by 
increased importations of American products. 

South Yorkshire Coal Trade.—Best quality house coal 
has been going away rather better during the past week, 
but stocks at depots have, in the main, been ample to 


for the ensui 





in reducing the exports from Cardiff, and a 





naval vessels should be, 


until trade was on its feet again. 


engineers and scientists would find a way, by increasi 
ressure in the boilers, by using superheated steam, an 


not adopt the Diesel for this reason. 





E. W. Cook and Ce., Limited, Swansea, vice-chairman. 





collieries. Secondary grades are also in ample supply. 
Prices, though showing an easier tendency, are Par nn 
unchanged. There is no improvement in steam fuel. 
Inland demands are fortunately sufficient to absorb. the | Space will be allotted free of charge, and. 
bulk of the output. The tonnage on offer for shipment | for the exhibition will be admitted free of duty. Dut 
has declined. Forward business is largely suspended 
pending developments respecting the Coal Commission’s 
report. Washed descriptions are easier. Short-time 
working in the cotton mills has reduced the demand 
from Lancashire. Deliveries of gas coke show a seasonal 
shrinkage. Quotations: Best branch, 31s. to 34s.; 
Barnsley best Silkstone, 28s. to 30s.; Derbyshire best 
brights, 26s. to 28s. ; Derbyshire best house, 24s. to 25s. ; 
Derbyshire best large nuts, 17s. to 20s. ; Derbyshire best 
small nuts, 12s, 6d. to 14s.; Yorkshire hards, 17s. to 
19s. 6d.; Derbyshire hards, 16s. to 19s.; rough slacks, 
pay 6d.; nutty slacks, 7s, 6d. to 98.; smalls, 
8. 6d. to 6s. 


Applications from British 


Tylna 14, Lodz, Poland. 








Tue Propuction oF Pig-IRon anD STEEL.—According 
to figures furnished by the National Federation of Iron 
and Steel Manufacturers, Caxton House (East), Tothill 
Street, London, 8.W.1, the production of pig-iron 
amounted to 502,000 tons in ieee The for 
January was 533,500 tons, and for February, 1925, 
541,900 tons. Allowing for the shorter month, the rate of 
production in February was somewhat higher than in 
January, the daily rate in the former month being 
17,929 tons, and in the latter 17,209 tons. There were 
146 furnaces in blast at the end of February, a net 
increase of two since the beginning of the month. The 
production of steel ingots and castings amounted to 
703,800 tons in February. figures for January last 
and for Fobengey. 1925, were 640,400 and 652,300 tons, 
respectively, The Jan’ production was, however, 
low on account of the New Year holidays in Scotland. 


drawings have been sent to the 


Department of Overseas Trade a further set of booklets, 





EXHIBITION OF CHEMICAL APPARATUS, PRAGUE.— 
The British Vice-Consul at Prague has informed the 
Department of Overseas Trade that an exhibition of 


chemical laboratory apparatus, furniture, and equa tenders in Santiago, are as follows: No. 33, spare parts 
The 


for locomotives, carriages and wagons, July 1, 1926; 
No. 36, signals, telegraphs, telephones, etc., August 20, 
1926; No. 37, electric materials for sub-stations, aerial 
lines, and lighting (lst zone), August 20, 1926; and 
No. 38, furniture and fittings (including ticket-datin, 
and perforating machines), August 20, 1926. | 
representation in Chile is desirable. Copies of the book- 
lets will be forwarded, on loan, by the Department of 


ment, is being organised by the Czecho-Slov: 

Chemical Society, ojanova 13, I. 

exhibition will be held in the laboratories of the Chemical 
Institute of the Czech Technical High School, Trojanova 
13, on May 14, 15, and 16 next, between the hours of 
8a.m.and 6 p.m, The exhibition committee state that 
the function will be visited by all the important Czecho- 
Slovakian interests, It would, therefore, appear to be a 
good opportunity for British manufacturers to exhibit | Overseas Trade, to British firms, in order of application.— 
their goods and get into touch with prospective pur- | The Indian Stores: Department, Simla, is inviting tenders 
chasers in that country. Applications for space should | for the supply and erection of three 5 kw. oil engine-driven 


“a or space sh é 
addressed to the Czecho-Slovakian Chemieal Society sets, one switchboard mounted on marble 
and two pumping sets, each comprisi 


at the address given above. Manufacturers who intend : one 
tri ram pump. Tenders will be received at Simla 


= participate are roquented to communicate with the plex P’ 
OP troller-General, partment of Overseas Trade, 35, | until May 14,1926. Furtherparticulars may be obtained 
ld Queen-street, London, 8.W.1, from whom full | fro: ment of Ov Trade, 35, Old Queen 


! mm 
particulars may be obtained. street, London, 8:W.1. 

































































The Coal Trade.—With collieries full up for shipment 
over the holidays, business was rendered almost impos- 
sible, as only very small quantities of practically any 
class of coal were available. For these sellers demanded 
and received higher figures, best Admiralty large ruling 
from 24s. to 25s. and best steam smalls from 14s. to 15s. | 
Sir Wm. Gengne, D.L., J.P., who was on Monday re- 
elected president of the Cardiff Chamber of Commerce 
1g year, made some interesting remarks in 
connection with coal and oil for providing the motive 
power for ships. The future, he said, filled him with 
great anxiety, for the increasing use of oil was a big iestnn 


increasing number of steamers were being fitted with 
t 1-combustion engines, which meant a diminished: 
demand for coal. He was, however, of the opinion that 
many vessels that now burn oil could be, and in regard to 
transferred back to coal, to 
help this important industry during its period of depres- 
sion. In pre-war days South Wales used to ship nearly 
2,000,000 tons of coal for the use of naval vessels, and 
to-day the quantity had shrunk to between 200,000 tons 
and 300,000 tons. The matter had been brought before 
the Admiralty, but he was not satisfied that all was 
being done that could be done, and he was hoping that 
the Admiralty would be pressed to give coal the preference 
Recently Lord Kylsant 

had prophesied that many of them would live to see the 
time when steamers would have become as rare on the 
high seas as sailing ships were to-day. Sir William, 
however, differed from this view, believing that our 


y other scientific means, which would make coal the 
most suitable fuel for the bulk of our cargo steamers. At 
any rate, it was premature to talk of the Diesel engine 
completely superseding the steam engine. The upper 
limit of power of the Diesel was much below the upper 
limit for the steam engine, so that at present there could 
be no supersession of machinery above the Diesel’s upper 
limit of power. High-speed warships of all types could 


Pitwood Importers.—On Tuesday, at the annual general 
meeting of the Cardiff and Bristol Channel Pitwood 
Importers’ Association, Mr. Percy I. Scott, of Messrs. 
Evans and Reid Coal Company, Limited, Cardiff, was 

lected chairman, and Mr. J. Cumming Evans, of Messrs. 


3 EXHIBITION OF FrIRE-FIGHTING APPLIANCES.—We are 
meet requirements, and there has been little pressure on | informed by the Department of Overseas Trade that it 
is proposed to hold an exhibition of fire-fighting appli- 
ances at Lodz, Poland, on May 15 next, in order to 


celebrate the fiftieth anniversary of the Lodz fire brigade. 
intended 


will, however, be levied upon such goods as are sold. 
Local and German manufacturers are exhibiting, and it 
is thought that British firms would find it advantageous 
to participate. Manufacturers, unable to exhibit are 
invited to furnish a display of photographs and literature. 
firms who are desirous of 
taking part in the exhibition, should be addressed to Dr. 

Grohman, Commandant, Lodz Fire Brigade, 


TenpERS.—The Railway Department of the New 
Zealand Government is inviting tenders for the erection 
of new locomotive workshops in the Hutt Valley, Welling- 
ton, New Zealand. The provision of heavy cranes is 
included in the contract, in which a sum of approximately 
100,0001. is involved. Tenders will be received in 
Wellington until noon, August 31,1926. It is understood 
that the present inquiry will be followed by three others 
for car and wagon shops at Otahuhu (Auckland) and 
Addington (Christchurch), and for another locomotive 
workshop at Hillside Camedia). Spannestions and 

of Commerce 
at Glasgow, Manchester and Birmingham, and to the 
offices of the Overseas Branch of the Board of Trade, 
and the British Engineers’ Association. Further parti- 
culars may be obtained from the High Commissioner 
for New Zealand, 415, Strand, London, W.C.2, or from 
the Department of Overseas Trade.—The Commercial 
Secretary at Santiago, Chile, has forwarded to the 





printed in Spanish, issued by the authorities of the 
Chilian State Railways. These contain particulars of 
goods required during the current year. The group 
numbers of the booklets, the materials to which they 
refer, and the closing dates for the presentation of 


NOTICES OF MEETINGS. 





Tue Instirure or Mertats: Briruimvenam Loca 
Srction.—'Tuesday, April 6, at 7 p.m., at the Chamber of 
Commerce, New Street, Birmingham. Annual General 
Meeting. 

Tue Institution or ELEcTRICAL ENGINEERS.— 
Thursday, April 8, at 6 p.m., at Savoy Place, Victoria- 
embankment, W.C.2. ‘‘ The Applications of Machinery 
at the Coal Face,” by Mr. S. Mavor. ‘‘ The Design of 
Storage-Battery Locomotives for use in Coal Mines,” 
by Mr. L. Miller. ‘“ Electricity in Mines: A Short 
Survey,” by Mr. R. Nelson. 

Tue InstiruTion oF StrRvucTURAL ENGINEERS.— 
Thursday, April 8, at 7.30 p.m., at Denison House, 
296, Vauxhall Bridge-road, 8.W.1. ‘‘The Production 
of Structural Steel Sections,’’ by Mr. Ewart 8. Andrews, 

Sc. 


Tue Inst1tuTE oF Metats: LoNpon Locat SEcTION. 
—Thursday, April 8, at 7.30 p.m., at the Institute of 
Marine Engineers, 85-88, The Minories, Tower Hill, E.1. 
Annual General Meeting. Discussion on ‘ Production 
of Sound Castings,” opened by Mr. R. Genders. 


Tue InstiTUTION oF CiviL ENGINEERS: BIRMINGHAM 
anv District AssociaTion.—Friday, April 9, at 6 p.m., 
at the Chamber of Commerce, New-street, Birmingham. 
‘Water Supply from Underground Sources,” by Mr. 
J. E. Stemitae. 

THe Insvirute or Marine Eneormerers.—Friday, 
April 9, at 6.30 p.m., at 85-88, The Minories, Tower Hill, 
E.1. Annual Meeting. 

Tue Junior InstirutIon or ENGINEERS.—Friday, 
April 9, at 7.30 p.m., at 39, Victoria-street, S.W.1. 
Ordinary Meeting. ‘‘ Modern Methods of Cast-Iron 
Pipe Manufacture,” by Mr. T. E. Dimbleby. Saturday, 
April 10, at 2 p.m., Visit to the Works of the South 
Metropolitan Gas Company, East Greenwich. 

Tue Ramwway Cius.—Friday, April 9, at 7.30 p.m., 
at 65, Belgrave-road, 8.W.1. ‘Signals and Signalling,” 
by Mr. C. N. Anderson. 

THe Norts-East Coast InstiruTion oF ENGINEERS 
AND SHIPBUILDERS.—Friday, April 9, at 7,30 p.m., at 
the Literary and Philosophical Society, Neweastle-upon- 
Tyne. Hy dro Mechanical Marine Gearing,” by 
Mr. James Richardson, B.Sc. 

Tue Instirure or Merats: SHEFFIELD LocaL 
Srction.—Friday, April 9, at 7.30 p.m., at the University, 
St. George’s-square Shefield. Conjoint meeting with the 
Sheffield Silver ades Technical Society. ‘‘ Silver 
from Mine to Market,” by Mr. E. A. Smith. 





Launon or a Stream Hopper Barce.—tThe first 
of two 1,200-ton twin-screw hopper barges, ordered by 
the Clyde Navigation Trustees, was recently launched 
by Messrs. Wm. Simons and Co., Limited, Renfrew. 
The vessel had all her machinery on board and was ready 
for trials. She is propelled by two sets of triple-expansion 
engines, supplied with steam, at a working pressure of 
— Ib. per square inch, by two cylindrical multi-tubular 

ers. 





Tue Late Mr, G. 8. Conterr.—The death is announced 
of one of the best-known mining electrical engineers in 
the North of England, Mr. George Stephen Corlett, 
who was a past-president of the Association of Mining 
Electrical Engineers. Mr. Corlett was born in the Isle 
of Man in 1866, and was educated at Ramsey Grammar 
School and King William’s College, I.0.M. He served 
articles with Mr. Sydney F. Walker, of Cardiff, and for 
some years after remained a member of his staff. He 
was with Messrs. Mercier, Corlett and Co., electrical 
contractors in Wigan, from 1890 to 1892, when he 
became managing director of the Corlett Electrical 
Engineering Company, Limited. Since 1914 he has 

ractised as a consulting mining electrical engineer at 

idland Bank Chambers, Wigan, and was responsible 
for the installations in many of the mines of England and 
Wales. Mr. Corlett was elected a member of the Institu- 
tion of Electrical Engineers in 1911, and was also a 
member of the Institution of Mining Engineers. 





Tue InsviruTION OF PETROLEUM TECHNOLOGISTS.— 
The eighth annual dinner of the Institution of Petroleum 
Technologists was held in the Connaught Rooms on 
March 26, under the presidency of Sir Thomas H. 
Holland. In proposing the toast of “‘The Petroleum 
Industry,”’ Lieut.-General Sir George F. MacMunn alluded 
to the important place occupied by oil in the defences 
the country. Lieut.-Colonel Sir Arnold T. Wilson, in 
replying, anticipated that coal would form the source of 
future oil supplies, when close co-ordination between 
members of the Institution and those concerned in the 
coal industry would be indispensable. The health of 
‘“* Our Guests’’ was i by Mr. Herbert Barringer, 
and replied to by Oe cf Garland. Sir Arthur 
Duckham submitted the toast of ‘‘ The Institution of 
Petroleum Technologists and the President,” and, after 
an appeal for co-operation in research between such 
apparently diverse interests as coke and oil, gave an 
account of visits to some public schools made with a 
view ofinteresting youths in particular industries at an 
early stage in their career. Sir Thomas H. Holland, in 
his reply, expressed gratitude to the technical press 
for its support of the great petroleum industry. Durin 
the course of the evening a number of medals an 

miums were presented, both in the membership and 
student sections. 
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35 and 36, Bedford Street, Strand, London, W.C.2. 
We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRBSS, 
and that no conmection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 
TziecraPHio | “ ENGINEERING,” WESTRAND 
ADDRESS LONDON. 
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“ENGINEERING” may be ordered from any 
newsagent in town and ver and at railway book- 
stalls, or it can be supplied by the Publisher, post 
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THE DEBATE ON THE NAVAL 
ENGINEER. 


Ir must be quite evident that the reply given 
by the First Lord of the Admiralty in the House of 
Commons, when the question of the status of naval 
engineer officers was raised in the debate on the 
Navy Estimates on the 22nd ult., satisfied very few, 
and probably convinced none. Mr. Bridgeman used 
the unfortunate expressions that this matter had 
been looked at from a purely sentimental and 
rather puerile point of view, and that a small 
point had been much exaggerated. It may, indeed, 


_| serve the First Lord’s purpose in the House thus to 


describe a matter which engineers, both inside the 
Service and outside it, take seriously enough, but 
it does, we fear, little credit to his powers of dis- 
cernment. The debate proved very disappointing. 
Most of the talk centred round points other than 
the main issue. Many of the speeches were practic- 
ally confined to the necessity for specialisation ; 
Mr. Bridgeman’s was concerned mainly with the 
purple stripe. It is scarcely necessary to remark 
how beside the real point was the speech of Lieut.- 
Commander Kenworthy. Most of that member’s 
remarks was devoted to an exposition of the 
mistakes made by Lord Fisher and to proving that 
there was need of specialist executive, and engineer 
branches. As that fact is accepted by practically 
everyone to-day, the speech did little but confuse 
the issue. Mr. Bridgeman’s remarks, as those of a 
responsible Minister, are the more regrettable. The 
process of turning the subject aside, as he did, on a 
lesser point is commonly described as throwing dust 
in people’s eyes. 

It seems most unlikely that the matter is merely 
one of sentiment, when it is raised by the President 
of the Institution of Naval Architects in his annual 
address, and by the President of the Institution of 
Civil Engineers at a sister Institution’s banquet. 
Men of this standing usually have matters of more 
weight to bring forward on these occasions than 





8, 440, Fourth Avenue. For Advertisement: J. 
Allan York. 





*|mere sentiment. There is, however, clearly a 


desire in some quarters to treat the whole matter 
as too trivial for serious notice. This seems to be 
the attitude, not only of Mr. Bridgeman’s, but also 
of others. It is significant, for instance, that the 
Morning Post had a leading article some while ago 
in which it was argued that the engineers had lost 
nothing through the recent change, and, though this 
Journal reported the speeches at the recent meeting 
of the Institution of Naval Architects, all reference 
to the remarks of the Duke of Northumberland, or 
of Sir William Ellis, on this particular topic, was 
omitted. It is an old proverb that none are so 
blind as those who won’t see. 

Mr. Bridgeman contends that the engineers have 
lost nothing by the Order. If this is so, why was 
the honour of admission to the military branch 
conferred upon them in the past? Either this was 
done because it carried something with it, or else 
it was nothing more than a hollow form of compli- 
ment. As a matter of fact, with this grant the 
engineers reached a long-coveted goal. If, as he 
contends, Mr. Bridgeman has really taken away 
nothing, why has he troubled himself about it all, 
and what does he expect to gain by the change ? 
It is to be assumed that there was some object 
to be attained. A little more information on the 
advantages to be gained by the change would be 
more convincing than any amount of protestation 
that it has no disadvantages. All that the First 
Lord has so far vouchsafed is that “‘ it was done for 
the sake of simplicity and because experience has 
proved that it is quite impossible for one man to 
occupy himself with both execution and engineering 
work.” As we have already pointed out, the latter 
point is practically universally admitted. It is 
perfectly well known to the First Lord that the 
Joint Committee who waited upon him expressly 
set the interchangeability of duties on one side, but 
still urged the main issue—the right to military 
status. 

Can it be explained why, as we pointed out a 
fortnight ago, a warrant telegraphist should be in 
the direct line of responsibility from which an 
engineer officer is expressly excluded ? The necessity 
for specialisation requires the seggregation of the 
executive and engineer branches. But the executive 
are supposed to be experts in navigation, tactics, 
&c. These are matters, we take it, in which no 
warrant telegraphist could be expected to be 
adept, yet heavy responsibilities might, under the 
new Order, devolve upon him, although some 
engineer officer accustomed to control on a much 
wider scale might be present at the time. The 
reason for this curious preference is hard to seek, 
and the point requires elucidation. 

Again, we are told that the honour due to the 
engineer branch is admitted by the fact that His 
Majesty has been graciously pleased to appoint an 
engineer officer as one of his aides-de-camp. This 
is the first time that an engineer officer has been 
so honoured. Although we are pleased that the 
appointment has been made, we cannot refrain 
from remarking that it would have a more graceful 
act of recognition if the recommendation had been 
made many years ago. It is very long overdue. 
The present First Lord is, of course, not responsible 
for the neglect, but it may be fittingly pointed out 
that one honour of this kind is hardly a fair share to 
award to so important a branch. There are 
something like 34 officers connected with the Naval 
Service attached to His Majesty in one way and 
another. Of these no less than 12 are aides-de- 
camps appointed from deck officers. Others are 
from among chaplains, doctors, marines, &c.—and 
now one is an engineer ! 

In naval warfare, as distinct, let us say, from the 
Naval Service, there are three essentials to success. 
Any two without the third are nowadays perfectly 
useless. This trinity consists of navigation and 
tactics, engineering, and gunnery. These three are 
all equally essential, and are so interdependent that 
the responsibilities involved far exceed those of 
other duties on board. The work of accountant 
officers in action was drawn as a red herring across 
the debate in the House of Commons. Whatever 
these duties may be, they do not confer on the 





accountant officer in action the responsibilities of 
the three essential categories mentioned above. It 
appears to us that there is no rhyme or reason why 
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all the officers into whose hands these essentials are 
confided should not be on an exactly equal footing 
within the Service, in the sight of the other ranks, 
and in the eyes of the outside world. The case for 
this is admirably summed up in letters to The 
Times by Engineer-Captain H. W. Kitching, pub- 
lished on Tuesday last, and by Eng.-Rear-Admiral 
C. C. Sheen in the issue of Wednesday. 

This brings us to Mr. Bridgeman’s main point, the 
purple stripe, which he says the engineers have been 
asked to wear. If the First Lord will refer to the 
now famous order he will see that there is very little 
asking about it! Admiralty and Army orders are 
not usually worded in that way, and the one in 
question adopted the usual form of instruction. 
The stripe itself is not the main issue; but when 
Mr. Bridgeman says that ‘“‘ when people first meet a 
man they do not look at his coat or his stripe but 
they look at his face to see what type of man he is, 
as well as they can judge,” our faith in the First 
Lord’s knowledge of the Services is reduced to 
vanishing point. If this is the general state of the 
Navy, what is the use of any of these distinctive 
marks and uniforms? In Mr. Bridgeman’s navy 
any nice-looking man should be treated with 
respect. But who is to judge, between two good- 
looking men, which is to receive the greater regard, 
or are all to be equal ? Andif one, as he grows older, 
loses his good looks, is the respect in which he is 
held to follow suit ? A Gilbert would be needed to 
picture the possibilities of such an organisation ! 
So long as the Services exist, marks and distinctions 
will of necessity continue. But why if, as the con- 
tention is, the purple stripe means nothing, should 
such insistence be put upon it? The stripe itself, 
however, is not, we may say again, the main issue. 
The whole question is that of the status of the 
engineer and his right to be considered the equal of 
his brother officer on the quarter deck. 





INDUSTRIAL DEPRESSION AND 


ITS REMEDY. 


For many years past doctors have told us that’ 
in spite of the continual increase in the number and 
variety of drugs, the best practice makes the least 
use of physic. This habit is only a special case of a 
doctrine that has been approved in most branches 
of human activity. There are no limits, for instance, 
to the complexity that may be given to a machine, 
but for a given result the simplest mechanism is the 
best ; and the value of any device for producing a 
new effect, or bettering an existing condition, will 
depend not only on what it attains, but on the 
simplicity of the means that it uses. For a given 
result, again, the value of a method will be the 
greater, the less it interferes with the conditions in 
which it is applied. There is, indeed, no limit to the 
extent of interference that a method may be 
allowed, but a necessary condition for making it 
legitimate is that the interference shall be known to 
be the least that can produce the desired effect. 

These are bald generalities, and in practice there 
are few methods or constructions that can be 
designed safely by the aid of mere general principles. 
The circumstances in which work has to be done are 
almost always too complex to dispense with the 
guidance of practical experience, and times without 
number energy has been squandered through trying 
to put theory to work without that guidance. But 
although general principles by ‘themselves will 
seldom give a sufficient base for constructive work, 
they will, whether account is taken of them or not, 
furnish an inelastic framework within which the 
work must operate, like a) wagon within load and 
structural gauges. In unusual or particularly grave 
situations, therefore, nc prudent action can be 
taken before such general principles as are relevant 
are applied ; and one obvious criticism of the many 
proposals before the public in regard to the state of 
industry is tuat this indispensable precaution seems 
mostly to have been neglected. The object that 
seems to have preponderated over all others in the 
minds of the authors of these proposals has been 
apparently to tide over the present emergency by 
securing general agreement between the representa- 
tive bodies in industry. Few things can be more 
important than such agreement, its value, how- 
ever, just stops short of being priceless ; and little 








thought seems to have been spent on considering 
whether the price that some schemes propose to pay 
is within the value of the agreement to be secured, 
or whether it represents the least sacrifice by which 
agreement can be secured. 

Such considerations are suggested with particular 
force by the publication of the second interim report 
of the Committee on Industry and Trade.* Like its 
predecessor, which dealt with overseas markets, the 
present volume does not attempt to trace and 
co-ordinate the underlying causes of the phenomena 
it describes, nor still less to formulate recommenda- 
tions for action. Its main purpose has been to 
collect such statistical and other information as 
could be procured from official sources to throw light 
on the existing conditions and tendencies of relations 
in industry and their separate bearings on its 
efficiency. The collation of this material, which 
must include some appreciation of the mutual 
reactions of its several factors, is left for a later 
report, in, or after, which the Committee will have to 
make its recommendations. What it presents now 
is a lucid and impartial statement of some of the 
more important facts on which those recommenda- 
tions must be based. It is published at the present 
juncture in the belief that a thorough examination 
of the material it embodies will enable its readers to 
understand better the problems to which the facts 
relate, and that in addition to its permanent value 
it should be of special assistance to those who wish 
to examine the question of industrial relations in 
any of the aspects that at the moment are under 
public consideration. The publication of so impor- 
tant a collection, with the purpose of exhibiting not 
proposals for action, but leading facts on which they 
must be based, is perhaps a useful corrective to 
many publications in aid of industry, the proposals 
of which seem to go much beyond their facts. It 
may be remarked incidentally that in many con- 
nections the report will be a valuable book of 
reference, the convenience of which is enhanced by 
a full introduction describing the purport of each 
chapter, detailed tables of contents, and an excellent 
index. 

In outline the contents may be shortly described, 
and will be followed the more readily and instruc- 
tively with the help of the Introduction, which is 
in the form of a current summary, with references, 
to the pages of the text and the statistical chapter 
with which it concludes. The first chapter deals 
with variations in population, which the committee 
recognises as having at least an indirect effect 
on the relations between employer and employed, 
that they are concerned primarily to study. It 
includes information on the present and past 
extent and distribution of population by age, sex, and 
occupation, and particulars are also given of the 
extent of migration and the number of persons of 
working age. The next chapter deals with wages, 
under the headings of rates from 1914 onwards, 
their relation to cost of living and a comparison of 
“real” wages in London and in certain cities 
abroad, systems of wage payment, with special 
sections on time work and piecework under the 
Admiralty and the War Office, and on family allow- 
ances in certain foreign countries. A long chapter 
is devoted to conditions of labour, including sections 
on hours of work at home from 1914 to 1925 and 
abroad, time lost through sickness or unemploy- 
ment, and trade disputes, welfare at home and 
abroad, and other subjects. The course of unem- 
ployment is traced from 1881, and its extent and 
distribution at home from 1921 to 1925, and in 
some foreign countries is given with statistics. The 
longest chapter deals with machinery for industrial 
negotiation. After a detailed historical note on con- 
ciliation and arbitration, an account is given of the 
machinery for negotiation as employed in the export 
and transport industries, short particulars of trade- 
union membership between 1892 and 1924, sections 
on Trade Boards, Joint Industrial Councils, Works 
Committees, and National Industrial and Economic 
Councils, attempts to enforce voluntary agree- 
ments, profit sharing and copartnership, the extent 
of time lost in industrial disputes between 1893 
and 1924, and a long account of legislation for 





* Survey of Industrial Relations, based on material 
mainly derived from official sources. H.M. Stationery 
Office. [Price 5s. net.] 


settling and preventing disputes in the Dominions 
and many foreign countries. The statistical chap. 
ter gives tables relating to the facts and statistical 
matter given in the previous chapters. 

For the detail of the information reference must 
be had to the report itself. Some important 
figures cannot be given from departmental sources, 
Thus, although the figures show as between 1924 
and 1913 a small increase in the wages part of the 
“real” cost of production, measured by correcting 
for the altered value of money as shown in the index 
number for wholesale prices of commodities, the 
extent of this rise may, as the report points out, 
have been affected essentially by alterations in 
effort, efficacy, and assistance from capital and 
industrial organisation, which cannot be estimated 
from official figures. Generally, however, the 
committee has succeeded in obtaining at least as 
much information as is necessary for its present 
purpose. In effect, little of it will be new to our 
readers, but much will be found expressed more 
appropriately and with greater precision than in 
previous publications. The difference between 
earnings in the sheltered and the unsheltered trades, 
and, in particular, the relatively unfavourable 
position of unsheltered skilled men as against 
sheltered skilled and unskilled, appears clearly. 
This is shown in comparative statements of weekly 
rates expressed in “ real’ wages, corrected for this 
purpose by index numbers for retail commodities, 
and shows unsheltered skilled men to be on the 
average about 9 per cent. worse off than before the 
war, neglecting what they have gained by increased 
use of payment by results, and lost by unemploy- 
ment and short time; where on piece work such 
men, as the report points out, may be as well, or 
better off, than before the war. Unskilled men, on 
the other hand, in both sheltered and unsheltered 
industries, and skilled men in sheltered industries 
are better off, even on daywork. No statistics show 
the relative proportions of daywork and payment 
by results for later than 1906, when in the engineer- 
ing and electrical manufacturing industries only 
about 27 per cent. of the men were paid by results, 
and in building and wood-work only 5 per cent., the 
proportions varying with the occupation. 

These wages are earned on a day, of which 
the length is about 10 per cent. less than before the 
war, a change that was brought about during the 
temporary prosperity of 1919-20, but has been 
maintained ever since. On a careful consideration 
of the figures of foreign countries the report arrives 
at the conclusion that in June, 1924, the average 
purchasing power of an hour’s wages in the capitals 
of the continental belligerent powers was about 
three-fourths of the figure for London, a value 
about equal to that given by the International 
Labour Office for Berlin in October, 1925. A 
good deal of legislaticn has been enacted on the 
Continent, imposing’an 8-hour day ; but as a rule 
exemptions are given freely, and in Germany over 
half the men engaged in metal and engineering 
work worked more than 48 hours a week, and 
about one-sixth worked over 54 hours. The 
gravity of the present situation is indicated not 
merely by the number of unemployed, but by the 
fact that it has now lasted for five years. On the 
average, aS many persons are employed now as 
before the war, and the excess of unemployment 
is about equal to those who have come into the 
industries since then; it will be remembered that 
the report of the Coal Commission draws attention 
to the number of men who crowded into the mines 
during the war, and the same tendency was seen 
notoriously in the munition trades. Part of this 
excess must, however, have arisen from the natural 
growth of population, retarded though it has been, 
and part from a considerable reduction in emigra-~ 
tion; but whatever the cause the aggregate effect 
has been to raise the numbers of men in the higher- 
age groups to an extent that “cannot have been 
without its effect on productive costs and hence 
on unemployment.” Official data do not allow 
statistical measurement of the effect of demarca- 
tion “in increasing the cost of production and 
diminishing the competitive power of British in- 








dustry.” It is found ‘ most of all in trades like 
many branches of the metal, engineering, ship- 
building and building trades.” 
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These facts are a very small sample of the infor- 
mation in this report with a direct bearing on 
production and unemployment. Besides much 
more on the same lines the information in regard to 
mechanism of negotiation is well worth considera- 
tion, with special regard to the question of whether 
it would not be more effective if it were simpler and 
more direct. This is not the time to speculate on 
what the Committee may ultimately recommend ; 
but their present report serves at least as a reminder 
that either the sources of inefficiency which its 
facts indicate will have to be remedied, or British 
industry will have still to work under the handicap 
they impose. Whether men can afford to consume 
the proportion of their output represented by their 
present wages while their German competitors 
consume a fourth less, or whether they can afford 
to consume even more than they do, depends simply 
on the production they get in their hours of work, 
which is the only source from which they can get 
paid. If they cannot produce enough to allow this, 
they will either have to take less of what they pro- 
duce, or go without orders and employment. To 
increase production by earning and getting paid 
more, or by working reasonable overtime when 
circumstances demand it, or by allowing work to 
be done by any man who can do it, is no concession 
to employers, nor even to consumers. It is a means 
of keeping employment in face of foreign competi- 
tion, and the only alternative to less wages or no 
wages. The man and the employer are in the same 
boat; how they get on will depend on how well 
they pull together. The problem for the employer 
and the industrial trade unionist is to learn to pull 
together, and to simplify the mechanism by which 
they are connected. 





ANGLO-AMERICAN TRADE. 


Two events which have been accorded prominence 
in the daily Press give increased interest to one of the 
latest reports of the Department of Overseas Trade. 
These events are, the visit of six representatives 
of the engineering trades unions to America to in- 
vestigate for themselves the conditions under which 
their brethren there secure greater output ; and the 
development of the latest negotiations in the British 
coal industry. The report we refer to is one of the 
Overseas Department’s regular series, and deals 
with the Finance Industry and Commerce of the 
United States of America. It is by Mr. J. Joyce 
Broderick, Commercial Councillor of H.M. Embassy, 
Washington* and is carried as far as October, 1925. 
It contains, along with much interesting data, 
some pertinent passages on such matters as those 
instanced above. — 

Apart from the lessons to be learned from the prac- 
tice of other countries in the conduct of their great 
industries, the subject of coal production abroad is 
of direct interest to Great Britain. In this case, 
Mr. Broderick, referring to the rise in price of both 
bituminous and anthracite coal in U.S.A. conse- 
quent on disputes, states that a continued increase 
in this direction indicates the possibility of orders to 
British shippers for Welsh anthracite, as well as low 
volatile bituminous coal, from importers on the 
North Atlantic coast. Bituminous coal-mining in 
America differs from the anthracite in being partly 
worked by union and partly by non-union labour, 
anthracite being mined entirely by the former. A 
three years’ agreement, expiring in March 31, 1927, 
was entered into between the owners of bituminous 
mines and men in the union areas, and has resulted 
in conditions in which it has been impossible to meet 
competition from non-union mines, and conse- 
quently the closing down of those worked by union 
labour. Proposals for a revision of the rates having 
been rejected, some of the colliery companies, on 
petitions from the un-employed men, re-opened 
their mines at the non-union rates, the men having 
necessarily broken away from the union. This is 
held to be a breach of the agreement by some of the 
leaders, but their arguments are considerably 
weakened by the fact that one of the strongest 
trade unions, the Brotherhood of Locomotive 
Engineers, owns or controls one or more mines 





which are operated at rates of wages much below 
the scale of the United Mine Workers Union. 

The anthracite fields are controlled by a relatively 
small number of large companies, all more or less 
connected with one another, and are all worked by 
union labour. The strike in this industry which 
took place, for a wage concession, on the expiry of 
the last agreement on September 1, 1925, naturally 
shortened the supply of anthracite and this in- 
creased the demand for bituminous coal, with the 
consequent increase of prices of both sorts alluded 
to above. The miners, as a matter of fact, returned 
to work on February 18, 1926, on the basis of the 
old contract, which has been renewed for five years, 
subject to some fresh provisions for wage revision 
and arbitration if the need arises. This resumption, 
which does not increase the cost of anthracite 
mining, was signalised by an immediate fall of 20 
to 40 per cent. in the price of coke and other low- 
volatile fuels used in place of anthracite. There is 
still a scarcity of all but bituminous coal, and the 
outlook for-the industry, therefore, is by no means 
settled. Both the anthracite and bituminous coal 
markets may have to adjust themselves to the 
change in demand resulting from the shortage of 
hard coal, while the producers of soft coal have 
still unsettled wage questions to face. 

The coal export trade considered as a whole 
has shown a decline. American exports were, in 
1924, about 3-5 per cent. of her production, which 
was just over 17 million short tons. This was a 
drop of 20 per cent. on the figures for 1923, but in 
spite of this there are certain aspects of her coal 
trade which are worthy of careful note. One of 
these is the expansion of American exports of 
bituminous coal to Italy, this having increased 
from 585,000 tons in 1923 to 871,000 tons in 1924. 
More striking still is the rapid growth of the trade 
with Central and South America. In 1923, 0-64 
million tons were exported to these countries; in 
1924 the figure had risen to 1-44 million tons. Of 
anthracite, in 1924, America exported 3-58 million 
tons, Canada, who took nearly 98 per cent., being 
the largest customer. 

The important petroleum industry is suffering 
from over production, and it is stated that heavy 
stocks of crude oil have accumulated. This has 
also occurred in the case of petrol. To such an 
extent has this happened that, to get rid of these 
stocks price cutting has been resorted to. In spite 
of this evidence of large supplies, or perhaps as a 
result of it, a Committee of the American Petroleum 
‘Tustitute was formed to investigate the assertion of 
prominent geologists that America’s petroleum de- 
posits would be exhausted by 1950, or sooner. The 
Committee has issued a very optimistic report, 
which states unequivocally that this estimate is 
very wide of the mark. It predicts recovery of 
oil at present left in wells through expense of 
pumping; and that, as the limit of deep drilling 
has not yet been reached, oil may still be obtained 
from the lower levels of existing fields. It further 
points out that there are immense areas of possible 
oil-bearing land as yet unexplored, and expresses 
conviction regarding the certainty of further 
discoveries, while it refers to the native deposits 
of shale and lignites as affording an almost unlimited 
supply of oil when cost of production permits. 

Two paragraphs of the Committee’s report are, it 
is to be feared, a little sensational. One is to the 
effect that the mileage of the motor car per gallon 
can “‘ be doubled by structural mechanical changes,” 
while the other states that the extension of the 
cracking process applied to fuel oil in order to 
procure increased supplies of petrol will so diminish 
the supply of fuel oil available that it will cease 
to compete with coal. We do not think the 
modern car manufacturer will consider the first at 
all likely for many a long year, while the Diesel- 
engine maker will hardly welcome the second, to 
say nothing of the users of fuel oil under boilers. 
The report apparently does not give any figures of 
the bulk of the petroleum export. 

The electrical industry in the United States is in a 
very flourishing condition, due to the extremely rapid 
increase in the consumption of cyrrent, the average 
mean daily output, having increased by over 63 
per cent. since 1919. In view of the present elec- 
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to note that the increased demand is accompanied 
by a marked reduction in the price of current due 
to the consolidation of production, a relatively few 
large companies taking the place of numerous 
smaller ones. As evidence of prosperity in manu- 
facturing concerns, the Westinghouse Electric and 
Manufacturing Company are stated to have created 
a record in monthly sales in 1925, being closely 
followed by the General Electric Company and 
others. The report does not refer in detail to hydro- 
electric schemes. 

The manufacture of the many forms of motor 
vehicles now constitutes very nearly the largest 
industry of the country. It gives employment to 
about 3,000,000 people. Examination of the figures 
of the report shows that output is still increasing. 
Stocks at the commencement of the 1926 season 
were expected to be rather too heavy. Grouping, 
as in electric distribution, is also taking place in this 
trade, the control of 85-68 per cent. of the total 
output in the first half of 1925 being in the hands of 
about 10 large companies. Hitherto, the domestic 
market has been the chief outlet, but it is shown that 
this, from various reasons, is becoming relatively 
less important, and the point is strongly emphasised 
that the energies of American automobile manu- 
facturers are soon likely to be more vigorously 
directed to the export field, both by direct shipment 
and by setting up assembly plants in the countries 
invaded, the attack being rendered more effective 
by the more powerful sales organisations of the 
large groups. The probability of this campaign is 
worth noting, as also is the fact that Canadian works, 
controlled by American capital, are likely to be used 
for building cars for export. The average export 
price for passenger cars in 1924 was 10-7 per cent. 
lower than the retail price in the United States. 
In connection with the motor trade it is interesting 
that only a few of the smaller tyre-manufacturing 
concerns were affected by the recent rise in rubber, 
about which so much was heard. The increase of 
the use of the balloon tyre, from 18 per cent. of all 
the types fitted in 1924, to 68 per cent. in the first 
seven months of 1925, is indicative of a permanent 
change in the requirements of the public. 

The iron and steel industry has suffered somewhat 
from the universal depression of recent years. The 
effect of the almost complete substitution of the 
eight-hour for the twelve-hour day in this trade has 
not yet been fully investigated. Some imports have 
increased of late. Steel bars, joists, rails, &c., from 
Europe have been offered at Atlantic ports at 
sufficiently attractive figures to capture a portion 
of the domestic trade. Other imports, such as 
pig-iron, of which Great Britain has always been 
the principal supplier, have decreased considerably. 
Purchases of all classes of cutlery are also stated to 
have fallen off, and the suggestion is made that, as 
the particular merits of Sheffield cutlery are not so 
widely known as they might be, a co-operative adver- 
tising campaign might be productive of increased 
business. 

It must not be thought that, because we have 
commented only on matters of engineering interest, 
Mr. Broderick confines himself to these. On the 
contrary, there are in the report notes on textiles, 
clothing, silk, leather and leather products, pottery, 
chemicals, and soforth. As a matter of fact, stress 
is laid upon the point that it is in these industries 
and the luxury trades, rather than in the heavy 
industries, that possibilities for British enterprise 
lie, and some valuable suggestions are made with 
regard to areas which, though now neglected, might 
provide good markets if properly canvassed. 

One broad lesson must not be overlooked. This is, 
that an enormous market is afforded to the American 
exporter by the British Empire. No less than 
40 per cent. of the total value of American exports 
finds its way to us here or Overseas. No figures are 
available of the volume of Empire trade in return, 
though it may be said that, since the war, Canada 
now occupies the former position of Great Britain 
as chief supplier to the United States. In 1924 
the mother country was relegated to second place, 
and supplied only a little over a third of the value 
of British purchases by the United States, and only 
10-2 per cent. of the total American imports as 
against 10-7 per cent. in 1923. 
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in the review of labour and social questions. The 
American Federation of Labour, which is stated to 
have about three million members, has recently 
adopted resolutions condemning political activity 
on the part of such organisations, and also, the 
invasion of private industry by the Government. 
Again, the operation of the immigration quota 
scheme is said to have already restricted the supply 
of ordinary labour, and employers and labour leaders 
will no doubt shortly be ranged in opposite camps 
over the question of the modification of this law, 
which it is considered has also affected the shipping 
industry to a serious extent by reducing passenger 
traffic. 

The shipping trade generally appears to be in a 
chaotic condition, while as regards railways and 
inland waterways in America there have been few 
fresh developments of interest. The entry of 
Messrs. Ford into commercial aviation on a practical 
scale is a comparatively recent event. 

One section of the Report, which will probably 
appeal to the engineer, refers to the movement to 
simplify practice and eliminate waste in industry 
and trade. This is extending at a rapid pace in all 
directions. As an illustration of the work done, it 
may be stated that the sizes and gauges of sheet steel 
have been reduced from 1,819 to 263, sizes and types 
of rasps and files from 1,351 to 496. Sizes and 
varieties of woven wire fencing from 552 to 69. 
These are only three examples among many. The 
movement is all to the good, even if only looked 
at from the point of view of the British exporter. 








THE RARE GASES OF THE 
ATMOSPHERE.* 

At the Royal Institution on Saturday, March 20, 
Sir Ernest Rutherford, F.R.S., delivered the third 
lecture of his course on the above subject. 

He stated that on the last occasion he had 
explained how, by coupling up a neon lamp in 
parallel with a capacity and in series with a 
resistance, the current through the lamp became 
intermittent, the light being given out in a series 
of flashes. This property, he added, had proved 
very useful for investigating by stroboscopic methods 
the working of machinery in motion. By varying 
the resistance, the periodicity of the flashes could 
be increased or diminished almost indefinitely. 
The combination of a neon lamp with a resistance 
and a capacity could, moreover, be arranged so 
as to be very sensitive to any kind of radiation 
capable of producing ionisation within the bulb 
of the lamp. To this end, matters were adjusted 
so that the neon tube was just on the point of 
“*flashing.” In this condition, flashing occurred 
immediately, if the tube were exposed to radium, 
to X-rays, or even to ordinary light. How light 
caused the flash was still somewhat obscure, as it 
had to pass through the glass wall of the tube, 
which would rob it of most of the ultra-violet 
rays. It might possibly be a photo-electric effect, 
in which the light acted on impurities from the 
electrodes deposited on the wall of the tube. He 
thought it probable that the sensitive neon tube, 
like the Geiger counter, would respond to a single 
a particle, but he haa not tried this. In general, 
the flashes were single, but there was sometimes 
a train of them. 

The size of the atoms of these inert gases increased 
but little as the atomic weight rose. The term size 
was perhaps somewhat indefinite, but might be 
regarded as fixed by the least distance within which 
two atoms could approach without deflecting each 
other’s paths. This represented the diameter of 
the sphere of action of the atom, and, from measure- 
ments of the viscosity, the values given in the table 
had been deduced by Professor Rankine. 

The atomic weight of xenon was more than 
three times that of argon, but there was, it 
would be seen, no great difference in the atomic 
diameters. 

Neon was the first of the stable elements to be 
recognised as a mixture of isotopes. Evidence 
pointing to this conclusion was first brought 





* ErratumM.—On page 353, ante, near the middle of 
the first column, for ‘* isotopes of xenon ’’ read ‘‘ isotopes 
of the last of the inert gases."’ On page 354, near the 
top of the middle column, for ** 1808”" read ** 1868 ”’. 


forward by Sir J. J. Thomson, and this was subse- 
quently substantiated by the brilliant work of 
Aston:by his ‘‘ focus ’’ method of positive-ray analysis 
(see ENGINEERING, March 12, 1920, page 335). 
In this way it was proved that neon was a mixture 
of two isotopes, of which the predominant one had 
an atomic weight of 20, that of the other being 22. 
With the exception of helium, all the inert gases 
were mixtures of isotopes. In the case of argon, 
the one isotope had an atomic weight of 36, and 
the other of 40. In Dr. Aston’s photographs a 
trace also appeared, corresponding to an atomic 
weight of 41, but this was believed to belong, not 
to an isotope of argon, but to a hydride of that gas 
manufactured in the discharge tube. The out- 
standing characteristic of these monatomic gases 
was that they were all chemically inert. A study 
of the group had thrown much light on the con- 
stitution of the elements, and, in particular, as to 
how the electrons were arranged round the respective 
atomic nuclei. These nuclei were exceedingly 
minute, but in them was concentrated almost all 
the mass of the atoms. 




















Gas. Helium. | Neon. | Argon. |Krypton.; Xenon. 
Atomic weight | 4-00 20-2 39-88 | 82-92 | 130-2 
Viscosity at 0] 1-88x | 2-98x | 2:10x | 2-33x | 2-11x 

deg. C. vo) See 10-4 10-4 10-8 10-4 
Atomic diameter} 1-89x | 2-35x | 2-87x | 3-19> 3-51 x 
ie --| 10-8 10-8 10-8 10-8 10-8 
Atomic number 2 10 18 36 54 
Resonance po-| 19-7 16-6 11-5 9-7 8-9 
tential volts 
Tonisation po-| 24-6 21-5 15-2 12-7 10-9 
tential volts 
Boiling point C.| —269 —239 —186 —169 —107 
Density of liquid} 0-14 _ 1-41 2-16 3-52 




















They carried a positive charge, and were sur- 
rounded at appropriate distances (very large in 
comparison with their own dimensions) by a 
number of electrons sufficient to render the normal 
atom neutral. This number was the atomic number 
of the element. It was 1 in the case of H., 2 in 
the case of helium, and so on up to uranium, which 
had 92 electrons around its nucleus. The hydrogen 
atom had but one electron, and was the simplest ; 
helium had 2. It was not quite certain how these 
two electrons moved, but it was generally believed 
that they moved in crossed orbits. The atomic 
number of lithium was 3, and it had three electrons 
external to the nucleus. Of these, 2 were arranged 
in the same way as the 2 of helium, but the third 
moved in a very much larger orbit. In all the 
elements, save hydrogen, the two innermost electrons 
were arranged on the helium model, and were 
known as the K electrons. As we passed in order 
from element to element, the atomic number 
increased, and when we came to neon there were 
10 electrons, of which the two innermost were 
arranged as in helium and the remaining 8 formed 


to what was known as the L group. The next 
element after neon was sodium, which had 11 
electrons, of which 2 belonged, as stated, to the 
K group and 8 to the L group; whilst with the 
eleventh a third or M shell, of much greater radius 
than the L shell, was commenced. After sodium 
came magnesium, which had two electrons in the 
M shell. This was followed by aluminium, which 
had in all 13 of these electrons, of which 3 were 
in the M shell. Proceeding in this way up the 
list of the chemical elements, the number in the 
M shell increased until it contained 8. The total 
number was then 18, which was the atomic number 
of the inert gas argon. After argon came potassium 
with 19 electrons, with one of which a new shell 
known as the N shell was commenced. 

In all cases the inert gases marked stepping 
stones in the list of the chemical elements, and 
in their outermost shell these inert gases always 
contained eight electrons. These were not, in all 
cases, moving in exactly the same way, but in some 
sense it was evident that they must be very sym- 
metrically arranged, and they, more or less, marked 
out a space, outside of which there was very little 
stray force. It was owing to this that the atoms 
of these gases had very little attraction, either for 
each other or for those of other elements. All the 


similar properties, and this was also true of those 








immediately following an inert gas. 


an outer shell. The electrons in this shell belonged | 


elements immediately preceding an inert gas had | P 


As first suggested by Kossel, the valency of an 
element was fixed by the number of electrons in 
its outermost shell. Neon had eight electrons in 
this shell, and was inert. Next came sodium, with 
one electron more, and this electron belonged to a 
new shell, and described a big orbit. It could, 
therefore, be easily removed under suitable excita- 
tion, and the inner structure of the atom thus ionised 
was then similar to that of neon. In the case of 
aluminium there were three electrons in this new 
shell, and these three could be easily removed. 
The atomic number of chlorine was 17, which was 
one less than that of argon. To get a structure 
similar to this latter body, chlorine must add 
another electron to its outer shell, and this it always 
tried to do. Chlorine, therefore, was easily ren- 
dered negative, whilst sodium, as it tended to lose 
its single outer electron, easily became positively 
charged. The two elements, therefore, tended to 
combine, forming NaCl. In the case of magnesium 
there were two electrons in the outer shell, and 
the atom of magnesium could therefore satisfy 
the wants of two atoms of chlorine, forming the 
compound MgCl,. Similarly we had AICI, and Si 
Cl,. In all cases the elements tended by mutual 
interaction to acquire the stable form of an outer 
shell containing exactly eight electrons. 

This view of the matter had been confirmed by 
measurements of the structure of crystals of 
potassium chloride. In the list of atomic numbers, 
chlorine came immediately before argon, and’ potas- 
sium followed immediately after. If chlorine gained 
an electron and potassium lost one in forming KCl, 
then each atom of the compound would have exactly 
the structure of argon, and should occupy the same 
space as two atoms of argon would do when in 
closest contact. Observation had shown that this 
was actually the case. 

In the discharge tube, a gas was ionised when an 
electron, as occasionally happened, collided with 
one of the outermost shell of electrons. There 
were, however, cases in which the energy of the 
colliding electron was insufficient completely to 
remove the electron, but was great enough to move 
it out to another position in which it was com- 
paratively stable. This electron, then, ultimately 
fell back to its original level, and in doing so emitted 
radiation. Where the energy of the colliding 
electron was sufficient to produce complete ionisa- 
tion, the atom, later on, attracted to itself another 
electron, and this, as it fell in to one level or another, 
might give, stage by stage, the whole of the line 
spectrum of the element concerned. The energies 
required for the mere shifting of an electron to a 
new temporarily stable level were represented by 
the resonance potential, and as indicated in line 5 
of the table given above, was considerably less 
than that needed for complete ionisation. 





Tue Om Tank STEAMER “ SuHrrak.’’—The single- 
screw oil tanker Shirak, the launch of which was referred 
to in our issue of January 8 last, page 54, recently com- 
pleted her official full-speed trials at sea, under fully- 
loaded conditions. She has been built, to the order of 
the Baltic Trading Company, at the Walker Yard of 
Messrs. Sir W. G. Armstrong, Whitworth and Co., 
Limited. The propelling machinery consists of a set 
of direct-acting, surface-condensing engines, and steam 
is supplied by three multitubular boilers at a working 
pressure of 180 Ib. per square inch. The boilers are 
equipped for burning either coal or oil. 





STANDARD SPECIFICATION FOR Surps’ SipE ScCUTTLES 
anD Frames.—The British Engineering Standards 
Association published recently a British standard 
specification for Ships’ Side Scuttles and Frames, Type 
“A.” The specification deals with side scuttles and 
frames wnleuble: for six different positions on a vessel, 
i.e., from 14 ft. above the deepest load water line, 
down to the underwater type of fitting. Six tables, each 
of which is accompanied by a diagram, are given. A key 
to all the tables is also included. ‘The fittings dealt with 
in the pamphlet are suitable for passenger vessels, and 
for the better class of cargo boat. They are designed to 
give good service under all conditions, and they should 
cost less to produce, as the specification has been drawn 
up in order to minimise the number of different designs 
and the variations in scantlings which now exist. e 
Association has under preparation a specification for 
side scuttles for cargo boats, Type ‘‘ B,” which should 
be ready for publication towards the autumn of the 
resent year. Copies of the new specification (No. 
3024-1926) may be obtained from the B.E.S.A. Publica- 
tions Department, 28, Victoria-street, London, S.W.1, 





price ls. 2d., post free. 
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THE LUBRICATION PROBLEM. 


AurnoucH lubrication occupies little of the 
attention of the average engineer and involves 
relatively small expenditure, it from time to time 
becomes insistent in connection with a new develop- 
ment, or a sudden outcrop of trouble, and the engi- 
neer concerned then feels aggrieved at the absence 
of a satisfactory method of grasping his problem to 
investigate it. He is deprived of the feeling that 
through a logical treatment of his troubles he will 
be able to dispose of them and turn to what he 
considers more pressing business. In some cases, 
as, for instance, control over a fleet of vehicles, the 
actual cost of lubrication may become a matter of 
sufficient moment to cause him personal dissatis- 
faction because he cannot convince himself, let alone 
those to whom he is responsible, that he is using the 
cheapest lubricant which will efficiently meet the 
conditions. Probably the only help that the sup- 
pliers can give will be a bald statement that the oil is 
the best in quality, while science provides an array 
of tests, none particularly convincing and some 
openly admitted to be uncertain. An example 
is furnished by the various forms of asphalt test 
which should be helpful in the determination of a 
good non-carbonising oil for internal-combustion 
cylinders, but which have not been fully correlated 
the one with the other, or with practical results 
in the engine. The facts are that the requirements 
of a lubricant vary very widely in the many 
friction-reducing devices required by the engineer, 
and that the most commonly used lubricant, 
mineral oil or grease, is an exceedingly complex 
compound whose properties depend upon the source 
of the crude oil and the refining methods. 

Among contributions to this subject there are to 
be found many by engineers, based on practical 
experience, which are without value to students 
because the oils used are not defined scientifically, 
while many other contributions by chemists and 
physicists dealing with the characteristics of various 
oils are without direct practical value because the 
units with which they deal are not correlated with 
everyday engineering values. The cause of the 
present unsatisfactory state, which has apparently 
become more difficult for the engineer, rather than 
less so, with the growth of knowledge, can be traced 
to the tremendous increase in the popularity of 
the motor-car accompanied by a consequent 
increase in demand for lubricants, which has in- 
duced refiners to produce them from every possible 
source. At the same time the heavy demand for 
petrol has led to the opening up of new fields of 
supply and left refiners with large stocks of residue, 
after motor spirit has been distilled over, from 
which it has been found possible to produce lubricat- 
ing oils of some sort. As a result the old rule-of- 
thumb physical tests can no longer be taken as 
safe guides to an oil, without qualifications based on 
a wide chemical knowledge. Further, the grades 
into which mineral lubricating oils can be divided 
are now numerous and the price range over these 
grades is considerable, so that where accurate know- 
ledge exists of the lubrication requirements, and of 
the characteristics of the different oils, considerable 
economies may be possible in consumption and in 
cost. In such selection the co-operation of the 
chemist has been indicated, but so far he has not 
been able to lay down a clear chemical definition 
of a good lubricant which the engineer can make 
use of. 

In America an attempt has been made to con- 
centrate on the problem through the medium of an 
Institution of Lubrication Engineers, and the 
subject is so specialised and important that the 
title of ‘‘ Lubrication Engineer” may be warranted, 
if not the provision of a special institution to watch 
over his interests. We have not yet gone to this 
length in this country, but the Society of Chemical 
Industry is taking an interest in the subject, and a 
group of papers was read before the Chemical 
Engineering Group of that body on March 24. The 
meeting suggests an attempt to bring co-ordinated 
scientific attention to bear upon the subject of 
lubrication. In giving effect to this desire, however, 


the society might have been better advised not to 
have included two papers out of the four. These 
two papers dealt with ball and roller bearing design 
and tended to disperse the attention which should 








have been focussed on the remaining two papers, 
which were contributed by chemists and dealt with 
the subject of lubricating oils. 

The contributions as a whole did not do much 
more than emphasise the shortcomings of the 
present position. Thus Dr. Dunstan’s paper upon 
“General Properties of Lubricating Oils and Their 
Practical Application,” while providing a fairly 
complete and clear survey of chemical and physical 
tests, particularly in the light of the source of 
mineral oils, did not come any nearer to providing 
the engineer with a general specification. Again, 
one of the papers on ball and roller bearings, by 
Mr. R. Allan, touched upon their lubrication, and 
yet, in spite of the work which has so far been done 
in the direction of standardisation both by the 
Institution of Petroleum Technologists and by the 
B.E.S.A., he furnished a specification for a suitable 
oil for the purpose in which he quoted the viscosity 
in Engler units instead of the recognised Redwood 
seconds. Moreover, his specification was so open 
that there is no doubt it could be met by a large 
number of oils which the author would not admit 
as suitable. With the wide price variation now 
existing, this is always one of the dangers of an 
attempt to buy oil competitively to a specification. 

The paper on “ Some Characteristics of Lubrica- 
ting Oils,” by Mr. J. E. Hackford, afforded perhaps 
the best effort in the direction of showing how the 
chemist can help the practical man, and dwelt 
upon the important aspect of the employment of 
recovered used oils, a matter of growing interest 
as the demand for motor oils gradually increases all 
over the world. The author referred, unfortunately 
too briefly, to a proposed new test in connection with 
the acid value of oils, the idea being to express it on 
a basis of the electrolytic value as determined in a 
special instrument. This would afford a guide to 
the liability of the oil to bring about erosion, which 
is, of course, the important consideration as far as 
acid value goes, and which arises where different 
metals in the machine may form the electrodes of a 
primary cell. This again illustrates the importance 
of the chemist in evaluating lubricating oils, and the 
future development of the science of lubrication 
would seem to lie in the close co-operation of the 
engineer and the chemist, the former dissecting his 
problems and classifying much more closely the 
desiderata for efficient lubrication and the latter 
continuing his efforts to establish tests which shall 
permit of oils being readily graded in accordance 
with their suitability for the different conditions 
defined. In such a way we may hope in the future 
to see reduction of friction treated on a fully scientific 
basis both in design and in maintenance, thus 
making the best use of all our materials. 





NOTES. 
STANDARDISATION IN DENMARK. 

The Danish Government has just appointed 
an influential and representative commission for 
the purpose of furthering standardisation in 
Danish industries. The whole subject is to be 
considered, and when suitable proposals have been 
examined and accepted by the industries of the 
country, they will be specified as Danish Stan- 
dards. The Union of Danish Engineers and 
other bodies have for some time been working 
for the introduction of standardisation, but it has 
long been felt that a centrol body like the com- 
mission now appointed was essential. Denmark, 
compared with England, Germany, America and 
Sweden has been, so far, somewhat backward in 
this movement. The standardisation will naturally 
not be carried to any national extremes so as to 
clash with international requirements, and in the 
matter of shipbuilding, for instance, no material 
deviation from international, especially English, 
types will be adopted. 


ASSOCIATION OF SPECIAL LIBRARIES AND INFORMA- 
TION BUREAUX. 

The Association of Special Libraries and Informa- 
tion Bureaux, the aims of which we discussed in 
our issue of October 2, 1925, was formally inaugu- 
rated at a meeting held at the Institution of Mechani- 
cal Engineers on Monday, last. The chair was 
occupied by Mr. J. G. Pearce, Director of the British 


Cast-Iron Research Association. The formation 
of the Association was approved by the meeting ; 
the existing Standing Committee was re-elected 
until the next conference in September, and the 
new Association was authorised to take over the 
financial assets and liabilities of the Standing 
Committee as from January 1, 1926. In connection 
with the matter, certified accounts were submitted 
showing a small balance in hand to which falls to 
be added a second donation of 7501. from the Car- 
negie United Kingdom Trustees. The chairman 
stated that the work of the former Standing Com- 
mittee in the compilation of a Directory of Special 
Libraries and Information Bureaux in Great 
Britain would be continued. The cost of this was 
estimated at 2,000/., and the liability would be met 
by a grant of that sum from the Carnegie United 
Kingdom Trustees. He stated also that it was 
suggested membership should be institutional 
rather than individual. Ordinary membership, for 
which the annual subscription was two guineas, 
would be open to those engaged in or directly 
concerned in Library, Research, Statistical or 
Information Services. Associate membership, with 
a subscription of one guinea per year, would be 
open to those interested but not directly engaged 
in the above pursuits. The details of articles of 
association and some other more or less formal 
matters would be considered either at the next 
conference, which is to be held at Balliol College, 
Oxford, in September, or at an earlier meeting, at 
a date yet to be fixed. The organising secretary of 
the association is Mr. Guy W. Keeling, and its 
present address, 38, Bloomsbury-square, W.C.1. 


{USSIAN Frotinta LEADERS. 

The decision of the Russian Admiralty to order a 
number of 2,200-ton flotilla leaders from Italian 
yards has caused a good deal of comment in Con- 
tinental shipping circles, for the French were hoping 
that their new Chacal type would be accepted rather 
than the Italian Leone, and had planned to send the 
first units to be completed on a demonstration 
cruise round the Baltic as soon as they were ready 
for sea. The Italian ships of the Leone type are 
ships of 2,200 tons, mounting eight 4-in. guns in pairs 
in shields, two 14-pounder high-angle pieces, and six 
torpedo tubes. They are capable of a speed of 
34 knots and stow 400 tons of oilfuel. If necessary, 
they can carry 60 mines of a pattern very much akin 
to the German blockade type. When they visited 
this country last year on their way to the Baltic on 
the cruise that apparently brought the present 
order, they attracted a good deal of attention, but 
most British naval officers considered that they had 
attempted rather too much on the displacement, at 
least as far as British naval needs are concerned. 
The first units of the French Chacal type have a 
normal displacement of 2,362, an armament of 
five 5-l-in. guns in single mountings, two 3-in. 
anti-aircraft guns, and six torpedo tubes. They 
can steam at nearly 36 knots and can stow 540 tons 
of oil. These two classes represent the best Con- 
tinental idea of flotilla leader design at the moment, 
and they are exceedingly interesting. The Italian 
ships have guns mounted in pairs which, for 
guns as heavy as 4-7-inches, introduces some dis- 
advantage in ammunition supply, while at the same 
time there is always the danger of a single enemy 
shell doing a good deal of damage. The French ships 
have their guns mounted singly on the centre line, 
the second and fourth gun firing over the chasers. 
This is more in accordance with British practice, 
but there are many people who consider that it is 
putting too much topweight into the ships. The 
French ship has a comparatively low forecastle with 
a cut-away stem and big flare; the Italian has a 
fine bold forecastle, which is carried right aft to the 
after funnel. The Russians always have had a 
leaning towards flotilla leaders and big destroyers, 
and were among the pioneers of the type. For their 
purposes and with their manning difficulties, 
however, one would have thought that they would 
have done better with a more robust type of ship at 
some sacrifice of speed. 


TELEPHONE PROGRESS IN LONDON DURING 1925. 


The London telephone area covers approximately 
750 square miles; it extends from Waltham Cross 





in the north, to Reigate in the south, and from 
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Hayes in the west, to Tilbury in the east. There 
are at present 107 exchanges in this district ; the 
smallest of these deal with 100 lines, and the largest 
with 10,000 lines. The total number of telephones 
in use in London at the end of 1925 was 476,813, a 
net increase of 37,590 over the previous year’s figure. 
The Statement of Telephone Progress in the London 
Area, issued recently by the General Post Office, 
shows that considerable progress was made during 
the past year in providing the exchange equipment 
necessary to meet the steady growth of the service. 
Four exchanges were opened to serve new areas, 
and many others were enlarged and modernised. 
The total mileage of single wire, provided for sub- 
scribers’ lines and local junctions, is at present 
1,800,000, an increase, during the year, of 131,000 
miles ; on December 1, 1918, this mileage amounted 
to 1,100,000. In the majority of cases the wires 
are carried in underground cables, the length of 
which is equivalent to 7,000 miles; each cable 
carries from 20 to 2,000 wires. The total length 
of pole lines in London is 5,280 miles, and the mileage 
of single wire carried amounts to 63,294 miles. The 
increasing congestion of some of the areas in the 
Metropolis, however, renders the placing of wires 
in underground cables more economical, and the 
mileage of open wire shows a tendency to decrease 
in consequence. In some of the more important 
streets in the City area, it has been necessary to 
resort to tunnelling. In Wood-street, E.C., an 
iron tube, 6 ft. in diameter, has been laid, deep 
in the London clay, for a distance of about 
634 yards. A tunnel made in 1865, between the 
General Post Office and Euston Station, which has 
lain derelict for many years, has been reconditioned 
to accommodate cables; this tunnel is 44 ft. in 
diameter. Steady progress has been made in the 
preliminary work incidental to the conversion of the 
London area to automatic working. The automatic 
installations, at present, under construction, and 
those projected, will, when complete, have a total 
capacity of 192,000 lines. The number of engineer- 
ing workmen employed by the London Post Office 
is upwards of 7,000; about two-thirds of these are 
engaged in construction and development operations, 
and the remainder on work in connection with the 
maintenance of the system. 


Cement RESEARCH. 


The work done, during the first twelvemonths of 
its existence, by a research fellowship established 
some eighteen months ago at the American Bureau 
of Standards by the Portland Cement Association, 
is referred to in a recent bulletin of the American 
Society for Testing Materials. The main object of 
this fellowship is the systematic investigation of the 
constitution and hardening of Portland cement. A 
certain amount of work has been done on the lime- 
silica-alumina system, and the data obtained 
indicate that the principal constituents present are 
tricalcium silicate, dicalcium silicate, and tricalcium 
aluminate. The lime-iron oxide system is now being 
investigated. A feature of the work is the careful 
checking of all data relative to the physical constants 
of the compounds under examination. The petro- 
graphic methods available are also being thoroughly 
tested with the object of developing them and 
improving their precision. Preliminary studies have 
been made on the hydration of cement in the pre- 
sence of excess water. The hydrogen-ion content 
of the solution has been estimated, at definite 
intervals of time, and the rate of the separation of 
lime and alumina, and the nature of the sulphates 
or chlorides formed by the aluminates, in the pre- 
sence of certain sulphates and chlorides, has been 
determined. Some experiments have been con- 
ducted on the measurement of the heat developed 
by cement during the period of setting, and the 
estimation of the consistency of cement pastes and 
slurries has also formed the subject of investiga- 
tions. The decision to study cement by means of 
X-rays is the most recent addition to the programme 
of work in hand. It is stated that no publications 
have, up to the present, been issued by the fellow- 
ship, and that no reports of investigations will be 
available for general distribution for some time to 
come. Representatives of the American Society of 
Civil Engineers are assisting in an advisory capacity 
in the research work. 








LETTER TO THE EDITOR. 
THE STATUS OF NAVAL ENGINEERS. 


To THE Eprror oF ENGINEERING. 


Str,—Surely the debate in Parliament on March 22, 
as reported in the following day’s papers, was unworthy 
of the subject, and cannot be allowed to pass as the last 
word. The main issue is the breach of faith, which 
Mr. Bridgeman avoided entirely. And what possible 
good can be effected by reiterating that “there is not 
the least idea of degrading”’’ naval engineers whilst 
at the same time actually degrading or deposing them 
and rubbing it in by the ultra-purple stripe. The 
purple stripe in itself may be nothing, a trifle, a 
puerility. But it has become the outward and visible 
sign of a breach of faith, an injustice, an indignity. 
A yellow streak, a scarlet letter or a broad arrow may 
be in themselves inoffensive or even highly ornamental. 
Yet they have acquired an awkward significance, and 
their compulsory wear would hardly be regarded with 
equanimity by any class. 

A falling off amongst naval engineers is inevitable 
in the near future, and this just at a time when their 
real importance should be receiving greater recognition. 
Only inferior mentalities, people unsuited to belong to 
the officer class, will tolerate the anomalies of their 
position. Everybody connected with the engine room 
will realise this. Discipline will become even more 
difficult to maintain than at present. To assert that 
the grievance is imaginary, or to accuse those voicing 
it of deliberately raising bad feeling, isan insult, not only 
to the naval engineers and their friends, but also to the 
39,000 engineers of established standing, who have 
registered such an emphatic protest. “‘ The assassins 
who commence” must not be allowed to evade the 
consequences of their actions by such sophistries. The 
suggestion that a naval engineer officer may be recom- 
mended as A.D.C. to the King, will be highly appre- 
ciated, but ought to have been put forward as a merited 
compliment and not as a sort of sop. 

Yours faithfully, 

March 29, 1926. —— 





THE LATE MR. FRANCIS HIRD. 


THE managing director of Messrs. Siemens Brothers 
and Co., Limited, Mr. Francis Hird, died on Thursday, 
March 25, at Lanark House, Old Charlton, London, 
in his 59th year. 

Mr. Hird was born in Paris, where he spent the early 
years of his life. His education was obtained at the 
Bradford Grammar School, and from there he went to 
Trinity College, Cambridge, with a Natural Science 
Exhibition. Studying under Professor (now Sir) J. J. 
Thomson at the Cavendish Laboratory, he obtained a 
First Class in the National Science Tripos, and took his 
degree of B.A. in 1887 at the early age of 19 years. 
It was in 1889 that Mr. Hird first became connected 
with the Siemens organisations, when he joined the 
staff of Messrs. Siemens Brothers and Co., Limited, 
and he remained until his death in active work for 
one or other of the associated concerns. - In a few 
years time he was appointed chief dynamo-designer, 
and, after gaining some commercial experience, he 
became head of the electric light and power depart- 
ment of the company. While engaged in this 
capacity, Mr. Hird took a large personal share in 
the design and construction of the original equip- 
ment of the Waterloo and City Railway. For some 
time he was works manager of Siemens Brothers 
Dynamo Works, Limited, at Stafford, subsequently 
returning to Siemens Brothers and Co., Limited, 
to take charge of the apparatus department, and to 
develop their work in producing the smaller items 
of electrical equipment. He inaugurated the telephone 
department, the development of which enabled the 
Company to be among the first to introduce practical 
automatic telephone exchanges. Mr. Hird became 
general manager of Siemens Brothers and Co., Limited, 
in 1922, and managing director in April, 1925. He was 
also managing director of Messrs. Siemens and English 
Electric Lamp weeeg, ve Limited, and of Caxton Electri- 
cal Developments, Limited, and served on the boards 
of Messrs. Siemens and General Electric Signal Com- 
pany, Limited, Elliott Brothers (London), Limited, 
The Enfield Cable Works, Limited, St. Helen’s Cable 
and Rubber Company, Limited, and The Fixed Price 
Light Company, Limited. He was a member of the 
Institution of Electrical Engineers. 





MERCANTILE Marine ExaminatTion.—In a circular, 
issued by the Mercantile Marine Department of the 
Board of Trade, and designated Notice No. 76, it is 
stated that certain changes have been made in the exam- 
ination arrangements at various ports. A new time- 
table of examinations for masters and mates, and for 
the extra first class engineer’s certificate, has been 
drawn up. The new schedule will come into operation 
on April 5 next. 








SKIP HOISTING IN COLLIERIES. 


In both metalliferous and coal mining the suggestion 
of increasing the output with the object of reducing 
the costs has come to be regarded by many as a sort 
of general panacea for all ills. There are, however, 
numerous factors which limit the increase in output 
beyond a certain point, and the problem in practice 
often resolves itself into one of finding more economical 
methods of working. At the present time the ques- 
tion has, perhaps, attained greater prominence than 
ever before, the cost of production, owing to the high 
rate of wages now paid, having rendered the position 
acute. As it would not appear to be possible to 
reduce wages, every means of reducing other costs 
must be sought. In this as in many other fields of 
commerce and industry valuable information may often 
be obtained by studying the methods employed in 
foreign countries, and although it may not always be 
possible to adopt them in this country, nevertheless 
useful lessons may be learned. On the Continent 
generally, wages are lower, and often longer hours are 
worked, so that comparisons are liable to be discounted 
from the start, but in the United States of America, 
which is now the leading coal producer of the world, 
wages are actually higher than in Great Britain. 
Although a number of factors, such as the nature, 
thickness and depth of coal seams on the one hand, 
and the relative cost. of living on the other, should 
properly be taken into account in making any com- 
parison, yet considered superficially, the mere facts of 
the payment of higher wages and the large scale of 
production should suffice to make a study of the 
methods there employed worth while. 

Perhaps the most striking feature in American 
practice is the extensive use of electrical energy and 
coal cutting machinery, by means of which a high 
relative output per man employed is obtained. But 
obviously, in districts where no cheap electrical power 
is available, or where the seams are unsuitable for 
machine mining, these methods cannot be adopted. 
An important factor which limits the output is the 
number and size of the shafts or pits. Shaft sinking 
is a very expensive operation which shows no immediate 
return, and when the cost of hoisting engines and equip- 
ment is added, it is evident that a capital outlay is 
incurred which can only be justified by the certainty 
of the profitable and continuous extraction of a large 
tonnage. In the case where the depth is considerable 
these considerations would be all the more marked, 
and there might easily be a tendency to make the 
dimensions of the shaft smaller for the sake of economy 
in first cost than is afterwards found desirable, thus 
restricting the output. It is here then that the import- 
ance of the system of hoisting adopted becomes evident. 
It must, however, be admitted at the outset that once 
a certain system has been installed, provided, of course, 
that it is reasonably modern, it is not often possible 
or advisable to change it. But this being so, it is all. 
the more important in starting a new mine or new 
shaft, to consider very carefully the system to be 
adopted. Now that a Government grant of 2,000,000/. 
has been made for the development of the Kent coal- 
field, and some twenty collieries are to be started, the 
subject assumes more interest than it might otherwise do. 

The relative merits of skip and cage hoisting have 
frequently been discussed, but not without a good deal 
of prejudice being shown. The skip has been used, and 
continues to be used, in preference to the cage in practi- 
cally all mines other than coal in all parts of the world, 
a notable example where all the mines are comparatively 
modern, and no expenditure spared on equipment, being 
the gold and diamond mines of South Africa. Coal mines 
on the other hand almost universally use cage hoisting. 
Admitting that the question is one which is entirely 
governed by local conditions, many colliery engineers 
may refuse to consider the skip as coming within the 
range of practical consideration, yet that it should do 
so, and that the question is worth attention, is suffi- 
ciently shown by the fact that millions of tons of coal 
have been, and continue to be, raised by this means. 

With the object of increasing production and of 
decreasing the cost of hoisting, skips were first intro- 
duced some years ago, into certain collieries in Ilinois. 
An examination has lately been made_by the Engi- 
neering Experiment Station of the University of 
Illinois to ascertain to what extent the adoption of 
skips has been successful. The results of the investi- 
gation have been recently published in the form of a 
Bulletin (No. 151) entitled “ A Study of Skip Hoisting 
at Illinois Coal Mines,” by Arthur J. Hoskins, who is 
Research Professor of Mining Engineering at the 
University. In the State of Illinois there are now eight 
coal mines equipped for skip hoisting, one being closed 
down, and one having only a small output. Of the 
remaining six, three have an output exceedin ig ha“ 
tons per day, the newest of which—Orient No. 2— 
will attain 12,000 tons per day, when full production Js 
reached. The first of these mines to adopt skip hoisting 
was the Zeigler No. 1, in 1904, the others following suit 
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in 1918, 1922, 1923, and the most recent being the 
Orient No. 2, in 1924. These mines are worked by a 
modified form of the room and pillar, or so-called panel 
method, and the depths of the shafts vary from 207 to 
592 ft. It is estimated that 20 per cent. of the coal 

roduced comes from narrow work—this is important 
because in this case it is usually shot down with explo- 
sives, and therefore gives a higher proportion of small 
coal than that from the rooms. 

The chief advantages claimed for skip hoisting are: 
larger capacity for a given size of shaft, and greater 
facility to increase the output if, and as, required, than 
is possible with cages ; less deadweight and less hand- 
ling, with consequent reduction of power and labour 
costs. The principal disadvantages put forward are 

eater breakage of coal, more expensive installation, 
and difficulty in handling men, materials and rock, also 
in docking or checking coal sent up, and further, the 
excessive production of dust at the pit bottom. 

Conditions vary greatly, not only in each locality, 
but with each individual mine, and a number of factors 
must be taken into account in considering each case. 
Thus, for example, in some mines in Europe, winding 
takes place from more than one level, and five or more 
different seams are worked from the same shaft, so 
that the use of skips would be impracticable. In the 
American examples referred to, however, all hoisting is 
done from the bottom, and the arrangements of the 
pit bottoms are interesting, differing considerably from 
those for cage hoisting. The shafte are all rectangular, 
varying from 7 ft. by 17 ft. to 9 ft. by 28 ft. in size, 
and arranged with the long side parallel to, and at one 
side of, the pit bottom instead of being, as in cage 
hoisting, in line with the latter and with the long side 
of the shaft at right angles to it, so that the tubs 
can pass through the shaft. This in skip hoisting is 
not required. Again, it becomes necessary to carry out 
the weighing at the pit bottom, instead of at the 
surface ; this is done either in the car or in weigh pans. 

Both the arrangement of the pit bottoms and the 
methods employed vary considerably in the six mines 
referred to, but a few details of the Orient No. 2 as 
representing the most recent practice may here be 
quoted. The pit bottom is wide and straight, and is 
sufficiently large to store 125 mine cars which carry an 
average load of 5-17 tons, and are to a great extent 
mechanically loaded. 

At present, with a production of 6,000 tons per day 
there is only one stage in the haulage, although this 
as well as other dispositions are liable to alteration 
as the output increases, trips of eight cars being hauled 
by 8-ton reel and trolley locomotives, half of which 
are built for low speed—-3-5 miles per hour. These, 
it has been found, are 25 per cent. more economical 
than the higher speed (6 m.p.h.) locos. To deliver the 
loads to the dumper a drag chain is employed, to which 
the loaded trips are fed continuously by a pusher loco- 
motive. Cars are not uncoupled for dumping, and are 
emptied two at a time by the rotary dumper, each 
load falling into a separate weigh-pan. The skip holds 
two carloads. The procedure is as follows: As the 
skip arrives at the shaft bottom the weighman dumps 
the two car loads from the weigh-pan into the automatic 
skip loader—a form of chute which is raised and 
lowered by means of an electric motor. As soon as the 
skip arrives this is opened automatically. The period 
of loading is limited by an electrical device to 9 secs., 
and as the chute closes, it gives the hoisting signal by 
means of an electrical contact. A series of coloured 
incandescent lamps for each compartment indicate 
to the weighman the position of the skips so that he 
knows just when to empty the weigh-pan. The follow- 
ing labour is required, and it is expected that the same 
number will be able to cope with the work when the 
mine reaches the projected production of 12,000 tons 
per day :—1 weighman-pan dumper, 1 check puller, 
1 recorder, 2 push motormen, 1 car feeder and dump 
operator. Total engaged at shaft bottom, 6 men. 

_ The average capacities of the skips at the six mines 
is 10% tons, and the average working load 9% tons. 
The average weight of the skips complete is 8-55 tons, 
so that about 0-9 ton of equipment (excluding rope) 
are hoisted for each ton of coal, compared.with about 
1-5 tons in cage-hoisting mines. 

_A comparison of labour costs (hoisting only) with 
eight cage-hoisting collieries of similar depth and total 
output shows an advantage of 61 cents per ton in favour 
of skip hoisting, and a tonnage per man (including 
surface and underground labour) of 550 in the case 
of skip hoisting and 374 tons in the case of cage 
hoisting. 

As regards breakage of coal and the alleged reduction 
of lump coal with skip hoisting, comparisons, made 
between a number of cage and skip mines working on 
the same seam in Illinois, phe j the cage mines to 
have an advantage of 0-96 per cent. with 6-in. lump, 
and 2-61 per cent. with egg (3 in. by 6 in.), but a dis- 
advantage of 2-42 per cent. with nut (2 in. by 3 in.), 
the difference representing a net advantage for cage 
hoisting of 1-15 per cent. The argument has been put 
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forward that by using larger skips, breakage is much 
less, as the impact of the coal against the side of the 
skip is more likely to cause breakage than when it 
strikes merely against coal. 

In any case, it is contended that the evidence 
obtained goes to show that whilst’'more breakage or 
degradation does occur with skip hoisting, this need 
not be so, and with improvements introduced in the 
methods, it would probably produce even less fine coal 
than cage hoisting methods. It is primarily a question 
of reducing the height of fall of the coal at each opera- 
tion, and the number of impacts upon hard surfaces. 

Skips are usually unsuitable for transporting men, 
and unsatisfactory for materials or waste, but in large 
mines, whether skips or cages are used, it is generally 
found necessary to employ a separate shaft or compart- 
ment for these purposes, so as to leave the main shaft 
entirely free for hoisting coal. Much time and incon- 
venience is saved in this way. 

The hoisting shafts referred to are all upcast, which 
simplifies the dust problem; in a downcast shaft this 
would, of course, become a source of danger. In three of 
the mines referred to, the dust gives no trouble, being 
carried to a great extent up the shaft with the ventila- 
tion current. In the other three mines dust gives a 
good deal of trouble. In one mine water is sprayed 
finely on the rotary dumper and weigh hoppers. A bin 
or storage pocket tends to reduce the dust nuisance 
by confining it. 

The objection raised against skips for coal hoisting, 
that inspection of coal for docking is difficult, if not 
impossible, is certainly well founded. At some of the 
mines practically no attempt is made to inspect the 
coal, as loaded by the miners. At one mine, a few times 
each day, single carloads are sent up and passed over 
the screens and picking tables. At the other mines 
cars to be inspected are selected underground and sent 
up the auxiliary shaft by cage. At Orient No. 2, over- 
turning cages are provided for this purpose, a belt 
conveyor carrying the coal, after inspection, to the main 
tipple. This shaft is also used for hoisting men, 
materials and waste. 





ROYAL METEOROLOGICAL 
SOCIETY. 


TuE usual monthly meeting of this Society was held 
on March 17, at the Society’s house, 49, Cromwell- 
road, Sir Gilbert Walker, F.R.S., President, being in 
the chair. The meeting took the form of a lecture 
(The Symons Memorial Lecture) by Professor Sydney 
Chapman, F.R.S., which was entitled ‘“ Some Recent 
Advances in Atmospheric Physics.’ The lecturer said 
that the existence of a strongly ionised layer in the 
upper atmosphere required by theories of the daily 
variations of the earth’s magnetism, and also required 
to explain the long-distance transmission of wireless 
waves, had recently been strikingly demonstrated by 
observations of high-angle refiection of short-wave 
wireless signals at night. The wireless and magnetic 
data for the ionised layer were found to be in fair 
qualitative and also quantitative accord where they 
overlapped. It appeared possible to explain the 
production of the ionisation by ultra-violet radiation 
absorbed in the atmosphere by day, certain quanti- 
tative difficulties proposed by Swann being found in- 
valid. Additional ionisation occurred by night as 
well as by day, in higher latitudes, in assocation with 
aurore. The nature of the ionising agent in this case 
was somewhat obscure, but a stream of charged 
corpuscles of opposite signs, but with a slight residual 
charge, seemed the most likely hypothesis. The 
auroral spectrum suggested that nitrogen was the 
principal ionised gas in the auroral regions. 





STANDARD SPECIFICATION FOR MARINE-BOILER FURNACES. 
—A British Standard Specification, dealing with with- 
drawable furnaces for marine boilers, has just been 
published by the British Engineering Standards Asso- 
ciation. It is entitled ‘Corrugated Furnaces and 
Smoke Tubes for Marine Boilers,” and bears the number 
3023—1926. Section I of the specification deals with 
furnaces of the Morison, Fox, Leeds-Forge, and 
Deighton types, all of which are interchangeable. The 
sizes specified range from 40 in. to 53 in. diameter 
at the mouth; the diameter is increased by steps of 
1 in., giving a selection of 14 different diameters. The 
radius at the neck of the four types of standard furnaces 
is the same, both for those of maximum and minimum 
thickness. The plain part at the front end may be 
any dimension between 10$ in. and 4} in., as required, 
and is suitable for furnace mouths flanged inwards or 
outwards. Section II of the specification deals with 
plain and stay smoke tubes for marine boilers. Expandin 
and hydraulic tests, and a weight tolerance, are lai 
down. The tubes may be of two types, those enlarged 
at one end and those of uniform size throughout. 
The stay tubes are screwed to the British standard 
Whitworth form, having nine threads to the inch. 
Copies of the new specification may be obtained from 
the B.E.8.A. Publications Department, 28, Victoria- 
street, London, 8.W.1, price 1s. 2d. post free. 








NOTES ON NEW BOOKS. 

In the presentation of the elementary principles of 
mechanics to young students, the difficulty is often 
encountered that but few of the pupils have any 
acquaintance with the calculus. An alternative 
means of treatment is, however, available by the use of 
graphical methods, and it is frequently contended that 
the use of this method is to be preferred, because 
then the attention of the beginner may be concen- 
trated upon the mechanical principles. There is a 
further advantage in dealing with the subject in this 
way; the student who has already obtained some 
mastery of the technique of the infinitesimal calculus 
gains, by the use of the graphical method, a much 
better conception of the application of the calculus 
to problems of mechanics. It is for these reasons that 
the authors of The Elements of Mechanics, Professors 
F. S. Carey and J. Proudfoot, of the University of 
Liverpool, have adopted throughout their work the 
methods of geometrical analysis. This book, which 
is published by Messrs. Longmans, Green and Company, 
of 39, Paternosterr-row, London, E.C.4, at a price of 
8s. 6d. net, has much to recommend it. It has been 
written with the intention of introducing further 
conceptions and principles to the student, one at a 
time, and these are only resorted to when further 
progress without them would be most inconvenient. 
Another characteristic of the book is that the more 
familiar matters to the student-mind are introduced 
before those that are less familiar ; for instance, the 
gravitational measure of force is used prior to dealing 
with absolute units. In the arrangement of the book, 
the examples have been placed at the end, under 
chapter headings corresponding with those of the text, 
in order to preserve the continuity of the treatment. 
It may be said, in conclusion, that the intention of the 
authors was not to produce a book for those taking a 
first course in mechanics at the early stage in which 
the subject is sometimes studied in schools, but rather 
to cover the advanced work ir such institutions, and 
the requirements of early classes in universities. 





The evolution of the file is dealt with in great detail 
in the first section of a book by Otto Dick, of Esslingen, 
entitled “‘ Die Feile und ihre Entwicklungsgeschichte.” 
Files of flint which have been discovered in various 
countries, together with implements made in ages less 
remote and designed to shape wood, horn, bone, &c., 
by the arduous process of rubbing down, point to the 
fact that the file may be considered to be one of the 
oldest of hand tools. Illustrations show that the shapes 
given to files have remained much the same throughout 
the past centuries. In no trade, the author states, has 
handwork survived so long as in file cutting. The 
cutting of files by hand will, in fact, probably never 
be entirely abandoned, since files of every possible 
section and curvature will occasionally be required, 
and these will be cut by hand, either because it will 
not pay to adapt machines to produce them, or for 
the reason that their complicated shape would render 
machine-cutting impossible in their case. Experiences 
occurred on the introduction of file-cutting machines 
such as are encountered whenever a new process is 
brought forward ; the machines and the files they pro- 
duced were not viewed with favour. The first machines 
—and one of these was designed by Leonardo da Vinci 
in 1503—no doubt had many imperfections, but file- 
cutting machines have long since reached a high degree 
of perfection. The work follows up in detail, in a second 
section, the evoiution of these machines, and enters, 
in the third and last section, into the various processes 
to be followed from start to finish in the production of 
good, serviceable files from every standpoint, covering 
the selection of the steel, the manufacture of the 
blanks, the heat treatment, &c., all of which subjects 
are dealt with very completely. The book contains 
250 pages; it is carefully printed and has a large 
number of illustrations. It is published at the price of 
18 gold marks by the Verlagsbuchhandlung Julius 
Springer, Berlin. 





Although the slide rule in various forms is almost 
universally employed for engineering calculations, but 
little use is made of this most valuable time and labour- 
saving instrument in the general industrial and com- 
mercial communities—in this country, at all events. 
To bring the advantages of the slide rule to the notice 
of all who have arithmetical work to do, and to explain 
its use to persons not necessarily familiar with 
logarithms and the theory of indices, Mr. Donald E. 
Rogers has prepared “The Slide Rule Simplified,” 
published by Drawing Office Supplies, Limited, 51, 
Cheapside, London, E.C.2, price 5s. net. The author 
makes no particular attempt to indicate the principles 
upon which the slide rule is constructed, but he explains 
its use in a simple and straightforward manner, so that a 
_person of average intelligence, who is also familiar with 
decimals, should have no difficulty in carrying out all 








the usual arithmetical operations easily and accurately. 
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Tables showing the setting of the instrument for these 
operations, and rules for obtaining the position of the 
decimal point are given in all cases but, as Mr. H. H. 
Clapham observes in the preface, a few weeks’ practice 
will enable the user, in most cases, to dispense with such 
aids and to fix the decimal point by a rough preliminary 
estimate of the answer. It may well be that the exist- 
ence of a book such as that of Mr. Rogers will result in 
more extensive use being made of the slide rule by 
business men and others, but it must not be forgotten 
that, in many commercial calculations, a higher degree 
of accuracy than is obtainable by this means is neces- 
sary. Moreover, the numerous tables and ready 
reckoners now available for this class of work give the 
results even more rapidly and accurately than they 
can be obtained by slide-rule working. For all that, 
there must be many ways in which the use of the slide 
rule might increase efficiency in business concerns, if 
those in control were more familiar with the possibilities 
of the instrument. 


With the 1926 edition of the ‘‘ Hiitte ; des Ingenieur’s 
Taschenbuch,” vol. i of which is now before us (Berlin : 
Wilhelm Ernst and Sohn, price 13-20 marks), this 
well-known engineer’s pocket book makes its 25th 
appearance and has a record of nearly sixty years of 
fruitful activity. The “‘ Akademische Verein Hiitte,” 
which is responsible for this publication, founded in 1846 
as a body of technical students of the Berlin Gewerbe- 
Institut, and later the Technical High School, resolved 
in 1856 to compile an engineer’s pocket book. The 
first edition of this appeared in 1857. The last four 
editions were issued in 1911, 1915, 1920 and 1923. Many 
additions were required after the war, and in the latest 
volume further welcome concessions have been made to 
practical needs, especially in tabular matter, while at 
the same time theoretical considerations which are 
hardly yet appearing in ordinary textbooks, receive 
somewhat fuller treatment, and so enable the student 
to grasp the object of new researches. This applies, 
for instance, to standardisation, testing, and to heat 
technics. The section on mathematics is rewritten 
as-practical mathematics, and great changes have been 
made in the sections on mechanics and technical 
physics. The section on the elements of machinery 
has been reserved for the second volume ; for this and 
other reasons, vol. i of the new edition is nearly 300 
pages shorter than the last. ‘‘ Hiitte”’ will certainly 
not run any risk of losing friends from the changes 
made. 





LABOUR NOTES. 


Tue writer. of an editorial note in Man and Metal, 
the journal of the Iron and Steel Trades Confederation, 
does employers generally less than justice in the course 
of some comments on the subject of steel houses. The 
Iron and Steel Trades Confederation cannot be expected, 
he admits, to object to the erection of steel houses 
while 48,000 men in the trade are unemployed who 
might be engaged in making the necessary sheets for 
such work. “ But,’ he goes on, “every wise trade 
unionist ought to object to the substitution of lower- 
paid labour for higher-paid labour. This substitution 
is the chief cause of all the fights about demarcation 
in industry. The employer did not want the fitter on 
the Tyne to join up certain pipes because he was more 
skilled than the plumbers ; he only wanted the fitter 
because he was paid less than the plumber. The 
substitution of the joiner for the shipwright was not 
because the joiner was more used to handling heavy 
timber than the shipwright ; it was because the joiner 
was lower-paid. These attempts to lower the wages of 
skilled labour by substituting one class of skill for 
another, when it is lower paid, has led to some of the 
most bitter trade union disputes our country has known. 
The substitution by Lord Weir of engineers and others 
for building trade operatives. is not because the former 
are more skilled than the building trades operatives ; 
it is admittedly because they are lower-paid; Lord 
Weir says there is no need to pay building trade rates, 
because anybody can do the job, Neither is it, the 
writer of the note contends, “because Lord Weir 
wants to build cheap houses ; he only wants low labour 
costs, so that he can get hijher profits.”’ 


Lord Weir and his associates in this emergency 
housing enterprise are, of course, seeking to attain 
lower labour costs ; but if the operatives whom they are 
employing are able, on piecework, to earn at least as 
much as the building trades rate yields, they cannot 
reasonably be accused of paying lower wages. A much 

ter defect of this note-writer’s reasoning is, however, 
that he blames the wrong people for British industry’s 
demarcation troubles. Employers are, and have 
always been, the heaviest sufferers through demarcation 
disputes, though, in 99 cases out of a 100, the active 
participants in them are rival craft unions. The 


wages paid for particular jobs are not, ofcourse, a 
negligible consideration; but as a rule, it¥does not 
matter a straw to an employer which trade does the 
work so long as it is done. If he gives it to one set of 
men, the other side strikes, and gradually the whole 
plant comes to a complete standstill. The recent 
report of the Shipyard Joint Committee of Inquiry 
reveals other aspects of the vexed question; but, 
from this particular point of view, it is tolerably safe 
to say that agreement amongst the craft unions as to a 
means of adjusting demarcation differences, would be 
regarded by employers generally as a happy release 
from troubles which ought not, in strict justice, to come 
their way. 


According to the Machinists’ Monthly Journal, the 
organ of the International Association of Machinists, 
America’s new Railway Labour Act provides for the 
creation of Boards of Adjustment by agreement 
between any carrier or group of carriers, or carriers as 
a whole, and its or their employees for the purpose of 
dealing with grievances or interpretations of agree- 
ments. It also establishes a Board of Mediation of five, 
to which no person may be appointed who is in the 
employment of, or pecuniarily or otherwise interested in, 
any organisation of employees or any carrier. The 
services of this Board may be invoked by the parties’ 
or either party, to a dispute, and the Board itself may, 
in defined circumstances, proffer its assistance. Pro- 
cedure is set up to be followed in revisions of rates of 
pay, rules and working conditions, and it is provided 
that where there is failure to agree differences may 
be submitted to arbitration. Finally, the President is 
empowered to create an Emergency Board, to which 
shall be referred disputes not settled by other means, 
which threaten substantially to interrupt inter-state 
commerce. The Machinists’ Journal believes the new 
measure to be better than the Transportation Act, 
which it supersedes. ‘‘ Especially is this true,” it says, 
*‘in so far as it affects the brotherhoods, because of the 
fact that the transportation men are solidly organised 
on all railroads. As a consequence, this class of em- 
ployees will, no doubt, find it much easier to negotiate 
for standard rules, working conditions, and rates of pay 
on all roads, or in a given territory, than will the shop 
employees.” 





A meeting took place in London last week between 
representatives of the Federation of Engineering and 
Shipbuilding Trades, the Amalgamated Engineering 
Union and the National Union of Railwaymen with the 
object of arriving at an agreement on the subject of 
joint negotiating machinery for railway shopmen. A 
sub-committee was appointed to draft a suitable 
agreement for the consideration of the larger body. 





New machinery for the adjustment of differences 
between co-operative societies and the trade unions 
to which their employees belong, has been drafted, 
and is shortly to be submitted for the consideration of 
the various interests concerned. It seeks to set up a 
National Conciliation Board composed of six represen- 
tatives of the Societies and six representatives of the 
unions with an independent chairman, and to empower 
it to deal with questions of wages and general condi- 
tions. If the Board reaches a unanimous decision on 
any point submitted, its finding shall be binding. Ifa 
majority decision is reached, and the parties to the 
difference agree to accept the decision, the finding shall 
also be binding. If there is failure to agree the parties 
may jointly invite the independent chairman to act 
as arbiter. 


A special correspondent of the Times gives details 
of the new Italian trade union law, the most interestin; 
of which relate to the procedure to be followed in the 
adjustment of differences between employers and 
employees. A special court is to be set up for adjudicat- 
ing disputes, and is to be known as the Magistracy of 
Labour. It will consist of three magistrates and two 
citizens, the latter chosen from a panel consisting of 
persons residing in the district in which the Court has 
jurisdiction, and known to be experts in the problems 
regarding production or labour. Arbitration is obliga- 
tory in all disputes concerning labour contracts, and 
the determination of new conditions relating to agri- 
culture, public services, or services of public necessity. 
In other cases arbitration can only be resorted to when 
both parties are in agreement on the desirability of 
doing so. The decision of the court, however, ‘once it 
has been given, is irrevocable. Lock-outs and strikes 
are forbidden in all cases in which the jurisdiction of 
the Magistracy of Labour is either obligatory accord- 
ing to the law (i.e., in disputes referring to agricultural 
and industrial problems or affecting public services), 








or where there has been a concerted appeal from both 
parties. Severe penalties amounting in certain cases to 


three years, are laid down for those representatives 
of either capital or labour who impose lock-outs or 
attempt to promote strikes in defiance of the arbitra. 
tion of the Court. 


The statement that the National Union of General 
and Municipal Workers did not intend to ballot on the 
question of affiliation to the proposed Industrial Alli- 
ance has been officially contradicted. Negotiations 
are in progress for the amalgamation of the organisation 
with the Transport and General Workers’ Union, which 
has already decided to join the Alliance. If the amal- 
gamation takes place, the General Workers will, as a 
matter of course, fall into line with the policy of the 
Transport Workers. 





This week’s issue of ENGINEERING went to press 
before official information was available with regard 
to the proceedings at the adjourned conference 
between the Mining Association and the Miner’s 
Federation. Last week’s meetings, following upon 
the interview with the Prime Minister, did not 
carry matters far. The official report issued at 
the close of the meeting of the miners’ executive 
was as follows: “The executive discussed the report 
of the meeting with the Premier very thoroughly 
and also the schedule of recommendations drafted 
by the Government upon which they intend to pass 
legislative measures. No decision was arrived at, as 
all these questions will have to be considered by the 
men in the coalfields after we have had proposals from 
the owners. As soon as this has been done we shall 
consult our men. Until we have had proposals from 
the owners to consider, involving a new wage agree- 
ment, we shall not call a delegate conference, and this 
may or may not be held before Easter. The onus of 
making proposals at the moment rests with the coal- 
owners.” 

The joint conference of coalowners and miners 
lasted an hour, and, when it ended, this official report 
of the proceedings was given out for publication :— 
“Mr. Evan Williams presided over the owners’ side 
and Mr. Tom Richards over the workmen’s side. After 
a brief discussion it was agreed that, in view of the fact 
that both sides had met the Government the previous 
day, and were now in possession for the first time of the 
Government’s attitude in regard to the report of the 





Royal Commission, the meeting should be adjourned 
until Wednesday next at 11-0 a.m. to enable both 
sides to review the position.” 





The annual report of the Trades Councils Joint 
Consultation Committee submitted to and adopted by, 
the annual conference of Trades Councils, stated that, 
whereas in February, last year, the committee were 
in touch with 178 trades councils, at the present time 
392 were being communicated with regularly. The 
committee urged that there should be a similarity 
in the constitution and rules of trades councils through- 
out the country, and consequently had prepared model 
rules and constitution for their guidance. The idea 
the committee had in mind had been that trades 
councils should, as far as practicable, have a consti- 
tution similar to that of the general council itself. A 
committee had been set up to deal specifically with the 
organisation of women, and had launched an experi- 
mental campaign in the Manchester and Salford area 
through the medium of the trades councils, and repre- 
sentatives of the Leicester, Leeds, and Bristol Trades 
Councils had been approached with a view to a similar 
campaign being commenced in those areas. 





The Ministry of Labour states that on March 22, 
1926, the number of unemployed persons on the registers 


8) of Employment Exchanges in Great Britain was 


1,039,400, of whom 849,800 were males and 189,600 
females. On March 15, 1926, the number was 1,070,843, 
made up of 874,173 males and 196,670 females, and 
on March 23, 1925, it was 1,201,315, of whom 959,111 
were males and 242,204 females. Of the 1,039,400 
persons idle on March 22, 1926, 75,800 were normally 
in casual employment, and of the remainder—persons 
normally in regular employment, that is—771,100 
were wholly unemployed and 192,500 temporarily 
stopped. In the previous week, the number of idle 
persons normally in casual employment was 76,082, 
and of those normally in regular employment 792,854 
were wholly unemployed and 201,907 temporarily 


stopped. 





Although a considerable number of district applica- 
tions for advances of wages have been formally lodged 
by the engineering unions, on only those of London. 
Bradford, and ord has there been failure to agree 
locally. These applications are, therefore, in the 
agenda for the Central Conference, which is due to 





a heavy fine or a term of imprisonment of not: less than 





take, place at York on Friday next week. 
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HIGH-PRESSURE WATER-TUBE 
BOILERS FOR MARINE PURPOSES.* 
~ By Harotp E. Yarrow, C.B.E. 


Tue theoretical advantages of high steam pressures 
and temperatures in conjunction with turbine installa- 
tions are well known and fully recognised. Sir Charles 
Parsons, in his paper on “Steam Turbines,” given 
before the first World Power Conference in 1924, 
dealt with the subject in the following terms :—‘‘ By 
the use of higher steam pressures and temperatures, 
together with the lowest possible exhaust pressure 
and by other devices, it is expected in the future to 
reach an overall efficiency (from fuel to electricity) of 
30 per cent., which is not inferior to the best results 
obtained by oil engines, even neglecting the cost of 
oil for cylinder lubrication.” : 
Similar statements have been made by other respon- 
sible authorities, and naval architects and marine 
engineers are now beginning to consider seriously the 
application of high steam pressures and temperatures 
on board ship. 

_Sir John Biles, in his paper ‘“ Relative Commercial 
Efficiency of Internal-Combustion and Steam Engines 
- High-Speed Passenger Vessels,” read before this 
eeeution a year ago, gives an interesting comparison 
etween the steam turbine and the internal-combustion 
engine, from which it is shown that the former, when 
F igh Pressures and temperatures are employed, compares 
avourably in efficiency with the latter method of 
propulsion. 
ae submitting the present paper to the Institution, 
teal. eavour has been made to investigate the prac- 
ba bapblication of high pressures and temperatures 
defi oard ship, and to make special reference to a 
“Suc step which has been taken in introducing 
8h-pressure boilers in a passenger steamer at present 





‘ heer read before the Institution of Naval Architects 
n Friday, March 26, 1926. 
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under construction. The paper does not refer to any 
part of the machinery other than the boiler, nor has 
it been thought necessary to make any comparison 
in regard to weight, space occupied, &c., of high- 
pressure turbine installations as compared with internal- 
combustion engines or ordinary steam-pressure instal- 
lations. This ground has been adequately covered by 
Sir John Biles in his paper, in which a very complete 
analysis will be found of the comparison between Diesel, 
steam, and what is termed H.P.T. (high-pressure 
turbine) installations. 

The adoption of high pressures and temperatures 
on land has already made considerable progress, and, 
just in the same way as the introduction of the steam 
turbine for marine purposes followed some years after 
its introduction on land, so it would appear that history 
is repeating itself in the case of high-pressure boilers. 
Boiler installations having steam pressures of 500 Ib. 
to 600 lb. per square inch and superheat temperatures 
of 700 deg. to 750 deg. F., are in commercial use in a 
number of power stations, and such pressures and 
temperatures may be said to have passed the experi- 
mental stage. 

If, therefore, these pressures and temperatures can 
be adopted on land, there seems no reason why they 
should not likewise be adopted at sea. There are 
certain fundamental factors common to both, among 
them suitable materials and workmanship. The better 
and more uniform materials nowin use and the improved 
metallurgical and manufacturing methods now adopted, 
remove from the designer’s mind any anxiety as to 
materials. Copper, wrought-iron and cast-iron have 
been discarded in the manufacture of water-tube boilers 
for high pressures. Steel is in common use, and its 
uniformity leaves little to be desired. Certain of the 
non-ferrous alloys which are now used also contribute 
to that security which characterises modern installa- 
tions. Workmanship must, obviously, be of the very 
highest class throughout, just in the. same way as 





the manufacture of the Diesel engine requires the 
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greatest skill. It may therefore be accepted that, with 
good materials and workmanship, no trouble should 
be experienced in boilers working at the pressures and 
temperatures mentioned above. 

There is, however, one difference between land and 
marine practice, namely, that in the latter case there 
is always a risk of a leaky condenser allowing salt to 
enter the system, although it must be remembered 
that there are many electric power stations where the 
condensing water is by no means entirely free from 
salt. The presence of salt can be detected immediately 
by various means, and, in the Navy, from the time a 
leaky condenser tube is discovered to the time when 
this tube has been plugged and the installation again 
under way occupies only a very short period. Sir 
Charles Parsons has proposed to sub-divide the con- 
densers so that one of the condensers can be isolated 
if a leak is discovered. Both these methods are 
merely remedial, but with the investigations now 
being carried out, such, for instance, as adopting 
different materials for condenser tubes, it may be 
assumed that this trouble will be finally overcome. 
It is hardly conceivable, that, with the skill of the 
engineer and metallurgist, progress along any pro- 
mising line of development will be retarded because 
no means can be found of keeping salt out of the feed 
system. 

Even under existing conditions, Atlantic liners, 
cross-Channel boats, and other types of steamers, as 
well as vessels of the different navies of the world, are 
running satisfactorily with water-tube boilers. 

Fear has been expressed that, with high temperatures 
and increased pressures, there will be a difficulty in 
keeping steam joints tight, and that this will be more 
serious on board a vessel than in a power station as the 
latter generally consists of a large open building and 
all joints are easily accessible. There does not seem 
any valid reason to fear this difficulty, for, if proper 
materials and high-class workmanship are employed, 
steam joints can be made quite satisfactory. A suit- 
ably designed metal-to-metal joint with strong bolts 
and thick flanges should give no trouble. In one 
respect the problem is simplified in a marine installa- 
tion as compared with land boilers, because in the latter 
case the units are usually much larger and the valves 
and pipes are, in consequence, very much bigger than 
on board ship. For instance, the steam pipe from each 
of the Yarrow boilers at the County of London Electric 
Supply Company’s station at Barking, working at 400 
Ib. per square inch and 725 deg. F. superheat, has a 
diameter of 8 in. and joins up to the 12-in. main 
steam line. In a steamship of 24,000 shaft horse-power, 
having six boilers of 575 lb. pressure and 750 deg. 
superheat, the diameter of the main steam pipe from 
each of the boilers would be only 4 in. and would con- 
nect into two 7-in. steam pipes in the engine room. 
The valves and boiler fittings would be of smaller size 
and their design therefore simplified. 

In considering the problem of turbine installations 








with high-pressure boilers, it may be assumed that a 
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boiler efficiency of not less than 85 per cent. will be 
realised when air heaters are fitted, and, in the case 
of boilers with straight and well inclined tubes, the rapid 
circulation of water keeps the tubes clean, and there- 
fore a high efficiency can be maintained over long 
periods of service. 

It may be of interest to the meeting to give some par- 
ticulars of two high-pressure boilers, coal fired, which 
will be installed on a passenger vessel now being built 
by Messrs. Wm. Denny and Brothers, for Turbine 
Steamers, Limited, the managing owners of which are 
Messrs. John Williamson and Co. In determining 
tke type of boiler for this vessel, it was necessary to 
select a design that would be suitable for general 
mercantile practice and one preferably free from as 
many bolted and riveted joints as possible due to the 
high pressure to be adopted. It was also considered 
important that all the pressure parts should be, as far 
as possible, circular in section. After careful investiga- 
tion it was decided to adopt the Yarrow type, and the 
order was placed for the two boilers by the main con- 
tractors, the Parsons Marine Steam Turbine Company, 
with Messrs. Yarrow and Co. 

The design of the boiler has been passed by the 
Board of Trade, whose officers have offered many 
valuable suggestions and who have given every assist- 
ance to facilitate this development. Each boiler, the 
general arrangement of which is shown in Fig. 1, page 
443, has a total heating surface of 3,420 sq. ft., of which 
the superheating surface is 870 sq. ft.; in addition 
there are 2,200 sq. ft. of air-heating surface for pre- 
heating the air prior to its admission to the closed 
ashpit. The safety valves are set to 575 lb. pressure 
and the final temperature will be from 700 deg. F. to 
750 deg. F. The test pressure is 913 lb. The design 
generally, while not unlike that used in the Navy, has 
been based on mercantile practice and more closely 
follows the design of the Yarrow land-type boiler now 
in use at several electric power stations. 

As will be seen from Fig. 1 and from Figs. 5 and 6 on 
page 434. the boiler consists of a forged steam drum 
connected to the three forged water drums by means of 
straight tubes expanded and bell-mouthed in accor- 
dance with the usual practice. Between the two water 
drums on the right-hand side, is a superheater, which 
consists of a forged drum with a number of U-tubes and 
is pl ced between the two generating elements. The 
gases all pass up on one side of the boiler through the 
air-heater situated above the boiler, to the funnel. 
The reason for adopting a single-flow type of boiler, 
where all the gases pass through one side, is because 
this design makes, in this particular case, a somewhat 
better arrangement in the ship than the double-flow 
type, where the gases pass equally through each side. 
The generating element on the left-hand side of the 
boiler absorbs a considerable portion of the heat from 
the furnace by direct radiation, and it will be noted 
that the proportion of the total surface of the boiler 
subject to direct radiation is considerable, which is an 
important feature in modern water-tube boiler design, 
not only increasing the output and efficiency of the 
unit, but also providing a large amount of comparatively 
cool surface adjacent to the combustion chamber, which 
lengthens the life of the brickwork. 

The admission of air for combustion is arranged in 
the following way : The cool air in the stokehold enters 
an opening between the inner and outer casings at 
the front of the boiler, about 6 ft. up from the firing 
floor, passes up the double casing through the air- 
heater, down the double casing at the back of the boiler 
into the closed ashpit, and so through the firebars. 
The efficiency of the unit is naturally increased by the 
air-heater, which extracts heat from the flue gases, and, 
in addition, the air im its passage to the combustion 
chamber, as above described, takes up a certain amount 
of heat which would otherwise be lost due to radiation, 
and incidentally keeps the stokehold cool. Also the 
circulation of air in close proximity to the furnace 
lining helps to keep the brickwork at a temperature 
which ensures low cost of upkeep. 

For controlling the supply of steam, especially as, 
unlike an oil-burning boiler, the supply of fuel cannot 
be quickly cut off, various means of regulation have been 
provided. If reference is made to Fig. 1, it will be 
seen that a damper is fitted in the uptake at the side of 
the top of the air-heater. When this damper is in its 
horizontal position, the air passes through the air-heater 
to the combustion chamber. When, however, the 
damper is brought to a vertical position the air from the 
fan passes straight up to the funnel, thereby short- 
circuiting the air-heater and entirely stopping the 
supply of air for combustion. This arrangement would 
be used when the engines are stopped suddenly, such as 
when the vessel stops at a pier. Provision is also made 
for controlling the speed of the forced-draught fan, 
thereby limiting the amount of air for combustion. A 


still further control is to by-pass the steam direct from 
the boiler to the condenser by the silent blow-off. 

In preparing the design of a high-pressure boiler, it is 
advisable to reduce the number of riveted and bolted 
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joints to a minimum, and how this has been accom- 
plished in the present case will be seen from the fact 
that the steam drum has no riveted joints at all, and, 
apart from the attachment of boiler mountings, the only 
bolts are those required to secure the two internal 
manhole doors. In the water drums and superheater 
drum, there are no longitudinal joints and only one 
circumferential riveted joint securing the front end 
plate in which the manhole is placed. The other end 
of these drums is solid. 

All the drums have been manufactured by Messrs. 
John Brown and Co., of Sheffield, and a short descrip- 
tion of the process of manufacture may be of interest. 
The steel used is ordinary boiler steel, 26 to 30 tons, 
with 30 per cent. elongation in 3 in. lengthwise and not 
less than 20 per cent. elongation in 3 in. transversely. 
The large steam drum is made by the following 
method: —A large octagonal ingot is forged under a 
hydraulic forging press to a round billet, it is then cut 
to a length which will give the weight necessary for 
the finished forging and is carefully examined for any 
surface defects. The billet is then bored throughout 
its entire length with a hole large enough to take a 
mandrel for the second forging operation. 

The second forging operation consists in expanding 
the billet to a larger diameter without increasing the 
length; the internal diameter after this operation is 
slightly less than the finished diameter of the steam 
drum. This operation is shown in Fig. 2. The expanded 
forging is reheated ready for the third operation, which 
consists in forging on a mandrel in such a manner as 
to increase the length without increasing the diameter. 
A mandrel is used of a diameter approximately equal 
to that of the finished drum, and forging is continued 
until the required length is obtained. This operation 
is shown in Fig. 3. The thickness of the main body is 
now that required for the drum, plus machining 
allowances. 

The ends of the forging are left thicker to allow for 
the final operation which takes place after the internal 
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diameter of the drum is bored to the finished size. 
This last forging process consists in closing in both 
ends as nearly as possible to the required shape of the 
finished drum. The final closing-in is performed on a 
round bar or mandrel somewhat smaller in diameter 
than the manholes in the ends. The forging is then 
thoroughly annealed and sent to the machine shops, 
where the necessary mechanical tests are made and 
the final machining carried out. The process of 
forging the water and superheater drums is much 
simpler. ; 
The boiler tubes and superheater tubes are solid- 
drawn, cold-finished. The problem of boiler fittings, 
such as safety valves, stop valves, joints, &c., is one 
to which much care must be devoted. The safety 
valves require special consideration in design and 
construction for high pressures and temperatures. The 
ordinary safety valve, with its small lift, is a trap for 
grit, &c., when the valve is blowing off. The valve 
shuts down on this grit, and soon indentations extend 
across the face and the high velocity causes grooves to 
be cut. The safety valves for the two boilers above 
referred to are of the high-lift type manufactured by 
Messrs. Cockburns, Limited, and either this type oF 
the full-bore safety valve manufactured by the same 
firm would seem to meet adequately the problem of 
high pressures and temperatures. The stop valves 
and other fittings are of the usual design, strongly 
constructed and of suitable materials. The main stop 
valve has monel-metal spindles, valves and seats, but 
other materials have been found to be equally satis- 
factory. 
The joints, as already stated, are metal to nee. 
and the flanges are particularly thick so as to avolé 
the possibility of any distortion. The feed regulators 
are being supplied by the Aster Engineering Company, 
Limited, and the water gauges by Messrs. Dewrance 
and Co. : 
With regard to the initial cost of a high-pressure boiler, 








the price of the solid drums is at present greater than 
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built up drums, but a number of the fittings, such as 
furnace fittings, casings, uptakes, air-heaters, brick- 
work, &¢., are common to boilers whether for high or 
low pressure, so that the total increase in cost is not 
considerable. 

It is estimated that the two boilers described above 
with forged drums for 575 lbs. pressure, cost, approxi- 
mately, 15 per cent. to 20 per cent. more than similar 
boilers having the same total heating surface, but 
having a boiler pressure of 250 lbs.’ per square inch. 
If, however, @ comparison is made on a more correct 
basis, that is to say taking into account the fact that 
the quality of the steam from the 575 Ib. boiler is of 
a higher value than in the case of a lower pressure, 
then the cost of the high-pressure boiler is very little 
more than the cost of the other. The saving due to 
reduced heating surface required in the case of the high- 
pressure boiler nearly compensates for the additional 
cost of the forged drums and certain other rather more 
expensive fittings. The initial cost of high-pressure 
boilers is therefore no handicap to their introduction. 

The two photographs shown of the boilers in course 
of construction revroduced in Figs. 5 and 6 on page 434, 
give a good idea of the general design of the boiler and 
also illustrate the solid drums. 

Fig. 4, on page 444, is a section of a Yarrow boiler 
suitable for 1,000 Ibs. pressure, the boiler being of 
sufficient size to produce steam for 4,000 s.h.p. when 
being worked at a very moderate rating. This boiler 
is of the double-flow type, but it can, of course, be 
designed for single flow, depending upon the general 
lay-out of the boiler room. 

Although the actual trial results of the vessel for 
which the two 575 lbs. boilers are being constructed 
are not yet available, it was thought, nevertheless, 
that a reference to the boilers might be of interest. 

The paper read by Sir John Biles before this Insti- 
tution a year ago, pointed out the possibilities of high- 
pressure steam installations for marine purposes. 
This paper describes a definite step that has been taken 
in introducing extra high-pressure boilers on board 
ship, and it is to be hoped that a paper may be forth- 
coming when the trials of the vessel have been completed, 
the results of which will be awaited with keen interest. 








HYDRO-ELECTRIC POWER IN 
TASMANIA. 


From the chief engineer and general manager’s 

official report on the working of the hydro-electric 
department of the Government of Tasmania, for the 
year ended June 30, 1925, it is evident that very 
satisfactory progress is being maintained in this 
service. The best indication of: prosperity in such 
undertakings is in the growth of sales of current to 
individual purchasers. As examples may be taken the 
increase of units sold to the Electrolytic Zinc Company, 
which total 217-54 millions against the 211-86 millions 
of 1924. Launceston City Council has purchased 
4-91 million units instead of the 3-97 million taken 
in 1924. The units generated at the main power 
station at Waddamana show an increase of 8,258,800 
units over the year 1924, the total output being 
284,125,900. This station shows a peak load of 
51,456 h.p. and a load factor of 93-4 per cent. The 
very remarkable load factor for any 24 hours of 98-95 
per cent. is also recorded. As regards operation effici- 
ency, this is practically 100 per cent., one interruption, 
of seven minutes only, having occurred in a year’s con- 
tinuous working. The staff attribute this high percent- 
age largely to the live-line testing of insulators which 
has been systematically.carried out on all sections. 
_ With regard to development, a new power station 
is being constructed on the river Shannon. This 
river takes the normal overflow from the Great Lake. 
The contractors for the work are Messrs. Armstrong, 
Whitworth Proprietary, Limited. When completed 
this station will be able to develop over 13,000 h.p. 
without interfering with the draw of the Waddamana 
station. A short reference was made to this further 
development on page 793 of vol. cxvii of ENGINEERING, 
in the course of articles on the Great Lake Hydro- 
Electric scheme, while the site was indicated in Fig. 2, 
on page 355 of the same volume. New sub-stations are 
in hand and contemplated, and the conversion of the 
6,600-volt areas to 11,000 volts is steadily proceeding. 
Domestic consumption is rapidly increasing. A reduc- 
tion in price of electric cooking ranges and hot-water 
heaters has, no doubt, contributed to this. Mr. H. A. 
Curtis now occupies the position of Chief Engineer and 
General Manager, vacated by Mr. Butters on his appoint- 
ment as Chairman of the Federal Capital Commission. 


“ 





TRIALS oF THE §.S. ‘“GREBE.”—The new screw 
steamer Grebe, built and engined by Messrs. Ailsa Ship- 
buildine Company, Limited, Troon, Ayrshire, for The 

neral Steam Navigation Company, Limited, London, 
has been delivered to her owners after successful trials 
onthe Firth of Clyde. We gave a brief description of this 


LINKWORK MECHANISM FOR TWO- 
TO-ONE GEARING. 


_ By P. Cormack, F.R.C.Sc.I. 
Turis mechanism, which consists entirely of turning 
pairs, may be considered as a modified form of 


have the bars CJ, CK, EJ, EK, forming a deformable 
rhombus of which the corners E and C are jointed to 
equal radius rods AC, AE, free to swing about the 
fixed point A. When moved in. any manner the 
points J and K describe inverse curves. If the bars 
CK, EK, be replaced by parallel bars BI, DI, pivoted 
at points equidistant from A on AC and AE, as in 
the figure below, then, since in all positions of the 
mechanism AI is a constant fraction of AK, the 
points J and I describe inverse curves. In particular, 
if J describe the circle centre O passing through I, 
the point I will describe the same circle in the opposite 
sense, this circle inverting into itself. 

Thus with A fixed, if J be driven by a crank OJ 
rotating round O, it will cause a crank OI to rotate 
in the reverse direction. If now the disc P, to which 
A is fixed, be rotated about O at a rate equal and 
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opposite to that of OJ, this rotation is superimposed 
on the rotations of OJ and OI. Crank OJ is therefore 
brought to rest while crank OI makes two revolutions 
for each revolution of the disc P. A two-to-one 
coupler between the cranks OA and OT is thus obtained 
by fixing crank OJ. The velocity ratio fluctuates 
between 1+ AJ/AI and 1+ AI/AJ. This follows 
from the theorem that the speeds of a point and its 
inverse are proportional to their distances from the 
centre of inversion. Hence with A fixed and OJ 
rotating uniformly at unit speed, the speed of OI 
varies between AJ/AI and AI/AJ. Superimposing unit 
speed on this gives an angular velocity fluctuating 
between 1 + AJ/AI and 1 + AT/AJ. 

Provided power can be taken off or supplied at the 
periphery of the disc P, no difficulty is experienced 
in the actual design of the mechanism to operate 
either as a reverse gear, a differential gear or a two-to- 
one shaft coupler. For the reverse gear, the disc P 
carrying A is fixed; rotation of the crank OJ now 
gives opposite rotation to the crank OI. As a differ- 
ential gear, P is the driver receiving power at its 

riphery (comparable with the worm wheel or crown 

eel of a motor-car differential), while the live axles 
are driven by the cranks OI and OJ. The two-to-one 
shaft coupler is obtained by fixing J; driving through 
P now gives the crank OI rotating at twice the speed, 
or driving through OIF gives disc P rotating at half 
the speed. The difficulty of designing this last arrange- 
ment when power goes to the driving or driven elements 
through their shafts, is overcome by making the pin J 
hollow and of greater radius than OJ. A shaft rotated 
by OI can then be passed through the fixed pin J. 
The adoption of the modified form of inversor avoids 
dead-centre positions being encountered. 





THE WATER SUPPLY oF PERTH, WESTERN AUSTRALIA. 
—tThe provision of an ample water supply from the hills 
to the city of Perth, Western Australia, and its suburbs, 
is making steady progress. It is estimated that the dam 
at the first reservoir of this scheme, namely, Churchman’s 
Brook, will be completed by June, 1927. The water 
mains from this reservoir to the city are almost finished. 
A total of 16? miles of pipe 16 in. to 36 in. diameter, 
entailing four river crossings, was laid during the year 
ended June 30, 1925. It is proposed to utilise these 
pipes for conveying water from pipe-head weirs on the 
various feeders concerned pending the completion of the 
reservoir. A new service reservoir of 4,000,000 gallons 
capacity has been constructed at Buckland Hill, near 
Fremantle. According to the official Report of the 
Metropolitan Water Supply, Sewerage and Drainage 
Department for the year ended June 30, 1925, four other 
reservoirs are ultimately possible in the hills scheme, 
which would then have a total storage capacity of 


Peaucellier’s inversor. In Peaucellier’s linkage we | pe 


DUST AND FUMES IN BRIQUETTE 
MANUFACTURE. 


TuE Ilse Bregbau A.G. in conjunction with the Lurgi 
Apparatenbau-Ges., of Frankfurt-on-the-Main, have 
en experimenting for several years on the electrical 
precipitation of the dust carried away with the water 
vapours from the revolving drying drums of briquette 
plants. They have recently installed a dozen electrical 
precipitators, several of which have worked successfully 
for more than a year, according to an article by F. 
Fischer, director of the Ilse A.G., in the Zeitschrift des 
Vereines deutscher Ingenieure of February 20. In the 
first experimental plant, a dust explosion occurred after 
a few weeks’ working. Dust ignition may be caused by 
the glow discharge, by short circuits and by sparking. 
To suppress sparking, a high-tension fuse was adopted ; 
other safety devices introduced measure the amount of 
dry steam admitted into the drum, and give an optical 
and acoustical signal when the coal feed is interrupted 
for some reason. It is believed that more than 98 per 
cent. of the carbon dust is precipitated, but exact 
measurements can only be made in special apparatus ; 
in actual plants, filters of cotton wool or glass wool 
would have to be used and they have not given satis- 
faction with the dust-laden vapours to be dealt with. 
The precipitators are of the ordinary type and consist 
of vertical plates and wires; alternating current, at 
250 volts and 50 periods, is transformed and rectified 
up to 35,000 volts or more. The energy consumption 
is said to be about 0-1 kw.-hour per 1,000 cub. m. of 
fumes of an average specific gravity of 0-8. Each of 
the treaters deals with 10,000 or 15,000 cub. m. of 
fumes per hour, evolved from 70 to 110 tons of brown 
coal. In the older plants the fumes were passed through 
chambers provided with vertical baffle plates and were 
finally exposed to water sprays; of 6-25 per cent. of 
the coal carried away 4-83 per cent. was recovered. 
The electrically-precipitated dust also contains mois- 
ture, from 8 per cent. to 15 per cent.; the fuel recovery 
is said to be less expensive than formerly, but exact 
figures cannot yet be given. 








THE PERRY AIR HEATER FOR 
BOILER FURNACES. 


A SIMPLE and effective form of air heater, which, 
although primarily intended for preheating the air deli- 
vered to boiler furnaces, can also be used for obtaining 
a supply of hot air for drying and other industrial 
processes, is illustrated by the drawings and photo- 
graph reproduced on page 446. It was designed by 
Mr. H. H. Perry, of the Perry Preheater Company, 
Imperial Buildings, 56, Kingsway, London, W.C.2, 
and is of the immersion type in which heat-transferring 
elements are placed alternately in the path of the flue 
gases and of the air on its way to the furnace. The 
heat absorbed by the elements while in the path of the 
flue gases, is, of course, imparted to the air, raising the 
temperature of the latter to within 130 deg. F. of flue 
gas temp:ratvre if required. 

The heat-absorbing elements, as shown, are enclosed 
in a rectangular steel-plate casing, the dimensions 
given in Figs. 1, 2 and 3 being those of a heater suit- 
able for use with a boiler having an evaporative capa- 
city of 45,000 lb. per hour. The photograph repro- 
duced in Fig. 5 is of a smaller heater, suitable for a 
boiler with an evaporative capacity of about 9,000 lb. 
per hour. The casing is divided by internal baffles 
into passages for the flue gases and air and also contains 
an inner chamber in which the heat-absorbing elements 
are located. There are four groups of these elements 
suspended in cages from chains passing over pulleys 
mounted on a horizontal shaft on top of the casing. 
This shaft is electrically driven, and is rotated alter- 
nately in opposite directions at 3 or 4 r.p.m. by the same 
mechanism as is employed for operating the scrapers of 
aneconomiser. By this means, two of the ca es on one 
side of the shaft are raised while the other two are 
lowered, vertical guides being provided to keep them 
in alignment and to prevent any tendency to swinging. 
As all the cages are of the same weight, a perfect 
balance is obtained, so that very little power is required 
for driving, and this is still further reduced by mount- 
ing the horizontal shaft in ball bearings. Actually, a 
#-h.p. motor provides ample power for driving the 
four-element heater illustrated. 

The elements are composed of plain and corrugated 
steel sheets No. 26 8.W.G. in thickness, threaded on to 
a shaft with spacing washers between them, as shown 
to an enlarged sc: le in Fig. 4, and surrounded by a cage 
formed of stouter sheet-steel. The suspending chains 
are attached to the shaft, as shown in Figs. 1 and 2, 
the two ‘a es forming a pair being connected at the 
bottom by a number of light chain placed closely 
together side by side to form a mat. The length of 
these chains is such that they hang down to the bottom 








Vessel in our issue of February 5 last, page 183. 





28,624 million gallons. 


of the casing, and their object is to offer a resistance to 
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PERRY PREHEATER COMPANY, ENGINEERS, LONDON. 


SECTION ON A.A. 


Fig. 2. 
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the passage of the gases approximately equal to that 
of the elements. But for these chain mats, there would 
be a free passage for the gases under both of a pair of 
cages, as one of the latter was being raised and the 
other lowered, and, in consequence, the load on the 
fans would fluctuate considerably. 
£ The action of the heater can best be followed from 
Fig. 2, in which the paths of the air and gases are 
indicated by arrows. Alternative arrangements are, of 
course, possible, but, as there shown, the flue gas enters 
at the ton left-hand corner and divides into two streams 
which re-combine and leave from the bottom right- 
hand corner. The air travels through the central 
portion of the heater in the opposite direction from the 
flue gases, entering on the right of Fig. 2 and leaving 
from the left. With the cages in the positions 
shown, part of the flue gas is travelling through the 
upper portion of the cage on the left and the other 
part through the lower portion of the cage on the 
right. After these portions of the cages have been 
heated by the gases, they will be lowered and raised, 
respectively, into the air passage, a sectional plan of 
which is given in Fig. °. In this position, the heat 
absorbed by the elements will be imparted to the air 
which passes through two cages in series, and the 
portions of the ca‘es previously in the air passage 
will be situated in the path of the gases from which they 
will absorb heat. The cycle of operations is, of course, 
continuous, eack cage being raised and lowered 
so that it is alternately heated by the flue gases and 
cooled by the air. Actually, a complete cycle occupies 
about 15 second: in an air heater fer boiler furnaces. 
It will be noticed, from Fig. 3, that a passage fitted 
with a damper is provided to enable the gases to by- 
pass the cages. The damper can be opened, when 
the fires are first started and a lot of smoke and 
sooty gases are being produced, to prevent the deposi- 
tion of soot on the elements. Any soot which collects 
in normal working can, however, be readily removed 
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of multiple 
soot blowers 


by 
steam-jet 
fitted in the air inlet, as 
indicated in Fig.2. Steam 
is supplied to the jets at 
intervals in the course of 


means 


working, and the soot 
removed is carried for- 
ward by the air into the 
ashpit under the furnace. 
The by-pass also provides 
a means of regulating the 
temperature of the air if 
required. It should also 
be mentioned that air 
seals, consisting of thin 
steel plates, about 4 in. in 
width, and fitting closely 
round the cages where 
the latter enter the air 
passage, are provided to 
reduce the leakage of air 
into the flue-gas passages 
or vice-versa. 














The principal advan- 
tages claimed for this 
type of air heater are that 





it is simple and reliable, 

low in first cost, light in 

weight and occupies less space than other designs 
of air heaters or economisers. With regard to the 
efficiency of the heater, some particulars of com- 
parative tests carried out in January last on a 
water-tube boiler fitted with a mechanical stoker 
and a superheater, may be of interest. The boiler in 
question had a heating surface of 1,620 sq. ft., and a 
grate area of 34 sq. ft., while the heating surface of the 
superheater was 110 sq. ft. In a test of four hours’ 





duration without the air heater, the evaporation per 





Fie. 5. 


hour, from feed at 96 deg. F. to steam at 193 Ib. per 
sq. in., and a temperature of 568 deg. F., was 6,150 
Ib., and the evaporation from and at 212 deg. F. per 
Ib, of coal was 8-34 lb., the coal having a net calorific 
value of 11,110 B.Th.U. per lb. The corresponding 
figures for a test of 4-37 hours’ duration with the air 
heater in use were: evaporation per hour from feed 
at 91-5 deg. F. to steam at 192 lb. pez sq. in. and 
562 deg. F., 6,750 lb.; and evaporation from and 
at 212 deg. F. per Ib. of coal, 9-0 lb.; the coal in 
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TEMPERATURE VARIATIONS AND HEAT 


Fig.l. rene VARIATION OF TEMPERATURE 


THE CYLINDER WALLS. 
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Fig. 4. TEMPERATURE CURVES WHEN WARMING-UP. 
Gas Water 
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STRESSE 


Fig.2. REDUCTION IN THE VARIA- 
TION OF TEMPERATURE IN 
THE INTERIOR OF THE 
CYLINDER WALLS. 
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Fig.5. ADDITIONAL STRESSES WHEN 
STARTING UP SUDDENLY ON 
FULL LOAD. 
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Fig.7. TEMPERATURE DISTRIBUTION IN THE CYLINDER COVER 


OF A TWO-CYCLE DIESEL ENGINE. 
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this case having a net calorific value of 10,650 B.Th.U. 
per lb. The figures thus show an increase of 9-75 
per cent., and 7-9 per cent., respectively. The thermal 
efficiency, in the first test, was 73 per cent. and in the 
second test 81-8 per cent. The loss of draught in the 
gas passages of the air heater was 0-15 in. of water 
and that in the air passage amounted to 0-25 in., 
while the temperature of the air was increased from 
65 deg. to 268 deg. F., and that of the flue gases was 
reduced from 594 deg. to 376 deg. F. In the test 
without the air heater, the exit temperature of the 
flue gases was 574 deg. F., and in both cases an eco- 
nomiser was in circuit. For this reason it was un- 


desirable to reduce the temperature of the flue gases 
leaving the air heater below the figure of 376 deg. F. 
previously mentioned. The feed water heated in the 
conomiser, however, was supplied to another boiler, 
and no account of the heat recovery in it was taken 
In either test, 
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TEMPERATURE VARIATION AND 
HEAT STRESSES IN DIESEL 
ENGINES.* 

By Rosert SULZER. 

In order that an internal-combustion engine may 
work reliably it is absolutely essential that adequate 
allowance be made by the designer for the stresses due 
toheat. This requires, in the first place, a knowledge of 
how the temperature varies in the cylinder walls, and 
it must also be possible to calculate the heat stresses 
from the given data of temperature distribution. The 
distribution of temperature depends, above all, on the 
temperature of the gases, a factor which is itself not 
constant, but shows considerable periodic variation 
during the working cycle. The periodic variation of the 





* Paper read before the Institution of Naval Archi- 
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Fig.6. ADDITIONAL STRESSES INA 
CAST-IRON WALL 50 MM.THICK WHEN 
STARTING UP SUDDENLY. 

(a) Compression Stresses on the Surface, Gas Side 

(6) Compression Stresses on the Surface, Water Side 

(c) Additional Stresses in the Interior of the Wall 
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gas temperature by more than 1,000 deg. C. also 
causes a variable distribution of temperature in the 
cylinder walls, and to determine this a knowledge of 
the conditions of heat transmission on the gas and 
water sides of the walls is also required. These data 
can be obtained, at least to a first approximation, from 
indicator diagrams and measurements of the tempera- 
ture, &c., of the cooling water. A coefficient of heat 
transmission varying within wide limits in the course 
of the working cycle has to be reckoned with from the 
very outset, especially in the case of the transmission 
of heat from the gas to the walls. It is at once clear 
that it is especially the curve of temperature variation 
in the walls which will be affected by this great variation 
in heat transmission. But even for the constant mean 
temperature of the walls, it is also of great significance 
that the coefficient of heat transmission near the 
upper dead point, where the pressure is high, is many 





tects, Thursday, March 25, 1926. 


times great than the mean Coefficient of heat trans- 
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IN DIESEL ENGINES. 


Fig .10. ARRANGEMENT OF THE MEASURING POINTS . 


IN LINER, COVER, AND PISTON. 






































Enotne Unper Tzst, 





a 


i 
' 


f 


Fie. 11. 


mission, since it follows from this that an uncooled 
wall is heated not only to the mean value of the gas 
temperature, but can even be hotter (up to 200 deg. C.). 

Before describing the experimental work which has 
been carried out on this subject, we will first of all 
consider the circumstances with the help of some 
preliminary calculations which were made. The 
general theory of the flow of heat in a body was deve- 
loped a century ago by Fourier, starting with the 
consideration that the amount of heat entering each 
unit volume of the body in consequence of the differ- 
ences in temperature causes a rise of temperature in 
this element corresponding to its specific heat. The 
distribution of temperature in the cylinder walls can 
be resolved into a mean constant temperature, and 
periodic temperature variations superimposed on the 
constant temperature. The periodic variations force 
their way from the gas side into the interior of the wall ; 
but, as will be shown, only a few millimetres below the 
surface of the metal, so that when discussing them the 
exact shape and dimensions of the walls may practically 
be neglected, whilst, for the constant part of the 
temperature, the shape given to the walls is of the 








PHOTOGRAPHIC APPARATUS. 


utmost importance. First of all, with regard to the 
periodic variation in the temperature, we find in 
the surface of the metal on the gas side a fluctuation 
of about the same character as the gas temperature 
curve, but varying only a few degrees up or down. 
Thus we find, for a two-cycle engine running at full 
load at 100 r.p.m., the curve of surface temperature 
shown in Fig. 1, which may be taken as characteristic 
for the walls of the combustion chamber. In a surface 
in contact with the gases, the temperature varies 
periodically about a mean value, but only by about 
14 deg. C. above and 8 deg. C. below, in spite of the 
huge variation in the temperature of the gases in the 
cylinder during each revolution of the engine. Inside 
the walls the variations in temperature die down rapidly, 
and the curves gradually change their character by 
flattening out, with a certain phase lag. Already at a 
depth of 5 mm. the variation in temperature still 
perceptible is less than § deg. C. 








In Fig. 1 the temperature curves are given for layers 
at various. depths from millimetre to millimetre, the 
temperature in the walls at the moment being given 
for each position of the crank. A few characteristic 
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curves for the first 5 mm. depth of wall are given in 
Fig. 2. Although the gas temperature varies between 
wide limits, from scavenging air temperature to the 
highest temperature attained during combustion, the 
variations of temperature in the wall are so slight that 
they affect the constant temperature practically only 
to a depth of 5 mm. In spite of that, the amount of 
heat flowing into the walls shows considerable varia- 
tions, although the variations in temperature are only 
slight; this can easily be understood when one con- 
siders that the heat flow depends, not on the tempera- 
ture itself, but on the difference of temperature, ?.¢., 
on the slope of the temperature curves at entry. 
According to Fig. 2 this slope may reach an amount 
many times as great as the permanent one, t.e., the 
amount of heat flowing in shows considerable variations 
up to several times the permanent amount, Fig. 3. 
The heat flowing in is first stored in the layers near the 
surface and then, in the course of the working cycle, 
passes farther into the wall, or also—to a slighter degree 
—fiows back to the gas. The curves refer to an engine 
running at 100 r.p.m.—for other speeds the ordinates 
change inversely as the square root of the speed ; 
the variations in temperature and the periodic heat 
stresses caused by them must, therefore, be specially 
considered in the case of slow-speed engines. In spite 
of the slight temperature variations by which they are 
caused, these stresses are considerable ; for example, 
at full load and at 100 r.p.m. they vary periodically 
between 120 kg./em.? (1,700 Ib. per square inch) 
tension and 200. kg./em.? (2,800 Ib. per square inch) 
compression. They come, therefore, into consideration, 
particularly as - periodic additional stresses, super- 
imposed on the mean stresses due to the constant heat 
flow. 





Concerning the change in temperature with change of 
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load—an important point with regard to the desirability 
of being able to start up a Diesel engine quickly 
(without any previous heating up, as in the case of a 
steam turbine)—calculations for a flat cast-iron wall 
50 mm. thick give the curves shown in Fig. 4, when the 
engine is started quickly and put on full load at once. 
These curves show the change of temperature at 
various periods after starting up. The cylinder warms 
up at first by taking a considerable quantity of heat into 
the walls without at the same time giving up any to the 
cooling water. Accordingly the temperature at the 
surface in contact with the gas rises very rapidly in 
the first few seconds, and then more slowly until, 
theoretically after an infinite length of time, it attains 
astable condition. After five minutes the difference is, 
however, already less than 15 deg. C. The sharp 
curvature of the temperature curves at the start is 
specially significant, as this, of course, implies additional 
heat stresses. The effect of these additional heat 
stresses during changing load is shown in Fig. 5. 
The stress curves shown are at 10, 20, and 40 seconds 
after starting the engine. The material is assumed to 
be cast iron, and the curves hold for a flat plate perfectly 
free to expand and to bend. Compression stresses 
arise both on the gas side and on the water side, whilst 
the intermediate layers of the wall are in tension. It 
is a striking fact that the stresses on the gas side are 
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Temperature Variation at the Centre of the Piston- 
head. Half-load, 100 R.P.M. 


particularly high after 10 seconds and quickly decrease, 
whilst at the same moment the stresses on the water 
side are still small and continue to increase further 
until 40 seconds, They then exceed the stresses on the 
gas side. If the plate is held so that it cannot expand 
and bend freely, these stresses are superimposed on a 
linear distribution of stresses with compression on the 
gas side and tension on the water side. The change in 
the stresses during the first minute after starting the 
engine can be seen particularly clearly from the curves 
in Fig. 6. The compression stresses on the gas side 
(curve a) rise sharply to their maximum in 10 seconds 
and then fall again quickly. The compression stresses 
on the water side (b) increase more slowly; after 
25 seconds they are greater than those on the gas side, 
and also decrease after attaining a maximum at 
40 seconds. When the walls are not too thick these 
varying stresses are harmless, even when a load is 
thrown on the engine suddenly, as the tensile stress in 
the present case (walls 50 mm. thick) does not exceed 
160 kg./em.2 (2,300 Ib. per square inch), The com- 
pression stresses are about 450 kg. per square centi- 
metre (6,400 Ib. per square inch), and will be about 
twice as much for cast steel. 

Accurate calculation of the distribution of the per- 
manent temperatures in the cylinder walls is only pos- 
sible for castings that are not too complicated. Worked 
out for a water-cooled, cone-shaped cylinder cover with 
only one centrally arranged opening for the combined 
fuel and starting-air valves, a system of isotherms was 
obtained, Fig. 7, which satisfies the theoretical con- 
ditions of heat transmission. Here it was assumed 
that the gas temperature and the coefficient of con- 
ductivity were the same at all points in the combustion 
Space. The heat stresses corresponding to the distribu- 
tion of constant temperature can in general only be 
submitted to a strict calculation when the axial sym- 
metry of piston, cover, and liner is not too much broken 
by valves and ribs. We have then to deal with the 
problem of the stresses due to an axially symmetrical 
temperature distribution, the temperature in the 
direction of the meridian as well as in the direction of 
the thickness of the shell possibly varying symmetrically 
with the axis. It is actually possible to determine the 
differential equations for the general case of axially 
symmetrical temperature distribution in hollow solids 
and to follows it up further for certain types of shells. 








These are shells with a constant radius of curvature 
along the meridian, i.e., conical, spherical, and flat 
ring shells, including the two special cases of the cone, 
cylinder, and flat circular plate. These are the most 
important fundamental forms which come under con- 
sideration for cylinder walls. For the two-cycle cover 
shown in Fig. 7, a correct calculation of the stresses in 
the walls can also be worked out, as this design avoids 
any increase in stress which cannot be checked, such as 
cannot be avoided when the axial symmetry is dis- 
turbed either by valves or by ribs. The wall, water- 
cooled and exposed to the hot gases, is formed as a 
conical shell and is made as thin as possible in order 
to be capable of withstanding the heat stresses. In 
order that it may at the same time be capable of with- 
standing the gas pressure, it is supported centrally by 
the cylindrica] tube (carrying the combined fuel and 
starting-air valves) on a strong circular plate. An 
accurate calculation can be made with regard to the 
thickness of the shell and its proportion to the cylin- 
drical parts and the circular plate. Even in cases 
where the distribution of temperature is given only 
graphically, the problem can also be solved graphically. 
For example, in the case of a cylinder liner, the distribu- 
tion of temperature being given by a system of lines 
as shown in Fig. 8, and the thickness of the walls vary- 
ing. as indicated, the stresses and the amount of dis- 
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tortion can be calculated graphically ; the results for 
a certain case are plotted in Fig. 8. From these 
examples it is seen that, for the accurate determination 
of heat stresses, the purely symmetrical shape of the 
cover, piston, and liner has a significance which cannot 
be overrated. The reverse is shown in the four-cycle 
cover, the axial symmetry of which is broken up by 
valves, and which in the course of service is exposed 
to the danger of developing cracks, showing that 
‘“incalculability ” is one of its essential features. It 
might be mentioned here that we have experienced 
cases of cracked covers in four-cycle engines and two- 
cycle engines with valve scavenging in the cylinder 
heads, but never with the symmetrical two-cycle 
covers, except where the cooling system had not received 
proper attention. The possibility of calculating the 
heat stresses is of the greatest importance to the 
designer of Diesel engines, particularly when dealing 
with large engines. Just because the most elementary 
difficulties, which at first hindered the development of 
the Diesel engine, have been overcome to-day, develop- 
ment can only be advanced by striving constantly to 
get a clearer conception of all phenomena and by 
finding means of controlling them. 

Measurement of the Temperature in the Walls of a 
Two-cycle Marine Engine——An extensive series of 
tests were made on a Sulzer two-cycle marine engine 
on the test-bed shown in Fig. 9, in order to determine 
the distribution of temperature in the walls of the cylin- 
der liner, cylinder cover, and piston. The measure- 
ments were taken at over thirty different points by 
means of thermo-electric couples, and were not con- 
fined to getting the mean temperatures at these places, 
the variation in temperature at each point during one 
revolution of the engine being also recorded photo- 
graphically with the greatest accuracy. (The method 
used was suggested by Professor Nigel, who set up the 
first apparatus of this kind in the laboratories of the 
Dresden Polytechnic and kindly placed his great 
experience at our disposal). 

I. Method of Testing.—The Diesel Engine.—The tests 
were made in one cylinder of a four-cylinder two- 
cycle marine engine, type ST60. 


Bore . 600 mm. 
Stroke 1,060 mm. 
Speed . 100 R.P.M. 
Normal output 1,350. B.H.P. 


Scavenging air was supplied by a turbo-blower. 

The distribution and arrangement of the measuring 
points can be seen from Fig. 10. The points on the 
inner side (gas side) are indicated by Roman numerals ; 
they all lie 0-5 mm. under the surface which is in 
contact with the gases. For the thermo-electric 
elements, copper and constantan wires 0-5 mm. in 
diameter were used, a temperature difference of 
100 deg. C. at the junction giving about 5 millivolts. 
Accurate calibration curves were, of course, obtained. 
The thermo-electric wires for the principal measuring 
points were inserted in conically ground pins of grey 
cast irun in such a way that the wires, which were 
embedded in plaster of Paris in glass tubes, were led 
in two neighbouring holes 2 mm. in diameter to within 
0-5 mm. of the outer surface. In the last half-milli- 
metre of the wall thickness the wires were carefully 
riveted to the cast iron pins, so that the electric connec- 
tion was made exactly at a depth of 0-5 mm.; the 
current enters and leaves the cast iron at points of 
equal temperature, so that the insertion of. cast iron 
into the circuit does not affect the measurements of 
the temperature. The measuring points in the piston 
necessitated the cable leading to the instrument bench 
being particularly carefully arranged. The individual 
wires were led from the piston cooling-space in a water- 








tight manner, and led out of the engine in a cable of 
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Temperature Variation in the Cylinder Liner. 
Three-quarters Load. 100 R.P.M. 


24 wires, each of which was insulated in a rubber tube 
(bicycle valve tubing) along the piston rod to the cross- 
head, and from there along the indicating gear lever. 
At the points where it bends, the cable was carried in 
suitable flexible supports; in dangerous positions 
steel wires were substituted for the thermo-electric 
wires. At two measuring points in the top piston- 
ring at 0:5 and 1-5 mm. respectively below the working 
surface, the play in the piston-ring had also to be taken 
into consideration. The thermo-electric wires from 
piston, cylinder cover, and liner were connected to 
three-way switches on an instrument bench, by means 
of which they could be switched for approximate 
measurements to a millivoltmeter, or for exact measure- 
ments of the mean temperature to a compensating 
connection, or finally for obtaining photographic 
diagrams of the temperature variations to a thread 
galvanometer. The apparatus for photographing 
the temperature variations, Fig. 11, was set up in a 
separate room some distance from the engine in order 
to be as free as possible from vibration; the thread 
galvanometer recording the variations in the thermo- 
electric current was hung on steel wires so as to be 
perfectly free from any vibration. The thermo- 
electric current flows through a gold thread about 
100 mm. long and about 4}, mm. diameter, stretched 
between the two strong magnetic poles of the instru- 
ment. By means of an are lamp and microscope 
the shadow of the gold thread was observed and its sag 
corresponding to the strength of current, recorded 
photographically on a revolving drum. The drum was 
turned by an electric motor fitted with adjustable speed 
regulation, and was lighted through a small axial 
slit closed by a shutter which was opened when required 
during one revolution of the drum. A spark-gap, 
actuated by an exciter, recorded on the sensitised 
paper the position of the crank of the engine by means 
of a contact disc attached to the brake end of the crank- 
shaft. The following points were thus recorded at the 
edge of the paper: upper dead centre; 60 deg. 
expansion; 120 deg.; lower dead centre; 90 deg. 
compression; upper dead centre. By means of a 
differential connection it was arranged that all the 
thermo-electric current did not pass through the gold 
thread in the galvanometer, but only the amount 
corresponding to the variation in temperature above 
or below the mean temperature. The maximum strength 
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of current in the instrument amounted in general to 
only + ye's5 milliampere. A calibrating connection 
made it possible, as each. photograph was taken, to 
record on the paper the positions of the gold thread 
corresponding to certain strengths of current by 
means of adjustable wire marks. 

II. Results of the Tests.—Fig. 12 gives a general idea 
of the temperature distribution found by the above- 
described method in the combustion space, with the 
engine running under full load at 100 r.p.m. The 
isothermal lines which have been sketched in show 
the heat flow to the cooling water. The highest 
temperatures in the cylinder cover and also in the 
piston reach 300 deg. C., in round figures. At the top 
of the liner at a spot not reached by the piston-ring, 
a temperature of 333 deg. C. was recorded, and is the 
highest reading obtained in the walls at full load. 
The temperatures in the piston-head show clearly 
the effect of the central injection of fuel with cold air 
and the gradual starting of the combustion. The 
centre of the piston-head always remains the coldest 
part. At small loads the temperatures are highest 
half-way between the centre and the edge of the piston ; 
whilst at full load, when the combustion lasts longer, 
they are highest at the edge. Similarly the upper 
part of the liner does not come under the influence of 
the burning gases until the engine is heavily loaded. 
By means of the temperature variations during a cycle 
of operations, this course of combustion deduced from 
the distribution of the mean temperature was also 
confirmed. The variations are least at the centre of 
the piston-head. The temperature diagrams given 
in Figs. 13 and 14 show the variation in temperature 
during two revolutions of the crankshaft at half-load 
and at 100 r.p.m., Fig. 13 for the centre of the piston- 
head, and Fig. 14 half-way between the centre and the 
outer edge. The original diagrams, which measure 
170 by 280 mm. (6-7 by 11-0 in.), give very clear 
readings. The temperatures in the liner are highest 
at the upper part, which is not reached by the piston- 
ring, and which, therefore, does not require to be 
lubricated. Another measuring point was also chosen 
somewhat lower, so that the top piston-ring just passed 
over it. At this point the mean temperature was 
found to be 251 deg. C. The temperature diagrams 
at this point for three-quarter load, Fig. 15, and for 
pure compression (without fuel), Fig. 16, are interesting. 
They show a sudden change of temperature just before 
and just after the upper dead point, a change caused 
by the upper piston-ring cooling the liner when passing 
over it, to such an extent that the effect is perceptible 
even $ mm. below the surface. The piston-ring, 
therefore, cools the upper part of the cylinder liner. 
The temperature of the top ring must, therefore, be 
considerably less than 250 deg. C. at full load; in 
fact, measurements made in the ring at full load gave 
a mean temperature of 128 deg. C. and a maximum 
value of 135 deg. C. In a two-cycle marine engine, 
therefore, the temperatures attained by the piston- 
rings are far lower than the temperatures in a steam- 
engine cylinder fitted with a steam jacket. This 
should dispose of the idea that the high temperatures 
in a two-cycle engine will lead to difficulties with regard 
to lubrication. The temperature diagram, Fig. 17, 
shows the variations in temperature in the piston- 
ring at three-quarter load during two revolutions ; 
it is also measured at a point lying 0-5 mm. under the 
working surface. The variations, which may at first 
sight appear incomprehensible, can be explained as 
follows :—Shortly before the upper dead point the 
piston-ring passes on to the hottest part of the liner, 
the top part, and is quickly warmed up by about 
10 deg, C. ; then—at the same distance after the upper 
dead centre—it passes again to the cooler part of the 
liner and consequently begins to cool. But before the 
lower dead point is reached, the piston-ring with its 
measuring point, passes in front of an exhaust port. 
The cooling effect of the cold wall is suddenly inter- 
rupted, and heat passes from the hot interior of the 
ring into the previously-cooled outer surface. The 
temperature rises by a corresponding amount, at first 
quickly, and then slowly, until the piston on the 
return stroke, just as far from the lower dead point, 
closes the exhaust ports, and the measuring point 
again comes into contact with the cold wall of the 
liner. Shortly before veaching the exhaust ports 
a small kick is shown in the falling curve when passing 
a lubricating hole in the liner. That cooling, in fact, 
takes place only in the outer layer of the ring is shown 
by the diagram given in Fig. 18, which shows the varia- 
tion of temperature in the piston-ring at a spot 14 mm. 
below the working surface. The two diagrams given 
in Figs. 17 and 18 were taken one immediately after 
the other, and the two measuring points were only a 
few millimetres apart, so that the difference between 
the diagrams can only be attributed to the difference 
of 1 mm. in depth of the two measuring points. 

The temperature diagrams taken while starting and 
stopping are particularly interesting. The diagram 
given in Fig. 19 shows, for example, the rise of tem- 


perature at a measuring point in the cover when | 


starting under full load (with the hydraulic brake 
filled). Each ignition can be clearly seen. In order 
to give a time scale, the galvanometer was switched over 
every 10 seconds from the measuring point on the gas 
side to the corresponding one on the water side, so 
that the rise of temperature on both sides of the plate 


loads and speeds, and with different fuels, injection 
air pressures, scavenging air pressures, &c.), a thermo. 
electric couple was also introduced into the combustion 
space at various depths and temperature diagrams were 
taken by means of it in order to make a special investi. 
gation of the heat transmission. In all, about two 
hundred temperature diagrams were taken in addition 
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Temperature Variation in the Cylinder Liner. 
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Fig. 18. 


Temperature Variation in the Top Piston-ring, 
1-5mm. under the Rubbing Surface. Three- Z 
quarters Load, 100 R.P.M. 


are given in the same diagram. The diagram given 
in Fig. 20 shows the fall of temperature when suddenly 
stopping from full load. The last ignitions can be 
seen clearly, and immediately after the last one the 
temperature on the gas falls sharply. On the water 
side there is no sign of any fal! of temperature in the 
first ten seconds. The last diagram, Fig. 21, shows 
the rise of temperature in the whole piston-head 
during the first 3 minutes when starting from cold 
under full load. The ten measuring points were 
connected to the galvanometer one after the other, 
each for 2 seconds, so that the temperature at any 
one point is shown at 20-second intervals. In addition 
to the temperature diagrams for the walls, which were 





taken under various working conditions (at different 


9 AT-M, 1-6 


Fie. 21. 


Rise of Temperature at Various Points on_the 


Piston-head when Starting Up. Readings at Each 


Point at 20-second Intervals. 


to the usual records of fuel consumption, indicator 
diagrams, cooling-water measurements, air measure- 
ments, &c. 





LAUNCH OF THE §.8. “‘StuaRTSTAR.’’—Messrs. Palmers 
Shipbuilding and Iron Company Limited, recently 
launched the screw steamer Stuartstar from their Heb- 
burn shipyard. The vessel will carry a deadweight of 
about 11,750 tons and her overall length is about 494 ft. 
She has been built to the order of the Blue Star Line 
‘(1920) Limited, London, and is insulated to carry chilled 
meat. The Stuartstar has been constructed under Lloyd's 
special survey to their 100 A.1. class, and will be fitted 
with twin-screw, single-reduction, geared turbines 
Steam will be supplied by two double-ended and two 
single-ended boilers, arranged for burning oil fuel. 

















njection 
thermo. 
bustion 
MS were 
investj- 
ut two 
ddition 





<3 


r 


<n 


~~ Ree De eT 





ENGINEERING. 


451 





APRIL 9, 1926.] 








THE WELLAND SHIP CANAL. 


One of the most important engineering works in 
hand at the present time in the British Empire is 
the reconstruction of the Welland Canal, which 
crosses the Niagara Peninsular, which juts out 
between Lake Erie and Lake Ontario. This canal 
forms a vital link in the shipping route from the 
Great Lakes to the Atlantic, which, when others on 


Erie, at an elevation of about 572-5 ft. above sea 
level, while below Lake Erie is Lake Ontario, which 
is at an elevation of only 242-5 ft. The last fall 
occurs in a stretch of river of only 35 miles, which 
includes the Niagara Falls. As mentioned above, 
the Niagara Peninsular extends between these two 
lakes. This area has been the scene of some of the 
most interesting engineering works in recent years, 
two of them certainly among the most notable which 
have been taken in hand. One, the Queenston- 





the St. Lawrence reaches are enlarged, will enable 
vessels of very considerable tonnage to ply direct 


Chippawa Development of the Hydro-Electric Power 
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of the original canal in 1829. The history of this 
canal goes back to 1816, when a Government Com- 
mission was appointed to report on inland naviga- 
tion. The report presented in 1823 put forward the 
scheme for the construction of a canal across the 
peninsular capable of taking vessels in use on the 
lakes. The area involved is shown in the maps, 
Figs. 1 and 3, Fig. 2 being a profile of the new canal, 
to which reference will be made in due course. The 
original canal was built with forty locks, 110 ft. long 
and 22 ft. wide, and with only 8 ft. of water on the 
sills. The first vessels were passed through it in 
1829. This canal ran from Port Dalhousie on Lake 
Ontario, to Port Robinson, by way of Twelve Mile 
Creek, these being shown in Fig. 3. From Port 
Robinson shipping passed by the Chippawa River 
to the Niagara River, and to Lake Erie. It will be 
remembered that the lower portion of the Chippawa 
River was embraced in the hydro-electric scheme, 
and that the flow of this part of the river has now 
been reversed, so as to supply water from Lake 
Erie to the big feeder canal running to the 
Queenston generating plant, the canal taking off 
some 4} miles from the mouth of the river. Sub- 
sequently, the first Welland canal proper was 
completed between Port Robinson and Port, 
Colborne. 

After being in service for about twenty years 
the canal, originally built by a private company, 
was taken over by the Government, and steps 
were taken to enlarge it. The wooden locks were re- 
placed by structures of masonry; their number was 
reduced from forty to twenty-seven, and the size 
increased to 150 ft. by 26-5 ft. The depth of water 
on the sills was, however, only increased from 
8 ft. to 9 ft. The route of this canal is indicated 
in Figs. 1 and 3 by the words “Old Welland 


Canal.”” From Port Dalhousie the route followed 
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between Duluth at the head of Lake Superior, 
and the ports of the Atlantic seaboard, &c. Lake 
Superior is 602 ft. above datum, which is 200 ft. 
above sea level, and Duluth at its western 
extremity is 2,339 miles from the Straits of Belle 
Isle. Below Lake Superior is Lake Huron, at a 
level of 581 ft. above sea level. Shipping passes 
between the two by means of the Saulte St. Mary 
canals (of Canada and the United States), the traffic, 
consisting of grain and ore, constituting, we believe, 
the densest canal and lock traffic in the world, for 
the Season for which navigation is open. 

» Below Lake Huron and connected with it by 


means of the St. Claire and Detroit Rivers, is Lake | 


Commission of Ontario, has already been described 
at length in our columns.* It constitutes one of the 
most remarkable undertakings of its kind in the 
world, and although the generating units have 
since been surpassed in size by those installed in 
the enlarged American Niagara plant, the hydro- 
electric scheme, with its interesting intake canal 
and other features, constitutes an undertaking of 
quite an exceptional character. 

The work now in progress on the Welland Canal 
is no less interesting in its way. The present recon- 
struction is the third undertaken since the opening 








* ENGINEERING, Vol. cxviii, page 220. 
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pleted in 1850, but, to meet increasing demands 
the depth was improved to 10 ft., in 1853, by raising 
walls and banks. By 1870 it had become evident 
that greater uniformity was desirable on the 
Welland and the St. Lawrence canals lower down, 
and a commission recommended a uniform scale 
of 12 ft. on the sill, with locks 270 ft. long by 45 ft. 
wide. Reconstruction on these lines was commenced 
in 1874, but before the locks were built the depth 
on the sills was changed to 14 ft. The canal, 
with 25 locks, was opened for traffic with a 12-ft. 
depth in 1882, and in 1887 this was increased by 
raising walls and banks to 14 ft. The location of 





this canal is marked ‘“ Present Welland Canal ”’ 
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in Figs. 1 and 3. It avoids St. Catherines and 
passes east of Thorold. 

The immense improvement which will be brought 
about by the reconstruction now in hand will be 
evident by reference to four or five figures. The 
number of locks is being reduced from 25 to 8. 
The usable length and breadth are being increased, 
respectively, from 270 ft. and 45 ft., to 800 ft. and 
80 ft., while the depth on the sill will be 30 ft. 
These dimensions at once place the present work 
in the front rank, and, in fact, in some respects it 
stands absolutely unequalled. The Panama Canal, 
for instance, has a highest level of only 85 ft. 
above sea level, and highest lift for any lock on 
that waterway is 30} ft., compared with 46} ft. 
negotiated by each lock on the new Welland Canal. 
Furthermore, a flight of three twin locks at Thorold, 
effects a rise of practically 140 ft., and, as regards 
its mass concrete, is comparable with the great 
Gatum locks at Panama. The weight of each leaf 
of the lower gates on the Welland canal is about 
500 tons, which compares with 733 short tons for 


the heaviest gates 82 ft. high (i.e., at Miraflores) on | 


the Panama Canal. 

The new route departs from those formerly 
. followed to a very considerable extent. A new 
terminal on Lake Ontario has been located at 
Port Weller, from which the alignment follows 
Ten Mile Creek to Thorold. In this stretch, con- 
taining seven out of the eight locks, the old canal 
is crossed once, a second crossing being located 
between Thorold and Allanburg. The length of 





canal work and seven locks. The fourth section 
was mainly excavation work required for enlarging 
the canal prism between Allanburg and Port 
Robinson. The work was continued until it had 
to be closed down owing to the war, in 1917. The 
contracts were cancelled in 1918, but after the 
Armistice the Government resumed work on a small 
scale on the same sections. Lack of materials and 
labour troubles delayed progress in 1919 and 1920, 
but in 1921 things began to settle down again and a 
contract was let for the completion of three of 
the sections, another for other two being let in 
1922. In 1924 work was started on a further section 
involving the Lake Erie terminal and the eighth 
lock, and the contract also was let for the excava- 
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at Lock No. 1, which as stated is 9,500 ft. from the 
harbour entrance. 

Figs. 6 and 7, Plate XX XVIII, give two views of 
Lock No. 1. Fig 6 is taken at the lower end, 
looking up the lock, and the view given in Fig. 7 is 
taken at the upper end looking towards the lower 
gates. All locks, except Nos. 4, 5 and 6, are of 
this type, viz., single locks. At the flight of 
three, twin locks have been constructed, so as 
to save delays in locking vessels through in both 
directions. The concrete wall shown in the right 
foreground of Fig. 6 is of concrete crib work and 
extends from Port Weller harbour to the lock. 
Three views are given of the twin locks in Figs. 8, 


9 and 10, Plates XX XIX and XL. The first, Fig. 8, 
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The new canal is more direct in every way, and | 
several objectionable bends have been eliminated. | 
The profile given in Fig. 2 shows the position of the | 
main structures embraced by the work. Commencing | 
at the north (Lake Ontario) end, the terminal at 
Port Weller is provided with two breakwater 
arms stretching 14 miles into the lake. Some 
9,500 ft. from the harbour entrance the first lock is 
situated. The second lock is placed 14 miles beyond 
No. 1, and No. 3 about 2} miles above No. 2. The 
next are twin locks in a flight of three pairs. These 
are about a mile above lock No. 3, the last, No. 7, 
being only 2,000 ft. beyond No. 6. At the Port 
Colborne end there is a guard lock, and the harbour 
protection is being elaborated. In all cases the 
foundation is good. At the site of lock No. 1 
rock existed at about 5 ft. above the lowest concrete 
level. At lock No. 2 rock was found only slightly | 
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tion on the length between Welland and the eighth 
lock. The last section to be put in hand was the 
one extending from Port Robinson to Welland on a 
new and straight alignment. This contract was let 
at the latter end of 1925. In the meanwhile work 
on the section between Allanburg and Port Robinson 
has been practically completed except for certain 
bridges which will only be installed when the whole 
undertaking is nearer completion. 

The illustrations we give in Figs, 4 to 19 above and 
on pages 453, 454 and 466, and on Plates XX XVIII 
to XLI accompanying this issue of ENGINEERING, 
give a very good idea of the character of the 
works involved. The view reproduced in Fig. 15, 
shows the section just referred to as having been 
practically completed. This is known as the Deep 
Cut. The greatest depth of the cut is 80 ft., and 
on this section the old canal has been enlarged by 


SIG Ean seastaies 








~ PALA 
seit 
‘7 


ENGINEERING” 


or ouao Gg 
is a view taken from a railway bridge crossing the 
lower entrance to Lock No. 4. The floor in the fore- 
ground is part of the foundation for the walls and 
flooring of the No. 4 twin lock chamber. The three 
walls facing one in the centre of the picture are 
actually the ends of the side and central walls for 
the twin locks No. 5. Just behind the two large 
towers are the breast walls which form the head of 
Lock No. 4. The second view, Fig. 9, is taken 
from the middle of Lock No. 5, looking back in 
the direction from which the previous view was 
taken, viz., towards the railway bridge, the two 
trusses of which may be seen in the distance. 
Fig. 10 also gives an excellent idea of the twin 
lock structures. This is a view of the uppermost 
lock, but taken at a much earlier date than the 
preceding photographs. In Fig. 11, Plate XL, we 
give a recent view of Lock No. 7, taken looking 





below the foundation level. At No. 3 the rock| deepening and by taking a slice off the western | north, i.e., from the head end of the lock. 


level proved to be about 20 ft. below the required | 
foundation level, but locks Nos. 4, 5, 6 and 7 are} 
built directly into the face of the rock escarpement. | 
Guard gates above lock No. 7 and the guard lock, | 
No. 8, are similarly well placed. 
The reconstruction is being carried out to designs | 
drawn up by Mr. J. L. Weller, who was engineer- 
in-charge before the war. In 1913, the Department | 
of Railways and Canals called in the advice of Mr. | 
A. Noble, whose report endorsed the plans and pro- | 
posals of Mr. Weller. As a consequence it was 
considered that a start might be made, and contracts | 
were let for some of the sections. The whole has 
been divided into eight sections. In the autumn 





of 1913, contracts were let for four of these, three 
of which covered the bulk of the heavy work at | 
the Lake Ontario end, including the harbour and | 


bank. The excavation was done in the dry, and 
protection to the bank placed before the earth 
bank was cut and dredged away. The prism 
section allows for a bottom width for the canal of 
200 ft., and this, with suitable slopes gives a 
waterline width of 310 ft. At present the depth 
is being made 25 ft., but structures give 30 ft., so 
that the canal can be deepened throughout later 
by excavation only. 

We have already referred briefly to the entrance 
works at Port Weller. These consist of two earth 
embankments parallel with one another and pro- 
viding between them a channel 800 ft. wide. This 
narrows at the entrance to 400 ft., where there 
are two converging arms of crib work. At the 


In connection with these illustrations we may 
fittingly give a few details of the lock structures. 
The single locks have a length between gate pintles 
of 859 ft., giving a usable length of nominally 
800 ft. The side walls consist of concrete monoliths 
having, as will be seen from the typical section 
given in Fig. 4 a greatest thickness (for normal 
section) of 46 ft., stepped in towards the top toa 
width of 16 ft. As may be seen in the views the 
side walls contain various tunnels and passages 
near the top, and the main longitudinal culverts 
near the base. The latter are 14 ft. wide and 
16 ft. high. The locks are filled from the main 
culverts by 25 openings in each side wall. These 
are 3 ft. wide by 4 ft. high. For emptying, the 
water is allowed to run off through the main culverts 


| 
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shore end cribbing is also arranged on converging 
lines so that the 800 ft. width is reduced to 200 ft. | 


to a point just below the lower gates where the 
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MR. ALEX J. GRANT, M.E.I.C., ENGINEER-IN-CHARGE. 


(For Description, see Page 451.) 























Fie. 6. Lower Entrance to Lock No. 1; Port WELLER. 
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Lock No. 1; View Looxine pown Lock FRom UrprEr Gave Position. 





(To face page 452.) 
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THE RECONSTRUCTION OF THE WELLAND SHIP CANAL, ONTARIO, 
MR. ALEX J. GRANT, M.E.L.C., ENGINEER-IN-CHARGE. 


(For Description, see Page 451.) 

















Fie. 8. Twin Looxs No 4; View LOOKING TowaRDs Lock No. 5. 




















Fic. 9. Twin Locks No. 5; View Looktne TowarRDs Lock No. 4. 
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‘THE RECONSTRUCTION OF THE WELLAND SHIP CANAL, ONTARIO. 





MR. ALEX J. GRANT, M.E.I.C.,, ENGINEER-IN-CHARGE. 


(For Description, see Page 451 ) 
































Fic. 10, Twin Locks No. 6; Virew sHowING Forms AND SHUTTERING. 











Fie. 11. Lock No. 7 rrom Uprer Enp. 
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(For Description, see Page 451.) 
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THE Port CoLBoRNE TERMINAL; VIEW LOOKING SoutTs, TOWARDS LAKE ERIE. 


















Fia. 13. 
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COLBORNE TERMINAL; VIEW LOOKING NorTH, UP THE HARBOUR. 








(To face page 453.) 
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Fie. 14. Tar Reautatine Weir FoR THE Ponpd For Lock No. 1. 


culverts are finished with 90 deg. bends, so that the 
mouths face each other, and the two streams of 
outflowing water meet and thus dissipate their 
energy. 

At the head of each lock is a breast wall, rising 

to 51+5 ft. above the lock floor at the middle. In 
the history of the Welland Canal accidents have 
occurred by boats entering the locks not under 
proper control, and crashing into the gates at the 
head end. After the present reconstruction an 
occurrence of this kind on the up-stream journey 
will be impossible, as a vessel will only be able tc 
run into the breast wall and not into the head 
gates. : 
A typical section of one of the twin locks of the 
flight, is given in Fig. 5. From this it will be seen 
that the normal outer wall section shown on the left 
is similar to that for the single locks, except for the 
culvert arrangements. The outside section given 
on the right of Fig. 5, is taken through the wall 
close to one of the gate positions. The central 
wall has an overall thickness of 60 ft., and except 
for the twin culverts, which are 12 ft. wide and 
16 ft. 6 in. high, is solid up to within 40 ft. from 
coping level. From this point the structure is 
continued by two walls, 18 ft. thick where they 
tise from the base and stepped in to a normal 
thickness of 9 ft. at coping level. Where the locks 
are situated largely in rock the concrete work is, 
of course, reduced. 

The culverts will be controlled by Taintor gates 
at the intake and outlet ends. Two such gates are 
installed at each control point, separated by a 
masonry pier, The inlet valves for both side 
culverts of a lock are situated together on one side 
of the structure, water being led to the culvert on 
the other by a syphon passing under the lock floor. 
In all cases water is drawn from regulating ponds, 
thus doing away with all risk of troublesome currents 
at the upper approaches. The regulating pond for 
Lock No. 1 has an area of 107 acres, that for No. 2; 
200 acres, while that for No. 3 about 150 acres. 
The flight of locks Nos. 4, 5 and 6 will be fed by a 





pond of 84 acres, while supplies for No. 7 will be 
drawn from a pond of 27 acres and a part of the 
present canal. In connection with these ponds, 
raceways are being constructed for regulating the 
flow to the canal and capable of being used for 
unwatering the several reaches. These raceways 
have at the upper end concrete dams in which are 
large low-level emptying valves, the crest level being 
maintained at the desired elevation by shallow 
stop log sluices. At the lower end are deep stop 
log sluices. 

A regulating weir is placed near Lock No. 8 (the 
guard lock at Lake Erie end) to supply water to 
this reach in order to maintain a constant level 
between locks Nos. 7 and 8. A weir at Lock No. 7 
will regulate the supply to the pond of No. 6. A 
regulating weir on the pond for No. 6 will allow 
surplus water to flow down to the pond for No. 3 
lock, and the reach below the flight of locks. Dis- 
charged surplus water from the No. 3 pond will 
keep the canal below that lock filled, and will also 
be conveyed to No. 2 pond. Similar arrangements 
are made for the latter pond discharge. Fig. 14, 
above, shows the regulating weir at Lock No. 1. 
Below will be seen a series of five large emptying 


valves. These are 11 ft. 6 in. by 15 ft. Stoney 
sluices. Above them are shown the stop log sluice 
openings. Beyond is the raceway, while the long 


concrete structure in the background is the lock 
sidewall. On the left of this view are shown the 
openings leading to the Taintor valves for the 
filling culvert. These openings are protected by 
inclined racks supported by the piers separating 
the valves, and on cross beams. 

The level of the entrance reach at the Lake Erie 
end varies at different seasons of the year over a 
range of nearly 12 ft., which is taken care of at the 
guard lock No. 8. At the Lake Ontario end the 
variation of level at different seasons amounts to 
only about 64 ft. 

The lower gates in each case will be 81 ft. 6 in. 
high by 48 ft. wide, while the upper are 35 ft. 6 in. 
high. These gates will be of steel, double sheathed 





and of the horizontal girder type. As already 
stated the large gates weigh about 500 tons 
per leaf. The view, Fig. 7, shows the mitre sill, 
roller path and quoins of one of the smaller sets 
of gates. For Lock No. 8, in order to take care 
of the rise and fall in Lake Erie, gates 44 ft. 
high are necessary in place of the standard of 
35 ft. 6 in. The gates will be operated by cable 
gear. Timber unwatering gates are provided: for 
Locks No. 1 and No. 8. All gates are being pro- 
tected by wire rope fenders. 

The two photographs reproduced in Figs. 12 
and 13 show the Port Colborne end of the canal 
on Lake Erie. These two views are taken looking 
along the canal in opposite directions, that of 
Fig. 13 being nearer the entrance and looking 
up the canal, while Fig. 12 is taken from further 
up, looking towards the lake. The entrance at 
Port Colborne is a channel 500 ft. wide. It is 
protected by two old breakwaters, to which a 
new one is being added. The latter extension has a 
length of 2,000 ft., and is constructed of concrete 
crib work, with rock fill in the interior and on the 
outside, on the side away from the channel. Three 
views showing this under construction are given 
in Figs. 17, 18 and 19, page 466. The work 
is placed on a solid rock bottom on which 
broken stone is spread by means of a pipe, 
along the lines of the face, centre and back walls 
of the cribs. The cribs are concrete structures 
110 ft. long by 50 ft. wide, with party walls. 
In height they range from 31 ft. to 16 ft. 
On the rock-filled cribs is built a mass concrete 
superstructure. This is 11 ft. high, and is terraced 
on one side down to a level about 2 ft. above 
normal water level. Rock fill is finally dumped 
on the near side of the structure shown in Fig. 19. 
Fig. 17 shows the cribs under construction. They 
are being built at Port Maitland, some 25 miles 
from Port Colborne, and are floated to site. 
Fig. 18 shows 17 of the 20 cribs used for the Port 
Coleborne breakwater in position. 

The cribs used at the Port Weller end are not 
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quite so large, and are divided by only one longi- 
tudinal party wall in lieu of two. The front and 
rear walls in this case are 18 in. thick at the bottom, 
tapering to 12 in. at the top, the end walls being 
tapered from 21 in. to 15 in. Along the front of 
the crib work is built a wall of large concrete 
blocks supported on cross beams on the cribs, 
and above these the wall is finished in mass concrete. 
These cribs, to which temporary wooden bottoms 
were fitted, were built on pontoons. When a 
unit was finished, the sides and ends of the pon- 
toons were released and the bottom sunk, leaving 
the crib floating. When placed on site the cribs 


were sunk by being filled with water through | 


valves in the temporary bottoms, which were 
subsequently released and used over again. The 
cribs were then filled with rock. At Port Weller 
46 cribs were used. 

One of the sections involving the greatest trouble 
is that at the Lake Erie end. This is largely 
in rock, and requires the removal of 2,000,000 





cub. yards of rock and 1,000,000 yards of earth. 
This has involved a great deal of rock drilling, 
and a 300-ton Bucyrus 5-yard shovel has been | 
used for removing the shot-down material. The | 
section of the canal running through rock will | 
have a width of 200 ft., with vertical walls lined | 
with concrete 5 ft. thick. 

The canal necessitates the reconstruction of | 
several bridges. Altogether there will be 22 | 


OF ONE OF THE HyprRo-ELEctTric PowrerR Commission’s 110,000-Vott TRANSMISSION LINES. 


parts of of the work are virtually finished. For | 


instance, at Lock No. 1, most, if not all, the plant 
is installed. 

The size of the lock culverts has been calculated 
so that a lock chamber can be filled or emptied in 
about eight minutes, the rise of water averaging 
about 5°8 ft. per minute. Based on experience at 
the Sault Ste. Marie canal, where the filling time is 
about ten to eleven minutes, it is expected that it 
will be possible to pass a vessel through the new 
Welland Canal, from lake to lake, in about eight 
hours, as against from fifteen to eighteen hours for 
the 25-lock cana] now in use. 

We are indebted to the High Commissioner for 
Canada in London for facilities extended to us in 
connection with the reproduction of many of the 
photographs from which the illustrations accom- 
panying this article have been made, and to the 
courtesy of Mr. Alex J. Grant, engineer-in-charge, 
for others and for the information on which our 
article is based. 





INSTITUTION OF NAVAL 
ARCHITECTS. 
(Concluded from page 423.) 
HicH-PRESsURE MARINE BoIers. 


WHEN the meetings were resumed on Friday 
morning, March 26, His Grace the Duke of North- 


bridges over the waterway, including bascule, | umberland occupied the chair, and, after the trans- 


vertical lift and swing types. 
modate thirteen highways, three will be combined | 
highway and electric railway bridges, one an electric | 
railway bridge, while five are bridges for steam | 
railways. 

The force working or. the canal is now about | 


These will accom- | action of routine business, called upon Mr. Harold 
EK. Yarrow to read his paper on “ High-Pressure | 


Water-Tube Boilers for Marine Purposes.” This 
paper was reprinted on page 443 of last week’s 
issue of ENGINEERING. 

Engineer Vice-Admiral Sir Robert Dixon, K.C.B., 


3,000 in the open season, but this is reduced to| opened the discussion by congratulating Mr. Yarrow 


about half this figure during the cold weather. | 


on the presentation of a paper of great interest to 





per square inch? He was not sure that the circu- 
lation at high pressures would prove to be as good 
as at moderate pressures. With a steam tempera- 
ture of 750 deg. F., assuming the surfaces to be 
perfectly clean, which was essential with this type 
of boiler, the tube temperature might attain a 
value of 900 deg. F. It would be interesting to 
know what the creep effects in the metal of the tubes 
would be at such a temperature. Mr. Yarrow had 
directed attention to the necessity of not having 
leaky condensers, a fact that had been recognised 
in the Navy for twenty years. In war time a naval 
vessel might be lost through a bad leak in the 
condensers ; tube drill, to ensure rapidity in dealing 
with a leak, was, in consequence, a part of the duties 
of the engine-room staff. They might yet get over 
this difficulty with the help of the metallurgist, 
but they would still have salt troubles through 
leaks in the tanks. It was necessary to point 
out that the troubles through the presence of salt 
might increase when high pressures were used. If 
they desired to get high efficiency with the use of 
high-pressure steam they must use air heaters to 
utilise the waste heat going away with the funnel 
gases. He was not sure that the Navy could afford 
the weight and space for the equipment to obtain 
the high efficiency referred to by Mr. Yarrow. 
Safety valves deserved serious consideration. Un- 
less that was given, he thought that when the valves 
had lifted they would never be tight again until 
refitted. He desired to know how the difficulty of 
removing air from the superheater tubes was effected 
prior to the water tests. He thought that the addi- 
tional weight and space of the high-pressure boiler, 
over the requirements for one at 250 lb. per square 
inch, would be about 10 per cent. 

Sir William Ellis, President of the Institution of 
Civil Engineers, referred to the work in connection 


| with the construction of this high-pressure marine 


The total cost of reconstruction has now exceeded | shipbuilders, shipowners, and to the Royal Navy. | boiler as an interesting example of what could be 
60,000,000 dols., the expenditure last year having | The use of high-pressure steam, he said, had been | done by the co-operation of the engineer and the 


amounted to 15,000,000 dols. The excavation re- | 
quired for the whole work is put at 41,330,000 
cub, yards of earth and 7,700,000 yards of rock. 


Watertight embankments require 2,700,000 cub. | 





yards, while the concrete work amounts to 3,160,000 | standpoint rather than the mercantile. 


forced on the marine engineer by the increased | 


use of Diesel engines for the propulsion of ships 


of moderate horse-power, say below 20,000 h.p. | 
| met to discuss the technical problems involved and 


He preferred to discuss the matter from the naval 


Was it) 


metallurgist. When the preliminary scheme had 
been arranged, a tripartite, consisting of Mr. Yarrow, 
Mr. Carlton, of the Board of Trade, and himself. 


obtain solutions satisfactory to every interest 


cub, yards, Of these amounts more than 50 per possible, he asked, to force a boiler using such high | concerned with the development. In the con- 
cent. has been completed, and in some instances | pressures to the same extent as one at, say, 250 lb. | struction of the drums of the boilers it was thought 
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important to avoid riveting wherever possible, | of 200 to 250 lb. per square inch. For high-pressure} tion of the boilers and their fittings, and steel 
and the seamless construction described by Mr. | working, turbines were essential; reciprocating} had also replaced it for the steam pipes, which 
Yarrow was decided upon. The particular problems | engines could not be used owing to lubrication| would have thick flanges and metal-to-metal 
they had to keep well in mind were those relating | troubles. The chief difference between a water-| joints. Provided these pipes had suitable bends, 


to the action of creep at high temperatures. Re-| tube and a Scotch boiler was that the latter had a|to take up the increased expansion due to the 








search work had to be undertaken en this subject. 
Because of this, engineers, when issuing specifications 
for boilers, must state not only the pressure at which 
the steam was to be generated but also the tempera- 
ture to which it was raised by superheating.. As 
these creep effects were very marked at some of the 
high temperatures supposed to be used in one or two 
American installations, statements regarding them 
left him very sceptical. They might, if pressures 
were still further increased, soon be put in the posi- 
tion that they had to give up the use of mild steel 
for boiler construction and adopt alloy steel in its 
place. This, of course, would introduce other 
troubles. The interiors of the drums were machined 
after the one end had been closed, and when the 
other end was drawn down it was found that it 
was necessary to allow a little latitude in some of 
the final dimensions at this manhcle-closed end. 

Sir Archibald Ross said he thought they must all 
agree that any step to obtain increased thermal 
efficiency by the use of higher steam pressures 
made the Scotch, or cylindrical, fire-tube boiler 
impossible of use. They had by no means reached 
the final stage in the development of the Yarrow 
boiler, although they had indications of the 
possibility of working under pressures of 1,000 lb. 
per square inch. When the tests were made on the 
new vessel under construction for Messrs. John 
Williamson and Company, he hoped that evaporation 
and efficiency tests would be made on the boilers. 
The boilers were of the single-flow type, the reason 
given being that, thus designed, they were more 
suitable for the particular ship. He was inclined 
to think that the circulation in then on-superheater 
leg of the boiler would be sluggish, if not indefinite, 
which, with the possibilities of salt and dirty water 
entering, made one anxious about the life of that 
bank of tubes. The obviously high cost of manu- 
facturing the forged-steel drums, involving the 
construction of special plant, would point to the 
increased cost of the high-pressure boiler, over that 
for a boiler at 250 lb. per square inch, as being more 
than the stated 15 to 20 per cent. The efficiency of 
85 per cent. would be a great achievement. All 
the difficulties, in regard to materials, joints and 
even water gauges, appeared to have been overcome, 
but he took it that was so for a boiler at a working 
pressure of 575 lb. per square inch. The joints and 
boiler mountings that would be necessary for marine 
practice at 1,000 lb. per square inch (and presumably 
a water-test pressure of 1,550 lb. per square inch) 
presented an interesting problem. He then asked 
if any special heat-resisting steel was used in 
connection with the superheater supports and other 
parts of the boilers, which, due to comparatively 
natrow nests of tubes, would be exposed to high 
temperatures. The manufacture of Diesel engines, 
though spoken of by Mr. Yarrow as requiring the 
greatest skill, necessitated no greater skill in 
machining and fitting than a good class reciprocating 
steam engine or turbine, although there was a need 
for great ability in their design. 

Sir Charles Parsons, F.R.S., in recording indebted- 
ness to Mr. Harold Yarrow for his work in connection 
with the high-pressure boiler, stated that the steam- 
generating plant was really the chief departure in the 
equipment of the new vessel. On land they had used 
high pressures for a long time. In the North Tees 
and Barking power stations, the pressures were 
400 lb. per square inch, and in Chicago the value was 
650 lb. per square inch. In the last-mentioned case, 
steam turbine units of 70,000 h.p. were in use, made 
by the General Electric Company of America, the 
Westinghouse Company, and by his company at 
Newecastle-upon-Tyne. At these high pressures, and 
at temperatures of 700 deg. F., and higher, no trouble 
whatever had been experienced. He did not think 
they used duplicate safety valves in Chicago, the 
turbines, certainly, had only a single regulating 
valve to reduce their speed. For the new ship, the 
departures regarding the turbines were practically 
nil as “ the turbines would not know whether they 
were on land or sea.”’ The layout of the plant was 





greater water capacity and was therefore safer in 
regard to the effects of the presence of salt. They 
had to be able to detect salt with great rapidity 
and, as a condenser leak might be the cause of boiler 
troubles, a multiple condenser system would be 
fitted to secure safety in working. A recording 
apparatus would be provided for each condensate 
to show when salt was present and an alarm bell 
would call attention to the fact that it was necessary 
to put the particular section of the condenser out of 
commission until the leak was stopped. The high- 
pressure boiler would be capable of being forced 
much harder than a lower pressure one, because the 
volume of 1 lb. of steam was much less at high 
pressures. Actually, the volume at 500 Ib. per square 
inch was one-half of that at 250 lb. per square inch 
for the same weight of steam. It seemed that the 
high-pressure boiler would prove capable of con- 
siderable forcing. It had been said that, for vessels 
using water-tube boilers, difficulties of operation 
were caused when frequent stops had to be made at 
piers. That view was unwarranted, however, for 
the amount of water in circulation in such boilers 
was quite comparable with that in a locomotive 
boiler. To attain further economy, they wanted to 
be able to get still higher pressures, and for that 
development there was still the possibility of using 
alloy steels. By carrying the temperature up 
to 900 deg. F., they could obtain a further 5 per 
cent. economy. When the trials of the vessel were 
completed, Sir Charles said, he, or some of his 
associates, hoped to read a paper on the results 
obtained, but the tests could nut be carried out 
until the autumn. 

Mr. Thomas Carlton, of the Board of Trade 
Marine Department, suggested that when steam 
boiler pressures in power stations had been increased 
to values of from 400 Ib. to 800 Ib. per square inch, 
and superheat temperatures had been raised until 
750 deg. F. was reached, accompanied by great 
reductions in the consumption of fuel, it was 
inevitable that boiler pressures would be increased 
in marine installations. In this direction, with 
these Yarrow boilers, though lower pressures were 
used than was the case in some land stations, they 
were still, as far as pressure was concerned, double 
those ever previously employed on board ship, 
and the final superheat temperature was at least 
100 deg. F. greater. For these boilers, a suitable 
provision of fresh water as feed would be made, 
and condenser troubles, should they arise, would 
be overcome by the adoption of two condensers 
to each turbine. As the vessel under construction 
would be employed in making short journeys to 
sea with frequent stops at piers, ample opportunities 
would be afforded for correcting any condenser 
trouble that might arise. Apprehension had been 
expressed regarding pipe troubles, but there was 
no reason, he thought, to anticipate much trouble 
in that respect, as the pipes and flanges were strong, 
and he had no doubt whatever that the workman- 
ship would be first class; provision for freedom 
of movement had been carefully considered. In 
regard to test work, the Department of Scientific 
and Industrial Research had rendered most valuable 
assistance. 

Mr. H. Ruck-Keene, of Lloyd’s Register of 
Shipping, contrasted the conditions under’ which 
land and marine boilers were used, but stated that, 
with due precautions, he saw no reason why the 
high-pressure water-tube boilers should not prove 
successful on board ship. The makers had over- 
come the difficulties of construction of the steam 
and water drums—the prevention of any leakage 
at the longitudinal joints—by forging them in such 
a manner as to eliminate joints. The design of the 
boilers and their superheaters, and the arrangements 
for pre-heating the air and controlling the supply 
of steam had been well thought out, and everything 
appeared to be quite satisfactory. Should the claim 
of a boiler efficiency of 85 per cent. be established, it 
would be a great advance on that of any previous 
installation on board ship. Copper had been 


not different from what would be used for pressures | entirely eliminated from use in the construc- 





high temperature of the steam, there was no reason 
to fear any trouble with them. When the trials 
of the boilers and turbines were completed, it 
would be of great interest if the makers would 
present a paper dealing, not only with the efficiency 
of the boilers, but also with the turbines and with 
the materials used in their construction, as the 
question of suitable materials to use with highly 
superheated steam was one of the greatest 
importance. 

Mr. W. H. Patchell observed that they had 
seen what high-pressure boilers had done on land, 
and now were to have an opportunity of stidying 
their service at sea. He then showed slides of 
a series of American power stations, such as Philo, 
Ohio, where the pressure was 550 lb. to 600 lb. 
per square inch, and the temperature 725 deg. F. ; 
Miami, where the pressure was 620 lb. per square 
inch, and the temperature 725 deg. F.; Crawford- 
avenue, which had 650 Jb. per square inch 
and the same temperature; and the Weymouth 
station of the Boston Edison Company, 1,200 lb. per 
square inch. When he first visited a station work- 
ing at 600 lb. per square inch, what struck him was 
that, apart from the gauge readings, there was no 
indication that high-pressure and high-temperature 
steam was being used. There was no steam 
blowing off anywhere. He wanted to know how 
the tubes of the Yarrow boiler were going to stand 
the high rates of working. They heard occasionally 
of new types of boilers in which all the tubes were, 
in effect, bottom tubes. They knew from experience 
that tubes immediately over the fire sometimes 
gave trouble. These, of course, were the ones in 
which there was the greatest evaporation. At 
Detroit, where the pressure was 400 lb. per square 
inch, they had a bank of three safety valves set 
for 410 lb., 415 lb. and 420 lb. per square inch. 
A pilot valve, not intended as a safety valve, was 
sometimes used to warn the stoker of the approach 
of the pressure to the value at which the safety 
valves would blow. With safety valves in banks, 
very little trouble was experienced. Alloy steels 
should only be used by men who were accustomed 
to them. Boilermakers were not yet in that group, 
and, for the present, he thought the introduction 
of alloy steels for boiler construction inadvisable. 

Mr. R. J. Walker said there was very little that 
was novel in the arrangement of the propelling 
machinery of the new ship. One matter that had 
demanded consideration was the provision of 
flexibility in the pipe ranges to permit expansion 
to take place quite freely. When the pipe arrange- 
ments were discussed, they had the assistance of 
Mr. Carlton, who suggested that larger bends 
than would be used on land should be provided, 
and the final scheme was made out in accordance 
with his views. In regard to auxiliary machinery, 
it was decided not to go in for any innovations, and 
consequently the auxiliaries were arranged to use 
saturated steam at 200 lbs. per square inch pressure. 
Feed heating would be carried out in two stages. 

Engineer-Captain Onyon, although impressed 
with the manner in which the steam drums had 
been constructed, thought that the tube makers were 
prepared to produce something even better than the 
forged drums. If high pressures of steam were 
adopted they had to be able to detect the presence 
of salt with certainty and rapidity. Fortunately, 
devices were available which made this possible. 
He then called attention to the necessity for tight 
joints throughout the entire steam and water 
system, referring to pipe joints as well as to those 
of boiler mountings. 

Sir Archibald Denny, Bart., LL.D., first referred 
to his experiences with water-tube boilers, which he 
found had given every satisfaction, and then called 
attention to the fact that the features of the 
machinery did not constitute the only novelties in 
the construction of the vessel. This steamer would 
be found, when completed, to be quite a notable 
advance on the ships on the Clyde for its type of 
service. It would have twin screws, high revolutions 
and shallow draught. It would be essentially a 
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coal-burning ship, but it would, of course, be possible 
with high-pressure turbine machinery installations 
to use either coal or oil burning. 

Mr. Arthur Spyer thought the construction of 
the vessel and its machinery must be regarded as a 
work of the greatest national importance. He 
appreciated the fact that coal was to be the fuel 
used, and welcomed that decision as Britain had 
to import her oil. He had recently seen an instal- 
lation in Belgium where the pressure was 750 lb. 
per square inch and the safety valve was set to 
blow at 810 lb. per square inch. The temperature 
of the superheated steam was 450 deg. C. (or 840 
deg. F.). Not the slightest trouble had been 
experienced with either the boilers or the steam pipes 
under these conditions. It was true that there was 
a certain amount of deformation in the boiler tubes, 
but he had seen similar effects of equal magnitude 
with steam plant working at lower temperatures. 
They could certainly use alloy steels for high-pres- 
sure boilers, if the metal did not need heat treat- 
ment by the boilermaker. He thought Mr. Yarrow 
somewhat optimistic in predicting an efficiency for 
these marine boilers of 85 per cent. Such a value 
could easily be obtained on land, where space and 
weight were not important considerations, but the 
conditions were different on board ship. Although 
the drums in Mr. Yarrow’s boilers were solid forged, 
there were high-pressure boilers in use which had 
riveted joints but yet gave no trouble. The real 
difficulties were not to be found in the boiler 
construction, but in the provision of suitable 
mountings. It was difficult, for example, to get 
water gauges to stand up to the conditions. Engi- 
neers had a preference, which could be readily under- 
stood, for seeing the actual water level. The 
difficulties of obtaining suitable glass tubes and 
satisfactory constructions for pressures up to 
1,000 lb. per square inch were being overcome. 
He agreed with Sir Archibald Ross that the cost of 
the high-pressure boiler would be more than 15 
to 20 per cent. above that for a medium pressure 
one, and suggested that the figures should be 20 
to 25 per cent., largely due to the boiler mountings. 

The Duke of Northumberland then decided to 
close the discussion and asked others, who desired 
to participate, to do so in writing. He then called 
upon Mr. Harold E. Yarrow to reply. 

Mr. Yarrow first expressed his thanks to the 
speakers for the interest they had shown in his work, 
and then proceeded to deal with the various ques- 
tions which had been raised. If high pressures 
were used in a water-tube boiler, it was possible that 
the tubes near the fire contained more water than 
was the case with a similar low-pressure boiler. He 
could see no reason whatever, why a high-pressure 
boiler could not be forced, not only to the same 
extent, but to a greater extent, than a boiler work- 
ing at a normal pressure. It had been suggested that 
they were getting near to a dangerous temperature 
for the tubes, due to the possibility of creep actions, 
when they used a final steam temperature of 
750 deg. F., but such a temperature was common 
already in land practice. If higher values had to be 
attained it was important that further investigations 
should be undertaken. Such research work as 
had been started was being continued and would 
afford very useful information. He did not see 
why the dangers due to the presence of salt should 
be greater in high-pressure boilers than in others, 
where the temperatures were not very different. 
it was, however, essential to keep salt out of all 
boilers. Questions of space and weight. in connec- 
tion with the plant required to obtain high efficiency, 
must be considered in relationship to the diminution 
in the weight of fuel that had to be carried. The 
weight of one of the high-pressure boilers, with its 
air heater, brickwork, &c., was 30 tons. He would 
look into the question of relative weights of boilers 
at high and normal pressures. 





In a warship, the | 


circulation in the non-superheater side of the boiler 
would be sluggish. Much higher rates of evaporation 
than those contemplated in these boilers had been 
obtained with the same design. As there was some 
doubt as to whether 15 to 20 per cent. or 20 to 
25 per cent. represented the additional cost of 
constructing a high-pressure boiler, he would make 
a compromise by suggesting the figure of 20 per 
cent. Increased cost, however, would not prevent 
the adoption of this type of boiler. The evaporation 
would be 7 lb. of water per square foot of heating 
surface, and he saw no reason why the efficiency of 
85 per cent. should not be attained. No special 
steels were used in the construction of any part of 
the boiler. The design of the superheater was such 
that it was, in a sense, self-supporting. He thought 
the workmanship in Diesel engines must be high 
class, just as it must be in steam turbines. He was 
indebted to Sir Charles Parsons for his references to 
experiences with high-pressure plants. From Mr. 
Patchell’s remarks, they would appreciate that 
575 lbs. per square inch was already on the low side 
in high-pressure steam developments. He antici- 
pated no trouble from joints. This high-pressure 
plant was suitable for either coal or oil, but from 
the national point of view it was advisable to pro- 
vide for the burning of coal. Mr. Spyer had referred 
to high-pressure boilers with drums made from 
riveted plates. He wondered whether such a 
construction would be cheaper than that of the 
drums used in these Yarrow boilers. 

The Duke of Northumberland then called for 
a vote of thanks to Mr. Yarrow, which was carried 
with acclamation. 


MopiFIcaTIONS TO WATER-TUBE BOILERS IN 
THE Navy. 


The paper of Engineer-Captain L. M. Hobbs, 
R.N., on “Some Recent Modifications to Water- 
Tube Boilers of the Three-Drum Type fitted in 
H.M. Navy,” which is reprinted on page 478 of this 
issue of ENGINEERING, was taken as read. 

Engineer Vice-Admiral Sir George G. Goodwin, 
K.C.B., in opening the discussion commented on 
the use of the term “recent” in the title of the 
paper, as some of the modifications referred to were 
ten years old. Although comment had been made 
on the stresses under working conditions, due to 
the use of recesses in the end plate for the down- 
comers in a Yarrow-type boiler and the modifications 
resorted to were described, it must not be taken 
that all the boilers of this type were so treated, 
for the defects referred to were confined to very 
few boilers. In regard to water drums, more could 
have been said than was given in the paper, and 
he hoped that fuller details of the recent experiments 
of the Admiralty would be given. There were cases 
where it was not possible to fit circular drums, 
but the D-shaped type, where necessary, could be 
used with every confidence. It was a mortifying 
experience, when wrapper plates were removed 
because of apparent cracking, to find that they 
could have remained quite serviceable for many 
years. In reference to tubes and their modification 
to obtain increased efficiency of the boiler, he 
thought those concerned in this work did a great 
service to the Navy in reducing the weight of these 
water-tube boilers. A great amount of the trouble 
due to distortion of tubes had been removed, but 
at the expense of characteristic features of the 
boilers. The advantage of using straight tubes 
were very considerable, and it was a pity to have 
to sacrifice them to meet some difficulty encountered 
in practice. In all land-type boilers, little trouble 
was experienced with straight tubes and it was 
to be hoped that they could be employed again 
in marine practice. If bent tubes had to be used 
there were great advantages in having them 
uniformly curved. Reference had been made to 
external corrosion, and he desired to know whether 
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sulphur. With Belleville boilers, they had found 
heavy external corrosion to be due to the production 
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such drums as those of these boilers could be made in 
this country. 


Mr. W. W. Marriner stated that boilers of the 
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that Captain Hobbs was dealing with boilers working 
at very high rates; in fact, double those usual in 
merchant practice. The difficulties referred to in 
the paper all disappeared at lower rates of working 
than those in use in the Navy. The greater number 
of the troubles dealt with by Captain Hobbs were 
due to the nature of the steel or of the bad treatment 
it was subjected to. Heavy caulking, he said, 
certainly caused troubles, but Yarrows, as well as 
the Admiralty, avoided it. They machined the 
plates of their boilers to get accurate fits at all 
joints. In regard to the setting of the tubes in 
the fire rows, generally uniform-pitch spacings were 
preferred to constructions with V lanes. There were 
great difficulties in measuring the circulation in a 
boiler, because the presence of Pitot tubes, through 
their interference, was the cause of an imme- 
diate conversion of water into steam. Whatever the 
circulation was, it must be very rapid. As higher 
steam pressures were used the safe rate of working 
was increased. As boilers of the type had been 
successfully worked at values of 22 lb. per square 
foot of heating surface, it would be recognised 
that the proposed rate of a third of that value 
for the high-pressure boilers they had just con- 
structed was very conservative, and economy and 
unlimited endurance were therefore to be anticipated. 
It payed to use an air heater for a boiler to a 
much greater extent than theory showed. The 
supporting of a boiler demanded careful considera- 
tion. In land practice, water-tube boilers, of the 
type referred to in the paper, were supported from 
the steam drums. A good way to preserve a 
boiler was to see, when it was not under steam, 
that there was ample ventilation provided. By 
that means, no part need get below the dew point 
and the circulating air kept the boiler dry. He 
had hoped that Captain Hobbs would have given 
the results of the experiments recently carried out 
with this type of boiler by the Admiralty. The 
information obtained might be of great service 
in mercantile-marine practice. 

Engineer-Captain Hobbs, in reply to the dis- 
cussion, said he regretted that he was not yet 
permitted to give any information regarding the 
recent work on water-tube boilers of the Admiralty. 
He agreed with Admiral Goodwin that the number 
of cases of trouble due to recesses in the'end plates 
was small. Regarding external corrosion, there 
was very little sulphur in the fuels they used. 
Most of this trouble was found with boilers in 
vessels which went on service abroad in places where 
there was a heavy rainfall. It was impracticable 
in a naval vessel to resort to the land practice of 
supporting a boiler from the steam drum, because 
if they suspended the boilers from the deck a 
single shell hitting the latter might cause the collapse 
of the boilers. 

After the Duke of Northumberland had called 
for a vote of thanks to Captain Hobbs, Mr. Harold E. 
Yarrow expressed to the Duke the appreciation of 
the Institution for the manner in which he had 
conducted the proceedings of the meetings. To 
this His Grace replied, and commented on the 
pleasure it gave him to take part in meetings 
where matters of great importance to the’ future 
prosperity of the country were discussed. 


CorRECTING HEEL AND TRIM OF WARSHIPS. 


When the members re-assembled for the final 
session of the meeting on the afternoon of Friday, 
March 26, the chair was taken by Sir Archibald 
Denny, who called upon Mr. A. W. Cluett to read 
his paper “ On the Method Used in H.M. Ships for 
Readily Correcting Heel and Trim.” In this 
paper, it was first explained that, as a result of war 
experience, it was considered necessary that the 
organisation in H.M. ships for correcting heel and 
trim caused by the flooding of compartments due 
to damage in action, or from other causes, required 
elaboration and standardisation. It was therefore 
decided to issue to all battleships, battle cruisers 
and cruisers, sufficient information to enable this 
correction to be carried out readily by officers 
detailed for this duty. Each ship was accordingly 
supplied with drawings showing her underwater 





compartments and spaces, the drawings being 
mounted on a wooden board known as a flooding 
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below the water line, and includes every under- 
water compartment. Each compartment on the 
board is marked by figures showing the effect on 
the ship of the flooding of that particular com- 
partment. A hole is provided in each compartment 
space on the board in which coloured pegs can be 
inserted to indicate whether the compartment con- 
tains oil fuel, is open to the sea, if water is entering 
the compartment and it is in danger of filling, or if 
it has been flooded to correct heel or trim. A colour 
shading scheme is also used to show the general 
nature of the compartment and its contents, and 
the positions of all flooding sea cocks, permanent 
flooding pipes and valves are shown diagrammati- 
cally. Those compartments which may be flooded 
by portable hose, and the connection from which the 
hose may be led, are also indicated. An example 
of a flooding board prepared in this way was illus- 
trated in the paper, and its use was explained in 
detail. The author suggested that such boards would 
not be of much use for cargo ships, but would be 
of assistance in an emergency in the case of large 
passenger vessels, 

The first speaker in the discussion which followed 
the reading of Mr. Cluett’s paper was Mr. W. J. 
Berry, who pointed out the importance of main- 
taining a warship in an upright position at a 
suitable trim. Any appreciable heel or departure 
from the correct trim, he said, rendered the working 
and control of the guns and torpedo tubes more 
difficult, and affected the accuracy at long ranges. 
The armour protection also had its maximum value 
when the ship was upright and the navigation of the 
ship was adversely affected by any departure from 
the vertical. These considerations led the Ad- 
miralty, at the latter part of the war, to elaborate 
a system whereby changes of draught.and trim 
could be dealt with, within reasonable limits. This 
was also done in several foreign navies, particularly 
that of the enemy, and there was reason to believe 
that many of their ships were able to reach port 
in a very damaged condition by means of some such 
system as that described by Mr. Cluett. It was 
necessary, however, to apply the information 
given on flooding boards with discretion, and it was 
also necessary for the officer responsible for flooding 
to have a knowledge of the principles of stability ; 
otherwise ill-advised flooding might do more harm 
than the heel or trim it was intended to correct. 
It was also, of course, of primary importance that 
the arrangements should be such that the flooding 
could be completed in the minimum of time. With 
existing arrangements, in the case of a modern capital 
ship, a rate of correction of 5 deg. of heel in about 
15 minutes was as much as could be expected. 
Compressed air had been tried to transfer water 
more rapidly from one compartment to another, 
but had not proved satisfactory. 

Professor C. M. Carter, remarked that one reason 
why the Germans found the flooding board useful 
was that the beam, in the case of the early German 
ships, was some 10 ft. greater than that of corres- 
ponding British vessels, and the later German ships 
also had about 5 ft. greater beam. The permeability 
figures used by the Admiralty, he noticed from the 
paper, were in agreement with those given in 
Hovgaard’s book and were representative of 
American naval practice; they were also of the 
same order as those of the Committee on Life 
Saving at Sea. 

Lieut.-Col. Constantine Tennyson, the only other 
speaker on this paper, referred to the fact that 
considerable time would be occupied in adjusting 
the heel and trim with the aid of a flooding board, 
and advocated the provision of special compartments 
specially chosen and arranged so that they could 
be flooded rapidly. This, he said, had been fully 
recognised in the Russian Navy, especially in the 
Russo-Japanese war. -When, at the conclusion of 
that war, the first large Russian warship, the Rurik, 
was built by Messrs. Vickers, four flooding com- 
partments were provided in the ship, two forward 
and two aft. The two compartments of a pair were 
located more or less opposite each other with wide 
connections between them, and a large sliding door, 
normally kept open, was fitted in the connecting 
passage. Each compartment had a special electri- 
cally-operated flooding valve 30 in. in diameter, and 
as no pipes were connected to the valves flooding 





could take place rapidly. The valves were so 
constructed that they opened outwards, so that if 
any damage occurred to the operating mechanism 
the valve would be closed automatically by the 
water pressure. If in an action it should be neces- 
sary to correct the trim of the vessel, the forward or 
aft compartments were flooded with the intervening 
door open; to correct heel, the doors would first 
be closed and the compartments flooded on one 
side only. In concluson, Col. Tennyson remarked 
that the details he had given, which he thought 
were not state secrets, might be of use in the British 
Navy. 

In his reply, which was then given, Mr. Cluett re- 
marked that, in the case of warships, the information 
that could be published was limited. With regard 
to the point raised by Colonel Tennyson that time 
was the crux of the question, he said that British 
warships had arrangements so that corrections of 
heel and trim could be effected rapidly : they were 
not so elaborate as those on the Rurik, but had the 
same effect. In the matter of organisation, it was, 
of course, important to do the right thing at the 
right time, and with regard to permeability he was 
interested to hear that the various authorities had 
arrived at the same conclusions. As to the employ- 
ment of flooding boards on merchant ships, Mr. 
Cluett pointed out that these were not closely 
divided and very few were sub-divided longitu- 
dinally, although the use of oil fuel tended to closer 
sub-division than was formerly employed. The 
risk of damage to merchant ships, in any case, was 
by no means as great as to warships in action, and 
he therefore doubted whether any elaborate pro- 
visions for correcting heel and trim would be made 
at all. The time element was certainly a very 
important matter. 


THE CRANE EQUIPMENT OF SHIPBUILDING 
BERTHS. 


The Chairman, after proposing a vote of thanks to 
the author, which was duly carried, called upon 
Mr. EF. Smith to read his paper on ‘‘ The Crane Equip- 
ment of Shipbuilding Berths’ which formed the 
next item on the programme. This paper we reprint 
in abridged form on page 480 of thisissue. The first 
speaker in the discussion which followed the reading 
of the paper, was Mr. W. J. Luke, who remarked 
that from among the wide variety of equipments 
described by the author it was difficult to decide 
which was the best, but the great cost of that 
described in the paper as type 8, i.e., having a 
skeleton erection covering the berths, would rule 
it out in all but very exceptional cases. When work 
was proceeding briskly, a large number of calls for 
lifts of moderate amounts were made, and the 
“ hanging on” type of demand had to be provided 
for. The system referred to as type 7 in the paper, 
employing travelling cranes running on elevated 
gantries situated between two berths, had gone 
out of favour. Whatever system was adopted 
it must be regarded as labour aiding rather than 
labour saving. Not much labour would be saved, 
or rather not many men would be dispensed with, 
but the work would proceed faster with proper 
equipment, and that was its chief advantage. 

Mr. W. Hamilton Martin, who continued the 
discussion, gave some particulars of an installation 
of stationary hammer-head tower cranes, erected 
between the berths in a foreign shipyard. The use 
of this type of crane, in the particular instance to 
which he was referring, had resulted in substantial 
time saving, and the cranes had not been costly to 
instal. The whole question of crane equipment was 
largely dependent on the situation of the berths in 
relation to the point of supply of material from 
the plating sheds. This varied greatly in different 
yards and rendered a general decision practically 
impossible. It was, however, one of the most 
important considerations in a modern shipyard. 

Professor C. M. Carter, the next speaker, said the 
paper showed the value of the work done for the 
whole profession by holders of research scholarships, 
and complimented the author upon the lucidity of 
his paper and the method of presenting the data. 
Lieut.-Col. Constantine Tennyson, who followed, 
said that crane equipments might be compared 
from other points of view than those adopted in 
the paper. It was necessary to consider the quantity 





of work in hand, as, in the case of a yard which was 
always busily employed, first cost was a less im- 
portant consideration than rapidity of operation. 
It was also necessary to consider whether the class 
or quality of work carried out was, or was not, more 
or less uniform. Another point to be borne in mind 
was the system of working adopted in any parti- 
cular country or individual yard. In German yards, 
for instance, standardisation was adopted to a 
greater extent than was the case in this country, 
and this was important in connection with crane 
equipment. A good deal of work was sometimes 
done away from the berth, bulkheads, in some cases, 
being constructed in the shops, and lifted into posi- 
tion on the ship. There was also the question of 
climate. Covered berths had important advantages 
in countries such as Russia, and special types of 
cranes would be employed in such cases. He had 
mentioned these points to show that it was not 
quite justifiable merely to compare types of cranes 
in a general manner, without considering other 
factors which affected the decision to employ a 
particular type. 

The last speaker on this paper, Mr. A. W. Cluett, 
said that, in the Royal Dockyards, derricks were em- 
ployed and presumably the managers found these 
effective. After a few remarks on the efficient use 
of cranes, Mr. Cluett pointed out that as the heavy 
weights had to be lifted in particular and well-known 
places—the boilers and machinery amidships and 
the stem and stern castings fore and aft—powerful 
cranes might be installed in such positions and 
lighter cranes elsewhere. 

Mr. Smith, who. then replied to the discussion, 
first expressed his appreciation of the manner in 
which his paper had been received. He agreed with 
Mr. Luke as to the need for speeding up the opera- 
tion of cranes, but was afraid the Chairman would 
differ from Mr. Luke’s views on the subject of 
elevated travelling cranes. His own view was that 
the choice lay between that type and the cableway 
system. One important point to be considered was 
the number of men required to operate a particular 
system, as if the wages costs were capitalised, the 
results were staggering. If this were done, it would 
be found that travelling cranes and fixed tower 
cranes were very much better than others, which 
required a greater number of men to operate them. 
Mr. Martin had referred to the equipment of foreign 
yards, and he (Mr. Smith) might point out that 
these often had the advantage of more modern equip- 
ment, because they were newer. As Mr. Cluett had 
said, however, our old methods of working with 
pole derricks were found to be almost as economical 
as those employing tower cranes, although the newer 
cranes were probably advantageous with respect to 
the number of men employed for working them. 
He agreed with Colonel Tennyson that other con- 
siderations than those dealt with in his paper 
affected the choice of crane equipment, but he 
thought he had touched upon the most important. 

At this point, the secretary, Mr. R. W. Dana, 
called attention to the fact that the paper was the 
result of scholarship work, and said that the Insti- 
tution was grateful to the shipbuilders who had 
allowed the author to see their plants and had sup- 
plied him with data, thus enabling the Institution 
to benefit by the results. 

Sir Archibald Denny, here remarked in connec- 
tion with Mr. Luke’s condemnation of the cranes 
referred to in the paper as type 7, that his firm had 
adopted that system, using Babcock and Wilcox 
luffing cranes. The speed of working, he said, was 
extraordinary, but as their yard had not been busy 
since the system had been installed, he could not say 
yet whether two to four cranes for a 500-ft. boat 
were sufficient. As far as manceuvring capabilities 
were concerned, he had no reason to regret the deci- 
sion made. He congratulated the author on his 
paper, and proposed a vote of thanks, which was 
duly carried. 

Professor Carter then proposed a vote of thanks 
to Sir Archibald Denny and to Sir John Biles for 
occupying the chair, and assisting in conducting the 
meetings. A vote of thanks to the Secretary and 
staff of the Institution, and to the Press, was pro- 
posed by Mr. Luke, and seconded by Sir Archibald 
Denny, and, after a brief reply by Mr. Dana, the 
meeting terminated. 
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THE RARE GASES OF THE 
ATMOSPHERE. 
" On Saturday, March 27, Sir Ernest Rutherford, 
F.R.S., delivered, at the Royal Institution, the 
fourth and concluding lecture of his course on the 
above subject. 

He said that in the preceding three lectures he had 
described the discovery and the properties of the 
inert gases, helium, neon, argon, krypton and 
Xenon. To the latter succeeded the radio-active 
gases or emanations now known as radon, thoron 
and actinon, which were all isotopes of the last 
of the inert gases and had atomic weights approxi- 
mating to 200 times that of hydrogen. The 
examination of these radio-active gases was a 
matter of special interest. In the first place, owing 
to their limited life, and secondly, because their dis- 
covery was made and their properties determined 
from almost infinitesimal amounts. These were, in 
fact, too small to be detected even by the spectro- 
scope. Owing to their radio-active properties, 
however, it was possible tc detect them when present 
only to the extent of a few thousand molecules per 
cubic centimetre. 

The speaker said that he had a personal interest 
in the matter, as he thought he might claim to have 
discovered them. Working as a research student at 
the Cavendish laboratory in 1899, he had studied the 
radio-activity of uranium, which had been discovered 
by Becquerel. He left Cambridge a little later for 
the Chair of Physics at the McGill University, 
and in that capacity he was asked by Professor 
Owens to suggest a subject for research. The 








radic-activity of thorium had just been announced, 








and he proposed accord- 
ingly a further investi- 
gation of this. 

This suggestion was 
adopted, and the radio- 
activity of thoria ex- 
amined by supporting 
it on an insulated tray 
in a box. A _ plate 
connected to an electroscope was suspended over 
the thoria, and this electroscope was discharged 
by the effects of the radio-active powder. During 
the experiments they were much worried by 
the inconstancy of the observations. If the 
door were left open and someone entered the 
laboratory, there was an immediate effect on 
the electroscope. The electroscope was, more- 
over, discharged even when sheets of paper were 
placed over the thoria in thickness more than 
sufficient to stop any effect in the case of uranium. 
At first the speaker was inclined to attribute the 
phenomenon to the formation of heavy ions which 
might be blown about by air currents. Direct ex- 
periments were then made and showed clearly that 
the active agent, whatever it was, could be blown 
away by an air current and carried into another 
vessel connected up to a separate detector. This 
detector showed that the activity died away to half 
its original value in one minute of time. It seemed 
evident, therefore, that something both volatile and 
radio-active, with a definite rate of decay, was being 
liberated from the thorium, and he called it, accord- 
ingly, the thorium emanation. It was further found 
that if the emanation was blown into a vessel in 
which a negatively-charged wire was fixed, this 
wire, in the course of 24 hours, became coated with 
a radio-active deposit. 

The radio-activity of this deposit was quite 
different from that of the emanation. It could not 
be washed off by water, but on dipping the wire 
into HCl the activity was diminished by two-thirds, 
the difference being transferred to the acid. It 
was also found that the deposit could be driven off 
by heating the wire. 
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Shortly after the discovery of the thorium emana- 
tion it was found that there was also an emanation 
from radium and another from actinium. That from 
radium had a comparatively long life, its radio- 
activity falling to half value in 3-83 days, the 
corresponding figure for thoron being 54 seconds, 
and that for actinon 3-9 seconds. The emanation 
from thorium was so scanty that it was impossible 
to detect it spectroscopically, and some chemists 
sneeringly referred to these investigations as mere 
“‘ phantom chemistry,”’ but, nevertheless, it proved 
quite practicable to determine with accuracy the 
physical and chemical properties of the thorium 
emanation. A first estimate of its molecular weight 
was made by measuring the coefficient of diffusion. 
In this way, it was shown that the gas must have an 
atomic weight of more than 100, and by a modifica- 
tion of the experiment, in which its rate of diffusion 
into mercury vapour was determined, it was proved 
that the molecular weight must exceed 200. The 
emanation was therefore something heavy. Where 
it came from had next to be determined. In this 
research the speaker was joined by Soddy. The 
gases were passed through various reagents, which 
would have stopped any but the inert gases, and it 
was found that they had no effect on the emanation. 
It was therefore concluded that this must belong to 
the helium group. There was, however, the possi- 
bility that the emanation was some effect handed on 
from atom to atom, and not a gas. If it were a gas 
it should be condensible, and the attempt was, 
accordingly, made to liquefy it with the aid of solid 
CO,. This was ineffective, but when liquid air was 
employed, the emanation was completely stopped, 
although it flowed on again when the cooling agent 
was removed. This experiment definitely proved it 
to be a gas. The next step was to fix its genealogy. 
It was then found that it did not come directly from 
thorium, but from thorium X, a product removed by 
several radioactive steps from thorium. Racon, 
on the other hand, came directly from radium. 

Later on, when radium became available, it was 
possible to work with larger quantities and to 
measure directly the amount liberated from one 
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Fig.30. LONGITUDINAL SECTION 
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gramme of radium, which proved to be 0-6 cub. mm., 
as measured at standard temperature and pressure. 
In general, only 3, to ,!, or ;', of. this: quantity 
was available, yet this had sufficed to determine 
all the principal physical and chemical properties 
of the element. ; 

Its melting point was — 65 deg. C., and if a fine 
capillary tube were connected up to a. supply of 
the emanation and cooled in liquid air, the whole 
condensed and froze at the end of the tube, where 
a brilliant point of red-coloured light suddenly 
flashed out. This was the solidified emanation 
which then, with the quantities normally available, 
occupied a volume of not more than some 55355 
of a cubic millimetre. The critical temperature of 
the emanation had been determined by Ramsay as 
about 104 deg. C. 

Its spectrum had been first observed by the 
lecturer himself, and was found to comprise many 
strong lines, mostly in the blue. One difficulty 
encountered was that, when sparked in the vacuum 
tube, the emanation tended to become occluded in 
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photographs had to be taken quickly. The three 
emanations all left a solid residue when they broke 
up, and this residue was also radio-active ; in the 
case of that from actinium the life was only <j;5 
second. This had first been detected by Moseley, and 
his conclusion had been very interestingly confirmed 
by the Wilson method, in which the paths followed by 
the products of thedisintegration were photographed. 

In the case of actinon, double tracks were 
observed, one being due to the break up of the 
emanation itself, and the other to the break up of 
the very transient residue left after the actinon had 
expelled its a-particle. The observed melting 
points of the three emanations were not identical, 
as those of isotopes should be, but Sir Ernest was 
inclined to attribute this to the great difference in 
the concentrations of the three gases in the experi- 
ments made. 

Although considered chemically inert, there was 
some evidence that, under very special conditions, 
the helium group of gases might form temporary 
compounds. Thus, in the discharge tube, argon 





the walls and thus reduced in quantity, so that the 





seemed to form a hydride, probably of an exceedingly 
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temporary nature, and Aston had also foundfin his 
tubes a line corresponding to an atomic weight of 5, 
which appeared to be a hydride of helium. Hence it 
seemed possible that, under the particular condi- 
tions stated, these inert gases might form fleeting 
compounds. 

As already mentioned, helium had two external 
electrons both of which belonged to the K ring or 
shell. When bombarded by cathode rays, one or 
other of these electrons might be knocked off, and 
when replaced by a newcomer, this might not at the 
outset get into the K ring, but remain temporarily 
in some metastable position farther out. It would 
then be much less firmly bound and it seemed 
possible that the helium atom would, in these con- 
ditions, act much like an atom of hydrogen. In 
confirmation of this, Dr. Boomer had obtained what 
appeared to be a helide of tungsten. At high tem- 
peratures tungsten volatised and neighbouring 
surfaces were blackened. In general this blackened 
surface resisted acids which would not attack 
tungsten, but it was found that if the tube used con- 
tained helium and the blackened surfaces were 
placed in acid, attack occurred. Part of the patch 
was dissolved and gas liberated containing much 
helium. Caution was needed, however, in drawing 
conclusions from this experiment, since the helium 
might be merely occluded. Quantitative observa- 
tions showed, however, that the material which 
dissolved had a constant composition corresponding 
to the formula WHe,. 
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THE DOUBLING OF THE UPPER SONE 
BRIDGE, INDIA. 
By H. C. MucGEripee. 
(Concluded from page 418.) 

Fias. 21 to 23 on page 458 show the two overhead 
winches forming the travelling crane which was 
operated entirely by hand power. With their con- 
necting platform the winches weighed 20-5 tons. 
Tt took 16 men, eight on each winch, 1} hours 
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to travel the full distance of 107 ft. 24 in. when 
advancing a pair of 100 ft. girders. The same num- 
bers were needed when returning the crane, unladen ; 
the latter operation, during which the empty blocks 
were hoisted, took 45 minutes. Fig. 24 shows the 
operation of advancing the 100 ft. girders, and 
affords also a view of the worm gearing for hoisting 
and lowering. Hoisting the 100 ft. girders, a lift 
of less than 1 in., to pick them off the traversing 
trollies, occupied only three minutes and was done 
by eight men on each winch, and for lowering the 
full vertical drop of 19 ft. 2} in., 45 minutes were 
required with six men to control each winch, in 
order to prevent the winch handles racing round 
and getting out of control. For hoisting, excluding 
friction, in one winch, the ratio of force exerted on 
the handle to force exerted at bottom block clamped 
on to a 100 ft. girder was 1,085 to 1 derived from 

16 handle radius, 

63 for worm and cast-steel worm wheel, 

6-50 radius of hoisting drum, 

7 wire ropes, 

16 x 63 X 7 _ 1085-5. 
6-50 

Six cast-iron rope sheaves bushed with brass formed 
a top block and seven a lower block, both ends of 
the hoisting rope being active and attached to a 
grooved cast iron hoisting drum which carried 
340 ft. of rope, t.e., sufficient for a total lift of 20 
ft. The rope was of plough steel, 6-19 combination, 
1} in. circumference. 

The 100 ft. girders were each attached at two 
places to the transporter, and the method employed 
for suspending the pair of 100 ft. girders on to the 
four bottom blocks of the transporter was to 
pass two channel irons (9 in. by 4 in.) underneath 
the top boom of the 100 ft. girders, just below each 
bottom block and then to pass four bolts, 1} in. 
diameter, through the bottom block base plate and 
through the channel irons as shown in Fig. 21. 
The name “ carrier ” bas been given to this arrange- 
ment. The shafts or the hoisting worm screws 
on a winch had a thrust bearing capable of taking 
the thrust in either direction should one hoisting 
drum take its load before the other. 

When advancing 100 ft. girders, excluding fric- 
tion, in one winch, the ratio of force exerted on the 
handle to force exerted at circumference of wheel 
on the track was 132 to 1, derived from 


16 handle radius, 
63 for worm and cast-iron steel wheel, 
6 radius of wheel on track, 
42 teeth in driving wheel of train of gear wheels, 
33 teeth in driven wheel of train of gear wheels, 
16 x 63 x 33 
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Fig. 


This worm and worm wheel worked 4 separate trains 
of cast-iron gear wheels to propel the cast-iron 
track wheels, thus ensuring independent and equal 
propelling effort on each track wheel. Separate 
handles were provided, acting on this gear for 
travelling through a speeding up gear, to enable the 
winches to be travelled at a higher speed for returning 
without load. 

Figs. 25 to 30 illustrate details of the bogie 
trucks, while Fig. 31 is a view of one of these before 
it was put underneath the transporter. The frame 
of a bogie truck was built up of mild steel plates and 
sections. The load was carried on a cast iron rocker 
bearing, the lower half of which rested upon a mild 
steel swivelling platform, and the whole was borne 
by a foot-step bearing placed at the lowest possible 
level. Between the swivelling platform and the 
frame there were 10 tapered, cast-iron rollers, carried 
in brass bearings and working upon machined cast- 
steel roller paths, for steadying the swivelling plat- 
form. These arrangements allowed the necessary 
swivelling action when the transporter was negotia- 
ting curves in the track, the sharpest of which was 2 
degrees. To transmit the load, from the frame of a 
truck to its 8 cast-steel wheels on the 5 ft. 6 in. gauge 
track there were 2 mild steel trunnions, each distribu- 
ting its load equally to a pair of horn plates, one 
on each side of the frame. In each pair of horn 


plates there were two axles of mild steel to carry 4 
wheels on the 5 ft. 6 in. gauge track. 

The bearings of these axles were of white metal, 
and the underneath side of the steel axle was in 
contact with a pad of cotton waste in a bath of 
castor oil, carried in the cast-iron box, by which 
the whole 6} in. diam. by 10 in. journal was com- 
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pletely enclosed to make it dust proof. A hole 
was provided in the top of each bearing through 
which oil was fed to the bath and pad underneath. 

These arrangements proved completely successful, 
and a loaded transporter was very easily controlled 
by @ vacuum-fitted locomotive 2-8-0 (tender 2-2-2), 
having a tractive effort at 75 per cent. boiler pressure 
of 25,277 lb. ' 

Originally the bearings were not crown bearings 
and were made of phosphor bronze. They were, 
as shown in Fig. 21, not boxed in. Lubrication was 
effected by means of one oil hole in the top of each 
bearing. With this arrangement of journals, the 
bearings gave a great deal of trouble. Dirt got in 
them. The phosphor bronze got scored, and the 
journals ran hot, and it was only with great difficulty 
that the same locomotive could even move a laden 
transporter. 

It is believed that the loads on these axles were 
greater than any previously adopted in India. On 
the central bogie the load per axle was 32-50 tons, 
or 16-25 tons per journal. It was only 15 tons per 
axle, or 7-5 tons per journal, in the case of the bogie 
at the extremity of the transporter. To run in the 
journals at the beginning of the work, each bogie 
truck, separated from the transporter, was run up 
and down a yard at varying speeds for 20 miles, at 
first with no weight at all on it, and subsequently 
with loads of lead ingots and pig-iron, which were 
gradually increased until they totalled 70 tons. 

The arrangement for steadying the superstructure 
of the transporter whilst it was in motion will now 
be considered. It must be borne in mind that the 
steadying arrangements were not intended to do 
anything but steady—that is, they were not intended 
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to carry any load at all unless, or until, they came in 
contact with some irregularity in the four-railed 
tracks. Bolted on transversely across the top of 
its frame, each bogie truck had two detachable 
steady girders, one in front of, and the other behind, 
the rocker bearing. Each end of a steady girder 
carried a cast-iron steady wheel which ran on rails 
fixed at 12 ft. centres (11 ft. 93 in. gauge) outside the 
standard 5 ft. 6 in. gauge of 100 Ib. flat-footed rails 
for the bogie track wheels. Old 75 lb. double- 
headed rails in chairs were utilised for the steady 
wheels to run on, so that the stops of these rails 
happened to be 1,4 in. higher than the tops of the 
100 lb. rails. The bearings for the axle of a steady 
wheel were carried in guides, and the arrangement 
was such that the axle could move vertically up 
and down to correspond with irregularities in the 
four-railed track, but this movement was limited by 
two powerful coil springs on top of the axle. There 
was a stop inside the coil spring to prevent the 
spring compressing more than 1 in. From each 
outermost extremity of a steady girder to the top 
boom of the transporter, a wire rope guy was run 
in the middle of which there was a turn-buckle pro- 
vided for adjustment. This was easily got out of 
the way altogether while the 100 ft. girders were 
being clamped on to, or advanced along, the 
transporter. 

Actually it was found that the load on the 
5 ft. 6 in. gauge track wheels depressed the 100 lb. 
rail track considerably, while the 75 lb. rails at 
12 ft. centres were not depressed to anything like 
the same extent. As a result the steady wheels 
were forced into hard contact with their track, 
and the wheels became worn badly by abrasion. 

Atter a span of main girders had been launched 
its cross bracing was bolted in position during the 
laying of the top decking. The cross bracing was, 
as previously mentioned, carried in the troughs 
of the bottom booms of the girders, and as it 
was of light scantlings, it was quickly bolted 
in position. The decking consisted of kerb plates 
with troughs between them. The material for the 
decking of one span was loaded on two platform 
trucks. 

As shown on Fig. 32, at the rear end of one truck 
a tower was built up of sleepers and a small hand 
winch arranged on the top. After the trucks had 
been placed in position by an engine at rail head they 
were chained to the track rails, and a flexible wire 
rope was run from the winch to the top of the prop 
at the farthermost end of the span just launched. 
This wire was used as an aerial line. A roller was 
bolted on to the top of the prop over which the 
aerial was passed down the side of the pier, and the 
extremity made fast to a separate wire which was 
clamped on all round the pier top to form an 
anchorage. A travelling pulley having a hook 
underneath it, as shown in Figs. 34 and 35, ran on 
this aerial, and a pair of scissors was suspended 
on the hook. The scissors were applied to a section 
of kerbing or of troughing. 

The method of operation was as follows :—The 
aerial was slackened by the winch until low enough 
for the scissors to be clipped to a section on the 
trucks. The winch then tightened up the line, 
automatically causing the scissors to grip. The 
tightening process was continued until the slope of 
the aerial was such that the travelling pulley started 
by gravity to run down it. 

To restrain the travelling pulley on its downward 
journey and to stop it in any required spot a light 
Tope was attached to it. The end of this was 
passed round a bollard on the tower and paid out 


as the travelling pulley ran away. The section was | P° 


deposited in any required position by the winch 
slackening off the aerial. When the section was 
seated upon the main girders the scissors auto- 
matically opened, and the travelling pulley was 
then free, and was pulled back until it was over 
the trucks again to pick up another section. Fig. 36 
shows a section of troughing stopped and about to be 
lowered on to the main girders. No single piece of 
kerbing or troughing exceeded 10 cwts. By the 
method described 15-35 tons of decking were 
launched and spread in less than 1} hours with a 
minimum of labour. 

At rail head the following rivets, per span, were 


l-in. diam, Poe ae ee es 69 
Z-in., wee 0, de = 1,273 
}-in.  ,, Sah eee be nde 2,966 

Total ... eta ae 4,308 


Seven gangs of riveters at rail head completed the 
decking in 14 days and then went down below to 
rivet up the cross bracing, whilst on the deck above 
ballast was spread, and the four-railed track laid 
ready to pass the transporter for the next launch 
ahead. On the bare deck the sleepers and the 
5 ft. 6 in. gauge rails for the four-railed track were 
launched and laid also by the aerial rope-way above 
described. Following the laying of this, five 
hoppers, each containing 360 cub. ft. of ballast, 
were pushed over the unballasted track very slowly 
and very carefully right up to rail head. The hopper 
doors were operated by hand levers on the top of the 
cars.- On opening the doors the ballast was allowed 
to fall on to the deck and ballasting was accom- 
plished in a few minutes. The empty hoppers were 
then hauled away, and the four-railed track was 
completed and packed up with ballast to the proper 
level, and straightened. 

All riveting was done with pneumatic tools. 
Mention was made of gangs of riveters, and it 
should be explained that one gang consisted of 

Pay per Day. 


Rs. As. 

1 Riveter ore ue ee a 1 10 
1 Hammerman .... mee ewe ea A---4 
2 Holders-up, each s 6 
1 Rivet heater ... aan ar ae 1 2 
1 Forge boy aed waa a oie 0 10 
Total, 6 people, costing per day... 6 10 


The bulk of the riveting was in easy positions, 
and yet the average number of rivets driven by 
one gang in 8 hours worked out to only 8% big 
rivets, or 205 small rivets. Pils 

In each yard the following air compressing plant 
was employed: One straight line steam driven set, 
14 in. (steam) by 12 in. (air) by 14 in. stroke. One 
semi-Diesel oil driven set, 14 in. (explosion) by 
9 in. (air) by 14 in. stroke. At each rail head one 
portable, petrol driven, compressor supplied all 
the air. This machine had two air cylinders, 
each 8 in. bore by 8 in. stroke. The running costs 
of the three types of compressors were as follows, 
including lubricants and wages. 








Cost of : 
T Price of Fuel delivered | Running the Cost per 
ype of at Bridge site i Machine for | Hammer 
Machine. ge 7 per hour 
Annas, 8 hours in in Annas 
Annas. 
Steam ..} Coal 140 perton .. 264 3-30 
Oil ..| Oil 12-50 per gal. 440 4-58 
Petrol ..| Petrol 30 pergal. .. 594 8°25 














The 93 spans of 100 ft. girders were erected, riveted 
and launched in eight months and the new track 
was ready to be opened for public traffic a fortnight 
after the launching of the last span. The trans- 
porters were designed and made by Messrs. Burn 
and Co., of Howrah, for the East Indian Railway. 
Under the East Indian Railway’s Chief Engineer, 
Mr. A. H. Johnstone, the writer was in charge of 
the whole operation, Messrs. J. 8. Turner and 
C. G. M. Grieve acting as his assistants. 





NOTES ON NEW BOOKS. 


Tue Réntgen rays were discovered in 1896, but the 
startling statements of the results observed, as re- 
rted in the daily Press of that period, gave rise to a 
good deal of scepticism in authoritative quarters. This 
demeanour was undoubtedly justified at the time, since 
our newspapers in general give much more prominence 
to the poseur and charlatan than to the honest scien- 
tific investigator. When, however, Réntgen’s original 
paper became available, all doubts vanished about the 
reality of the phenomena he described ; the problem 
srose, however, as to the nature of the radiation. Some 
suggested that whilst ordinary light was held to be a 
transverse vibration of the ether, the X-rays might be 
a longitudinal vibration more or less similar to waves 
of sound, and there was much discussion with regard to 
what the properties of such longitudinal light would be. 
Stokes and Lord Kelvin, however, soon came to the 
conclusion that the rays in question were merely ultra- 


to the view now held by suggesting that instead of 
being a train of vibrations as ordinary light was then 
thought to be, the X-rays were mere isolated pulses 
in the ether, analogous to the solitary waves, which 
under certain conditions may race from end to end 
of a water channel. The whole energy was thus con- 
centrated in a single pulse, a condition which is now 
thought to be characteristic not merely of the X-rays 
but of light generally. Definite proof that X-rays were 
nothing more than light of extremely short wave- 
length, was not forthcoming till Laue had succeeded 
in obtaining diffraction patterns on passing the rays 
through crystals. Further work by the Braggs 
provided the means of definitely measuring the wave- 
lengths of a long range of X-rays, whilst the quantum 
theory has made it possible to determine the wave- 
length in cases in which this is either very short or very 
long in comparison with the spacing of crystal lattices. 
First class work on the subject has been carried through 
in many countries. In France the Duc de Broglie has 
distinguished himself by important contributions to 
the study of X-rays ; the debt owed to him, by science, 
on this account, has been increased by his excellent 
treatise on the subject published in Paris towards the 
end of 1922. An English translation of this, entitled 
“« X-rays,” prepared by Mr. J. R. Clarke, Lecturer in 
Physics at Sheffield University, has now been issued by 
Messrs. Methuen and Co., Limited, at 12s. 6d. net. 
The author has the gift of clear exposition, and the 
text is accompanied by many explanatory diagrams, as 
well as by reproductions of X-ray spectrographs. The 
value of the volume is further enhanced by the ample 
references to original papers. 





Mine surveying has made considerable advances 
since the beginning of the present century, and the 
days when “dialling” was universally used, and the 
magnetic needle reigned supreme, are long past. 
The heavy expense which may result from inaccurate 
surveying—arising, for instance, from underground 
connections which do not meet, and including on occa- 
sion disasters through accidentally holing into flooded 
workings—have led to the adoption of more accurate 
methods. The magnetic neoll is not only subject 
to variations, but is readily influenced by the presence 
of iron or steel, and at its best is neither accurate 
nor reliable. For all important work it has been 
supplanted by the theodolite, and even the chain has 
given place to the steel tape. Although a considerable 
amount of literature on various aspects of mine 
surveying has been published during recent years, 
no book has appeared in this country specialising 
and dealing with the subject as a whole, since modern 
instruments and methods were introduced. ‘‘ Metalli- 
ferous Mine Surveying,’ by F. Winiberg, recently 
published by Mining Publications, Limited, London 
(price 15s. net), therefore will probably prove of service 
alike to students and engineers. It is not claimed 
to be a complete work on the subject, but is an 
amplification of a course of lectures given by the 
author at the Cornwall School of Metalliferous Mining, 
Cambourne, where he is lecturer in Mine Surveying. 
To condense so large a subject into a limited number 
of: short lectures is no easy task, and implies careful 
avoidance of all matters which are of secondary 
importance. Hence an introduction, list of definitions, 
and historical matter which frequently take up much 
space in other books are dispensed with entirely, and 
the first chapter plunges at once into the description 
of a certain make of theodolite, of which there is a 
diagrammatic illustration. No mention or illustration 
of other makes is given even for comparison; nor, 
apart from a level by the same makers, are there 
any illustrations of other instruments. This is, how- 
ever, consistent with the intention of the book, which is 
to keep strictly to essentials and avoid any unnecessary 
repetition from previous works on the subject. The 
theodolite and level described are admittedly the most 
suitable now made for mine surveying, and for the 
accurate work now demanded of the surveyor. 
Triangulation is dealt with at sufficient length, special 
attention being given to the question of relative 
accuracy—in most works on mine surveying this 
subject is given too little attention; alternative 
works of reference describe geodetic surveying, and 
for the purpose of the mine surveyor go too far to 
the other extreme. The chapters on orientation of 
underground surveys, and, at the end of the book, 
on stope surveying, summarise in clear and concise 
manner much material which was lacking from the 
older text-books. More might have been said of 
South African and American practice. A description 
of the method of calculating triangulation co-ordinates, 
as used on the Rand, for example, would be a valuable 
help to students going to South Africa, but no doubt 
it was desired to restrict the size of the volume. The 
book is to be commended to all mine surveyors; it 
should not be considered so much as replacing the 
old standard text-books, as representing a supplement 
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data, and provides within its modest dimensions a 
concentrated supply of useful information. 





The problems of lubrication are physical and chemi- 
cal, and we doubt whether they can adequately be 
considered so exclusively from the standpoint of the 
engineer, without regard to the chemical nature of the 
lubricant, as is done by Mr. E. Falz in his ‘‘ Grundziige 
der Schmiertechnik«”’ (Berlin; Julius Springer; price 
22-50 marks). The sub-title: ‘‘ Design and Calcu- 
lation of Perfectly Lubricated Parts of Machinery on 
the Basis of the Hydrodynamic Theory ” justifies this 
standpoint, when we underline the perfectly lubricated 
and when we sharply differentiate between the technics 
of lubrication and lubricants which are generally 
considered inter-related matters. Mr. Falz says very 
little upon imperfect lubrication, and in the general 
discussion of the theory he refers only to viscosity. 
There is no mention of the much-contested nature of 
oiliness ; the importance of adhesion between metal 
and oil is incidentall:’ touched upon when the selection 
of lubricants and bearing metals are reviewed. But the 
improvement of mineral lubricants by the addition of 
fatty acids, boundary lubrication, and the work of 
Southcombe and West, and of B. W. Hardy are not 
noticed at all; nor is the Report of the Lubrication 
Committee mentioned in the long bibliographical list. 
Chemistry is, in fact, practically excluded. The only 
special lubricating materials discussed are graphites 
and the grid metals, white metal mixed with graphite 
or minerals. Groove lubrication is generally deprecated, 
and some groove arrangements are condemned as bad, 
though most people would probably admit that they are 
useful when a copious supply of oil cannot be main- 
tained. Mr. Falz’s standpoint is that progress in lubri- 
cation will come from the engineers and not from the 
manufacturer of lubricants, because the object to be 
aimed at is not minimum friction, but reduction of wear 
and increased security of working. From the designer’s 
standpoint the book may be recommended. Mr. Falz 
considers that a revolving journal acts like a cog- 
wheel pump with very small teeth. His main sections 
deal with admissible bearing pressures, friction with 
perfect lubrication, lubrication methods and devices, 
and approved types of bearings, &c.; the latter, 
comprising Michell thrust bearings, all well illustrated, 








Fig. 5. 


are practically all of German construction. Worked- 
out examples are given at the end of each sub-section. 
A special chapter reviews instructive cases and failures, 
one of which we may mention. The stern-tube of the 
shaft of a fishing smack ran hot during trials; 
Mr. Falz himself forced Oildag into the bearing with 
complete success; when the smack was later docked 
for other reasons, it was discovered that the bushing 
had broken to pieces and had become welded to the 
shaft which had then continued to revolve in the stern 
tube together with its bushing. 





PNEUMATIC TOOL MECHANISMS.* 
By Frank Hurts, A.M.I.Mech.E. 


Despite the abnormal depression in industry, 
from which mechanical engineering is probably suffer- 
ing to a greater extent than other branches, such 
periods are without doubt excellent opportunities for 
self-examination of the most searching kind; on the 
one hand for manufacturers to overhaul every process 
by which their products can compete with others of like 
nature, and on the other to keep in closer touch with 
the progress of mechanical engineering generally. 
With such a prolonged restriction in the demand for 
machinery, a weeding out of a very thorough nature 
takes place, and processes as a whole or in part have to 
make way for more efficient methods. Unquestionably 
most departments in an engineering business have an 
unusual opportunity for becoming thoroughly up-to-date 
and making secure those numerous details which normal 
activities leave a little slack. The designer, for instance 
can make a really close search amongst his collection 
of data, and be on the alert to assist other staff in 
offering a machine which possesses ideals in sound 
mechanism, low cost of production, and points of 
advantage over the competitor. Such introspection 
must of course apply equally to non-technical depart- 
ments. The object of this paper is to describe generally 
several machines of a portable nature worked by 
compressed air, and to illustrate as far as possible the 
mechanism and use of pneumatic tools. Most engineer- 





* Paper read before the Leeds Engineering Society, 
November 19, 1925. Abridged. 








ing shops, which are fortunate enough to be working full 
time, have a compressed air plant, and it is hardly 
necessary to urge the many advantages of this equip- 
ment, as well as impossible to determine its scope, 
even in a particular type of works. It should be added 
that the fortunate firms are making full use of their 
plant, and the employee in such cases fully realises 
that it means as much to him as to his employer. 
Perhaps the full use of compressed air is sometimes 
missed in a works where the plant has been installed 
for a special purpose, and limits are too readily deter- 
mined by catalogue literature. A big field for pneu- 
matic tools is suggested by thoughtful users of com- 
pressed air, and wherever a notion is conceived it 
is for the possessor to try it out himself, or place it 
before the suppliers of his plant, who are usually 
prepared to do the spade work and to stand by, either 
to bear the expense of a failure or to share success. 
The first stage in percussion devices worked by 
compressed air is illustrated by the siren, largely 
used on motor-ships. This consists of a diaphragm 
stretched over the orifice of a compressed air pipe, air 
from which forces the diaphragm off its central seating, 
thereby giving a momentary drop in pressure at the 
orifice, and allowing the diaphragm to reseat itself. 
The pitch of the note is proportional to the number of 
vibrations per second, which depend upon the air 
pressure, and on diaphragm flexibility. The amplitude 
or stroke of the diaphragm centre is minute, while the 
frequency is exceedingly high. The next stage 1s illus- 
trated by the pneumatic vibrator which has a piston 
of one diameter, and again is independent of valves. 
The stroke is very small (about ;*; in.), while the speed 
is in the region of 10,000 per minute. In order to 
avoid a dead centre, a light spring is sometimes 
fitted at one end of the cylinder. Both ends form an 
anvil for the piston, and the machine is largely used 
for rapping moulding boxes in foundries. The ston 
carving and dressing hammer is identical in function 
with the vibrator with the exception of one end, 
which is bushed to take a chisel or rivet snap for small 
copper or iron rivets. The author has also designed 
a small engraving hammer, ‘weighing a few ‘eur 
for stippling copper rollers in connection with er 
paper printing. It will be observed that while t ° 
implest tools have no valve, and a piston of one 
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diameter only, they are limited to a light rapid blow. 
Such tools are sometimes clamped to sieves of fine 
mesh, and though noisy are reliable. 

The valveless scaling hammer represents the next 
stage, where the piston has two diameters. the smaller 
of which is constantly under pressure, while the larger 
has an air cycle somewhat on the uniflow principle, 
admission and cut-off being effected by piston-controlled 
ports in the cylinder wall. Air is used expansively, 
and the piston gives an intensive rapid blow well 
suited to removing old paint, rust, or boiler scale. 
This type of mechanism is used in some rock drills, 
light hammers for chipping, coal picks, and generally 
where extreme simplicity of construction is of import- 
ance, rather than maximum power. The blow is a 
compromise between a punch and vibration, such a 
combination being very necessary for certain work. 
It will be seen later on that as the power increases, 
a valved mechanism must be used in order to minimise 
vibration and obtain maximum punch. The familiar 
hammer for chipping, caulking and light riveting is 
the first to incorporate a single-diameter piston, with 
the air controlled by a separate valve. Whereas the 
tools previously described have a very limited piston 
stroke (the power being varied by the diameter and 
weight of the piston), the valved form gives wider 
Scope for piston travel, and a closer approximation 
to the formula 


2 
P= _ can be obtained, 


the mass m of the piston being reduced, while its 
stroke, and therefore velocity product, is increased 
at will. Although some chipping hammers are of the 
short-stroke pattern, i.e., having a piston which is 
longer than its stroke, the general run of work seems 
to call for the long-stroke mechanism, wherein a 
shorter piston has a stroke greater than its own 
length. Of course there are many subtle differences 
between the chipping of castings, trimming of plates, 
cross cutting, caulking of rivets and the caulking of 
lead joints, but on the whole a standard hammer is 
usually demanded to cover the ground generally. 

In the chipping hammer manufactured by the 
Globe Pneumatic Engineering Company, and illustrated 
in Fig, 1, opposite, air is admitted to the valve box 
by pressing the trigger, and passes to holes C and also 
to the restricted hole D in the valve box cover, to the 
back of the valve. In the position shown, pressure is 
acting between the rear of the piston and the front 
of the valve, and while holding the valve back against 
the restricted inlet from D, full air is admitted to drive 
i piston forward. During the forward stroke of 
the piston, air that would otherwise be trapped and 
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cushioned between the chisel and the piston, is given 
a free exhaust via LK, the valve groove, and M, and 
so out of the handle. 

The piston having now passed the cylinder exhaust 
E, permits live air to flow to exhaust, with the result 
that the pressure in front of the valve instantly falls, 
while the live air trapped behind the valve moves it 
rapidly to its forward position. Live air now passes 
via H round the valve groove to O, and so to the front 
of the piston and rear of the valve. The piston now 
returns towards the valve, and, after closing the 
cylinder exhaust E, begins to form a cushion to drive 
the valve back. It will be seen that the live air which 
is feeding the front of the piston, is in closer proximity 
to the rear of the valve, with the result that the piston 
is compelled to complete a full upward stroke before 
the pressure behind the valve can drop via KL and E 
to exhaust. The feature of the new Globe pneu- 
matic hammer is that the live air, which causes the 
return of the piston, is also in direct communication 
with the back of the valve, and thus holds the valve 
forward until the piston is sufficiently far back to 
form a heavy cushion and to insure a powerful forward 
working stroke. 

Other features of this design are the simple one- 
diameter domed main valve, and the mitre-seated 
throttle valve with its stem packing, giving lasting 
leakproof conditions. Main valve designs vary con- 
siderably in pneumatic tools. Many are simple at 
the expense of power, comfortable handling and air 
consumption, while others eliminate such inefficiency 
with complicated forms, which are expensive in up- 
keep, and unwarrantably involved. A stage between 
the valveless tools already described, and the valved 
chipping hammer, is a design having a main valve 
consisting of a ball, plain disc or similar shape. These 
tools are little more than valveless in function and do 
not permit of an uncushioned blow on the chisel, the 
piston being cushioned to a greater or lesser extent 
in both forward and rearward strokes, the cushion in 
addition being uncontrollable. Such tools are often 
termed savage. The Globe pneumatic main valve has 
a groove which gives the piston an unrestricted forward 
stroke, and is in effect the simplest possible form of 
valve which will do this. 

In the riveting hammer a longer piston stroke is 
required, and some of the rearward cushion must be 
disposed of. This is done by introducing a second 
groove in the valve, and a supplementary exhaust port 
in the cylinder. While further refinements can be 
secured by introducing a valve of two or three 
diameters (the latter having its greatest diameter in 
the centre), ensuing complications often outweigh 
initial gains. 





The author is of the opinion that an ideal hammer 
valve should possess the following distinctions :— 

(a) Permit of an uncushioned forward piston stroke, 
and any degree of cushioning ranging from nothing 
to a maximum on the return stroke, as required for 
obtaining the greatest power from a given length of 
cylinder. 

(b) Allow the cylinder ports to be so disposed as to 
ensure the piston completing a maximum stroke, 
limited only by the length of cylinder. 

(c) Close the air supply ports before opening to 
exhaust in either stroke. 

(d) Be of one diameter only to secure the above. 

So far this has been attained in part only, and may 
not be fully possible, but it is certainly desirable, and 
would appear to have most of the refinements of opera- 
tion with those of constructional simplicity. The 
designer of pneumatic hammers has no definite link, 
such as an eccentric and rod, to synchronise his valve 
with the piston, but must depend upon differential valve 
areas and pressures in conjunction with special cylinder 
ports, otherwise the foregoing must appear somewhat 
crude when considered from a steam engine basis. 

A construction similar to that of the riveter is used 
for such tools as the pneumatic spade, pick, and rail- 
way-sleeper tamper. The spade machine consists of a 
standard riveter fitted with a stiff spade tool and 
special rubber buffer retainer, which is necessary both 
because of the shape of the spade and the varying 
resistances of clay and earth. Breakages are liable to 
occur to the spade.shank when excessive leverage is 
used simultaneously with continuous full hammering. 
A spike tool or pick is fitted to the smaller riveters, 
the pick being held by a retainer similar to the spade 
type. This tool is used extensively in the mining 
industry and for other light pick work. 

The tamper shown in Figs. 2 to 4 is used in pairs, 
one machine ‘on either side of a railroad sleeper. They 
effect considerable economy and better tamping over 
hand methods. The device consists of light riveter with 
special handles and throttle control (Fig. 3), while the 
front end is fitted with a club having a slight loft 
(Fig. 4) to direct the material under the sleeper. The 
club tool remains stationary and is hammered by the 
piston. It is retained similarly to the spade, and the 
complete machine is comfortable to hold and easy to 
operate. 

The riveter for a ship’s shell is conveniently carried 
in the rig illustrated in Fig. 5, which, with one fixing, 
will take the weight of the hammer for a fair number 
of rivets. Where possible, the bolt fixing can be 
replaced by a telescopic pneumatic jack, which is 
more readily moved from place to place. The shell 
rig gives full freedom to the tool in any direction. 
The holding up of a rivet at the opposite end to the 
hammer is done either by means of a plain dolly, or a 
pneumatic holder-up. Where specially tight jobs are 
wanted, the hammer type holder-on, shown in Figs. 6 
and 7, is employed. It consists of a riveter within a 
casing, the riveter being held to the work by air pressure, 
and, in conjunction with the hand supported tool, 
hammering both ends of the rivet simultaneously. 

The special form of self-supported riveter illustrated 
in Figs. 8 and 9 was recently designed for submarine 
construction at the request of the Admiralty. This 
wedges itself between the frames and has proved 
highly efficient in close quarters where small angle 
plates have to be riveted. 

The rivet cutter is used particularly in repair work, 
where undue distortion of the rivet hole has to be 
avoided. A # in. rivet can be broken off in about 
5 seconds by a hammering acting similar to the large 
riveting tools. The machine weighs 40 lb., the piston 
having a 9-in. stroke, and a diameter of 14% in. These 
tools were largely used at the tank repair depots in 
France. The concrete-breaker is one of the most 
powerful of pneumatic percussive tools. In spite of 
its noise disqualification, it is now universally used 
in large towns where rapidity of road repair and 
construction is of first importance, and has demon- 
strated beyond question a considerable saving over the 
hand sledge. Endeavour is now being made to reduce 
the noise in places like Westminster, where all-night 
working has proved disturbing to local residents. 
The average type is an offshoot of the rock drill, and 
has a piston of about 2 in. diameter with a 4 or 5 in. 
stroke. Both front and rear heads are detachable, 
and in order to use plain hexagonal steel picks, an 
anvil block transmits the piston blow to the pick head. 
This anvil absorbs a little of the power, but effects 
considerable saving in pick costs by avoiding shouldered 
and specially forged tool shanks. When a tool retainer 
is required, a collar is hammered to a small groove 
round the hexagon bar away from the cylinder end, 
and merely serves to support the pick bar in transit. 
More often than not the retainer is dispensed with, and 
the pick is dragged from point to point. Pick fractures 
occur when new operators try to lever unloosed debris 
away. 

(To be continued.) 
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SOCIETY OF GLASS TECHNOLOGY. 


A meetine of the Society of Glass Technology was 
held in Stourbridge on March 17, when three papers 
were presented, as follow :— 

“The Flashing of English Crystal by Cobalt Blue 
Glass,” by Professor W. E. S. Turner and F. Winks. 
In presenting this paper, Professor Turner referred to the 
erroneous notion that successful flashing depended only 
upon the thermal expansion of the two glasses being 
nearly equal. The development of stress in glass 
depended also on (a) the rate at which the viscosity 
changed as the metal cooled down, and (b) the rate at 
which the glass lost its heat. In the course of the 
investigation, two sets of glasses were made, the one 
soda-lime glasses and the other potash-lead oxide 
glasses. The amount of cobalt oxide added varied from 
0 to about 4 per cent. In both series, the effect of the 
cobalt oxide was to modify the thermal expansion only 
slightly, namely, about 3 or 4 per cent. Cracking in 
the flashing process was probably due to a difference 
in the rate at which the blue and coloured glass cooled 
off, or absorbed and lost heat. In experiments at 
the furnace it was found that the rate of setting 
increased (that is, the working range decreased) as the 
amount of cobalt oxide increased. 

** Some Notes on the Use of Sillimanite in Glass Works 
Practice,” by A. Cousen and Professor W. E. S. 
Turner. This paper was presented by Professor Turner, 
who stated that sillimanite showed up best under high 
temperature firing. Some of the uses to which silli- 
manite had been applied, with good results, in glass 
works practice were :—(a) for pots or potettes ; (b) for 
lining the sieges of furnaces ; (c) for gates for damming 
the flow of lass in the Danner tube-drawing machine, 
and also iu a flow-feeder type of machine at the back 
of the forehearth of the furnace; (d) for pot-rings; 
(e) in the form of slip or paste in the stacks from 
regenerators in furnaces. 

** Some Remarks upon Recuperative Gas-Fired Furnace 
Practice,” by Percival Marson. Attention was first of 
all directed in this paper to the importance of the 
provision of suitable hard-burnt and well shrunk 
refractory materials for the construction of the furnace 
chamber and its siege. The best and cheapest form of 
siege was one made up with ground potsherds mixed 
with the least proportion possible of plastic binding 
clay, tamped in situ, with a superficial 2-in. layer of 
sillimanite or andalusite material bonded with 8 per 
cent. of refractory ball-clay. The design of the glass 
pocket was another feature calling for the careful 
consideration of the purchaser. One very successful 
design of glass pocket had a ternary air inlet, which gave 
sufficient or partial combustion to the gas passing 
towards the main secondary air stage, thus keeping the 
pocket at a suitable temperature which enabled the 
pocket to be emptied in a few minutes. A self- 
contained furnace with a step grate producer, had 
many points in its favour on account of its simplicity, 
low initial cost and maintenance cost, as compared with 
a producer plant built away from the furnace. In 
addition, its efficiency was remarkably good, and 
although the externally built producer facilitated the 
production of better gas it entailed a considerably 
greater amount of labour and precaution in working 
when connected up with pot furnaces. Pot failures 
could be classified as due to: (1) the composition and 
nature of the pot clay mixtures, their manufacture and 
annealing; (2) faulty methods of operating the 
furnace or bad furnace design; (3) the method of 
treating the pot and the design or shape of the pot 
itself. 








TENDERS.—The Department of Sanitary Works of 
the Argentine (Obras Sanitarias de la Nacion) is inviting 
tenders, to be presented in Buenos Aires not later than 
May 17, 1926, for the supply of valves and accessories 
required in connection with the water supply of the towns 
of Rio Cuarto, San Nicholas, Casilda, Esperanza and 
Rafael. ‘The same Department is also calling for tenders, 
to be presented by April 30, next, for the supply of valves 
and accessories for the water supply of Cordoba and 
Tucuman. Local representation is essential. Further 
particulars regarding either of the above tenders may 
be obtained from the Department of Overseas Trade, 
35, Old Queen-street, London, 8.W.1. 


Conrracts,—Recent orders received by Messrs. 
International Combustion Limited, Africa House, 
Kingsway, London, W.C.2, include complete steam- 
generating and Lopulco combustion equipments for the 
North Metropolitan Electric Power Supply Company, the 
South African Electricity Commission (Congella) Power 
Station, Durban, and Messrs. Shell Mex, Limited. 
Lopulco combustion apparatus is also being supplied to 
the Compaiia Hispano-Americana de Electricidad, 
Buenos Aires, and pulverised-fuel equipment to Messrs. 
Anglo-Persian Oil Company, Limited.—The Corporation 
of the City of Birmingham have just placed a contract 
with Messrs. The New Conveyor Company, Limited, 
Brook Street, Smethwick, Birmingham, for the instal- 
lation of band conveyors and screening plant at their 
Nechells Gas Works, 





ENGINEERING TRAINING AND 
EDUCATION. 


Scholarships for Flight Cadets.—We are informed by 
the Air Ministry that Sir Charles. Wakefield has 
generously offered to continue the Sir Charles Wakefield 
scholarships founded by him in 1920. These scholar- 
ships have each a value of 75l. and are tenable for one 
year at the R.A.F. Cadet College, Cranwell. Two 
scholarships are awarded at each half-yearly entry. 
One of these is awarded on the result of each of the 
open competitive examinations for admission to the 
Cadet College, held in June and November. The 
other scholarship is awarded to one of those aircraft 
apprentices, who, at the conclusion of the training 
period at the R.A.F. training establishment at Halton, 
are selected, twice a year, for Flight Cadetships at 
Cranwell. 
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Atoms or Licut AND oF ELrctricity: Errata.—In 
Fig. 6 of page 361 of our issue of March 19 the minus 
sign was accidentally omitted in the statements: photo- 
electrons will have energies hy — K abs., &c. The third 
sentence of the first column of page 362 is not clear in its 
condensed form; we should have said that the electron 
driven out would emit radiations while falling back into 
the orbit from which it was ejected. In the fourth 
sentence of the first column of page 424 (April 2): 
“* According to Compton the quantum transferred all its 
energy to one particular electron’’—the two words 
“all its’? had better be left out. Only when a billiard 
ball A strikes an equal ball B at rest in head-on collision, 
will A transfer all its energy to B, which will go on, while 
A comes to rest. In all other cases of oblique collision 
or unequal masses, the energy transference will be partial. 





THE INSTITUTION OF ELECTRICAL ENGINEERS: SUMMER 
MretInG.—The summer meeting of the Institution of 
Electrical Engineers will take place at Newcastle-on-Tyne 
from June 8 to 11, next. Visits to the Elswick Works of 
Messrs. Sir W. G. Armstrong, Whitworth and Co., 
Limited, the works of Messrs. J. H. Holmes and Co., 
Limited, and the Heaton Works of Messrs. C. A. Parsons 
and Co., Limited, have been arranged for Tuesday, June 8. 
A civic reception will be held in the evening. On 
Wednesday, June 9, the North Tees Power Station and 
the Horden Collieries, Limited, will be visited. On 
Thursday, June 10, the works of Messrs. A. Reyrolle and 
Co., Limited, Hebburn, the Lemington Glass Works of 
the General Electric Company, Limited, and the Wallsend 
Shipyard of Messrs. Swan, Hunter and Wigham Richard- 
son, Limited, will be seen. On Friday, June 11, the 
works of the Consett Iron Company, Limited, will be 
visited, and the remainder of the day devoted to an 
excursion to Hexham. Further particulars may be 
obtained from the Secretary, the Institution of Electrical 





Engineers, Savoy-place, Victoria-embankment, W.C.2. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday, 

Iron and Steel.—The usual quietness is apparent in 
consequence of the holiday stoppage and the end of the 
quarter. The suspension of operations is of about average 
duration, though some of the rolling mills will be idle 
for the whole of this week. On the other hand, in isolated 
instances, plant has been kept running throughout Easter, 
A general survey of the position shows that the railway 
departments are still busily engaged on home orders. 
Overseas bookings are not anything like as numerous 
as can be dealt with by the existing capacity of local plants, 
but better business is expected from India and South 
America, particularly as British prices show signs of 
more nearly approximating to those of competitors 
on the Continent, who last year took the greater part of 
the contracts distributed by the two countries named. 
Even the depressed shipbuilding trades are showing 
limited signs of revival. Makers of automobile steel are 
experiencing active times, with every prospect of the 
current demand continuing. Electrical engineers are 
absorbing considerable quantities of steel and machinery 
parts. The building trades are furnishing a good deal 
of work by their call for decorative iron, stove grates, 
castings, pipes, and general ironmongery. Mining 
gear and equipment are in moderate request, considering 
the slump in shipments via Hull. Among the lighter 
trades, farming tools and implements represent a pro- 
gressive branch. 


South Yorkshire Coal Trade.—The market has not yet 
recovered from the effect of the holiday stoppage. In 
most branches business is quiet. ‘The bulk of users are 
holding off, awaiting the advent of more definite indica- 
tions in regard to forward prices. The demand for house- 
coal has further diminished with the arrival of warm 
weather, and weakness is also evident in gas-making fuels. 
The strength of the home demand for best steams enables 
the maintenance of pit-top prices at pre-holiday levels. 
In the export section there is virtually no development. 
Ccbbles, nuts and smalls are in ample supply at unchanged 
rates. Quotations :—Best branch handpicked, 31s. to 
34s.; Barnsley best Silkstone, 28s. to 30s.; Derbyshire 
best brights, 26s. to 28s.; Derbyshire best house, 24s. 
to 25s.; Derbyshire best large nuts, 17s. to 20s. ; Derby- 
shire best small nuts, 12s. 6d. to 14s.; Yorkshire hards, 
17s. to 19s, 6d.; Derbyshire hards, 16s. to 19s.; rough 
slacks, 10s. to 12s. 6d.; nutty slacks, 7s. 6d. to 9s.; 
and smalls, 3s. 6d. to 6s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Cleveland pig-iron is still 
in inadequate supply, and makers are thus able to uphold 
quotations though customers refuse to pay the pricesasked. 
Home and foreign competition threatens to necessitate 
the granting of price concessions, notwithstanding pro- 
ducers’ persistent protests that working expenses will 
not admit of any reduction in price. The very limited 
business passing is almost entirely on home account, 
overseas demand being on quite a trifling scale. Stocks, 
however, are at a low ebb, and makers are consuming a 

large proportion of the output at their own works. No. 
is 72s. 6d,; No. 3 g.m.b., 70s. ; No. 4 foundry, 69s. ; and 
No. 4 forge, 68s. 6d. These figures are for home use, 
6d. more being asked for shipment to destinations abroad. 


Hematite.—The situation as regards East Coast hema- 
tite iron leaves much to be desired. Production is in 
excess of needs, and manufacturers are keen to negotiate, 
but buyers are very backward. In this branch also 
transactions are confined practically to sales for home 
purposes, export demand being very small. Nos. 1, 2 
and 3 are on sale at 76s.|6d., both for home consumption 
and for overseas trade, and No. 1 is put at 77s. 


Foreign Ore.—There is next to nothing doing in foreign 
ore, consumers having covered their requirements for 
some little time to come. Best rubio is 21s. 3d. c.i.f. 
Tees. 


Blast-furnace Coke.—Supply of Durham blast-furnace 
coke is very ample, and local users are slow to make 
purchases. Good average qualities are round about 19s., 
delivered here. 


Manufactured Iron and Steel.—No new features of 
moment are noticeable in manufactured iron and steel. 
Some branches are fairly well employed, but other 
departments are characterised by slackness. Common 
iron bars are 111. 5s.; iron rivets, 121. 15s. ; packing 
(parallel), 87.; packing (tapered), 11/.; steel billets 
(soft), 72.; steel billets (medium), 7/7. 10s.; steel billets 
(hard), 8. 2s. 6d.; steel ship, bridge and tank plates, 
71. 10s.; steel angles, 7l.; steel rivets, 127. 10s.; steel 
joists, 77.; heavy steel rails, 8/.; fish plates, 12I. ; and 
galvanised corrugated sheets (No. 24 gauge, in bundles), 
161. 5s. 


Shipments of Iron and Steel.—Shipments of iron and 
steel from the Tees last month were the heaviest since 
May, 1924, totalling 113,213 tons, as compared with 
97,647 tons for the previous month. March clearances 
comprised 35,955 tons of pig-iron, 2,691 tons of manu- 
factured iron, and 74,567 tons of steel. Of the pig-iron 
shipped, 20,006 tons went abroad, and 15,949 tons went 
coastwise ; of the manufactured iron cleared, 2,193 tons 
went overseas, and 498 tons coastwise ; and of the steel 
loaded, 61,048 tons went to foreign destinations, and 
13,519 tons coastwise. Scotland was, as usual, the 
largest receiver of pig-iron, taking 12,819 tons, while 
America imported 6,130 tons, Italy 4,045 tons, Wales 
2,600 tons, Denmark 2,518 tons, and Belgium 1,864 tons. 
Mauritius, with an import of 547 tons, was the best 
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customer for manufactured iron. Principal purchasers of 
steel were: India, 14,908 tons; Egypt, 8,497 tons; 
Australia, 6,718 tons; Argentine, 4,865 tons; Peru, 
4,501 tons; Ceylon, 3,179 tons; Kenya, 3,013 tons ; 
Tanganyika, 2,931 tons; and Natal, 2,495 tons. 





NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—A dull tone is still very general 
in the Scottish steel trade, and in few cases can producers 
see any distance ahead. During the past week business 
has been quiet, the Easter vacation having helped to 
slow things down more, but until the cloud caused by 
the present situation in the coal industry passes, the 
outlook for trade in general cannot be expected to 
improve. Inquiries are poor, and dealings over all are 
very limited. The control of prices which was hinted at 
some time ago has come into force again—although not 
quite so fully as formerly. Boiler plates were never 
freed, but now ship plates for home delivery and export 
and sections for home delivery have been put on a 
fixed basis, but the export price for sections remains 
free. The elimination of a good part of the recent local 
competition will help things, but the Continental producer 
has always got to be reckoned with. In the black sheet 
trade the conditions have not changed, and much activity 
still rules in black and galvanised sheets, both on home 
andexport account. For the heavier gauges the demand 
is rather slow. The following are the current market 
quotations :—Boiler plates, 117. per ton; ship plates, 
7l. 10s. per ton; sections, 71, per ton; and sheets under 
#; in. to } in., 9/. per ton, all delivered Glasgow stations. 
The export price for ship plates is now 7l. per ton. 


Malleable Iron Trade.—In the West of Scotland mal- 
leable-iron trade there has been little movement during 
the past week, as consumers have only been specifying 
for small quantities. In the steel re-rolling branches 
the conditions are dull, and only a limited number of 
orders are on hand. The price of ‘Crown’? bars is 
steady at 117. 5s. per ton, delivered Glasgow stations. 


Scottish Pig-Iron Trade.—There has been no change 
in the state of the Scottish pig-iron trade since last report, 
and the current demand is on a very small scale. Local 
consumers are getting through very little, and the export 
business is far from satisfactory. The following are the 
market quotations :—Hematite, 76s. per ton, delivered at 
the steel works; foundry iron, No. 1, 79s. to 81s. 6d. 
per ton, and No. 3, 77s. 6d. to 798. per ton, both on trucks 
at makers’ yards. 


Shipments of Scottish Pig-Iron.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, April 3, amounted to 641 tons. 
Of that total, 591 tons went overseas and 50 tons coast- 
wise. For the corresponding week of last year the figures 
were 463 tons overseas and 127 tons coastwise, making 
a total shipment of 590 tons. 


Wages in the Iron Trade.—The following intimation 
has been made to Messrs. James C. Bishop and Owen 
Coyle, joint secretaries of the Scottish Manufactured Iron 
Trade Conciliation and Arbitration Board, by Sir John M. 
MacLeod, Bart., C.A., Glasgow :—‘‘In terms of the 
remit, I have examined the employers’ books for January 
and February, 1926, and I certify that the average net 
selling price brought out is 117. 15s. 7-75d.”—This means 
no change in the wages of the workmen. 


Scottish Shipbuilding.—While the number of new 
contracts placed with Scottish shipbuilders during the 
past few months has been satisfactory, the output 
during the same period has been on the small side. 
Kor the month of March the total was only 19 vessels 
of 35,763 tons, mad up as follows :— 


Vessels. Tons. 





The Clyde poh sae as ae 33,391 
The Forth ‘Se ane As 3 - 1,410 
The Dee and Moray Firth ... 2 962 

Total nae oa sat 2D 35,763 


The above Clyde total makes the output for the first 
quarter of the year 39 vessels of 84,390 tons, as against 
52 vessels of 143,458 tons for the corresponding period 
of last year, and 62 vessels of 149,841 tons for the 
first quarter of the year 1921—that being the 
record for the first three months of any year. 
The new contracts placed during the past month 
numbered only about half-a-dozen, and three of 
these were for small motor boats, so that the month 
of March was not very productive from the point 
of new orders. The following new contracts are also 
reported :—Messrs. Harland and Wolff, Limited, Govan, 
to build two motor-propelled vessels designed for the 
carrying of oil in bulk for the Anglo-Saxon Petroleum 
Company, Limited, London. These vessels will be of 
2,300 tons each, and will raise to four the number of 
motor vessels which the same owners have ordered from 
Messrs. Harland and Wolff. The other two are to be of 
1,050 tons and 3,600 tons, All these*vessels are to 
have Harland and Wolff-Burmeister and Wain engines 
supplied from the builders’ Diesel-engine works in 
Glasgow.—The Caledon Shipbuilding and Engineering 
Company, Limited, Dundee, have also received an order 
for an oil-carrying vessel from the Anglo-Saxon Petroleum 
Company, Limited, London.—Messrs. Alexander Hall 
and Co,, Limited, Aberdeen, have received an order for 
® self-propelled hopper barge. This vessel will be 116 ft. 
in length between perpendiculars, 27 ft. in moulded 
breadth, and 11 ft. in moulded depth. 





NOTICES OF MEETINGS. 





THe INSTITUTE OF MARINE ENGINEERS.—To-night at 
6.30 p.m., at 85-88, The Minories, Tower-hill, E.1. 
Annual meeting. 

THe Rartway Ctus.—To-night at 7.30 p.m., at 
65, Belgrave-road, 8.W.1, “Signals and Signalling,” 
by Mr. C. N. Anderson. 

Tue Junior INSTITUTION OF ENGINEERS.—To-night 
at 7.30 p.m., at 39, Victoria street, S.W.1. ‘‘ Modern 
Methods of Cast Iron Pipe Manufacture,” by Mr. T. E. 
Dimbleby. Saturday, April 10, at 2 p.m., Visit to the 
Works of the South Metropolitan Gas Company, East 
Greenwich. Friday, April 16, at 7.30 p.m., Lecturette, 
“Automobile Lighting, Starting and Ignition,” by 
Mr. T. L. Allison. 

THe Institute oF British FOUNDRYMEN: LAN- 
CASHIRE Brancou.—Saturday, April 10, at 3 p.m., at 
the College of Technology, Sackville Street, Manchester. 
Annual General Meeting. ‘‘ Patternmaking and its 
Relation to Design and Foundry Practice,” by Mr. 
R. W. Kemlo. 

THe Mrntne Institute or Scornanp.—Saturday, 
April 10, at 3 p.m., at the Royal Technical College, 
Glasgow. Annual General Meeting. Presidential 
Address. ‘‘Some Findings of the Royal Commission on 
the Coal Industry,’’ by Mr. J. Balfour Sneddon. Dis- 
cussion on Report of Committee ‘‘ Ventilation of Mines,” 
““Coal Cutting by Machinery and Conveyors in Scottish 
Mines,” by Mr. G. L. Kerr. ‘‘ The Adjustment of Ropes 
on Bi-Cylindro-Conical Drums,” by Dr. J. Parker. 
‘*The Problem of In-bye Transport,” by Mr. David C. 
Gemmell. ‘Miners’ Nystagmus,” by Mr. Freeland 
Fergus, M.D. ° 

THE Royat Insttrution.—Monday, April 12, at 
5 p.m., at Albemarle-street, W.1. General Meeting. 


THE InsTITUTE OF TRANSPORT.—Monday, April 12, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
Savoy place, Victoria-embankment, W.C.2. ‘“ Railway 
Organisation,” by Mr. D. 8. Burn. 


THe Socrety or Enamneers.—Monday, April 12, 
at 5.30 p.m., at the Geological Society, Burlington 
House, Piccadilly, W.1. ‘* An Enquiry into the Ugliness 
of Engineering Structures,” by Mr. H. B. Creswell. 


THE INSTITUTION OF MECHANICAL ENGINEERS.—Mon- 
day, April 12, at 7 p.m., at Storey’s-gate, 8.W.1. Gradu- 
ates’ Section. ‘‘Some Factors affecting the Speed of 
Passenger Trains,” by Mr. F. C. Johansen, B.Sc. Friday, 
April 16, at 6 p.m., General Meeting. ‘‘ Modern Develop- 
ment of Paper Mill Plant,’’ by Mr. W. Worby Beaumont, 
and Mr. L. N. Burt. 

THe INstiruTION oF ELECTRICAL ENGINEERS,— 
Monday, April 12, at 7 p.m., at Savoy-place, Victoria- 
embankment, W.C.2. Informal Meeting. Discussion on 
“The Linking together of Wireless and Wire Com- 
munication Systems,” opened by Capt. P. P. Eckersley. 


THE INSTITUTE OF TRANSPORT: YORKSHIRE SECTION. 
—Monday, April 12, at 7 p.m., at the Town Hall, Leeds. 
** Roadless Traction,” by Sir John Eaglesome. 


Tue InstITUTION OF PETROLEUM TECHNOLOGISTS.— 
Tuesday, April 13, at 5.30 p.m. at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. ‘‘ The Oil Fields 
of the Maracaibo Basin,’ by Mr. Campbell M. Hunter. 


Tue InstituTIOoN oF Civit. ENGINEERS.—Tuesday, 
April 13, at 6 p.m., at Great George-street, S.W.1. 
Paper to be submitted for discussion, “‘ The Influence 
of Electric Welding in the Design and Fabrication of 
Plant and Structures,” by Mr. Joseph Newell Reeson, 
M.Inst.C.E. Wednesday, April 14, at 6 p.m. Informal 
Meeting. Subject for discussion, ‘‘ The Young Engineer : 
His Training and Prospects,” by Mr. G. W. Tripp. 


Tue InstitTuTION OF AERONAUTICAL ENGINEERS.— 
Tuesday, April 13, at 6.30 p.m., at the Junior Institution 
of Engineers, 39, Victoria-street, S.W.1. ‘“‘The Per- 
formance of Modern Aircraft (with Special Reference 
to the Variable Wing’’), by Mr. 8S. H. Evans. 


THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN ScoTtLanp.—Tuesday, April 13, at 7.30 p.m., at 
39, Elmbank-crescent, Glasgow. ‘‘ Dunlop Tyres and 
their Uses,”’ by Mr. A. Healey. 


THe InstituTION OF ELECTRICAL ENGINEERS.— 
Wednesday, April 14, at 6 p.m., at Savoy-place, Victoria- 
embankment, W.C.2. Wireless Section. ‘‘The Rugby 
Radio Station of the British Post Office,” by Mr. E. H. 
Shaughnessy. 

Tue Institution oF ELscTRicAL ENGINEERS: 
Soutn Mipitanp CEntTRE.—Wednesday, April 14, at 
7 p.m., at the University, Edmund-street, Birmingham. 
Discussion on ‘‘ The Government Electricity Bill.” 


THE INSTITUTION OF ENGINEERS-IN-CHARGE.— 
Wednesday, April 14. at 7.30 p.m., at St. Bride Insti- 
tute, Bride Lane, Fleet Street, E.C. 4. “Modern 
Electrical Wiring” by Mr. H. D. Wilkinson. 


Tue LiverRPoot ENGINEERING Socirety.—Wednesday, 
April 14, at 8 p.m., at The Temple, Dale-street, Liver- 
pool. ‘‘ The Properties and Engineering Uses of Stainless 
Steel,” by Mr. R. Waddell. 


Tue Royat Society or Arts.—Wednesday, April 14, 
at 8 p.m., at John-street, Adelphi, W.C.2. Ordinary 
Meeting. ‘‘ Art Training for Industry and the Society’s 
Competitions,” by Mr. R. A. Dawson. Friday, April 16, 
at 4.30 p.m. India and Dominions and Colonies Sections 
(Joint Meeting). ‘* The Work of the Imperial Institute,” 
by Lieut.-General Sir William T. Furse, K.C.B. 


THe Socrety or CuHEemicat INDUSTRY: CHEMICAL 
ENGINEERING GRovuP.—Wednesday, April 14, at 8 p.m., 
at Burlington House, Piccadilly, W.1. Joint Meeting 
with the Institution of Chemical Engineers, ‘The 
Beet Sugar Industry,” by Mr. J. Kwantes. 


THe Royat AgERONAUTICAL Socrety.—Thursday, 
April 15, at 6.30 p.m., at 7, Albemarle-street, W.1. 
Lecture, ‘“‘The Tailless Aeroplane,” by Captain G. T. 
R. Hill. 


THE West BromwicH ENGINEERING SoOcIETY.— 
Friday, April 16, at 7.30 p.m., at the Technical School, 
West Bromwich. ‘“‘ Industrial Applications of Control 
Instruments,” by Mr. H. W. Healy. 


THE INSTITUTION OF ENGINEERING INSPECTION.— 
Friday, April 16, at 7.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. ‘‘ Petroleum and 
its Products,” by Mr. J. Venn Stevens. 


THe INstTITUTE OF British FOUNDRYMEN: LANCA- 
SHIRE BRANCH, JUNIOR SEcTION.—Saturday, April 17, 
at 7 p.m., at the College of Technology, Sackville-street, 
Manchester. Annual Meeting. ‘* Notes on Machine and 
Plate Moulding Practice,” by Mr. A. L. Key. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


The Coal Trade.—Little business was transacted during 
the past week owing to the interruptions caused by the 
intervention of the Easter holidays, and a suspension of 
work at the collieries during the first three days of this 
week and at the docks on Good Friday and Easter 
Monday and Tuesday. The fact that the collieries 
generally were well booked up with orders and had little 
free coal for shipment, coupled with the uncertain outlook 
after the end of the month, also curtailed transactions. 
Colliery salesmen were not disposed to commit themselves 
while prospective buyers were proceeding with much 
caution. Prices generally were higher on the basis of 
248. 6d. to 25s. for best Admiralty large, 21s, to 23s. 6d. 
for Monmouthshire large and 20s. to 24s. for dry large, 
while best bunker smalls were scarce and strong at 15s, 
to 15s. 6d. with inferior grades from 11s. 6d. up. Exports 
of coal as foreign cargo in the past week amounted to 
347,230 tons compared with 410,170 tons in the previous 
week and 550,050 tons in the corresponding period of 
last year. Compared with a week earlier, shipments at 
Cardiff were increased from 215,730 tons to 227,790 
tons, but at Newport were reduced from 102,350 tons 
to 65,600 tons, at Swansea from 38,240 tons to 32,590 
tons, at Port Talbot from 48,110 tons to 19,090 tons and 
at Llanelly from 5,740 tons to 2,160 tons. Shipments 
to the Argentine were raised from 50,33€ tons to 57,520 
tons, to Brazil from 4,850 tons to 33,500 tons, and to 
Italy from 52,900 tons to 55,560 tons, but to Algeria were 
reduced from 19,650 tons to 4,000 tons, to Egypt from 
24,150 tons to 1,650 tons, to France from 132,810 tons 
to 51,990 tons and to Spain from 26,490 tons to 14,550 
tons. 

Iron and Steel.—The stoppages at the South Wales 
steel works of Messrs. Richard, Thomas and Co., Limited, 
and the Old Bury tinplate works, although affecting over 
1,000 workmen are regarded as only temporary. In 
the former case extensive alterations are being made to 
the plant, and in the latter case the stoppage is due to 
repairs. The general position of both the steel and tin- 
plate trades are anything but encouraging, but manu- 
facturers are not inclined to alter prices in the hope 
of an improvement. Welsh tinplate bars rule from 
61. 2s. 6d. to 61. 5s. per ton delivered South Wales, and 
Monmouthshire, and tinplates are from 19s. 3d. to 
19s, 6d. per box f.o.b. at works port. 








Tue Opticat ConveNtTION.—An Optical Convention, 
the third of its kind in London, will be held at the 
Imperial College of Science and Technology next week, 
Monday, April 12 to Saturday, April 17, under the 
presidency of Sir Frank Dyson, the Astronomer Royal. 
The Convention is to be opened at noon on Monday next 
by the Prime Minister, Mr. Stanley Baldwin. The two 
previous conventions were held in 1905 and in 1912, the 
two presidents being Sir Richard Glazebrook and Professor 
Silvanus P. Thompson. The object is to review and to 
discuss notable advances made in British optics during 
and since the war by an exhibition, scientific papers, 
lectures, and also by entertainments somewhat of a 
novel kind, to be given during the afternoons and even- 
ings. The presidential address is to be delivered at 
8.30 p.m. on Monday. Papers will be read in the morn- 
ings and afternoons, between 10 and 1 p.m. and 2.30 
and 5 p.m. on the Tuesday to Friday, and on Saturday 
morning ; the number of papers is so large that simul- 
taneous sessions will be held in two lecture theatres. 
The Exhibition will consist of a commercial section, for 
which entries have been made by nearly seventy firms, 
an experimental and research section and an historical 
section. Mr. F. Twyman, F.R.S., is chairman of the 
executive committee, and Mr. Thomas Martin, M.Sc., of 
1, Lowther-gardens, Exhibition-road, S.W.7, secretary. 
Two classes of membership are distinguished: A mem- 
bers (subscription, 15s.) are entitled to all privileges ; 
B members (subscription 1/. 11s. 6d.) also to a copy of 
the Proceedings. Single tickets to the Exhibition can 
be ‘obtained by ‘application to the secretary, and at 
thelExhibition. The Exhibition’will be open on Monday 
from 12 to 10 p.m., and on the subsequent days from 
11 to 10%p.m. 'During the Exhibition week, the secretary’s 





office will be in the Exhibition. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRBSS, 
and that no conmection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIO } “ ENGINEERING,” WESTRAND 

ADDRESS LONDON. 

TreLEPHONE NumBERs—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN . 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months payable 
in advance :— 








For the United Kingdom ...................:000 £3 5 0 
For Canada— 
Thin paper Copies .............cccsee £218 6 
Thick paper Copie®.................000 £3 3 0 
For all other piaces abroad— 
Thin paper Copies ..............eseee £3 3 0 
Thick paper Copies................000+ £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch, Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
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THE RAILWAY SITUATION. 


Tue most satisfactory feature of the recent 
railway company meetings was the hopefulness 
of the chairmen, who one and all seemed to 
think that the tide had at last turned, that trade 
was on the mend, and that the nadir of the wave 
of depression was attained during the preceding 
twelve months. Certainly the return then made 
on the capital invested in the railways cannot be 
regarded as in any way satisfactory. The total 
amounted to 18,236,000/. as compared with 
18,283,000/7. in 1913. The value of the lines, as 
represented by the cost of replacement, is 
undoubtedly very much more to-day than it was 
in 1913, yet for the use of this extremely valuable 
property the shareholders receive in cash even less 
than thirteen years ago. Indeed, if the return be 
reckoned in value instead of in currency they are, 
if income tax deductions be included, only about 
half as well off as at that time. Labour, on the 
other hand, received in 1913 19,688,000/., whilst 
last year the amount reached 48,287,0001. These 
figures are instructive in view of the smart, but 
evidently ill-informed retort, which was made to the 
companies’ claim for a reduction. This was, it will 
be remembered, countered by the assertion that it 
was unreasonable to ask labour to bear the whole 
of the cost of the much-desired reduction in 
transportation costs. As the figures show, capital 
has already suffered heavily, whilst labour has 
admittedly gained greatly. No one, of course, 
desires to reduce the average standard of living, 
but high transportation charges, if and so far as 
they may be due to unduly high wage rates, tend to 
lower the standard of living amongst those engaged 
in other pursuits. Probably the solution of the pro- 
blem of combining a high wage rate with low 
transportation costs must lie in an improvement of 
equipment, by which less and less reliance will 
be placed on human muscle, and more and more 
on the directive powers of the mind. 

By this procedure it ought to be possible to reduce 
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very materially the number of men required to handle 
the traffic. As matters stand it appears that in 
1913 when the railway employees numbered 643,000, 
there were 1,288 million passengers, and 371} 
million tons of freight passed over the tracks. 
In 1924 the passengers numbered 1,294} million, 
the freight amounted to 3354 million tons, and a 
total staff of 700,000 was required to handle it. 
Hence to handle less traffic more hands were 
required, and the comparison is aggravated by 
the fact that owing to the growth of motor traffic 
the average length of haul is steadily increasing. 
Evidently improvements in equipment and in 
organisation have not yet compensated for the 
reductions made in working hours. So far the 
amalgamations, from which much was expected, 
would not appear to have effected any great reduc- 
tion of working costs. The late Sir George Livesey 
used to maintain that an undertaking might become 
too large to be efficiently and economically worked. 
It is certainly noteworthy, that in pre-war times 
the administrative charges of the Metropolitan 
Water Board amounted to much more than the 
aggregate of the eight companies taken over, and 
the work was certainly not better done. The 
same experience was repeated in Switzerland when 
the State took over the railways previously oper- 
ated by private companies, and it is to be 
hoped that the figures just quoted are not to be 
taken as an indication that these precedents are 
to be repeated in the case of the amalgamations 
recently, brought about. That there are some 
advantages in the change is undoubted, but these will 
be purchased too highly if local initiative is dis- 
couraged, with the result of less work being done 
by a larger staff. The American railways after 
the war were handed back to their owners in a 
worse state than our own were. Even in the case 
of Pennsylvania the working ratio reached 104 per 
cent. under Governmental control. Without in- 
creasing freight-rates, however, the American 
companies appear to have managed, by a lavish 
expenditure of borrowed capital, to re-establish 
their undertakings on a _ profit-earning basis, 
mainly by reducing labour costs per unit of 
traffic. An interesting but rather special illustra- 
tion of what is being done in this direction is 
afforded by some tests recently made on the 
Virginian Railway, U.S.A., of steam-driven and 
electrically-operated trains. The load taken in each 
case was 6,000 tons, which had to be hauled up a 
2 per cent. gradient about 5 miles long. The 
steam train was operated by three Mallet engines, 
and the electric train by two locomotives. The 
steam-propelled train was unable to average more 
than some 7 m.p.h., whilst the electric locomotives 
maintained a steady speed of 14 m.p.h., resulting 
in much more work being accomplished by a 
smaller crew. 

The competition of road transport was referred 
to at most of the recent railway company 
meetings, where, however, the complaint was 
mainly in connection with the road transport 
of wares and merchandise. It was stated for 
example, that most of the furniture manufactured 
at Wycombe now reaches London by road. This 
preference is no doubt in part due to the lesser 
handling involved. Loading and unloading are 
expensive operations. Indeed, the broad gauge was 
abandoned largely for this very reason, since 
traders, when the alternative was possible, found 
it more economical to send their wares into the 
Great Western area by devious standard gauge 
routes, rather than to have a shorter journey at the 
cost of a transhipment. These handling costs are 
the more relatively important the shorter the haul, 
and it is in the short haul traffic that the motor 
competition is most severe. One effect has been 
to increase the average haul of the goods which 
continue to go by rail. 

It is stated that the railways contribute 8,000,000/. 
out of the 45,000,0007. now annually expended on 
our roads. This estimate is, however, disputed. 
A recent deputation to the Ministry of Transport 
maintained that the -total contribution of the 
railways to the roads did not exceed 1,400,000/. 
It has, moreover, been asserted that the freight 
on the road materials transported by rail exceeds 
the contribution made by the companies to road 
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costs. This estimate is, however, challenged, but 
no authoritative figures appear to have been 
published. 

Of the great railway companies the London and 
North Eastern was the one which suffered most 
from the depressing industrial conditions. Trade 
was particularly bad throughout the region north of 
Doncaster, which is about two-thirds of the total 
area served by the company. The coal carried fell 
to 87 million tons. In 1923 it was 102 million tons. 
The steel and metal trades were also greatly 
depressed. 

The other great companies have had similar 
experiences, but have been less dependent on the 
heavy trades than the North Eastern. The losses 
which all have experienced have been. mainly in the 
above classes of traffic which are carried at very 
low rates. On the other hand trade has in certain 
areas been quite satisfactory in goods belonging 
to a higher classification and paying higher charges. 
In fact, on the L.M. and 8S. system the volume of 
traffic was greater than in 1913. 

Most of the companies have suffered severely 
from the heavy fogs which were so widespread 
towards the end of last year. In their Lancashire 
area, the London Midland and Scottish Company 
expended in one month more detonators than 
in the whole of the three preceding years. This 
company reports a reduction of 653,000 in the 
number of passengers cairied, but the loss was 
mainly in workmen’s fares which average only 
3}d. each, as against a general average for third- 
class traffic of 1s. 74d. It is of interest to learn 
that the earning power per seat provided is almost 
the same for first-class as for third-class traffic. 
The respective figures are 23]. 15s. per year for a 
first-class seat and 25/1. 5s. for a third-class seat. 
The Southern group is the only one showing an 
increase of net revenue. As is well known, large 
electrifications are being carried out in the suburban 
area served by this system. The results are stated to 
have exceeded expectations, and further work is to 
be put in hand during the year, and a start made 
in the electrification of the line from London 
Bridge to Sutton, Epsom and Purley, and also 
of the line between the Crystal Palace and Becken- 
ham. It was also announced that it was proposed 
to abandon the single-phase system, and adopt 
direct-current traction throughout. 

The report of the Underground Group is always 
of special interest. This group comprises the 
Metropolitan District, the London Electric, the 
South London, the Central London and the General 
Omnibus Company. These undertakings carried 
during the year 318,701,840 passengers by rail and 
1,236,847,753 by *bus. Including greater London, the 
total passenger traffic by train, tram and ’bus was 
3,687 million, which is equivalent to 482 rides per 
head. In New York the corresponding figure is 543. 
The number of car miles on the railways was 209} 
million. The average return on the railway under- 
takings was 3-54 per cent., but the *buses paid 
6 per cent., free of income-tax. A notable feature 
is the very high working ratio of the *bus traffic, 
the total expenditure being 8,644,035/., and the re- 
ceipts 8,248,473. The working ratio is therefore about 
95-6 per cent. In 1913 the average figure for the 
British Railways was 66 per cent. To-day not one 
shows a better figure than 80 per cent., and that for 
the North Eastern Company is 87 per cent. Even 
this is far below the omnibus figure, which seems 
to indicate that the public are getting very good 
value, as evidently there is but small margin for any 
reduction of fares. 

The London tramways, whether company or 
community owned, hav2 done badly. There might 
conceivably be a case to be made out for protecting 
or subsidising the tubes, which remove traffic from 
the street surface, but it is difficult to see the 
reasonableness of proposals put forward for pro- 
tecting the tramways against the competition of 
the motor *bus. Although the question is one of 
great complication, if the two services were on 
a comparable basis, to protect the trams from 
competitive pressure would seem to be no more 
reasonable than the proposals favoured in some 
quarters that those coal mines, which owing to 
inherent disabilities can no longer be worked at 
a profit, should be kept in being by subsidies either 
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from the Exchequer or from those more favourably 
circumstanced. Were the policy, now so frequently 
urged, sound, the stage coaches should have been 
protected against railway competition. It is true 
that by indirect methods the canals to a large 
extent were, as their proprietors in many cases com- 
pelled the railways to buy them out on their own 
terms, as the price of avoiding opposition in Par- 
liament. The result has not, however, proved 
satisfactory either to the railways or the public. 
The former were not merely saddled with an obso- 
lescent system of transport, but in later years when 
the true circumstances of the case had been for- 
gotten, were charged with having bought up the 
canals voluntarily, with the intention of rendering 
them inefficient. — 





THE SPECIFICATION OF PRIME 
MOVERS FOR ELECTRICAL PUR- 
POSES. 


THERE are subjects of great importance to 
engineers about which so much has been said before 
various societies, and written in the technical press, 
that there is a very real danger of further discussion 
being regarded as superfluous. Amongst these 
subjects, standardisation is not the least important. 
Possibly the diminution of discussion that has been 
noticeable in the last year or two on this subject is 
not unwelcome to standardisation committees, as 
an atmosphere of acrimonious comment is not the 
best in which to carry out a difficult undertaking. 
Among the bodies who are engaged in this important 
work, none occupies a more responsible position 
than the British Engineering Standards Association. 
This body constitutes the engineering standards 
committee of five of the leading institutions, and 
the list of authorities who co-operate in the pre- 
paration of each specification includes practically 
every important engineering interest in the country. 
We have repeatedly expressed our appreciation of 
the value of the work of the Association, and while 
not in any way departing from this view, we cannot 
feel in entire agreement with the contents of four 
of the more recent specifications. 

The majority of the specifications published by 
the Association deal with details which can be of 
little interest to other than those immediately con- 
cerned, but the four new specifications to which 
we have referred are of very general interest. These 
specifications, copies of which may be obtained from 
the B.E.S.A. Publications Department, of 28, 
Victoria-street, S.W.1, deal with gas and heavy oil 
engines for electrical purposes. <A specification for 
reciprocating steam engines for electrical purposes 
was issued in 1909, and it is appropriate that a 
revise of this specification, which is numbered 42, 
should have been brought out at the same time as 
those for internal-combustion engines, enabling 
the two types of reciprocating prime movers to be 
correlated. Of the four specifications dealing with 
internal-combustion engines for electrical purposes, 
that numbered 120 deals with horizontal or vertical, 
four-stroke cycle, single-acting gas engines; while 
those numbered 211, 212 and 213 deal respectively 
with heavy oil engines of the air-injection Diesel 
type operating on the four-stroke cycle, horizontal 
or vertical two-stroke cycle engines of the surface- 
ignition type, and airless-injection, cold starting 
engines of either the horizontal or vertical four- 
stroke cycle types. In each case, a heavy oil engine 
is defined as a prime mover, designed to utilise 
liquid fuels of a specific gravity not lower than 
0-800 at a temperature of 20 deg. C. It will be 
seen that several of the more important types of 
engines are not covered by the specifications, of 
which vertical two-stroke cycle engines of both the 
air-injection and airless injection types may be 
mentioned. Presumably, specifications for these 
engines will follow in due course. 

The four specifications have been prepared con- 
currently, with the object of securing consistency and 
uniformity regarding the salient features, so far as 
is practicable. The differences between them will 
be found on analysis to be small, and it is question- 
able whether these objects would not have been 
achieved at least as effectively by the issue of a 
single specification covering all the types of heavy 
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oil engine in common use, with possibly a second 
specification for gas engines. If the three speci- 
fications covering engines of the air-injection, airless- 
injection, and surface-ignition types are compared, 
for example, it will be found that those for the two 
latter types are identical with the exception of the 
clause referring to the equipment which must form 
part of the standard engine. 

Again, the only difference between the specifica- 
tion covering air-injection engines and the remaining 
two, apart from equipment, is in the permissible 
difference between the rating of the engine, and the 
continuous maximum rating of the generator which 
it serves to drive. Thus, in the case of the air- 
injection engine, it is stated that the engine rating 
must be 50 per cent. in excess of the continuous 
maximum rating of the generator in. kilowatts, with 
an additional 5 per cent. for belt or rope-driven 
generators, and a further 10 per cent. if the sets 
are to be run both day and night. When dealing 
with engines of the airless-injection and surface- 
ignition types, allowable percentages are given in 
tabular form for small engines below 30 kilowatt 
capacity which are in excess of those specified. It 
does not appear that any difficulty would have arisen 
in drawing up the table to include engines of the air- 
injection type, thus making it common to all three 
engines. The only difference between the three 
specifications would then have been in the require- 
ments as to equipment, to which we will refer later. 
While on the subject of the table of allowable per- 
centages, it may be mentioned as a trifling point 
that the explanatory clause covering this table 
states that all the figures given refer to direct- 
coupled generators, but that in the table itself, both 
direct-coupled and belt or rope-driven sets are 
referred to. The error is obvious from a glance at 
the tables, but it is worthy of comment as illustrat- 
ing the care which is necessary in drawing up a 
specification. Doubtless the specification in its 
final form has been examined by a number of people, 
who have all overlooked this error. 

Turning now to the clauses in the three specifi- 
cations covering the standard equipment to be 
provided with the engine, there is a marked lack 
of uniformity for which the reason is by no means 
clear. If intentional, the differences might well 
have been made the subject of an explanatory 
note. To take an example, in the case of air- 
injection engines a platform round the engine 
cylinders is called for, including a hand railing 
and access ladder ; but in the case of airless-injection 
and surface-ignition engines no mention is made 
of these fittings. It is perhaps advisable to point 
out that no limitations are imposed on the size 
of the engines covered by the specifications, and 
it may therefore be presumed that they are intended 
to cover any size of engine at present in use. It 
may be admitted that air-injection engines are 
usually made of such a size that a platform is 
necessary, although we might mention the 130-h.p. 
Beardmore-Tosi engine employed to drive an 
electric generator at the British Empire Exhibition 
as an exception. On the other hand, engines of 
the airless-injection type which are sufficiently 
large to require such a platform are numerous, 
and examples could also be quoted from the 
surface-ignition class; it would, therefore, appear 
that the omission of this provision in these cases 
is due to an oversight. Further examples of lack 
of uniformity occur in the provision of a half- 
coupling or belt pulley, as the case may be, and 
of indicating gear, these items being called for 
only on engines of the air-injection type. 

Apart from these inconsistencies, it is possible 
that objection will be made to the clause dealing 
with standard equipment on the grounds that there 
is a tendency to hamper freedom in design, without 
achieving any corresponding advantage. The spec!- 
fication for air-injection engines merely calls for 
hand-barring gear to which no objection can be 
taken, as all the engines of this type manufactured 
are sufficiently large to render this provision 
necessary. In the case of the other three types 
of engine, however, it is stated that this gear 
must take the form of barring holes in the side 
or face of the flywheel for single-cylinder engines 
of from 60 to 100 brake horse-power, and for 
multi-cylinder engines of from 60 to 300 brake 
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horse-power ; and that for single- or multi-cylinder 
engines of higher power than that specified, rack- 
barring gear in the flywheel, with hand-turning 
wheel and pinion, must be provided. Apart from 
the further inconsistency between the different 
types, it appears to us that the precise type of 
barring gear adopted is best left to the maker, 
and that if such an item is to enter into the specifi- 
cation at all, it might well take the form of a 
general statement to the effect that it should be 
sufficiently robust and efficient for the purpose of 
barring the engine. 

It is certainly desirable that a specification 
should include all the variations in design that 
are commonly met with in the type of apparatus 
covered. The value is substantially reduced if it 
is necessary for either the manufacturer or user 
to specify certain exceptions, and specifications in 
which such action is necessary can hardly justify 
the title of standard. As an example illustrative 
of this point, in the specification referring to 
surface-ignition engines a starting lamp of each 
cylinder is given as part of the standard equipment. 
If the specification is to be interpreted literally, 
a manufacturer of an engine of this type, which is 
started by means of a cartridge or electric plug, 
must provide blow lamps in addition, even though 
he claims as a special feature of his engine that 
such lamps are not required. 

We may have given the impression that the 
specifications require considerable revision, and 
therefore think it only fair to point out that our 
criticisms apply only to detail, and that the bulk 
of the specifications appear to be entirely satis- 
factory. At the same time, we would say that 
it is essential that every precaution should be 
taken to render a standard specification as accurate 
as possible, as the presence in it of inaccuracies 
or inconsistencies render it almost valueless for 
the purpose for which it is intended. Space does 
not permit of any analysis of the various clauses in 
the various specifications, and we must confine 
ourselves to a brief recapitulation of the more 
important points. The specifications generally 
cover the rated output, the margin of capacity, 
the selection of engine for use with a given generator, 
the permissible cyclic irregularity, synchronising 
speed, fuel consumption, tests, and equipment. 
The only comment which occurs to us in connection 
with these clauses is in relation to that dealing 
with tests. In this clause it is stated that the 
engine shall be tested in the maker’s works, unless 
otherwise specified, for load and fuel consumption, 
the testing instruments and load being provided 
by the maker. It would appear desirable that, 
in the larger sizes, the engine should be tested 
in situ after erection is completed, either in lieu 
of, or additional to, the test at the maker’s 
works, 





RECENT WORK ON CORROSION. 


OnE of the most encouraging results of recent 
research on the corrosion of metals is the general 
agreement which now prevails among the various 
workers engaged upon this important branch of 
metallurgical investigation. In the course of a 
lecture, entitled ‘‘Some Recent Work on the 
Corrosion of Metals,’’ delivered on March 31 last, 
before the Liverpool Engineering Society, Mr. U. R. 
Evans stated that the essential features of the newer 
electro-chemical view of corrosion were, in the 
main, accepted by the majority of the metallurgical 
chemists working on the subject. It was well 
known that, under ordinary conditions, most metals 
did not corrode in water unless dissolved oxygen 
were present. The strange feature of corrosion in 
submerged metals, however, was that the attack 
did not proceed mainly over those portions of the 
surface which could be reached readily by oxygen ; 
deterioration took place at certain points which 
were relatively inaccessible to oxygen. When a 
metal became pitted by corrosion, further attack 
usually deepened the pits, and in many cases it 
could be proved that there was no free oxygen at 
the bottom of the pits. None of the older theories 
of corrosion explained the fact that, although 
oxygen was necessary for rapid corrosion to take 
Place, the attack actually occurred at the very 





points which could not be reached directly by 
oxygen. 

A simple experiment, in which two steel 
strips cut from the same sheet, and a glass jar 
containing a smaller porous pot, were employed, 
suggested a solution to the difficulty. If the jar 
and the porous pot were both filled with salt water 
and a steel strip placed in each receptacle, no current 
was obtained when the two strips were connected 
to the terminals of a galvanometer. This was, obvi- 
ously, because both poles consisted of the same metal 
immersed in the same solutions. If, however, air or 
oxygen were bubbled through one compartment, 
an electric current, which lasted as long as the 
stream of bubbles continued, was obtained. Fur- 
ther investigation showed that this differential- 
aeration current was generated at the expense of 
the “‘ unaerated ’”’ electrode; the latter formed the 
anode, whilst the aerated electrode was the cathode. 
It therefore became evident that corrosive attack 
was produced mainly upon the metal which was not 
directly reached by the oxygen, although it was 
necessary for it to be in electrical connection with 
metal which was in contact with oxygen. The 
setting up of differential-aeration currents explained 
many of the corrosion difficulties encountered by 
engineers. Brass condenser tubes, for instance, 
were subject to localised anodic attack at places 
where foreign bodies, such as sand, seaweed or 
shells, adhered to the metal surface and shielded it 
from oxygen. The natural porosity of metals also 
constituted a danger. Open pores usually led to 
pitting, and the pre-existing capillary cavities in 
the metal tended to become enlarged, with the 
result that severe internal corrosion eventually 
occurred. 








RADIATIONS FROM ATOMIC 
NUCLEI. 

TuE Friday evening lecture at the Royal Institu- 
tion, on March 26, was delivered by Sir Ernest 
Rutherford, F.R.S., who said that he proposed to 
discuss the radiation observed when the atom was 
excited by agents able to penetrate deeply into its 
structure. As a preliminary, he first described the 
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vibrations excited by less violent disturbances. 
The atom, he said, was now known to consist of a 
central nucleus in which almost the whole of 
the mass was concentrated, and carrying a net 
positive charge of electricity. This nucleus was 
surrounded, at relatively very great distances, by 
a number of electrons -which were probably in 
rapid motion. All the atoms had this structure, 
but the resultant positive charge in the nucleus 
varied from element to element, being one for 
hydrogen, two for helium, and so on, up to the 
heaviest known atom, that of uranium, which had 
a net positive charge of 92 on its nucleus, and was 
accordingly surrounded by 92 electrons. 

Fairly definite ideas as to the arrangement of the 
electrons had now been reached. Hydrogen had 
only a single electron, moving, say, in a circular 
orbit. Helium had two, which were probably 
moving in some sort of crossed orbits, and the 
important point to note was that all the remaining 
elements had a similar pair similarly arranged next 
to their nuclei, but had orbits which became 
smaller and smaller as the net positive charge on the 
nucleus increased. 

Outside this innermost pair, which were known 





as the K electrons, there were successive shells 





of electrons known respectively as the L, M, N and 
O shells or rings. By bombarding atoms with 
electrons in a vacuum tube, or exposing them to 
X-rays, an electron belonging to one or other of the 
different shells might be removed. Its place was 
soon filled up by the capture of another electron, 
and, as this fell in, radiation was emitted, the wave- 
length of which was fixed by the position of the 
shell in which it finally came to rest, being 
smaller the nearer the shell was to the nucleus. 
Ordinary light was produced when an electron 
fell in to replace another removed from the outer- 
most shell of the electrons surrounding an atom of 
aluminium, whilst radiations of extremely small 
wave-length might be emitted when the electron 
came to rest in one of the innermost shells. 

All the lines in the characteristic spectrum of 
an element were produced in this way. The im- 
portant point to note was that these lines were 
always superimposed on a continuous spectrum 
which ended abruptly at a point which was found 
to depend upon the energy of the electrons with 
which the anti-cathode was bombarded. Each of 
these had an energy equal to Ve, where V represented 
the voltage applied to the tube and e the charge on 
the electron. The limit of the continuous spectrum 
was fixed by the relation 

hv=WVe 
where » denoted the frequency of the vibration 
corresponding to the limiting edge of the con- 
tinuous spectrum and h was Planck’s constant. 

From this relationship it was possible to calculate 
the least voltage necessary to excite a vibration of 
any stated wave-length. Some examples are given 


below :— 
Wave length in Energy in 
centimetres. Electron- volts. 


Yellow light ... 5°9 x 10-5 2°07 


Soft X-rays 1 x 10-8 12,200 

Hard X-rays ... 8*3 x 10-10 100,000 
Gamma rays ... ses 8°3 x 10-1 million. 
Short Gammarays ... 2°8x 10-11 3 millions. 
Short Gamma rays ... 8-3 x 10-12-10 millions. 
Short Gamma rays 8°3 x 10-15 100 millions. 


The wave-length of the y-rays varied enormously. 
Those from radium could get through 1 ft. of lead. 
They all had the property of being able to transfer 
the whole of their energy to one electron, which was 
then shot out of the atom with a corresponding 
velocity. By causing these electrons to pass 
through a magnetic field, they were compelled to 
follow a circular path, as indicated in the diagram, 
where the source from which the electrons were shot 
out by the action of y-rays is shown on the left. These 
electrons passed up through the slit shown, and, 
following the circular path imposed on them by the 
magnetic field, were caused to collide with a photo- 
graphic plate. By adopting suitable propor- 


tions, all these B-rays, as they were called, which 


moved with the same speed, were brought to a focus 
in a single line on the plate, as indicated in the 
figure. By measuring the position of these lines, 
the energy of the moving electron could be deduced, 
and when this was known, the frequency and wave- 
length of the y-rays concerned could be found from 
the equation already given. A correction was, 
however, required, since the energy of the y-ray 
was expended not merely in giving velocity to an 
electron, but had also to supply the work needed to 
remove the electron from the attraction of the 
positive nucleus. This work, experiment showed, 
might be very considerable, as indicated by the 
following table :— 


Energies of B-Rays Excited by y-Rays (Acting on Different 
Elements), Expressed in Units of 100,000 Volts. 





Element. | Ba. | w. 





Pt. | Pb. | Ur. 





Energies E correspon- i r 99 
ding to three strong 2-53 1 = Hi pe 1-74 
lines in B-ray spec- | (~_” 2-76 | 2-69 | 2-60 2.31 


trum : 3 
Energy w required to 
remove electron | 
from K ring, as de- 
termined from X- 
Tay absorption 

\ 


-0-373| 0-693 | 0-762 | 0-891 | 1-178 


spectrum .. os 








hic — |2-35 | 2-36 | 2-38 | 2- 
Energies of ‘y-rays | } 9.40 Sa0 | aon | 2-2 3-o2 
Wy=Exvw  --1\_ | 3-46 | 8-46 | 3-49 | 3-48 














The last three lines of the table showed that the 





y-tays had a perfectly definite frequency, and it was 
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thus possible to analyse the rates of vibration of the 
nucleus from which these rays. came. Those 
emitted by radium 8 had a frequency corresponding 
to 2,500,000 volts, but there were indications which 
led some to think that certain y-rays had a frequency 
corresponding to as much as 5,000,000 or 7,000,000 
volts. It was not known how these y-rays were 
produced. An electron was shot out at great speed, 
and since it was surrounded by positive charges, 
these might possibly come farther out or fall in, if 
they were supposed to be arranged somewhat like 
the electrons round an atom. In fact, Ellis had 
measured definite levels inside the nucleus quite 
similar to those found outside it. 

There seemed to be no limit to the frequency 
which could be excited were it possible to control 
sufficiently high voltages, and there was very 
definite evidence that, in the atmosphere, there was 
a radiation much more penetrating than the y-rays 
from radium. A first indication of this had been 
obtained in 1903, when the speaker observed that 
the slow collapse of the leaves of a clean electroscope 
could be stopped by surrounding it by 6 in. of lead. 
Similarly at Toronto, McLennan had shown that the 
collapse was stopped when the electroscope was 
carried out on to the ice above the deep water of 
Lake Ontario. At the time it was thought that the 
collapse was due to traces of thorium or radium, 
but balloon experiments, made elsewhere in 1909, 
showed that, whilst the collapse, at first, diminished 
as the distance from the earth increased, it later on 
increased again, and Millikan had recently shown 
that there was in the upper air a radiation capable 
of getting through 50 ft. of water and having a wave- 
jength only one-tenth to one-twentieth that of the 
average y-ray. 

The wave-length of these penetrative radiations 
corresponded to 6,000,000 or 10,000,000 electron- 
volts, and possibly to 15,000,000. It had been 
suggested that this radiation had a cosmical origin 
and had reached us from distant stars or nebule, 
but Professor C. T. Wilson had suggested that they 
owed their origin to thunderstorms, of which, at 
any instant of time, over 1,000 were always in 
progress in the different regions of the earth. The 
voltages available in these storms were of the order 
of 100,000,000 or perhaps even 500,000,000 volts, 
and it would be prudent to study the possibility 
suggested by Professor Wilson before deciding that 
the penetrating radiations in question had an extra- 
terrestrial source. 





THE FIRST BRITISH SCHOOL OF 
NAVAL ARCHITECTURE. 
By A. W. Jouns, C.B.E., R.C.N.C., M.I.N.A. 
(Concluded from page 388.) 

In 1860 the office of surveyor was abolished, 
Sir Baldwin Walker was appointed Controller, 
and Isaac Watts became the first Chief Constructor 
of the Navy, with Joseph Large as his assistant. 
At that time Richard Abethell, Henry Cradock, 
James Peake and William Henwood, all members 
of the school, were master shipwrights at the 
dockyards, whilst four of their schoolmates— 
Henry Chatfield, Samuel Read, William Rice and 
Frances Laire—hada retired from similar positions 
during the previous few years. The members of 
the school had thus worn down all prejudices, and 
and so far as the Naval Service was concerned had 
proved the value of their training. 

At. the period referred to great changes were 
taking place in naval design and material: iron 
was being substituted for wood as the principal 
material for the structure of ships; the steam 
engine with paddle-wheels or screws was replacing 
sails for propulsion; and in 1858 armour plating 
was introduced for the protection of warships 
against the increasing power of guns and projectiles. 
In all these changes the former students of the 
School of Naval Architecture took a very prominent 
part. As a reply to the armouring of La Gloire by 
the French, the British Admiralty in 1859 called 
for designs from the leading shipbuilding firms 
and from the master shipwrights of the dockyards. 
Abethell, Cradock, Chatfield, Hernwood, and Peake 
prepared and submitted designs, but the Admiralty 
selected one by their former school-fellows, Isaac 








Watts and Joseph Large. This was put in hand, 
and the ship named the Warrior. The hull of the 
La Gloire was of wood, that of the Warrior, of iron. 

Another member of the school took a prominent 
part in the development of steam machinery for the 
Navy. This was Thomas Lloyd, who entered the 
school in January, 1819, and left in December, 1825. 
He was sent to Plymouth as a student, but in 1830 
was transferred to the Surveyor’s office at Somerset 
House, as a draughtsman. In 1831, being selected 
for a course of study in steam machinery, he was 
appointed Master of the Wood Mills and Block- 
making Machinery at Portsmouth yard. In January, 
1833, he became Inspector of Machinery at Woolwich, 
and in July, 1835, assistant to Peter Ewart, a pupil 
of James Watt, shortly before appointed Chief 
Engineer and Inspector of Machinery for the Navy. 
Whilst assistant to Ewart. Lloyd served some time 
as principal engineer at Plymouth. Ewart died in 
1842, and Lloyd succeeded him, remaining at 
Woolwich until 1847, where a steam factory had been 
built and work started in 1840. He then joined 
the Comptroller of Steam Machinery’s Department 
at Somerset House. In 1860, when Sir Baldwin 
Walker was appointed Controller of the Navy, the 
steam Department was placed under his supervision, 
and Thomas Lloyd became the first Engineer-in- 
Chief of the Navy—a position he held until his 
retirement, in 1869. With the new Admiralty 
organisation of 1860, Isaac Watts and Thomas Lloyd 
held the two principal technical appointments in 
the Naval Service, and co-ordination between the 
Constructive and Engineering departments, which 
had been entirely absent under the older system, 
was fully secured. 

Some of the graduates of the school, seeing that 
there was little chance of obtaining the promotion 
which they considered had been promised them on 
entry, sought employment elsewhere. Amongst 
these were Creuze, Moorsom, and Ritherdon. 

Augustin Creuze was, perhaps, the most brilliant 
of the 32 apprentices who completed their studies 
at the school. The French master at the college 
from 1808 to 1828 bore the same Christian and 
surname as the apprentice, and there is little doubt 
was his father. In 1816, at the age of 15, Augustin 
entered the school, and left in December, 1822, 
proceeding to Sheerness Dockyard. In April, 1824, 
he was transferred to Portsmouth, remaining there 
until April, 1831, when he was employed as a 
draughtsman in the Surveyor’s office at Somerset 
House. In July, 1833, he returned to Portsmouth 
as a foreman, and was engaged on the building and 
repair of ships. In January, 1827, obtaining the 
consent of Lord Melville, the First Lord, Creuze and 
William Morgan started the publication of a perio- 
dical on naval architecture and other subjects 
connected with naval science, which was continued 
until 1833. Its object was to make every branch 
of naval philosophy better known, and, with this 
in view, they wrote articles and pressed their former 
schoolmates, naval officers, and well-known scien- 
tists to contribute to its pages. The two editors 
translated the best-known works of Continental 
writers on naval architecture, and included the 
translations in their periodical. The four volumes, 
“Papers on Naval Architecture,” are interesting 
both as a literary production and as depicting the 
state of naval science at that period. In 1839 
Creuze wrote the article on’ “‘ Shipbuilding ’’ for the 
seventh edition of the Encyclopedia Britannica, 
and as at the time there were very few works on the 
subject in English, the proprietors published it in 
book form in 1841. The author is described on the 
title-page as member of the late School of Naval 
Architecture, President of the Portsmouth Philo- 
sophical Society, and editor of the “ Papers on 
Naval Architecture.’ He continued at Portsmouth 
Yard, but for a short time was Admiralty overseer 
at Liverpool, on some iron steamships which were 
being built there. In 1840 he contributed an article 
on “Iron Ships” to The United Service Journal, 
this article being classed by Grantham, the eminent 
engineer, as one of the best on the subject which 
had been published. In April, 1842, he was appointed 
a member of the Chatham Committee on Designs, 
and this work engaged him until June, 1844. 
Although he had at that time served nearly twenty- 
two years in the dockyard service, he was still a 


foreman. In October, 1844, he was appointed 
Chief Ship Surveyor to Lloyd’s Registry, and held 
that important position until his death in November, 
1852. During this period he was elected a Fellow 
of the Royal Society. In 1848 he was a witness 
before the Parliamentary committee which inquired 
into the naval estimates of that year. In his 
evidence he strongly advocated the building of iron 
warships, stated that he saw no limit to size for ships 
constructed of that material, and, pressed by the 
committee, delivered a spirited attack on Sir William 
Symonds and all his ships. Questioned as to his 
reason for leaving the Service, he replied, “I saw 
no possibility of getting the advancement I wished. 
I felt I had worked exceedingly hard, and that I 
had got nothing but, I may almost say, insult for 
so doing.’’* 

George Moorsom entered the school in 1812; leay- 
ing in December, 1818 ; he was sent to Portsmouth 
yard, being appointed foreman at that yard in 1825, 
but in 1828 left the Service, and was engaged as a 
ship surveyor or tonnage measurer in the Customs 
department. At this time the rules relating to the 
measurement of the tonnage of ships were the sub- 
ject of several inquiries. Commissions to consider 
the rules were appointed by the Admiralty at the 
request of the Council of the Customs—the Board of 
Trade Department was not then formed—in 1821, 
1833, and 1849. For the second of these commis- 
sions, Henry Cradock, then foreman at Portsmouth, 
made the tonnage calculations for a large number 
of representative ships. Moorsom was a member 
of the 1849 Commission and acted as secretary. 
Amongst its twelve members were four other 
graduates of the school—Augustin Creuze, Samuel 
Ritherdon, William Parsons, and Henry Cradock 
—and the rules which were recommended by the 
Commission, and adopted by Act of Parliament, 
were drawn up by Parsons. They were based on 
the total external capacity, and in practice were 
found to be inconvenient for application, and were 
strongly objected to by shipowners. Moorsom 
appreciated the objections to these rules, and in 
1852 published a book in which he reviewed and 
analysed the Tonnage Laws, and suggested others 
which he considered simpler in operation, and less 
objectionable from the shipowner’s point of view. 
These rules were based on the earning capacity of 
a ship as being the best criterion for tonnage measure- 
ment. They were adopted by Act of Parliament 
in 1854, and subsequently by all nations. In 1856 
Moorsom was appointed Surveyor General for 
Tonnage in the Customs Department, and con- 
tinued in that post until his retirement in 1864. 
The Moorsom system is the basis of the present 
International Tonnage Rules, and is still known by 
his name. 

Samuel Ritherdon, a member of the Tonnage 
Commission of 1849, entered and left the school 
with Moorsom, and on leaving was sent to Devon- 
port yard. His stay in the Service was short, for 
he left in February, 1820, entered the service of 
the East India Company, and shortly afterwards 
was appointed its chief ship surveyor, retaining 
that position until the business of the company was 
transferred to the Government in 1858. 

William Harton and Charles Bonycastle, both of 
whom passed out of the school in December, 1817, 
left the Service in 1828 and 1824 respectively, but 
their subsequent careers cannot be traced. 

The names of the nine graduates of the school 
who became master shipwrights at the dockyards 
have already been given, and amongst these was 
Henry Chatfield, whose career is typical of the rest. 
He left the school at the end of 1821, and for seven 
years was a student at various yards. According 
to his own account he was given little to do, and 
spent his time making himself acquainted with the 
work of the various departments of the yards, 
reporting his movements and activities once a 
quarter to the Navy Commissioner. In June, 
1828, he was appointed foreman at Pembroke, and 
in March, 1830, was transferred to a similar posi- 
tion at Devonport. From November, 1831, to 





* The writer is indebted to Mr. G. E. Suter, M.V.O., 
R.C.N.C., &c., Constructive Manager of Portsmouth 
Yard, for many details of Creuze’s career, and to Mr. 
F. W. Bickle, of the Board of Trade, for information on 
Moorsom, 
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March, 1834, he was in charge of the masthouse at 
that yard. He remained there antil February, 
1847, when he was promoted to assistant master 
shipwright at Woolwich. In October, 1853, he was 
appointed master shipwright at Deptford, and 
retained that position until his retirement in May, 
1860. His experience on mast work at Devon- 
port prompted him to suggest a method of propor- 
tioning masts and yards for ships. His proposals 
were embodied in a paper read before the Plymouth 
Institution, and published by him in a small book 
in 1834. Almost at-the same time the Surveyor of 
the Navy proposed a standardised table of dimen- 
sions, which was adopted, and according to Chat- 
field was inferior in many respects to his. In 1832, 
he published a small pamphlet expressing in brief 
outline his views on naval construction, and re- 
commending that subject to a more scientific 
consideration. In 1842 he was appointed with 
Read and Creuze to the Chatham Committee for 
the design of ships. In 1858 he was a member of 
Admiral Smart’s committee, appointed to enquire 
into dockyard economy. He dissented wholly 
from the report which the others presented as a 
result’ of their inquiries, and submitted one of his 
own. His report was forwarded to the surveyor 
and the dockyard officers for their review and 
criticisms, and they expressed their full concurrence 
with it, and their disagreement with the majority 
report. The shipwright officers at the yards, who 
were examined by this committee, recommended 
the re-establishment of the School of Naval Archi- 
tecture. Chatfield was one of the witnesses before 
the Parliamentary Inquiry into the Navy estimates 
of 1848, and like Augustin Creuze, informed the 
committee of the mistakes which he considered 
Sir William Symonds had made in his designs. 
He was one of the earliest members of the Institu- 
tion of Naval Architects. 

Another member of the school who published a 
book was James Paulby Peake, who passed out in 
December, 1821, and was a student at Deptford, 
Devonport and Malta Yards until promoted to 
foreman at Portsmouth in 1830. He had to wait 
until 1848 for promotion to assistant master ship- 
wright at Woolwich. In July, 1849, his book on 
“The Rudiments of Naval Architecture’? was pub- 
lished in the Weale Series. It was divided into 
two parts, the first dealing with the theoretical side 
of the subject, and the second with the practical. 
It was the first of the smaller and more popular 
works on the subject, and achieved some success, 
running through several editions. Peake was 
appointed master shipwright at Devonport on 
January 1, 1859, and remained there until his 
retirement in 1862. 

William Morgan, who assisted Creuze in conduct- 
ing the Papers on Naval Architecture, was one of the 
first entry into the school, passing out in 1817. He 
was sent to Deptford and appointed foreman at 
Devonport in 1822, transferred to the same position 
at Portsmouth in 1825, and promoted to assistant 
master shipwright in June, 1830. He translated 
several of the works of Admiral Chapman, of the 
Swedish Navy, for publication in the Papers, and 
amongst these were a description of the con- 
struction and uses of the metacentric diagram, and 
of the method of obtaining the metacentric height 
and vertical position of the centre of gravity of a 
ship by an inclining experiment. In June, 1830, he 
carried out at Chatham the first inclining experiment 
on a British warship, the Scylla, using Chapman’s 
method. Two years:later a similar experiment w2s 
carried out on the Rover by four of his former 
schoolmates. Morgan died in 1835, whilst assistant 
master shipwright at Chatham, one of the most 
promising of those who had attended the school. 

Another member of the first entry to the school 
was Thomas Pretions, who entered Woolwich Yard 
as an ordinary shipwright apprentice in 1808 and, 
having served nearly three years before entering 
the school, remained six years, passing out in 
December, 1816. Until 1821 he was a student at 
the yards, but in that year was appointed master 
shipwright at Jamaica. Two years later the post 
was abolished and Pretions returned to Portsmouth 
a8 a foreman. in 1830 he was sent to Pembroke 
a8 assistant master shipwright, but this post being 
found unnecessary, he became timber and store 





receiver. In 1847 a new post of timber inspector 
was established at each dockyard, and Pretions was 
the first to hold this position at Pembroke. In 1849 
he was sent as store receiver to Devonport and 
remained there until his retirement. Jeremiah 
Owen, who left the school in 1826, finally reached 
the position of store receiver at Woolwich. He had 
been appointed master of the metal mills at Ports- 
mouth Yard in 1833, and in January, 1834, was 
promoted to foreman. 

John Williams, who left the school in 1819, 
Thomas Bennett in 1820, John Sheffield in 1821, and 
William R. Lang in 1829, all reached the rank of 
timber inspector. Williams was clerk of the works 
at Portsmouth from 1835 to 1840, whilst Bennett 
acted for a time as secretary to the Committee of 
Reference for Designs, and also as a master of the 
Portsmouth Dockyard School when first opened 
in 1844. 

Six others of the school reached the rank of 
foreman of the yard, but beyond that their careers 
cannot be traced. Their names and the dates at 
which they left the school are as follows: John 
Major, 1818; William Parsons, 1818; George 
Cutfield, 1821; John Allen, 1822; Archimedes 
Shaw and John Hancorn, both in 1829. Parsons 
was a member of the Tonnage Commission of 1849 
and probably had left the service. An article 
entitled ‘ Analysis of Forms and Equipment,” by 
John Major, appeared in the Annals of Philosophy, 
for 1825. 

It was not to be expected that all the members of 
the school would rise to the highest positions in their 
profession, but the foregoing account shows that, 
in spite of many difficulties and discouragements, a 
good proportion eventually rose to the most respon- 
sible posts not only in the Naval Service, for which 
they were primarily intended, but also in other 
departments of the public service, and filled these 
positions with distinction. It was their misfortune 
—or perhaps their privilege—to be the pioneers in 
the scientific development of naval architecture in 
this country, and their earlier experiences were not 
dissimilar to those of others who had to take the 
same part in other branches of human activity. 
That the school was a success cannot be doubted, 
and even the politician who was chiefly responsible 
for its abolition paid a belated and grudging tribute 
to the ability of its students. 

Sir James Graham was one of the chief witnesses 
at an inquiry into the management of the Royal 
Dockyards in 1861, and was questioned as to his 
reason for closing the school. ‘‘There was,” he 
replied, ‘‘ when I came to the Admiralty in 1830, a 
College of Naval Architecture under Professor 
Inman, and with the best advice I could then 
command, I thought there was too much of science 
and too little of practical knowledge creeping into 
the Navy. I feared that, under Dr. Inman, supposed 
science would supersede practical knowledge, and 
upon the whole I came to the conclusion the college 
should be abolished. I have been very 
much blamed for it, and I am not sure, looking back, 
whether if it were to be done again, I would advise 
it. . . . Westill have not exhausted, happily, 
the fruits of it, because there are many able men 
who were there educated, and therefore I cannot 
positively say that I may not have been wrong.” 
And from a politician no more candid admission of 
an error in judgment could be expected. 

Sir James Graham also closed the Central Mathe- 
matical School, which had been opened in 1847 at 
Portsmouth for the same object as the first school, 
and remained open six years. The history of this 
second school must be held over for another 
occasion. 





InsTITUTE OF TRANSPORT: ANNUAL DINNER.—We 
have been asked to announce that circumstances have 
arisen which necessitate the postponement of the dinner 
of the Institute of Transport which was to have been 
held at the Hotel Cecil, London, on Wednesday, April 21. 
The offices of the Institute are at 15, Savoy-street, 
London, W.C. 2. 


Tron AND STEEL Institute. BrssEMER GOLD MEDAL. 
—The Council of the Iron and Steel Institute has this 
year awarded the Bessemer gold medal of the Institute 
to Sir Hugh Bell, Bart., C.B. The medal will be pre- 
sented to Sir Hugh Bell by the incoming president, Sir 
W. Peter Rylands, at the annual meeting of the Institute 
to be held on May 6 next. 
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Proceedings of the Fourth International Congress of 
Refrigeration. London, June 16 to 21, 1924, Vols. 
ZI and II. London: Offices of the Congress. [Price 
45s. net.] 

Tuar the subject of refrigeration and ice-making 
is constantly growing in importance and has rami- 
fications into all walks of life is evidenced by a 
perusal of the two volumes forming the Proceedings 
of the Fourth International Congress of Refrigera- 
tion, which was held in London from June 16 to 21, 
1924. These have recently made their appearance. 
Leading refrigerating engineers from nearly all 
European countries, North and South America, 
Australia, Canada, China, and Japan attended. 

A remarkable variety of subjects is covered in 
the 150 papers which are dealt with, and the whole 
forms a collection of most valuable data on all 
phases of refrigeration. The seven sections cover : 
(1) Science ; (2) Refrigerating Materials ; (3) General 
Application of Refrigeration; (4) Refrigerated 
Transport; (5) Legislation; (6) Instruction and 
Propagation ; (7) General Economics and Statistics. 

The progress of refrigeration since the first congress 
in 1908, which is surveyed by M. Barrier, shows 
many notable achievements, both in the scientific 
and industrial fields. In the former may be noted 
the important research work carried out at Leyden, 
and the establishment there of an international scale 
for low temperatures, the research work done at 
Washington, D.C., as well as that of the Food 
Investigation Board in London, and the new applica- 
tions of refrigeration in the fields of medicine and 
hygiene, and in connection with biological work. 
In the industrial field during this period much 
progress has been made in methods of construction 
and much equipment, the design of which was 
previously governed by empirical rules, is now built 
in accordance with reasoned calculations based on 
known physical properties of gases, and on precise 
data resulting from extended tests. . 

The report on Heat Insulating Materials, pre- 
sented by Sir Richard Glazebrook and Dr. E. 
Griffiths, which embodies the reports of the sub- 
committee previously appointed to investigate this 
subject, records much important information that 
will be welcomed in view of the fact that a consider- 
able fraction of the energy supplied to a refrigerating 
plant goes to counteract the effect of heat leakage 
through the walls of cold stores. The report deals 
with apparatus for the measurement of thermal 
conductivity, convection currents and their bearing 
on the question of the best density of packing, 
moisture absorbing capacity and other properties of 
materials, porosity of wall coverings to gases and 
vapours, radiation and convection from wall 
surfaces, and the transmission of heat through an 
insulated wall from the air on one side to the air 
on the other. Several important phases of similar 
and allied subjects are dealt with in other papers 
also. 

The development of the system of pre-cooling by 
primary evaporation and wmultiple-effect com- 
pression as applied to CO, machines, is dealt with by 
Mr. H. Brier, who outlines the progress made with 
this apparatus, and describes design, construction 
and operation of equipment utilising the different 
available refrigerants, the advantages of each agent 
receiving attention. He discusses the different 
types of ammonia condensers, their construction 
and varying efficiencies, and makes reference to 
research work still being carried on in an endeavour 
to increase their efficiency. 

The rapid progress of the electrical industry 
in the United States since the war has resulted in a 
very ‘wide distribution of electrical current at 
comparatively low prices, with the consequence 
that the number of refrigerating and ice-making 
compressors direct connected to slow-speed syn- 
chronous motors has increased enormously. The 
paper on this subject by. Mr. Hibbard is very 
complete, and furnishes much information of 
value. The importance of the ice making and re- 
frigeration industry in the United States, due largely 
to the climate, is referred to in several papers. 
It is stated that refrigeration is now applied in 
that country in more than 250 different ways, and 
that the capacity of ice-making plamts now exceeds 
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300,000 tons daily. The successful development 
of the small household refrigerating equipments 
there is also referred to. Labour-saving devices 
in ice plants and the most economical methods of 
handling ice are described and referred to in several 
papers, but a subject of such importance, especially 
in those countries where labour is highly paid, 
might usefully have received more extended con- 
sideration. 

Slow and medium speed refrigerating compressors 
for land installations in many countries have to 
a great extent given way to the compact high- 
speed type which are better adapted for direct con- 
necting to electric motors and occupy less space. 
For marine installations, this type is also advocated, 
and the arguments in its favour set forth in Mr. E. 
Markham’s paper and elsewhere in other papers, 
are of interest. The discussion following the paper 
on “ The Development of the Two-Stage Ammonia 
Compressor in the United States and its Adoption 
there for Certain Conditions,” by Mr. N. H. Hiller, 
includes very useful curves showing when com- 
pounding is advisable and economical. 

The numerous papers presented in the section 
devoted to the ‘‘ General Application of Refrigera- 
tion” naturally deal with a great diversity of 
subjects; notable amongst these are the papers 
on the preservation of fish by refrigeration, the 
advantages of the different methods employed, the 
difficulties encountered in the development and 
perfecting of such methods and comparision of 
results. In the section “‘ Refrigerated Transport,” 
the subject of refrigeration of food and other 
products during transport in all parts of the world 
and in all climates is discussed, and such subjects 
as pre-cooling, regulation of temperature and 
humidity, handling, delivery and distribution are 
dealt with. 

Within the limits of a short review of these two 
interesting volumes it is not possible even to refer 
to a large proportion of the papers, which, taken 
together, form a very important consideration of 
many and diverse aspects of the subject of refrigera- 
tion. The value of the volumes for reference pur- 
poses would undoubtedly have been enhanced if 
the index (which now occupies only 2 pages) had 
been more complete and detailed. Nevertheless, 
the Proceedings would constitute a valuable addition 
to the library of all those interested in any way 
with the subject of refrigeration. 





Elektromaschinenbau, Berechnung elektrischer Maschinen 
in Theorie und Praxis. By Dr. P. B. ARTHUR LINKER. 
Julius Springer. Berlin: 1925. [Price 24 gold 
marks. ] 

Tue author, who is lecturer in electrical engineering 

at the technical university at Hanover, publishes 

in this volume his lectures on the design of elec- 
trical machines and transformers. 

In some 300 pages he gives an astonishingly 
complete analysis of the methods of designing these 
appliances. The whole range of manufactures of 
this branch of electrical engineering is included, 
comprising direct current generators and motors, 
transformers, induction motors, and synchronous 
machines, rotary converters, and motor converters. 
Even alternating-current commutator motors are 
fully dealt with. 

With the exception, possibly, of Professor Gray 
and Professor Miles Walker, nobody has so far 
successfully attempted to deal with this whole 
field of design in one volume. It has_ been 
achieved by logical disposition of the material and 
consequential building up of the various formule 
and methods of calculation employed in designing. 
As the book is intended ‘or students and engineers, 
who are already acquainted with the fundamental 
theory and general working principles of the various 
classes of electrical machines, the rudimental in- 
troductory remarks on these matters, which often 
occupy far too much space in similar textbooks, 
are in the case of ordinary generators and motors 
altogether omitted. For more intricate machines 
such as alternating-current commutator motors, 
rotaries and motor converters, they are restricted 
to a minimum, which is required for the develop- 
ment of the formule for the various dimensions 
and performance data. These formule and the 
procedure of design proposed are in the whole of 





the book invariably based on and developed from 
first principles. 

For each class of machines a complete method of 
design and full data of magnetic and electric load- 
ing and densities which are employed in building 
modern electrical machines are given. It will be 
specially appreciated that these values represents 
latest practice and show, that the author is con- 
versant with the practical aspect of design work as 
carried out in actual manufacture. 

While each class of machinery is dealt with as 
concisely as possible, special questions and problems 
are nevertheless not overlooked, and even such 
details as stray currents in shafts and bearings and 
the calculation of the stepping of starters for slip- 
ring type induction motors are fully explained. 
Room is even found for such recent developments 
as the various methods for compensating induction 
motors with the point in view of producing machines 
working with unity power factor. Apart from the 
clear disposition of all his material, the author has 
built up an easily comprehended system of symbols 
and nomenclature of all items which enter into the 
design of electrical machinery. These are tabulated 
in a complete index at the end of the book, where 
the meaning of each symbol is shortly explained, 
and a reference of the page is given where it is first 
introduced. This obviates the necessity of going 
through the whole volume to make oneself con- 
versant with the symbols, before reading any par- 
ticular chapter, in which one is specially interested. 
In addition to students, the work will therefore be 
particularly useful to designing engineers as a book 
of reference for the design of special machines like 
motor converters and commutator motors, as they 
will find the necessary information for the design 
of these intricate machines clearly set out in a 
minimum of space. 








LETTER TO THE EDITOR. 


MOVEMENTS IN THE LONDON TUBES 
UNDER THE THAMES DUE TO 
TIDAL ACTION. 

To THE Epitor oF ENGINEERING. 


Sir,—In reference to Mr. Carother’s letter in your 
issue of February 12, 1926 (page 211) on the subject of 
‘“* Movements in the London Tubes under the Thames 
due to Tidal Action,’ I beg to call attention to Dr. 
Terzaghi’s results, published in the Engineering News 
Record (November 12, 1925) and in his book “‘ Erd-bau- 
mechanik ”’ (Leipzig and Vienna, 1925). For a yellow 
residual pottery clay he gives E as from 76 to 7,300 kg. 
per cm’, according to the moisture-ratio. His highest 
figure, which is for a very dense clay, is still less than 
half that which Mr. Carother’s gives. Dr. Terzaghi’s 
work seems to me of great value. 

Yours faithfully, 
HERBERT CHATLEY. 

Whangpoo Conservancy Board, Shanghai, 

March 11, 1926. 





EXPLOSION FROM A BOILER AT 
CHELSEA POWER STATION. 

A preliminary inquiry regarding the circumstances 
connected with an explosion from a water-tube boiler, 
which occurred on September 19, 1925, at Lots-road 
power station, has been conducted by the Board of 
Trade, under the provisions of the Boiler Explosions 
Acts, 1882 and 1890. The report of the inquiry, 
published recently, states that the boiler involved 
is of the water-tube land type, and was constructed 
by Messrs. Babcock and Wilcox, at their Renfrew Works 
in 1905. It consists of two steam and water drums, 
each 4 ft. 6 in. in diameter, and approximately 24 ft. 
6 in. in length, to which are connected the tube headers. 
These headers carry 240 tubes, each 4 in. in diameter 
and 18 ft. long, arranged in staggered, vertical rows. 
A hand-hole, about 4} in. in diameter and having a 
faced flange, is provided in the header, directly opposite 
each tube. These hand-holes are closed by means 
of a faced cap, held on the header flange by a clamp. 
The whole arrangement is secured by a bolt 14 in. 
in diameter, passing through both cap and clamp; 
the bolt is fitted with a closed nut. 

The mishap, which formed the subject of the inquiry, 
was caused by the fracturing of one of these clamps 
in the immediate vicinity of the bolt head ; the header 





cap was forced off and the contents of the boiler escaped. 


The clamp which failed has, it is stated, given twenty 
years’ service. It could not, therefore, have been made 
of inferior metal. An examination of the fracture, 
however, indicated that the material was in a fatigued 
condition. The holes in these clamps have a tendency 
to become enlarged after considerable use, and it then 
becomes difficult to set the bolt in the centre of the 
hole, when replacing the fitting. Severe local stress, 
in a portion of the clamp, may result, and this may 
cause incipient fracture. It is also probable that the 
clamp had been overstressed at some time previously, 
while being tightened up. The work of renewing all 
the clamps on their old boilers, a course decided upon 
by the management, some months before the explosion 
occurred, is being actively continued. The boiler 
under consideration was inspected and overhauled in 
August, 1924, and all the fittings, including the header 
caps, were thoroughly examined. It was then sub. 
jected for 20 mins., to a hydraulic pressure of 325 lb. 
per square inch; the boiler withstood this test in a 
satisfactory manner. 





LABOUR NOTES. 


A NATIONAL delegate conference of the Miners’ 
Federation of Great Britain is to be held in London 
to-day for the purpose of considering the policy to 
be followed in the circumstances created by the 
Government’s decision to adopt the Coal Commission’s 
report, and under specified conditions, give effect to 
its recommendations. Until the delegates decide 
upon the line which is to be taken, the trend of the 
negotiations is not easy to foresee: but the facts, 
so far as they are known, certainly do not encourage 
optimism as to the immediate future. The intended 
effect of the Commission’s recommendations _ is, 
obviously, to put the industry on a profitable basis, 
and, although they naturally dissent from some of 
them, the coalowners have accepted the report as a 
whole in the hope that it will have the stabilising effect 
which its framers had in their minds when they made 
it. The miners’ representatives, on the other hand, 
seem incline i to ignore the effect of the recommenda- 
tions as a whole and to concentrate on the parts of it 
which relate to wages and hours of work. The coal- 
owners, in the statement which they made to the miners’ 
representatives—and which is to be, it is understood, 
the main subject of to-day’s discussions—accepted the 
principle of a minimum percentage on basic rates in 
each district, and proposed that the amount of this 
percentage, and the amount of the subsistence wages 
for the lower-paid men, should be referred to the 
district associations, subject to the provision, however, 
that the amounts of the minimum percentages should 
be submitted to a national conference for approval. 
On the question of hours, they were convinced, they 
said, that a return to longer working hours was impera- 
tive in order to restore prosperity to the industry. 
They were anxious, however, to consider with the 
miners the recommendations in the report that the 
definition of working time should be by the week in- 
stead of by the day, and that greater flexibility might 
be provided in the working hours. In the course of 
their reply to the coalowners’ statement, the miners’ 
executive stated that, in the absence of any definite 
proposals of a minimum percentage, they assumed that 
the position of the coalowners was as stated by them in 
July last year. If that assumption were well-founded 
they said, the consequential wage reductions would 
vary from 1s. per day in the best, to over 5s. per day 
in the worst districts. The Miners’ Federation, it was 
added, could not be expected to consent tc any further 
lowering of wages or to the abolition of the national 
minimum percentage. 

It is believed that the trouble between the National 
Union of Railwaymen and the craft unions hiving 
members employed in railway shops will shortly be 
adjusted. The joint committee appointed to go into 
the question of setting up suitable negotiating machinery 
for the whole body of railway shopmen met in London 
last week, and at the close of the meeting, which was 
private, it was officially stated that proposals had been 
agreed to for submission to the various executives con- 
cerned. A conference to consider the proposals is to 
be held on April 23 in London. 





A World Migration Conference, organised by the 
International Federation of Trade Unions and the 
Labour and Socialist International, is to open in London 
on May 18. Mr. J. H. Thomas, M.P., is to preside, 
and Mr. J. W. Brown, one of the secretaries of the 
Amsterdam International, will be secretary of the 
conference. Reports will be presented on “‘ The Regu- 
lation of Migration,” by Mr. L. Jouhaux, secretary of 
the French National Trade Union Centre, “ Restric- 
tion, Exclusion and Assimilation,” by Mr. C. T. Cramp, 
industrial secretary of the National Union of Railway- 





men, ‘‘ The Protection of the Immigrant,” by Mr. A. 
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Knoll, member of the executive committee of the 
German National Trade Union Centre, ‘‘ The Position 
of the Immigrant in Respect of Social Insurance,” by 
Mr. L. de Brouckere, member of the Belgian Senate, 
and ‘“‘ Labour Migration Policy,” by Mr. C. Martens, 
secretary of the Belgian Trade Union Centre. 





In the course of his address to the delegates at the 
annual conference in Edinburgh last week-end, of the 
Association of Engineering and Shipbuilding Draughts- 
men, Mr. Johnstone, the president, stated that the 
organisation had now a paying membership of over 
9,000. The proportion of organised draughtsmen was 
probably as high as during the boom period of 1921, 
but there was still room for efforts by the members 
individually to improve the situation. He would have 
liked, he added, to be in a position to say that there 
was some indication of the long overdue improvement 
in trade, but he was not, he regretted to say, in a posi- 
tion to do so. 





At its annual conference in Plymouth, on Saturday 
last week, the National Union of Commercial Travellers 
passed the following resolution :—‘‘ That while this 
Conference wishes to place on record its appreciation 
of the efforts now being made to ascertain the secret 
of higher wages, it is firmly of opinion that the root 
causes of industrial depression at home are due entirely 
to the obsolete commercial methods employed, for 
which our industrial magnates are largely responsible. 
We are further of opinion that a commission of inquiry 
should at once be appointed by the responsible Minister 
to go into the matter fully, and upon such commission 
a strong representation of organised commercial 
travellers should be invited to co-operate.” The reso- 
lution was submitted by the executive council. In view 
of the work which the Committee on Industry and Trade 
is doing, there does not seem to be much need for 
another commission of inquiry. 





From April 5 until the end of May the working 
hours of mills engaged on the spinning of American 
cotton are to be increased from 30} to 35 per week, 
a ballot on the subject of the Federation of Master 
Cotton-Spinners’ Associations having shown more than 
the majority required by the rules. The owners of a 
million and a half spindles outside the Federation are 
conforming with the decision. 





During 1925, the gross income and expenditure of 
the United Patternmakers’ Association increased—the 
income by 14,3791. 6s. 2d., and the expenditure by 
21,0291. 14s. The income was 104,832I. 3s., and the 
expenditure, 95,5731. 8s. 7d. In-1924 the net trade 
union income was 54,8111. Os. 5d., and the net trade 
union expenditure 38,3191. 2s. 74d. ; the corresponding 
figures for 1925 were 54,0601. 1s. 8d., and 45,7221. 9s. 4d. 
respectively, the latter figure working out at 
31. 18s. 10d. per member. The membership is 11,597 
as compared with 11,797 in 1924, 11,968 in 1923, 
12,397 in 1922, and 12,748 in 1921. Arrears of con- 
tributions, which stood at 4,2891. 12s. 10d. in 1924, 
were reduced in 1925 to 4,244I. 14s. 6d. 





In the course of his introduction to the report, Mr. 
Alan Findlay, the general secretary, refers to the wages 
question. ‘ In spite of our efforts,” he says, “ and the 
pressure from every district, the national application 
for an increased wage was ineffective, and this naturally 
gave rise to much discontent, culminating in the 
request that the employers’ federation should be notified 
that negotiations were ended, so that the way would be 
clear for the districts to go in on their own. This idea, 
however, has already been countered by the employers’ 
chairman and spokesman in a very grave pronounce- 
ment which every member should consider in all its 


bearings. In effect, it means that having refused |. 


nationally, no application from a district will fare 
better; and while the union’s representatives must 
accept, and will carry out, the wishes of the members, 
it is also part of our duty to inform the members of our 
experience in all matters which appertain to our office. 
Trade shows signs of an improvement. Any action 
which creates a feeling of instability will retard that 
improvement. The employers are apparently of the 
opinion that the trade will not, or cannot, bear the 
imcrease, and have put on record their intention to use 
the lock-out weapon to the fullest extent against the 
members of any union that tries to enforce an advance 
in wages, even ina shop. In other words, you may get 
a re-adjustment by agreement; but force will be met 
by force, and all executives are bound to view the situa- 
tion with the utmost seriousness, and reserve to them- 
selves, as the highest, the right to determine the issue 
on which action may be joined with the employers. 
Obviously, our members’ wishes must come first, and, if 
you must have increased wages, the employers’ opinions 
do not matter beyond indicating their line of battle. 





All we can, and have a right to, expect is that you do 
not minimise the force that you are up against.” 





The Polish Diet has referred to the Committee on 
Industry and Commerce a Bill for the establishment of 
a commission to inquire into costs of production in 
industry. The proposed Commission would be presided 
over by the Minister of Industry and Commerce and 
the Minister of Labour and Social Assistance, and be 
composed of 15 members—five representatives of the 
workers, five of the employers, and five (all technical 
experts) of the State. In order to facilitate the collec- 
tion of the necessary documents and the carrying out 
of the investigation, the Commission set up by the 
measure would be authorised to interview heads of 
undertakings and all other persons able to furnish 
useful information. It would, further, be entitled to 
examine the books of undertakings and insist that all 
information given in reply to inquiries be made under 
oath. It would have the right to delegate its powers 
to sub-committees and individuals appointed for the 
purpose. All meetings of the Commission would be 
public, and minutes would be published. No, person 
would be liable to prosecution for having supplied 
accurate information, but all persons giving false 
information would be liable to be brought before the 
courts for perjury. All administrative authorities would 
be required to further the work of the Commission in 
every possible way, and the Minister of Commerce and 
Industry and the Minister of Labour and Social Assis- 
tance would have to place at its disposal the necessary 
officials and technical staff. 





In a memorandum accompanying the Bill, the 
Polish Socialist Party declared that it was impossible 
to draw up any plan of economic reconstruction without 
first knowing exactly the costs of production, and that 
such information was particularly necessary now that 
Poland had to prepare for the International Economic 
Conference in Geneva. Moreover, it was stated, the 
inquiry would tend to dissipate the idea that it was the 
cost of labour in Polish industry which was really 
preventing the employers from successfully competing 
with foreign countries. Finally, the memorandum 
declared, the measure, if passed, would mark the 
beginning of State control of industry. Mr. Wierzbicki, 
president of the Polish Central Union of Industry, 
Commerce, Mines and Finance, opposed the Bill in 
the Diet on the ground that, if it were adopted, it 
would have the effect of preventing the foreign capital, 
so necessary for the reconstruction of industry, 
coming into the country. 





At the conference of the Independent Labour 
Party held at Whitley Bay last week-end, a resolution 
was passed, on the proposition of the National Council, 
committing the movement to a programme of social 
re-organisation which would ensure for the workers, 
it was claimed, “ partly by higher monetary wages, 
and partly by the development of social and educa- 
tional services, adequate food, clothing and housing, 
and the essentials of civilisation.”’ That, it was 
declared, necessitated the establishment of a national 
banking system with the control of currency and 
credit for national purposes; the nationalisation of 
the importation of food and raw materials; the 
nationalisation, as co-ordinated services, of railways, 
mines and electrical generation; the reorganisation 
and development of agriculture ; the public ownership 
of the land; and the national organisation of the 
building industry and of the production of building 
materials. It was further suggested that the whole 
Labour movement should at once set up a com- 
mission of its own to estimate a living income repre- 
senting the minimum standard of civilised existence 
which should be tolerated; and that it should then 
make the demand for this standard the key to its policy 
both politically and industrially. 





The most telling criticism of the proposal—or rather 
series of proposals—came from Mr. Oswald Mosley, 
who said that the National Council should state more 
clearly their meaning. Was this commission of the 
Labour Party, he asked, to determine what was a 
civilised standard of existence? If they fixed a figure, a 
number of the weak industries would be thrown on 
their hands. What power had they in these proposals 
to make industries reorganise ? Short of nationalisa- 
tion, the weak industries would be thrown at them, and 
they would be left holding the baby while capitalism 
rode off in the new Rolls-Royce of trustification. 
Before they made a great commitment of this kind 
they should refer the proposals to the strongest com- 
mittee of the whole movement they could devise. It 
would be foolish to quarrel about these proposals at 
this early stage in their development. It would be 
criminal to introduce dissension in the Labour moves 
ment when in a few weeks they might be fighting not 
for a higher standard, but to hold the miserable sub- 
sistence level the workers enjoyed at present. 





ELECTRIC WELDING IN THE DESIGN 
AND FABRICATION OF PLANT AND 
STRUCTURES.* 

By JosrrH Newett Reeson, M.Inst.C.E. 


THE author remarks that, while both gas and electric 
welding have been used to some extent in Europe for 
repair work, they have not been generally adopted for 
new plant. He discusses the influence of electric 
welding in the design of structures, and suggests that 
itsemployment, without special consideration of design, 
is likely to prejudice its application. Doubts have 
been expressed as to: (1) its strength in actual 
practice; (2) the effect of corrosion on the weld and 
on the welding deposit ; and (3) its cost in comparison 
with riveting. 

To obtain information on these points, some hundreds 
of tests have been taken, not less than six of each type 
of joint being tested to destruction. The quality of a 
weld depends greatly on the skill of the operator. In 
the author’s practice, operators are under the control 
of the designing engineer. Difficulty was experienced 
in obtaining the services of trained welders, and men 
were selected from both the artisan and labouring 
classes and trained in the company’s own workshops. 
Welders were frequently present at tests of specimens 
of their work, with advantageous results. Tests were 
analysed by the designing staff in order that the 
requirements of welded joints should be known. As 
a result, the size of electrode, number of runs, and lineal 
length of electrode to be deposited per unit length of 
weld are specified on drawings. In order to ensure 
efficiency, elaborate log sheets were evolved to check 
these important items, and, as covered electrodes solely 
are used, it is essential that this valuable material 
should be carefully accounted for. The shop foreman 
and the foreman welder each have copies of the 
drawings, and the foreman welder’s whole duty is to 
see that the most efficient welded joint is produced. 
The shop foreman is not relieved of responsibility 
because of the supervision of the foreman welder. 

The most important factor is the training of the 
designing staff; welding is not a mere substitute for 
riveting. It is obvious that, if welding is to be used 
only for repair work, there would be no anxiety as to 
design. The use of welding simplifies design very 
considerably. A great saving may be effected in 
weight of material, the whole structural workshop 
routine is changed, and the use of jigs is a necessity. 

The causes which led to the adoption of welding 
by the author’s company date from 1916, when an 
extensive programme of gas-holder construction 
became necessary in Melbourne. The serious collapse, 
in 1920, of a large gas-holder containing upwards of 
2,000,000 cub. ft. of gas, caused the author great 
anxiety. The thin sheeting of the crown ripped off 
close to the curb like the lid of a tin, and the released 
gas ignited and burnt in a mass high above the holder. 
Investigation showed that the fracture of the thin 
sheets was invariably at the lap of the sheets and not 
through the rivets, as might have been expected. The 
author decided to substitute welding for riveting for 
joints of thin sheets which, in the damaged holder, 
showed signs of serious internal corrosion. The vertical 
stays (the framework of the bell), originally none too 
strong, had corroded badly, and, in some cases, were 
non-existent in the inner lift. The exterior of the 
sheets had been well preserved, there was no evidence 
of weakness, and the holder was of the type usual at 
the period of its erection. The author decided to 
increase the strength of the joints of the sheets of the 
new holder, and of the structure generally. Extensive 
experiments were made in the company’s workshops 
and at Melbourne University, and it was evident that 
there would be no difficulty in obtaining a joint at 
least as strong as the sheet, as compared with the 
55 per cent. strength of the single-riveted joint. 
Experiments were made as to the structure of the 
joint ; sections were cut, polished and photographed, 
and investigation was made as to whether the deposited 
metal on the joint was more subject to corrosion. 

This was the first occasion in Australia—and, it is 
believed, elsewhere—when a large structure had been 
so treated. It was therefore necessary not only 
entirely to alter the design, but to modify methods of 
construction, as well as to equip the shops and site 
with the necessary welding plant and, most important 
of all, to train a staff of welders. The company has 
extensive constructional shops designed by the author, 
and these include a laying-out ground provided with a 
“ spider’s web” and a trammel of unusual design of 
100 ft. effective radius. The new holder had many 
novel features: the vertical stays are much stronger 
than is customary, and all the sheeting is of ,; in. 
in three lines, the crown curb cups and dips and outer 
lift curb being, of course, much stronger. The welding 
of the side sheets at first presented great difficulty | 





* Abstract of a paper to be read before the Institution 
of Civil Engineers, on Tuesday, April 13 1926. 
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due to lack of knowledge of the behaviour of the 


sheets under local heating by welding and of the 
distortion caused by contraction. The methods 
used in erection had to be modified to overcome the 
difficulties as they arose. The outer lift was erected 
first and the middle and inner lifts followed, but later 
experience has enabled the author to devise an entirely 
different method, whereby the erection is much simpli- 
fied. The welding of the crown sheeting followed, 
and no difficulty was experienced in the overhead 
welding of these sheets. Both sides of the lap were 
welded, although tests showed that a joint welded on 
one side would be stronger than the single-riveted 
joint. No tape was, of course, used, and this in itself 
is a great advantage, especially in hot climates where 
the tape perishes. In the length of seams—l4 to 15 
miles—only about half a dozen “* weeps ”’ were observed 
on testing. The erection was greatly facilitated by 
the use of a specially designed gantry crane, so arranged 
that it could be used for holders of any size. The centre 
was mounted on a twirler crib, and the crane moved 
on rails around the periphery of the inner lift of the 
holder. The erecting gangs soon became very expert, 
the time taken in erecting and welding the side sheeting 
of a lift being 28 days with 20 men, against 40 days 
with about 30 men for a similar structure under the 
old conditions. The holder was completed in July, 
1922, since when it has worked satisfactorily. 

The design and construction of a new gas-holder of 
2,750,000 cub. ft. was then proceeded with. This was 
of 163 ft. diameter and 144 ft. high and is electrically 
welded throughout. The original tank was increased 
in depth by a reinforced-concrete extension of novel 
design. This holder has four lifts, and the framing 
consists of 16 steel standards 144 ft. high with five 
tiers of horizontal struts and wind bracing. The 
floating bell embodies many novel features, and the 
whole structure, weighing 760 tons, was fabricated 
and erected in ten months. On testing, not a single 
leak was observed. 

In addition to the two gas-holders referred to, two 
other gas-holders have been constructed, and in the 
last a radical alteration from existing designs has 
been carried out, in that the framing consists of tubular 
columns and tubular horizontal struts. Ingenious 
methods of testing these columns—which are 145 ft. 
high—and struts were adopted, and the new method 
enables a great saving of material to be effected. 
While these larger jobs were being carried out, a great 
deal of work was being done, consisting of tanks, 
pipes, bends, tees, elevator-buckets, bunkers, shoots, 
coal and coke trucks, &c., and it was interesting to 
note the enthusiasm and ingenuity of the workmen 
and the extent to which the use of the electric arc was 
developed by the shop personnel. While the work 
already mentioned was proceeding, two other interest- 
ing structures were erected—namely, new crowns were 
superimposed on the existing ones which had become 
thin, while the holders were at work. This is novel, 
and could not have been attempted with riveted joints. 
A large vertical retort house was erected and entirely 
welded, 

A serious accident occurred to the inner lift of 
another large gas-holder while a repair to the sheeting 
was being effected, whereby the gas caught fire and 
the side sheets of the inner lift collapsed. The inner 
and the middle lifts were attached together by the 
welding of 72 hooks to the crown curb of the inner 
lift and the dip plates of the second lift; the space 
between the lifts was covered in by thin sheeting 
welded in place. The whole work occupied three weeks 
and was entirely satisfactory. 

Other welding work consisted of the placing of 
strong reinforcing nets over the crowns of all old gas- 
holders to prevent the fracture of sheeting. The 
fabrication and erection is described of a 3,000,000 cub. 
ft. set of condensers and of a set of steel purifiers of 
similar size, which cost 13,0001., as against 22,500I. 
for a similar set erected a few years before. 

Other plant includes tar extractors, ammonia- 
concentrating plant, liquid-pumping plant, steel 
chimneys, and a bridge consisting of a gas main 24 in. 
diameter and 90 ft. long, which has been subjected to 
several serious floods without the slightest damage. 
In conclusion, the author suggests that the advantages 
of electric welding over riveting are, firstly, far greater 
security, and, secondly, it permits great simplification 
of design in the office and great economy in the workshop 
and field. 





Tae Royat GoLtp MEDAL FOR ARCHITECTURE.—At a 
special general meeting of the Royal Institute of British 
Architects, held on March 29 last, Professor Ragnar 
Ostberg, of Stockholm, was elected by the members to be 
the recipient of the Royal Gold Medal for Architecture 
for the year 1926. His name will be submitted to His 
Majesty the King, and if the award is approved, the 
medal will be presented to Professor Ostberg at the 
banquet of the R.I.B.A., to be given on June 17 next. 
Last year the medal was presented to Sir Giles Gilbert 





JANUARY. 






SSRRERBRR EE Ss 


See 8S Be &€ FFF FS BSE E RBS Y 


z BhS 8 EFS & 


& 


za A &S 


& 8 Boa, 


(9559) JANUARY. 


those for steel rails are for heavy sections. 
Cleveland iron, both of No. 1 quality. 
which vary from 70 Ib. to 80 lb. 

cases the prices are per ton. 


which they represent 1s. each. 











FEBRUARY. 


Norr.—In the diagrams, the figures plotted for tin and copper are the official closing cash 
quotations of the London Metal Exchange for “fine foreign” and “standard” metal, respectively. 
The prices shown for lead are for English metal, whilst those for spelter are for virgin 
Middlesbrough prices are plotted for steel plates and rails, and also for hematite and Cleveland 
pig-iron. The prices given, in the case of steel plates, are for ship, bridge and tank qualities, and 
The pig-iron prices are for East-Coast hematite and 
The price of quioksilver is per bottle, the contents of 
The price of tin-plates is per standard box, but in other 
Each vertical line in the diagram represents a market-day, and the 
horizontal lines represent 11. each, except in the case of the diagram relating to tin-plates, in 
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INsTITUTION OF FuEL TECHNOLOGY.—The organisa- 
tion of an Institution exclusively concerned with fuel 
questions, of which the inaugural meeting was referred 
to in our issue of March 12, on page 343, is proceeding. 
The title of ‘* The Institution of Fuel Technology ” has 
been definitely adopted, and a sub-committee has been 
appointed to draft a constitution and by-laws. When 
these have been examined by the organising committee, 
copies will be circulated among those interested. A 
second general meeting will subsequently be held for the 
purpose of ratifying or amending these articles. After 
this, the enrolment of members will be possible. The 





Scott, R.A., F.R.1.B.A, 


committee feels that the Institution will become of 








national service, particularly so because the Report of 
the Coal Commission, and the forthcoming Government 
Electricity Bills, indicate the need for concerted expert 
attention to the question of fuels. The widest possible 
representation of every branch of the subject connected 
either with production or utilisation, is desired. At 
present, the more strictly scientific aspects of the industry 
are receiving strong support. Many well-known fuel 
technologists on the Continent and in the United States 
have signified their intention of applying for admission 
as foreign members. The new address of the Hon. Secre- 
tary (pro tem.), Mr. Edgar C. Evans, is Caxton House 
(East), Tothill-street, Westminster, S.W.1. 
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DOPES AND DETONATION.* 


Proressor H. L. Catyenpar, C.B.E., F.R.S. 
Assisted by Captain R. O. Kine and Fiieut- 
LipuTENAnt C. J. Sus, D.F.C. 

Introduction.—Post-war experimental work has 
shown that the power and economy obtainable with 
internal-combustion engines, using fuels derived from 
petroleum, is limited mainly by the occurrence of 
detonation or “ pinking,” as the size of the engine, or 
the compression ratio, is increased. 

Many substances, commonly called “ dopes,”’ have 
been discovered, which, when added to a petroleum 
fuel, possess the property of suppressing detonation 
and permitting a higher compression ratio to be 
usefully employed. The most remarkable of these 
dopes is the substance known as tetra-ethyl-lead, or 
lead ethide, with the chemical formula Pé Eé,, the 
striking properties of which in delaying detonation were 
discovered by Midgley and Boyd (Journal of the 
Society of Automotive Engineers, June, 1922). Trials 
made at the Air Ministry Laboratory show that the 
addition of only a quarter of 1 per cent. by volume (or 
less than half a fluid ounce per gallon of fuel) to any of 
the usual brands of petrol enables the compression 
ratio to be raised nearly 40 per cent., with an increase 
of power of 14 per cent. on the same fuel consumption. 

The chief objections to the use of lead ethide as a 
dope appear to be that it is extremely poisonous and 
gives rise to lead deposits in the engine, which may 
produce deleterious effects, such as sticking up valves, 
fouling spark-plugs, and interfering with piston lubri- 
cation. These defects have been greatly mitigated by 
adding an equivalent quantity of ethylene dibromide, 
which renders the deposits much less harmful. The 
patentees recommend, however, that the mixed dope, 
called “ Ethyl fluid,’ should not be used in a greater 
proportion than 5 c.c. per gallon, each 5 c.c. containing 
3 cc. of lead ethide, which, according to the A.M.L. 
tests, would permit an increase of compression ratio of 
about 10 per cent. The importance of this limitation 
has recently been confirmed by an endurance test of 100 
hours on a Napier Lion engine of 450-h.p. at the Royal 
Aircraft Establishment. The engine was throttled 
during the test, from 2,150 revolutions at full power to 
2,000 revolutions, i.e., to about 80 per cent. of full 
power. Shell Aviation spirit was used for the first 
50 hours with 5 c.c. per gallon of the normal ethyl 
fluid. For the second 50 hours B.P. Aviation spirit 
was employed with 5-5 c.c. per gallon of ethyl fluid, 
containing a larger proportion—namely, 2-5 c.c. of 
ethylene dibromide—the content of lead ethide being 
3¢c.c. in both cases. 

After the 100 hours’ test the general lubrication of 
the engine was satisfactory, with the exception of the 
cylinders. The excess bromide used during the second 
half of the test appeared to have resulted in a deposit 
of iron oxide on the cylinder walls. After 50 hours 
the spark-plugs showed heavy deposits of lead salts 
and high leakage of gas through the mica. After 
100 hours these defects were intensified. All plugs 
showed signs of having been severely overheated, 
and the deposits of salts formed an easy flash-over path. 
Three cases of punctured mica were noted, which 
would render the plugs useless in an engine. For the 
power tests, after 50 hours it was found necessary to 
fit a completely new set of sparking plugs, the plugs 
used on the endurance test being unfit for full-throttle 
running. After a further 50 hours’ endurance test, 
a new set of plugs again proved to be necessary for 
full throttle running. The performance on ethyl fluid 
after 100 hours was little inferior to that obtained after 
50 hours, but on turning over to 20 per cent. benzol 
mixture the engine commenced detonating and over- 
heating, and it was considered inadvisable to take a 
power curve under these conditions. 

It is said that the engines of the ill-fated airship 
“Shenandoah,” with a compression ratio of 6: 1, 
used a mixture of Aviation spirit with 10 c.c. of ethyl 
fluid per gallon, which would probably lead to similar 
troubles at full power. 

Other dopes, such as nickel carbonyl, possessing a 
high order of effectiveness, have been discovered, but 
all of these are less effective than lead ethide, and are 
liable to similar objections in a greater degree in 
proportion as larger quantities are required. 

The suppression of detonation by the dilution of 
petrol with non-detonating fuels, such a benzene or 
toluene, has long been familiar, and is unattended 
with harmful effects. The objection in this case is 
that very large quantities would be required, since it 
takes the addition of nearly 100 per cent. of toluene 
to equal the effect of a quarter of 1 per cent. of lead 
ethide. Moreover, such fuels are relatively expensive, 
and might not be available in sufficient quantity in 
times of emergency. There is an intermediate class 
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of substances, such as toluidine and xylidine, which 
are about ten times as effective as toluene in sup- 
pressing detonation, and are otherwise unobjectionable, 
except that all those hitherto investigated are benzene 
derivatives, and might not be available, even in the 
restricted quantity required. 

For these reasons it was considered desirable to 
make a careful survey of the position with regard to 
dopes for suppressing detonation. The present in- 
vestigation was accordingly initiated with the primary 
object of discovering some rational explanation of 
the mode of action of such dopes as were already known, 
as a guide to the discovery of other effective anti- 
detonating substances, free from objectionable charac- 
teristics, and readily available in sufficient quantity 
at any time. 

The following account of the investigation has been 
divided into four main sections. Section I gives a 
general account of the theoretical aspects of the 
subject, with a brief summary of previous experimental 
work, leading up to a possible explanation of the action 
of anti-detonating substances based on the known 
properties of nuclei of various kinds in promoting 
condensation and chemical action. Section II, entitled 
“Nuclear Theory of Self-Ignition,’ summarises the 
main points of a working hypothesis, which has been 
devised to account for some of the peculiar features 
of detonation, with special reference to the effect of 
dopes. Section III, entitled ‘‘ Experiments in Sealed 
Tubes,” describes experiments of a physical nature 
on the properties of various selected substances, with 
a view to illustrate and confirm the suggested explana- 
tion. Section IV, entitled “‘ Engine Experiments,” is 
concerned with tests of the same substances in a 
variable compression engine, to illustrate the corre- 
spondence of their physical properties with their 
effectiveness, or otherwise, in retarding the occurrence 
of detonation. A brief summary of general conclu- 
sions is added at the end of the report. 





SECTION I.—GENERAL THEORY AND REVIEW 
OF PREVIOUS WORK. 


By Proressor H. L. CALLENDAR. 


1. Ignition Temperature.—Before considering the 
vexed question of the causes of detonation, it will be 
desirable to discuss some of the simpler properties of 
fuels. Among these properties, that most closely 
related to the main question appears to be the ignition 
temperature in the presence of air or oxygen. 

The ignition temperature of a fuel may be roughly 
defined as the lowest temperature at which inflamma- 
tion will start under given conditions. Slow combina- 
tion usually starts at a lower temperature, but the 
heat generated may not suffice to start a flame unless 
the rate of generation of heat exceeds the rate of loss 
by a sufficient margin to produce a continuous rise of 
temperature. There is little doubt that the tempera- 
ture required to start a flame will vary with the con- 
ditions of experiment, so that different methods may 
give different absolute results ; but the relative values 
obtained for different fuels are fairly comparable, and 
lead to the conclusion that the order of fuels in respect 
of lowness of ignition temperature is closely related 
to that of readiness to detonate. Thus all methods of 
measurement agree in showing that the ignition points 
of the normal paraffins are lower than those of the 
corresponding napthenes, and these again give lower 
results than the aromatics. In the paraffin series, 
the ignition temperature falls with increase of mole- 
cular weight, instead of increasing, as one might 
naturally expect, from the rise of boiling point. All 
these results correspond closely with the well-known 
behaviour of the fuels in regard to detonation. While 
the heavy paraffins give rise to serious pinking 
at quite moderate compression ratios, the lighter 
paraffins and napthenes are practically free from this 
defect at ordinary compression ratios, and the aro- 
matics like benzene cannot be induced to pink in an 
engine under any conditions. There is evidently a 
close relation between lowness of ignition temperature 
and tendency to detonate, but other factors, such as 
the effect of pressure, have also to be considered in 
attempting to frame a theory. 

2. Ignition by Compression.—It would be beyond 
the scope of the present report to discuss all the various 
methods of measuring ignition temperatures in detail, 
but the method of ignition by compression, employed 
in the old “ fire-syringe,” is of special interest in 
relation to compression temperatures in an engine, 
and requires fuller treatment. If the value of the 


index y is known in the adiabatic equation PV” 
=a constant = P,V,’, the temperature at any point 
PV of the compression of a gaseous mixture is readily 
calculated from the relations 

' 2 y-1 
T/To = (P/Po) ¥ =(V,/V) (1) 
by observing either the pressure ratio P/P,, or the 


to calculate an apparent mean value of the index y, 
which takes account of possible leakage and cooling 
in reducing the pressure below that theoretically 
attainable. This apparent value of y will give the 
best approximation to the mean temperature of the 
mixture at maximum pressure, but the temperature 
thus found will necessarily be lower than the maximum 
temperature, in the middle of the mixture, upon which 
ignition chiefly depends. If there is any leakage or 
heat-loss, the theoretical value of the maximum pressure 
will not be reached, and the values of T calculated 
from the volume ratio with the appropriate theoretical 
value of y will necessarily be too high. But direct 
measurements of temperature with very sensitive 
platinum thermometers (e.g., Callendar and Nicolson, 
Proc. Inst. C.E., 1898) have shown that values of T, 
deduced from the observed values of P with the true 
theoretical value of +, give an upper limit, which appears 
to be a fair approximation to the maximum tempera- 
tures actually reached during compression in a cylinder 
of reasonable size and suitable shape. 

3. Experiments of Dixon and Crofts.—Dixon and 
Crofts (Trans. Chem. Soc., 1914, vol. cv, 2, page 2,036) 
applied the compression method with many refine- 
ments to the determination of the ignition-point of 
2H, + O, in a steel cylinder of 30-2-mm. bore. The 
piston was fitted at its lower.end with a bronze cap 
backed by a leather cup-washer, which was very 
carefully tested for leakage after each non-explosive 
compression. The piston was driven down by a falling 
weight until its steel head made contact with a pile 
of hard steel plates, which could be adjusted to give 
the final clearance which just sufficed for ignition. 
The initial volume of the mixture at atmospheric 
pressure and temperature was adjusted to a length of 
377 mm., which gave a final clearance on ignition 
nearly equal to the bore. The apparatus gave very 
consistent results for any given mixture, but the 
temperatures were calculated from the volume ratios, 
assuming y = 1-40, without any allowance for heat- 
loss during the compression stroke, which occupied 
about 0-06 of a second. 

(1) The ignition temperature thus found for 2H, +O, 
was 526 deg. C., which is lower than that found by 
previous observers using the same method, but is 
admittedly too high owing to the high thermal conduc- 
tee of H,, which is nearly six times that of O, or 
- 2° 
(2) The addition of 4N, to the mixture made it 
nearly equivalent to a hydrogen-air mixture, and 
raised the ignition-point to 571 deg. C., although the 
heat-loss must have been greatly reduced owing to the 
smaller percentage of H,. 

(3) The addition of 4H, raised it still further to 
602 deg. C., which was assumed to show that the 
excess H “ acted as a diluent or inert gas in the same 
way as nitrogen.” 

(4) On the other hand, the addition of 4 x O, in 
place of 4H, lowered the ignition-point to 486 deg. C., 
and a further addition of 8 x O, lowered it still further 
to 471 deg. C. 

The observers state that they were not in a position 
to offer a satisfactory explanation of the effect of 
O, in lowering the ignition point, but suggest that O 
may form some “active polymeride” under these 
conditions, or may bring about “ionisation” of the 
H, molecule. When, however, we consider the great 
intensity of the heat-loss in a volume 3 x 3 cm. only, 
consisting largely of hydrogen at 500 deg. to 600 deg. C., 
surrounded by a metal cylinder at atmospheric tem- 
temperature, it seems possible to give an adequate 
explanation of the observed results without invoking 
special hypothesis. It is admitted that all the calcu- 
lated temperatures must be higher than those actually 
attained by the respective mixtures, but the differences 
between the results tor different mixtures are qualita- 
tively reliable, and must be capable of explanation. In 
the first case (1) 526 deg. C. for 2H, + O,, with 2/3 
by volume of H,, the heat-loss must have been large 
enough to prevent the heated gases exploding until the 
actual temperature was raised far above the slow 
combination point. In case (2) with N, as diluent, the 
rate of heat-loss would be only about half as great at 
the same temperature, but the rate of heat generation, 
depending primarily on the number of possible collisions 
between H, and O, molecules, would be reduced to less 
than a fifth, thus requiring a higher actual temperature 
in spite of the smaller heat-loss. In case (3) with 
4H, added, the heat-loss would be much greater than 
in (1), and nearly 3 times as great as in (2), but the 
possible number of HO collisions would also be nearly 
3 times as great as in (2), so that we should expect a 
somewhat similar rise in the explosion temperature. 
In case (4), with 4 x O, added, the heat-loss would be 
even smaller than in (2), but the number of HO collisions 
very little less than in (1) and a lower explosion tem- 
perature than in (1) would necessarily result from the 
reduction of the heat loss. Further additions of O, 
would reduce the heat-loss more slowly, and the HO 








Imperial College of Science and Technology, and 
Published by permission of the Director of Scientific 
Research, Air Ministry. 





volume ratio V/V,. If both are observed, it is possible 





collisions more and more rapidly, till the mixture 
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became non-explosive. In the absence of necessary 
data, it is not possible to attempt an exact calculation, 
but it may be asserted with some confidence, as a 
result of these observations, that an explosion of 
2H,+ 0, could be obtained by compression to 
450 deg. C. in a vessel of sufficient size to prevent 
excessive heat-loss. 

4. Ricardo’s Machine and Tizard’s Experiments.— 
A special machine for measuring ignition temperatures 
by compression was designed and made by Ricardo, 
with a cylinder 4-5 in. diameter and a piston of 8 in. 
stroke, which could be locked automatically in its 
highest position, at the end of compression. The 
compression ratio could be accurately varied by 
screwing the cylinder up or down, and the machine 
was fitted with a Hopkinson indicator by means of 
which the actual pressures could be recorded, and the 
delay or otherwise of the ignition observed. A descrip- 
tion of the machine, with some preliminary results, 
was given by Tizard in a paper on “ The Causes of 
Detonation,’ read before the North East Coast Institu- 
tion of Engineers, on May 11, 1921. Initial temperatures 
up to 60 deg. C. were obtained by jacketing the cylinder, 
but higher temperatures could not be employed without 
risk of damaging the cup-leather, which ensured absence 
of leakage, as in Dixon’s experiments. The apparatus 
has the advantage of reproducing the conditions in an 
engine as closely as possible, except perhaps in the 
matter of speed, and in the absence of hot valves, &c. 
The measurement of the pressure, in addition to the 
volume ratio, gives a valuable indication of the loss 
of heat during compression, and makes it easy to 
calculate the actual mean temperature of the mixture at 
any point PV by the formula 

Mean f° C. = To (P/Po) / (Vo/V) — 273°. (2) 
from the observed pressure and volume ratios, and the 
initial temperature T, abs. It also gives a close 
approximation to the possible limit of maximum 
temperature in the absence of turbulence, by calculating 
T from the pressure ratio with the ideal value of the 
index 1 — 1/y as in formula (1). 


TaBLe I.—Results for Hydrogen-Air Mixtures. 
(Tizard) Ideal Value of y, 1°40. 























Mixture Final Temp. C. | Calcu- 
by Vol. Com- | Pres- lated 
pression! sure | Initial |~~~7———— | as by 
~~} Ratio | Ratio | Temp. | yfean | Max. | Dixon 
air, |.Hy- | Vo/V | P/Po. | °C. | from | from | from 
jdrogen PV. | Vo/V. 
——- eee ,: —— | 
| Deg. Deg. Deg. Deg. 
4°76 1:9 10-0 20-9 61-0 425 524 565 
4-76 2-1 9-5 19°5 61-0 413 507 547 
4°76 0-6 9-0 18-7 61-5 422 | 500 530 
4°76 | 5:3 14-0 30°8 60-0 460 612 682 
4:76) 5:8 13°5 29°5 59-5 453 | 600 667 





The true mean final temperature of each mixture at 
the end of compression was calculated by Tizard from 
the apparent value of y deduced from equation (1) 
as previously explained. This method gives the same 
result as calculating the mean final temperature from 
PV as in equation (2). The great disparity between 
the results thus found and those calculated by Falk, 
Dixon and other observers, from the compression 
ratio alone, with the ideal value of y assuming the 
absence of heat-loss and leakage, illustrates the 
importance of measuring the actual maximum pressure, 
in addition to the compression ratio. 

5. Calculation of the Ignition Temperatures.—Tizard 
considers the mean final temperature the best guide to 
the actual ignition temperature, and deduces 410 
degrees C. for a “ correct’ hydrogen-air mixture from 
these experiments. But to obtain a fair comparison 
with Dixon’s results, it is necessary to employ the same 
method of calculation as Dixon. The first mixture in 
the above table corresponds most closely with Dixon’s 
2H, + O, + 4N, for which he found a result 571 deg. C., 
as compared with Tizard’s 565 deg. C. by the same 
method of calculation, as shown in the last column of 
the above table. This suggests that the heat-loss in 
Tizard’s experiments was nearly as Jarge as in Dixon’s 
in spite of the four times smaller bore employed by 
Dixon, with a lower initial temperature, 15 deg. C., 
in place of Tizard’s 61 Jeg. C. On the other hand, 
Tizard’s final clearance, 23 mm., was slightly smaller 
than Dixon’s, 26 mm., and his time of compression 
much slower, about 0-1 to 0-2 sec., as compared with 
0-06 sec. Dixon. 

The maximum temperature which could possibly 
have been attained by any part of the mixture in 
Tizard’s experiment, namely 524 deg. C., is shown in 
the last column but one of the table, as deduced from | 
the observed maximum pressure with the ideal value | 
of y. The maximum actually reached must fall below 
this limit by an amount depending chiefly on the con- 
ductivity of the mixture in the absence of turbulence, 
but would certainly exceed the mean temperature of 
the mixture 425 deg. C., as calculated from PV. When 





the temperature limits are so wide, it is scarcely possible | 


to make an accurate calculation of the appropriate 
corrections, but a rough estimate of the ignition tem- 
peratures, taking account of the relative conductivities 
of the mixtures, gives 490 deg. C. for the “ correct ”’ 
mixture of H, and air, 480 deg. C. for the weak mixture, 
and 560 deg. C. for the strong mixture under the 
conditions of these experiments, as compared with 
450 deg. C. for Dixon’s mixture 2H, + O,. In order 
to obtain more accurate values, it would be necessary 
to design the apparatus in such a manner as to reduce 
the heat-loss, e.g., by using a longer stroke, more rapid 
compression, and a higher initial temperature. The 
last method is doubly effective, because it increases 
the final clearance in addition to reducing the tempera- 
ture difference. 

6. Ignition Temperatures of Liquid Fuels.—The 
following table shows results for ignition temperatures 
of liquid fuels by the same method, the mixture stated 
in terms of weight of fuel to 15 by weight of air in each 
case. 




















TABLE II.—Results for Liquid Hydrocarbons. (Tizard.) 
= 
ae Ps : Final Ms 
63/23) 3s | = |Z8| Temp. | 5 
Hydrocarbon. ae ES 63 @ (5 & 4 
8 Mean| Max. 

Deg.| Deg. | Deg. | Deg. 
n-pentane ..| 1-0 | 7-0 | 12-8 | 1-381} 60 | 336 | 399 | — 
n-hexane 1-0 | 6-0 | 10-4 | 1-380} 60 | 306 | 362 | 366 
Cyclo-hexane | 1-0 | 6-6 | 11-8 | 1-380] 60 | 324 | 384 | 387 
n-heptane ../ 0-8 | 5-5 9-34) 1-383) 59 | 291 | 325 | 330 

»” --| 1-6 | 6-7 | 11-4 | 1-368) 59 | 292 | 364 | — 
+s 0-4 | 8-0 | 15-8 | 1-391) 13 | 292 | 348 | — 
me 1-0 | 6-3 | 11-2 | 1-379) 40 | 284 | 335 | — 
n-octane 1-0 | 5-0 8-2 | 1-379) 60 | 275 | 321 | — 
Benzene 1-0 | 8-0 | 15-7 | 1-382) 59 | 380 | 437 | — 
” 1-0 | 9-1 | 18-7 | 1-382) 40 | 370 | 430 | 419 
” 1-0 | 9-4 | 19-4 | 1-382) 39 | 373 | 433 | — 

















The ideal value of y is calculated for each mixture 
from the specific heat of the vapour when mixed with 
air, and is used in calculating the maximum temperature 
attainable in compression from the observed pressure 
ratio. Tizard takes the mean final temperature as 
the ignition temperature. The values given in the 
table for the maximum agree better with values 
quoted by Ricardo in the Report of the Empire Motor 
Fuels Committee, p. 148 (Institution of Automobile 
Engineers, vol. xviii, Part I, 1924), but no information 
is given in Ricardo’s table as to the manner in which the 
values were calculated. 

7. Ignition Points at Atmospheric Pressure.—The 
values obtained by compression may be compared with 
those obtained by various observers for the point at 
which a flame will start when the liquids or vapours 
are heated gradually in a slow current of air or oxygen. 
This method has been employed by Dixon and Coward, 
(Proc. Chem. Soc. 1909, p. 67), Dr. H. Holm, (Zeits. f. 
Angewandte Chemie, 1913, p. 273) and H. Moore, 
(Jour. Soc. Chem. Ind. Dec., 1916) with certain varia- 
tions of procedure, which probably account for some of 
the differences observed. 


TaBLe III.—Ignition Points at Atmospheric Pressure. 























Dixon. Holm. Moore. 
Fuel. 
Oxygen) Air. Air. Air. | Oxygen 
| 
Deg. Deg. Deg. Deg. Deg. 
Hydrogen .. .-| 585 585 470 
” sulphide 227 364 
Carbon.monoxide ..| 650 651 
Methane a --| 628 700 
Ethylene a -.| 610 543 
Acetylene... eo) 428 429 
Ethane ae «.| 575 575 
Propane a --| 530 530 
Ammonia... o={' 960 -- 780 
Coal gas re Pe —- a 600 
Acetone —_ _— 570 
Alcohol = = 510 518 395 
Aldehyde —- _— 380 
Ether.. —_ -- 400 347 190 
Benzol -- —_ 520 _ 566 
Toluol ; — -- _ _ 516 
Xylol.. - — - 500 —_— 484 
Naphthalene. . - _ —_ _ 402 
Turpentine .. _ _— _ 275 275 
ek ae -- — 350 858 | 254 
Compressor oil x —_ _ 410 401 266 
Pratt’s Perfection .. _— _ _— 383 272 
Paraffin Oil —_ _ 370 432 252 
we Wax — — 310 _ 245 




















Dixon states that the ignition points for H, and CO 
were sharply marked within 10 deg., but those for the 
paraffins varied sometimes 100 deg., though there was 
little difference between the means in oxygen and air. 
On the other hand Moore finds values in oxygen 
100 deg. to 200 deg. lower than air, but his value for 
benzol in oxygen is remarkably high, namely 566 deg. C., 
as compared with Holm’s value 520 deg. C. in air. 





Both are much higher than Ricardo’s value, 420 deg. C., 
or than Tizard’s 370 deg. C. The intense local cooling 
produced by a drop of liquid falling into a platinum 
crucible (Moore), or a porcelain cup (Holm), might 
be expected to raise the ignition temperature consider. 
ably in air as compared with oxygen. The effect would 
depend on the size of the drop, and possibly on other 
conditions difficult to define, but would account for the 
delay of a second or more in ignition, attested by both 
Holm and Moore in the case of liquids. The discrep. 
ancy between Dixon’s result, 585 deg. C. for hydrogen 
in air, and Holm’s value, 470 deg. C., may be explained 
by the fact that Dixon observed the ignition at the 
top of the concentric tubes in the open air, where the 
cooling would be excessive, whereas Holm observed 
the ignition in the middle of the heated tube of an 
electric furnace, where the heat-loss would be mini- 
mised. There is no reason why this method should 
not give good results for gases and vapours, and Holm’s 
result for hydrogen in air agress very fairly with that 
deduced as above, namely, 480 deg. to 490 deg. C. 
from Tizard’s experiments by the compression method. 
On the other hand, the liquid drop falling on a hot 
plate is so difficult to define and interpret, that it 
could hardly be expected to give results directly 
applicable to ignition by compression, except in regard 
to the order of ignitibility of fuels, in which it appears 
to confirm the conclusions that the aromatics have 
higher ignition points than the paraffins, and that the 
ignition point in the paraffin series falls with increase 
of molecular weight. 

8. Later Results.—A later paper by Tizard and Pye 
(Phil. Mag., July, 1922, p. 79) on “Ignition by 
Compression,” explains more fully how the observed 
ignition temperature depends on the rate of heat 
generation and the rate of heat-loss, and shows how 
the lower limit of ignition temperature may be 
deduced on simple hypotheses from the observed delay 
in ignition. It was found that the ignition tempera- 
ture was raised by turbulence produced by a fan. 
The observation of the rates of heat-loss with and 
without the fan, and of the minimum mean tempera- 
tures sufficient for ignition, afforded a means of esti- 
mating the rates of heat generation and deducing the 
temperature coefficient of the reaction velocity. The 
observers point out, however, that the maximum 
temperature in the non-turbulent mixture must 
exceed the mean temperature which they adopt in 
their calculations, but must fall short of that calcu- 
lated by Dixon’s method. By way of compromise 
they propose taking the mean of the two as the true 
value of the ignition temperature at this stage of the 
investigation. 

(To be continued.) 





MACHINERY IN THE Nanxkina-RicE Mitts,—The intro- 
duction of modern machinery, states a writer in a recent 
issue of Z'he Chinese Economic Bulletin, has revolutionised 
methods of operation in the rice mills of Nanking. The 
process of preparing rice for the market consists in 
first removing the bran or outer covering of the rice in 
a mill, the ‘“‘stones"’ of which are made of wood or 
bamboo. When the rice emerges from this mill, it is 
known as Tsao Mi, or unpolished rice, and is never used 
as food in China. In former years the rice polishers were 
the most important, and the most highly paid employees 
in arice mill, 'These men polished the gue by friction, 
in a mortar, using a pestle operated with the foot. 
As only a very limited quantity of polished rice could 
be turned out each day by one man, a large number of 
hands had to be employed to do this work, Since the 
introduction of modern rice-polishing machinery, how- 
ever, a great change has taken place. Two men, working 
a modern machine, are able to replace a large number of 
hands operating the older process, and overhead charges 
have been considerably reduced in consequence. In 
certain installations in Nanking, even the bamboo or 
wooden husk-removing mill has been abandoned in 
favour of modern machinery. 





TRIALS OF THE CANADIAN LaKE STEAMER “ GEORGE 
L. Torran.”—The steamer George L. Torian, built to 
the order of the Eastern Steamship Company, Limited. 
of Canada, for trading on the Great Lakes, was launched 
in January, last, from the shipyard of Messrs. Earle’s 
Shipbuilding and Engineering Company, Limited, Hull. 
The vessel has now been completed. She recently under- 
went a satisfactory trial trip and will sail for Canada 
shortly. 'The vessel has a length, between perpendiculars, 
of 253 ft., a breadth moulded of 43 ft., a depth moulded 
of 20 ft., and a deadweight capacity of 2,510 tons. The 
propelling machinery consists of a set of triple-expansion 
engines having cylinders 17 in., 28 in., and 46 in., in 
diameter, and a piston stroke of 33 in. The two main 
boilers have an internal diameter of 12 ft. and a total 
length of 11 ft., and the working pressure is 180 Ib, per 
square inch. The ship has been constructed to the re- 
quirements of the British Corporation Rules, for steamers 
trading in the Great Lakes and the St. Lawrence River, 
and in accordance with Board of Trade requirements for 
cargo steamers. The George L. Torian is the seventh 
steamer built by Messrs. Earle for the Eastern Steamship 
Company, and an eighth vessel for the same owners 1 
to be launched shortly. 
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Fic. 3. THe Vesset Spuit FoR WIDENING. 


ENLARGING A STERNWHEEL 
STEAMER. 


Ix our issue of September 26, 1924, on page 463, 
we illustrated and described the conversion of two 
paddle steamers, originally designed for hospital duty 
on the Tigris, for the tourist service of Messrs, Thos. 
Cook and Son, Limited, on the Nile. The work, which 
was carried out at Messrs. Cook’s Boulac Engine Works, 
Cairo, by their superintendent engineer, Mr. Thomas 
Reynolds, involved the lengthening of the vessels and 
the alteration of the machinery from paddle to stern- 
wheel propulsion. At the same works, more recently, 
one of Messrs. Cook’s sternwheel steamers has been 
enlarged both in length and breadth by the unusual 
method of splitting and opening the vessel longitudinally 
and athwartship, and building in new intervening por- 
tions. We are indebted to Mr. Reynolds for the 
particulars of this interesting work given below, 
and for the photographs from which the accom- 
panying illustrations have been reproduced. 

The vessel, in her original form, was named Luxor, 
and is shown in Fig. 1 on this page. She was 130 ft. in 
length overall, 115 ft. in length between perpendiculars, 
21 ft. 6 in. in beam and 4 ft. 3 in. in moulded depth ; 
her displacement, on a draught of 3 ft., was 163 tons. 
The propelling machinery consisted of a compound 
engine with cylinders 17 in. and 34 in. in diameter and 
4 piston stroke of 48 in., the engine driving a sternwheel 
13 ft. in mean diameter and fitted with 10 radial floats, 
ll ft. 10 in. long and 1 ft. 6 in. wide. Steam was 
supplied by a locomotive-type boiler jhaving a heating 
surface of 1,050 sq. ft., a grate area of 32 sq. ft., and 
working under forced draught at a pressure of 160 Ib. 
Per square inch. A speed of 9 m.p.h was obtained with 
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the engine running at 23 r.p.m. The vessel ran 
between Luxor and Assouan, and was fitted with 
cabins for 27 passengers, but, owing to the demand for 
increased accommodation, it was decided to enlarge 
her as the engine power was already in excess of require- 
ments. Plans were accordingly prepared to increase 
the accommodation to provide for 44 passengers, 12 
of the number being carried in de luxe cabins with 
separate bath rooms. 

This, of course, involved considerable alteration of 
the main dimensions, the length having to be increased 
by 29 ft. and the breadth by 5 ft.6in. The new dimen- 
sions were thus, 159 ft. in length overall, 144 ft. length 
between perpendiculars, and 27 ft. beam; the dis- 
placement, on the same draught of 3 ft., was 264 tons. 
The sternwheel was also reconstructed in the course of 
the work to form two wheels of the feathering type, 
with a mean diameter of 11 ft. and fitted with 7 floats 
8 ft. 2 in. long and 1 ft. 7in. wide. A central bearing 
was fitted between the two wheels, which proved to be 
capable, when running at 29 r.p.m., of propelling the 
enlarged vessel at 9 knots, using the original engine 
and boiler. The work of reconstruction was carried 
out on a floating dock, operations being commenced 
on March 24, 1924. Fig. 2, which is reproduced from 
a photograph taken on April 3, 1924, shows the vessel 
cut athwartships just aft of the boiler space, the two 
ends portions having been drawn apart longitudinally 
for lengthening. The longitudinal plating was com- 
pleted and the vessel was then split in a fore and aft 
direction on May 21, 1924, and opened up to leave a 
gap 5 ft. 6 in. in width between the sides as shown in 
Fig. 3. The longitudinal cut was made as close as 
possible to the centre line of the vessel, except near 
the boiler, which was left in its original position until 











OES RAMEE 


Fie. 4. THe ComMPLeTED VESSEL. 


after the bottom plating had been completed. It 
was then moved a distance of 2 ft. 9 in. to starboard 
to bring it on to the centre line of the boat as 
reconstructed. 

To draw the vessel apart in a longitudinal direction, 
launchways were fixed to the dock and the fore end 
was pulled forwards by ropes and hand winches. In 
opening up the vessel longitudinally, the hull was 
supported on the flanges of 8 rolled-steel joists and was 
pulled apart by four chain pulley blocks. A new bow 
had, of course, to be constructed, and, at the after end, 
special templates were made to ensure the correct 
position of the engine girders in the widened vessel. 
The engines, it should be mentioned, were not dis- 
mounted during the structural alterations, but a new 
crankshaft of greater length had to be made to suit 
the increased beam and the reconstructed sternwheel. 

The vessel was launched on July 9, 1924, and com- 
pleted by the end of the year, its appearance at that 
time being as shown in Fig. 4. It will be noticed that 
an extra deck has been added to obtain the necessary 
space for the extra cabins. A spacious dining room is 
now provided on the main deck, a drawing room and 
smoke rooms on the upper deck, and an observation 
saloon on the promenade deck; ample deck space is 
also available on the forward part of the sun deck. 
Each cabin is fitted with a wash basin supplied with hot 
and cold water, and is also provided with electric 
light, radiators and fans. We understand that the 
reconstructed vessel, now known as the Delta, carried 
out her season’s work in a very satisfactory manner, 
the speed of 9 m.p.h. required to enable her to carry 
out the itinerary arranged and to correspond with the 
larger vessels of Messrs. Cook’s Nile fleet, being easily 
maintained. 
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RECENT MODIFICATIONS TO WATER- 
TUBE BOILERS OF THE THREE- 
DRUM TYPE IN H.M. NAVY.* 

By Engineer-Captain L. M. Hosss, R.N. 

Tue general design of the three-drum type of water- 
tube boiler often associated with the name of Messrs. 
Yarrow is so well known that no description of it is 
necessary in this paper. As a result of experience in 
H.M. ships during and after the war, certain modi- 
fications have, however, been made to details of this 
type of boiler, and it is thought that a brief description 
of these alterations may be of interest, and jmay be 
instrumental in preventing a recurrence of the features 
which have led to some of the difficulties experienced. 
The steam drums of practically all Yarrow type boilers 
fitted in H.M. ships during recent years have for con- 
venience in manufacture had a standard internal 
diameter of 50 in. with a wrapper plate 3 in. thick, 
double butt strapped to the tube plate. Experience 
has shown that grooving of the wrapper plates develop- 
ing into cracks is likely to occur along the upper edge 
of the internal butt straps of such drums, especially 
where these seams have been heavily caulked. To 
prevent this, caulking the edges of such internal butt 
straps is now prohibited, as the stress in the material 
and the initial nicking of the plate, caused by the caulk- 
ing, is peculiarly liable to set up corrosion of the plates. 
It has also been found advisable to bevel the upper 
edges of internal butt straps to an angle of 75 deg. to 
prevent moisture lodging on the plate edge for any 
considerable period when the boiler is emptied. 

Other changes that call for comment in connection 
with steam drums are the omission of external down- 
comer pipes during the early years of the war, and the 
recent elimination of the scum pan and its fittings, which 
have been found of little use on service where pure feed 
water is available. The steam drum end-plates, more 
particularly when fitted to accommodate downcomer 
tubes, were found to develop grooving, which resulted 
in the cracking of the plates in the root of the flange, 
as indicated in Fig. 1. The design in which recesses 
were formed in the end-plate for the downcomers 
possibly produced varying stresses under working 
conditions at different points along the comparatively 
small radius of the root of the flange, and to obviate 
the recurrence of such defects the end-plates manu- 
factured for replacement purposes were formed without 
separate recesses. The grooving and cracking at 
the root of the flange of pressed end-plates is, how- 
ever, not confined to plates of irregular form, as in 
the plain end-plate defects of a similar character some- 
times occur. Such defects are probably due to the 
stresses set up by local heating and working after 
pressing, accentuated by deflection when under pres- 
sure. In general, such plates are now pressed in one 
operation and should not be locally heated during any 
stage of their manufacture. The omission of down- 
comers has enabled the length of the boiler drums to 
be reduced by at least 6 in., and has had no apparent 
effect on the efficiency of the water circulation, while 
the saving of weight has been of the order of 2 per cent. 
for boilers of the same power. Where economy of 
weight and space is not a primary consideration, the 
retention of downcomers probably ensures a more 
definite circulation throughout the boiler; but where 
they are fitted the downcomer tubes should be well 
bent to allow for expansion. In some of the earlier 
boilers, in which these tubes were stiffly constructed, 
considerable difficulty was experienced under steam 
due to leakage at the ends of the downcomer tubes 
caused by unequal expansion between the boiler tubes 
and the cooler external downcast pipes. 

Previous to the year 1914 water drums of boilers 
of the Yarrow type were generally of oval section, 
although in a few cases, as in the Normand boiler, 
circular barrels were fitted. In 1913, while water 
testing the boilers of two destroyers, the plates of the 
lower drums developed horizontal cracks about 5 ft. to 
6 ft. in length along the seam connecting the wrapper 
and tube plates. In one case the fracture occurred 
along the edge of the lower row of rivet holes, and in 
the other along the lower edge of the lap joint between 
the tube and wrapper plates. The defective plates 
were examined metallurgically, and it was thought 
that the nature of the steel used was responsible for the 
defects. However, in 1914, similar cracks were 
observed in the water drums of a number of other 
vessels, the ages of whose boilers were in some instances 
as much as 14 years and in others as little as five 
years. In one case a wrapper plate split under water 
test practically along the whole length of the drum, 
the fracture occurring at the inner edge of the lap 
joint and disclosing a crack 4 in. deep which had 
evidently existed for some time, the original thickness 
of the plate being } in. In the majority of cases 
where these defects were found, the cracks appeared 





* Paper read at a meeting of the Institution of Naval 
Architects, March 26, 1926. 
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to start at the bottom of the indentation made by the 
caulking tool when the inner seams were originally 
caulked. Investigation led to the opinion that the 
chief cause of the trouble experienced was the sharp 
edge left on the plate by the caulking tool, combined 
with the racking of the seams caused (a) by the tend- 
ency of the water drums to assume a circular form when 
subject to internal pressure, and (b) by the fluctua- 
tion of load on the boiler supports as the ships rolled 
in a seaway. In connection with the latter point, it 
was noticed that the defects referred to occurred chiefly 
in the boilers fitted in destroyers and in the smaller 
cruisers with a quick roll, while Yarrow boilers in 








and in all cases it was observed that the tube plate de- 
flected appreciably at its centre. Any idea of stiffenine 
by struts and stays was, therefore, abandoned, and it 
was decided that all new boilers should be fitted with 
water drums of circular cross-section with double 
butt-strapped joints. To meet the case of existing 
boilers, it was arranged to fit cover straps over those 
lap joints where defects were suspected, and by this 
means a large number of boilers were kept ‘safely 
and efficiently in use throughout the war. In more 
serious cases the pockets were renewed. a 

The standard size of circular water drum now used in 
H.M. service is one having an internal, diameter of 
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large cruisers and battleships were to a large extent 
immune from serious trouble. Fig. 2 indicates the 
cross-sections of some of the water drums fitted about 
this period. Experiments were carried out to ascer- 
tain if it were possible to stiffen water drums of this 
shape sufficiently to prevent distortion taking place 
under normal pressure. The general type of stiffeners 
tried are indicated in Fig. 3. In (A) nine stays were 
secured to angles riveted to the bottom of the drum, 
in (B) nine struts were fitted across the drum as shown, 
while in (C) and (D) a thicker wrapper plate was used 
and three angle stiffeners were added. It was found 
practically impossible to prevent a very appreciable 
change of form. With (A) the angles and securing 
pins were badly bent, (B) caused leaky seams, and (C) 
and (D) appeared to have no effect. A { in. wrapper 
plate was also tried without other stiffening, but the 
deflections were almost as much as with a }-in. plate, 
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30 in. with tube plates 1} in. thick and wrapper 
plates § in. thick (see Fig. 4). This provides convenient 
space for internal examination and for a sufficient 
number of tube rows in the tube plate, while maintaining 
a minimum length of } in. for the expanded portion Ms 
the wing tubes in the tube plate. It is obvious the 
expanded portion of the more central tubes is we 
necessarily great, and the design of tube plate indicate¢ 
in Fig. 5 was proposed, in which the inside of the drum 
was circular, while the outside of the tube plate was 
machined and made thinner at its centre. By this 
method the weight of the tube plate is reduced, but 4 
considerable amount of machining is involved. 
change from oval to circular water drums has involved 
a small increase of weight for boilers of the same pow er 
(about 2-5 per cent.), and where oval pockets have 
actually been replaced by circular ones a small reducti« - 
of tube heating surface has had to be accepted, sinct 
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the position of the boiler bearers and decks in the 
ship has necessitated shortening the tube lengths 
owing to the large size of drum fitted. The 
reduction of heating surface in such cases usually 
averages about 6 to 8 per cent. The introduction of 
circular pockets has overcome the racking tendency to 
which the oval pockets were subject, but there are 
indications that the additional stiffness imparted to the 
tube plates by this design has somewhat increased the 
liability of the fire row tubes to distort under steam, 
especially if the presence of any scale or oil should cause 
their average temperature to exceed that of the 
remaining rows of tubes. In the older form of water 
drum, cracks between the tube holes have been 
frequently observed on the interior of the tube plate, 
and they are still sometimes experienced with circular 
drums. They are usually due to the size of the arboured 
holes provided to take the belled ends of the tubes, If 
arbouring is excessive a piece of metal of knife-edge 







Fig.6. ARRANGEMENT OF FIRE ROW TUBES. 
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thickness is left between the holes for the fire rows. 
Any racking stress on the plate is almost bound to 
start a crack at such a point, and any sharp edges should 
originally be rounded by grinding with an emery 
wheel, or preferably the arbouring should be of rather 
smaller diameter, thus leaving more metal between 
adjacent holes. These cracks are not serious, provided 
they do not extend into that portion of the tube plate 
into which the tubes are rolled. 

In the earlier type of Yarrow boiler the tubes were 
all straight, but it was found that after steaming, the 
two fire rows usually distorted. It was therefore 
arranged to give an initial bend to these two rows and 
thus avoid further distortion. When the circular 
water drum was introduced, the smaller radius of 
curvature of the tube plate reduced the number of 
rows of straight tubes that could be rolled into the 
plate. To retain the same number of tube rows as 
had been fitted with oval pockets it became necessary 
that the fire rows should enter the lower drums at an 
angle to the remainder if sufficient rolling surface was 
to be provided for the tube ends, and for some years the 
type of bend ‘adopted has been that indicated at (A) 
in Fig. 6. The radii of the bends is not less than 
30 times the external diameter of the tube, as this is 
the minimum radius to which tubes are allowed to be 
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bent without further annealing. A straight piece of 
tube 3 in. long should also be left outside each tube 
plate before the bend commences, so that there is no 
likelihood of the tube expander biting into the tube 
unevenly. It has, however, been found that the 
arrangement shown at (B) in Fig. 6, where the fire 
row tubes have a single curvature only, is more satis- 
factory than the previous method. In the first case, 
if the tube does distort it is liable to deflect at either 
bend, and if adjacent tubes distort in opposite directions 
the bunching and lack of alignment becomes very 
marked. In case (B), if the tubes distort, there is a 
greater tendency for them all to set in the same direc- 
tion, and when boilers are re-tubed this method of 
fitting the fire-row tubes is now generally adopted. 
About the years 1919-20 the boilers of a number of 
vessels were constructed with a special arrangement of 
tubes designed to save weight and reduce the heat 
stress on the fire row tubes while maintaining the same 
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boiler efficiency. This arrangement is shown in Fig. 7. 
With the usual arrangement of tubes the two fire rows 
exposed to radiant heat obviously form the most 
effective portion of the evaporative surface of the 
boiler, in fact, it is estimated that more than 40 per 
cent. of the total heat given to such a boiler at full 
power is absorbed by the first fire row alone. With 
this later arrangement of fire rows, it was considered that 
a larger tube surface would be exposed to the maximum 
furnace temperature with a corresponding improvement 
in the total evaporation. Moreover, when hot gases 
flow over a cooler surface the heat given up by conduc- 
tion for a given temperature difference is a function of 
the velocity with which the gases flow over the heated 
surface. Decreasing the number of tubes in the fire 
rows as shown in the figure reduced the speed of flow 
of the furnace gases as they pass between the fire rows, 
and thus less conducted heat is given to the first tubes 
and a greater proportion to later rows. To carry this 
idea to its logical conclusion, it was desirable to reduce 
the total area between the tubes for the flow of gases 
in proportion to the decrease of temperature and 
volume of these gases. The volume of the gases at the 
wing row is about two-thirds of their volume at the 
first row of small tubes, since the volume varies as the 
absolute temperatures at these points, which experi- 


, 





ment has shown are about 1,250 deg. F. and 1,850 deg. F. 
absolute respectively under full power conditions. As 
indicated in Fig. 7, this reduction in area is carried 
out by omitting six wing row tubes at each end of the 
boiler and sloping the front and back casings as shown. 
By this means the area is reduced by about one-sixth, 
the remaining reduction of one-sixth being obtained by 
a shallow baffle hanging from the steam collector and 
extending the length of the boiler. This design keeps 
the velocity of the gases past all the tubes more nearly 
constant, eliminates a number of tubes in which the 
evaporation is comparatively small, and saves weight 
without appreciably affecting the output or efficiency of 
the boiler. The net result of the alteration in practice 
appears to be a saving of nearly 5 per cent. in the weight 
of each boiler, and a reduction of about 14 per cent. in 
the tube surface, compared with boilers of similar 
power fitted with the older arrangement of tubes. 
While no difficulty has been experienced in obtaining 
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the same maximum power from boilers with this 
reduced heating surface, there is an indication that the 
tubes at the apex of the V lanes nearest the fire are more 
liable to distort than with the more usual and regular 
arrangement of fire-row tubes. This method of 
fitting the fire-row tubes has now been discontinued, 
but the arrangement of wing rows is retained and the 
larger spacing between the fire rows can, if desired, be 
obtained by bending the tubes with a single curve as 
previously referred to and turning alternate tubes 
upside down. This method is indicated on the right- 
hand side of Fig. 6, and any area desired within limits 
can be arranged for the flow of gases by suitably 
adjusting the bends between adjacent tubes. Obviously 
if the area for flow be large, the frictional resistance to 
the flow of the gases will be small, but the transfer .of 
heat to the tubes may be inefficient ; while if the area 
be made too small the higher gas velocity will give a 
better heat transfer, but the restricted passages may 
unduly increase the work to be done by the fans. 
The areas, as generally arranged, give the hot gases as 
nearly as possible a uniformly decreasing velocity from 
about 45 ft. per second at the fire rows to 35 ft. per 
second at the wing rows. 

The arrangement of tubes just referred to probably 
decreases the number of tubes which act as downcasts, 
but, provided the reduction is not carried to excess, 
no difficulty need be anticipated with the circulation 
of the water, as even at high outputs the maximum 
velocity of circulation is comparatively small. Some 
years ago Sir John Thornycroft made some experi- 
ments on a boiler of this type fitted with downcomer 
tubes and having glass doors in the steam drum. The 
circulation of water was measured by fitting a weir 
across the end of the steam drum, so that the water 
in circulation had to pass over this weir. The boiler 
was worked at about 10 lb. per square inch pressure 
only, as the glass windows gave trouble at higher 
pressures, but under these conditions it was estimated 
that the quantity of water passing through the down- 
comer pipes when the upper ends of the tubes were 
“ drowned ” was about fifty times the amount evapo- 
rated. The conditions obtaining were not those 
occurring in a modern destroyer’s boiler, but on this 
assumption, and supposing that the two fire rows only 
act as upcasts, calculation shows that the maximum 
velocity with which the water enters the fire rows would 
be only about 5-5 ft. per second. An estimate of the 
minimum amount of water that, passing through a 
fire-row tube, will just remove all the heat supplied at 
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full furnace output can also be made when the tempera- 
ture gradient is known. The evaporation from the 
fire rows of a modern oil-fired destroyer’s boiler often 
approaches 100 lb. of water per square foot of tube 
surface per hour. Assuming this value and taking 
the area of heating surface of one tube as 4 sq. ft., 
the minimum velocity of the water entering the tube 
can be shown to be 0-22 ft. per second, if it be assumed 
that this water is just completely converted into steam 
during its passage through the tube. 

To obtain some confirmation of the actual velocity 
obtaining at the entrance of the tubes of this type of 
boiler, experiments were carried out by the Admiralty 
in 1921. Pitot tubes were inserted in the lower ends 
of the boiler tubes of an oil-fired Yarrow boiler, and 
these were led to a suitable apparatus which measured 
the velocity of the stream entering the tubes. Although 
too much weight must not be given to the quantitative 
results obtained, the indications were that the velocity 
of flow through a 1}-in. diameter fire-row tube increased 
as the rate of burning of the oil increased, up to about 
0-5 Ib. of oil burnt per square foot of heating surface 
per hour, but after this, up to a rate of burning of 
1-1 lb. per square foot per hour, the velocity of the 
water remained steady and had a maximum value of 
2-92 ft. per second. In the second fire row the maximum 
water velocity was 1-5 ft. per second when burning oil 
at a rate of about 0-6 lb. per square foot of tube 
surface per hour, but this velocity fell off as the rate 
of forcing increased until at full power (approximately 
1-2 lb. of oil per square foot of heating surface per 
hour) the apparent velocity did not exceed 0-9 ft. 
per second. The apparatus was also tried in the 
fourth row of 1}-in. diameter tubes. In this case the 
readings obtained were somewhat erratic, the maximum 
velocity measured when burning oil at a mean rate of 
1-2 lb. per square foot of heating surface being 0-65 ft. 
per second, but this velocity was also obtained at lower 
rates of evaporation, while on two occasions reversals 
of flow were recorded. The direction of flow through 
the wing tubes is intimately connected with the boiler- 
feed arrangements. 

In earlier designs it was usual to supply the main 
feed direct to the water pockets and the auxiliary feed 
to the steam drums, and the main feed actually entered 
separate compartments in the wings of the water 
pockets, which were baffled off from the remainder of 
the pocket (see Fig. 2). The last three rows of tubes 
entered these feed compartments, and the intention 
was that these tubes should act as feed heaters. 
Experience, however, soon showed that rapid pitting 
and corrosion occurred at the lower ends of these tubes, 
and that both the baffle and the riveted joint were 
rapidly eaten away. This was undoubtedly due to the 
air given off from the feed water as it entered the 
comparatively hot drum. Moreover, the spasmodic 
entrance of cold feed had a detrimental effect on the 
riveting of the drum joint, and leakage from these 
seams was very prevalent. In view of these unsatis- 
factory features all such feed baffles have been removed, 
and it is now considered more satisfactory to take 
both the main and auxiliary feed connections to the 
steam drum, where any air given off passes over with 
the steam in a less nascent condition. The feed is now 
arranged to enter the drums through a long internal 
perforated pipe with its end blanked off. The perfora- 
tions consist of three or four lines of }-in. or ¥,-in. 
holes which discharge the feed upwards at an angle 
to the surface of the water in the drum, and the total 
area of these holes should not be less than twice the 
area of cross-section of the feed pipe. In earlier 
designs, where a plain open-ended, internal-feed pipe 
was fitted, it was found that considerable corrosion of 
tube ends and tube plates occurred in the vicinity 
of the open end, where the feed water was discharged 
into the drum. 

Distortion of boiler tubes, if not due to overheating, 
is usually attributable to insufficient provision for 
the expansion of the tubes. This may result from 
improper adjustment of steam drum stays or boiler 
feet. The movement of boilers in a ship is necessarily 
limited in extent to ensure their stability in a seaway, 
but securing stays attached to steam drums should 
give sufficient freedom for any vertical expansion 
that may occur when the boilers are steamed, and it is 
important to ensure not oly that the original designed 
clearances are provided, but that they are maintained 
on service. In a modern boiler of the type under 
consideration the load on each foot may exceed 12 tons, 
and it is of great importance that efficient arrangements 
are provided for the free expansion of the boiler feet. 
Many boilers have their feet secured to the bearers by 
bolts passing through oval cr enlarged holes in the 
feet, the general arrangement being as shown at 
Fig. 84. By suitable collars the nuts of the securing 
bolts are prevented from being screwed down hard 
except in the case of one foot, which is definitely fixed, 
but without removing the nuts and washers it is 
difficult to ensure that the designed clearances are 
maintained in the right direction. A much more 





satisfactory method is that shown in Fig. 8B, where the 
boiler feet are constrained to move in guides similar 
to those fitted to the sliding feet of turbines, and this 
arrangement is now being generally adopted. By this 
means unlimited expansion in a fore-and aft direction 
is provided, while the athwartship expansion is limited 
to } in. on the outer side of each foot. Stops are fitted 
to the front feet in such cases to prevent the whole 
boiler sliding in a fore and-aft direction. Some discus- 
sion has occurred at different times as to the amount 
of athwartship expansion it is necessary to provide. 
In some early water-tube boilers the lower drums 
merely rested in cradles in which the drums might 
possibly rotate, but which did not permit of athwart- 
ship expansion, and in some recent designs, where the 
angle between the centre lines of the steam and water 
drums approached 90 deg., it was thought it might 
be advantageous to reduce this athwartship expansion 
and make the feet supply a side thrust to assist the 
tubes in supporting the weight of the steam drum. 
This proposal, however, resulted in pronounced buck- 
ling of the front and back casings of the boiler when 
hot, with consequent damage to the brickwork, and 
present practice is to provide for a total athwartship 
expansion of 4 in. from a standard position, as already 
stated. This standard position is that taken up by 
the boiler when cold and filled with water to working 
height, the feet resting freely on their steel bearers in 
the ship. It is desirable that provision should be 
made for lubrication by suitable holes and oil grooves 
in the sliding feet. 

A further modification found necessary during the 
last few years is the greater portability of the front 
and side boiler casings owing to the somewhat restricted 
spaces in the lower corners of the wing casings of boilers 
of the Yarrow type. The lower ends of the wing 
tubes are not easy of access, and in some cases where 
damp had descended from funnels or leaky stop-valves 
a number of tubes have been found nearly perforated, 
due to a damp coating of soot which had remained for 
a considerable period without removal. To provide 
for easier examination and preservation of such parts, 
the wing casings of all boilers of this type are now 
having portable panels fitted to them, while drain 
plugs are also being provided to remove any moisture 
that may accumulate. This alteration is indicated in 
Fig. 6 and should prevent a recurrence of the difficulty 
experienced. The foregoing represent some of the 
changes that have been found desirable in this type of 
boiler during recent years, but references to any 
arrangements under trial and still in the experimental 
stage have been omitted. 





UNIVERSITY OF COLUMBIA, ENGINEERING LABORA- 
TORIES.—The laboratories of the mechanical and elec- 
trical engineering departments of the University of 
British Columbia, Vancouver, are now nearing comple- 
tion in regard to equipment, The laboratories are under 
the administration of Mr. R. W. Brock, M.A., Dean of the 
faculty of applied science, and Dr. H. Vickers, who 
occupies the Chair of electrical and mechanical engi- 
neering. H.M. Trade Commissioner at Vancouver has 
informed the Department of Overseas Trade that practi- 
cally all the engineering equipment is of British make. 
The installations in the mechanical laboratory include 
one 50 brake horse-power Diesel engine, one Froude 
brake of 50 brake horse-power, one 10-kw. De Laval 
steam turbine connected to a dynamo, one 12-h.p. 
National gas engine, one 3-ton refrigerating plant, one 
250-kv.-a. alternator in the power-house, and one marine 
engine of 50 h.p. The electrical laboratory contains, 
among other plant, two direct-current, compound 
generators, one rotary converter (three-phase) with trans- 
former and starter, one induction motor, one oscillograph, 
four transformers, a storage battery of 350 ampere-hours 
at 220 volts, and a high-tension switch-gear panel. 

INTERNATIONAL ROAD CONGRESS AND EXHIBITION.— 
The British Government has accepted an invitation. 
from the Italian Government, to take part in the Inter- 
national Road Congress and Exhibition, which is to be 
held at Milan in September, 1926. The object of the 
exhibition is to provide an opportunity for bringing the 
latest achievements in road construction and transport 
to the notice of road users generally. It is hoped that 
the industrial undertakings of Great Britain and the 
Overseas Dominions will be represented, as well as the 
Government. Railway concessions have been promised. 
A British organising committee has been appointed, 
and has held a meeting ‘at the Ministry of Transport, 
London, under the chairmanship of Mr. W. Rees Jeffreys. 
Representatives of the Ministry of Transport, the Insti- 
tute of Transport, the Town-Planning Institute, the 
Institution of Municipal and County Engineers, the 
Automobile Association, the Society of Motor Manu- 
facturers and Traders, the Commercial Motor Users’ 
Association, the Roads Improvement Association, and 
the Public Works Contractors Association, were present. 
It was announced that the papers, which would form the 
British contribution to the subjects before the Congress, 
had been written by the British reporters. The exhibi- 
tion will be open from September 1 to 20, 1926. The 
Municipal Agency, Limited, 13, Victoria-street, London, 
S.W.1, have been entrusted with the organisation and 
presentation of the exhibits of the commercial under- 
takings of Great Britain. 





THE CRANE EQUIPMENT OF 
SHIPBUILDING BERTHS.* 
By Esenezer Smita, B.Sc. 


In considering the different types of berth crane it 
will be noted that these, excepting the last, represent, 
in the order to be taken, stages in a regular process of 
evolution—from the simple to the involved, from the 
slow and clumsy to the rapid and mechanically 
efficient, and, unfortunately, from the comparatively 
inexpensive to the very costly. The factor of total 
cost of installation is a most important one in comparing 
different crane systems, and reliable information on 
this point is difficult to obtain. The author counts 
himself fortunate in having obtained the costs, at 
1925 prices, of the various systems to be considered 
in the following pages. For this information he is 
indebted to the courtesy of Messrs. Sir Wm. Arro! 
and Co., who have had unique experience in the con- 
struction of shipyard cranes, and of Messrs. John M. 
Henderson and Co., who have specialised in the con- 
struction of cableways for shipbuilding purposes. For 
purposes of comparison, the typical shipyard chosen 
is one having six building berths with an average length 
of 500 ft. ; 

In Figs. 1 to 7, is given a classified list of different 
crane installations for such a shipyard, with descrip- 
tive outline sketches and detailed costs for each 
type. In the case of types 1 to 6, provision must 
be made for transporting material, usually by rail, 
down between the berths to the cranes, and to meet 
this expenditure an appropriate addition has been 
made to each of the respective total costs. In order 
to obtain the above simple basis for comparison of 
costs, it has been found necessary to introduce certain 
inconsistencies into the dimensions of some of the 
systems illustrated. Thus the heavier types of crane 
would normally have a greater radius of action than 
is shown, and would be employed on wider berths. 
The numbers of cranes shown per berth represent 
average present-day practice, and will not meet with 
unanimous approval. Allowance has been made for 
the probability that the berths will be of varying 
lengths. The prices given include cost of erection. 

One may now proceed to consider in turn, from the 
point of view of mechanical efficiency, each of the 
crane types shown in the illustrations. 

1. Simple derricks of light steel lattice construction, 
having a fixed radius of action, slewed by men pulling 
on ropes, the hoisting power for two or three derricks 
being supplied by one electric winch situated on the 
ground between them. (See Fig. 1.) The relatively 
small cost of this type of crane is offset by several grave 
disadvantages :— 

(a) The presence of numerous stays and guys is 
a source of constant interference and trouble. This 
applies particularly to the slewing leads which, with 
great difficulty, have to be threaded in and out between 
staging uprights and other obstacles. 

(b) Since the failure of one stay may spell disaster. 
constant attention must be paid to the condition of 
all stationary tackle, especially those parts covered 
by water at high tide. 

(c) The use of this system entails a waste of manual 
labour. Since the ultimate position of a plate or bar 
is frequently not within view of the man at the winch. 
there must be stationed at some coign of vantage a 
man whose sole~business it is to signal to the winch 
operator. Again, at least two men are required to 
control the slewing of the derrick, and they possibly 
will require intermediate signallers. 

(d) The common practice of having only one winch 
for a group of derricks means that the leads of the 
derricks must, when not in use, lie along the ground 
ready for whipping round the winch barrel as required. 
These leads, unless constantly attended to (and they 
seldom are), become kinked and entangled with other 
objects, while their exposed position is responsible 
for rapid corrosion. Again, a long cable led from 
derrick to winch, passing through at least one snatch- 
block, is a danger and an obstacle to other operations 
which may be progressing in the vicinity. ‘The serving 
of several derricks by one winch means that one only 
of each such group can be used at any one time. 
Careful organisation can only reduce the consequent 
and frequent delays ; it cannot eliminate them. — 

(e) This sytem does not lend itself tu the raising of 
items weighing more than about 2} tons. Since the 
derricks have a fixed radius, it will seldom be possible 
to bring the point of suspension exactly over the 
destined position of any item. The pulling of a heavy 
load out of the vertical to bring it to its correct pos!- 
tion becomes difficult, laborious, and dangerous. — 

In spite of these serious drawbacks, this simple 
system of pole derricks still retains the confidence ot 
several leading shipbuilders, especially for small o1 
moderate-sized ships. The drawbacks mentioned are, 





* Paper read before the Institution of Naval Architects, 
March 26, 1926. Abridged. 
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in the main, of the kind which can be partially over- | both mast and jib are almost invariably of steel lattice |same as for a heavy load lifted through the same 
come by skilful management, combined with that skill | construction. Electric power has proved its superiority | height. 
and quickness on the workmen’s part which invariably | over all other forms for the direct: working of shipyard | Type 2. Derricks similar to No. 1, but of heavier 
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Space, are not very heavy, and may readily be moved | remember that on account of the incompressibility of 
about as required. In derricks as now manufactured, | water, the energy expended for a small load is the 





slewing motors situated in, and controlled from, an 
elevated part of the mast. (See Fig. 2.) 

This type of pole derrick does not introduce the same 
number of disadvantages as type 1. The faults 
described in paragraphs (c) and (d) above are entirely 
eliminated and slewing guys are not required. One 
man, the operator in the elevated cabin, takes the place 
of three or four, and all movements are carried out 
more expeditiously. The objectionable features of 
standing rigging and fixed radius, however, still remain. 
The latter fault might be overcome at slight extra 
expense by fitting self-contained luffing gear, but to 
the author’s knowledge this has not yet been tried. 
These derricks are more suitable for larger ships than 
type 1. It is to be noted that the difficulties entailed 
by a fixed radius of action are diminished by increasing 
the height of suspension, thus making it easier to pull 
loads out of the vertical. 

Neither of the two types of derrick already con- 
sidered is suitable, or, at least, desirable, for vessels 
exceeding 350 or 400 ft. in length. For smaller ships 
type 2 is to be preferred. The net difference in cost is 
about 3451. per derrick. Assuming that 15 per cent. 
of the cost price will cover interest, maintenance, and 
depreciation per annum, it will be necessary to make 
a relative yearly saving of over 521. per derrick if 
type 2 is to prove more economical than type 1. The 
saving of labour, ability to lift heavier loads, and more 
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rapid action of type 2 make this figure easily attain- 
able. 

Type 3. Derricks of heavy construction with hori- 
zontal or slightly sloping jibs, each derrick having 
hoisting, slewing and racking motors situated in 
and controlled from an elevated part of the mast. 
(See Fig. 3.) From a mechanical standpoint, this is 
the most efficient type of stayed derrick yet evolved. 
It has been adopted by various firms and particu- 
larly for ships of the largest liner class. The standard 
crane of this type will lift 5 tons at 55 ft. radius to a 
height of 111 ft. above ground level. These cranes 
were originally fitted with a jib sloping about 10 deg. 
upwards from the horizontal. The object in view was 
to make it possible to install a very light racking 
motor. Loads were to be picked up with the trolley 
in a high position, i.e., away from the mast, so that 
it would move inwards more or less by gravity to its 
desired position. 

This ideas has not worked so well in practice as was 
expected. Any racking movement is accompanied by 
a corresponding rise or fall of the load and will usually 
necessitate a further and otherwise unnecessary use 
of the hoisting motor. Moreover, it frequently happens 
that the trolley is racked in farther than is desired, and, 
with a heavy load, the light racking motor is unable 
to pull it back again. The loss of time thus involved 
has led to the adoption, in later models of this crane, 
of a horizontal racking motion fitted with automatic 
gear for keeping the load level while it is being racked 
out and in. Normally the three types of guyed derrick 
described are unable to swing their jibs through a greater 
angle than from 190 to 205 deg., and are thus suitable 
for serving one berth only. It is possible, however, to 
pivot the mast at top and bottom so that the whole 
unit may be swung through 360 deg. and may serve 
parts of two neighbouring berths, the jib having no 
rotational movement relative to the mast. Such an 
arrangement makes it possible to reduce the total 
number of cranes required. 

Type 4. A modification of type 3, in which each pair 
of derricks is so braced together as to obviate the 
necessity for staying in a transverse direction. (See 
Fig. 4.) This interesting type of derrick is fully 
described by the inventor, Mr. W. Hik, in a paper read 
before the Institution of Engineers and Shipbuilders in 
Scotland in 1920. The cost of installation is approxi- 
mately the same as for type 3. The extra material 
required for cross bracing is balanced by the permissible 
reduction in the scantlings of the masts, owing to the 
bending and buckling forces being partly absorbed 
by the bracing. The only outstanding advantage of 
this type of crane is the absence of about 50 per cent. 
of the stays. To provide a suitable factor of safety as 
regards transverse stability, it is necessary to have the 
masts securely fastened to masses of concrete sunk 
in the ground, although under static conditions the 
moment of the full load of 5 tons at the maximum 
radius of 40 ft. would always be considerably less than 
the moment of the weight of the derrick frame in the 
opposite direction. Taking all the factors into con- 
sideration, this type of crane appears to be superior 
to type 3, and it is difficult to see why it has not 
become more popular. 

Type 5. Stationary tower cranes. (See Fig. 5.) To 
some extent remarks made regarding this type of crane 
will apply equally to the other.types of powerful cranes 
to be considered later. Cranes of large capacity and 
of wide range of action have leapt into favour during 
recent years; but they are still regarded with dis- 
favour in many quarters, and there is reason to doubt 
if they are being used to the best advantage by those 
who have installed them. With an installation of tower 
cranes, most of the material for the central and after 
portions of a ship must be brought down between the 
berths, and an opening must be left at the base of each 
tower to permit of bulky loads being passed through. 
These openings, however, need not be large enough to 
pass the very bulkiest items likely to be placed on 
board. Such items as complete bulkheads, deck- 
houses, &c., may, if necessary, be transferrred from 
crane to crane without being placed on trucks ; indeed, 
if they are constructed within range of the outermost 
crane, this is the more efficient method. It will, there- 
fore, be wise to dispose the outermost cranes so that 
they command a considerable extent of spare ground 
at the head of the berths. 

This brings one to that which is the most important 
factor in the efficiency of the tower crane, viz., the use 
to which it is put in lifting into place large and heavy 
items which have been, if of a composite nature, 
completely riveted together on the ground. This 
applies equally to all cranes capable of lifting, either 
individually or yoked together, weights of from 10 tons 
to 20 tons. Nothing made a deeper impression on the 
author, during his tour of European shipyards, than the 
fact that one has here a most potent factor in the 
reduction of the cost of erecting a ship. It seems 
probable that one of the reasons why Continental 
builders have been so successful of late in underbidding 








their British rivals may be that they have been more 
quick to realise, or at least to take advantage of, this 
knowledge. Substantial savings may be made by an 
organised practice of riveting together on the ground 
as many portions of a ship’s hull as may be suitable for 
such treatment. The only limits to the size and weight 
of such items are determined by the capacity of the 
berth cranes and the inherent rigidity of the items 
themselves. 
The principal advantages involved are :— 


(i) A smaller amount of staging is required. 

(ii) Plates and bars are more easily assembled and 
bolted together. 

(iii) Cheaper riveting rates may usually be obtained. 

(iv) Extensive use may be made of hydraulic riveting. 

(v) The number of individual lifts at the berths is 
greatly reduced, with corresponding saving in 
time and labour and a certain reduction in the 
number of lifting appliances required. 


Items which lend themselves to being treated in this 
manner are :— 


(a) Bulkheads or portions of same, complete with 
stiffeners, brackets, and boundary bars. 

(6) Deck girders. 

(c) Hatch coamings. 

(d) Shaft tunnels, in sections. 

(e) Complete sterns (ex plating) for smaller ships. 

(f) Deckbouses. 

(g) Masts, &c. 


This practice naturally calls for a high degree of 
accuracy in marking off and punching. It also 
necessitates some extra work in the drawing office, 
where the various sections to be fabricated should be 
decided upon after rough calculations as to weight and 
general suitability. Time and trouble may also be 
saved in the lifting of these items by the berth cranes, 
if the most suitable points of suspension are clearly 
marked on the plans before these leave the drawing 
office. Such extra labour will, however, be small in 
comparison with the savings indicated above. 

The disposition of an installation of tower cranes is a 
problem which must be solved for each particular ship- 
yard, but a few generalisations may be made. When 
one row of cranes is made to serve two berths, as is the 
normal practice, there will always be a few small 
portions of each berth which cannot be directly plumbed 
by any of the crane hooks. For very heavy lifts at 
these points it will be necessary to yoke two cranes 
together. Lighter items may be pulled into place. 
The installation of fixed tower cranes illustrated and 
priced on Fig. 5 costs practically the same as the 
electric derrick installation of type 2. Comparing 
the two, it is safe to say that a ship could be built more 
quickly with the derricks than with the tower cranes. 
On the other hand, the required number of crane 
operators and attendant labourers is much reduced in 
the case of tower cranes. 

Type 6. Travelling tower cranes, running on rails 
laid on the ground between the berths (see Fig. 6). 
If, from an early stage, the main erection of a ship’s hull 
can be effectively prosecuted at three or more widely 
separated parts of the ship’s length, then fixed tower 
cranes are to be preferred to this or any other type of 
travelling crane, taking into consideration the cost of 
the installation and the speed of erection. This state- 
ment is based on the assumption that not more than 
two travelling cranes of types 6 or 7 will be available 
at any time for one berth. The converse does not 
necessarily hold good, but becomes more probable with 
increase in the size of the ships under consideration, for 
the two travelling cranes may then take the place of 
more than three fixed cranes of the same dimensions. 
Having in mind the probability that for many years to 
come few shipyards will be fully employed, there is one 
possible circumstance which would make this type of 
travelling crane distinctly preferable to the fixed tower 
crane, viz., the presence in the shipyard of sufficient 
open space to allow of crane tracks being laid down so 
that the cranes might readily be moved from one berth 
to another and concentrated at will upon any particular 
berth. With cranes of types 6 and 7 greater elasticity 
is obtainable over the berths, inasmuch as either crane 
hook may plumb any point of the two berths. Thus 
two cranes may be brought to bear on one portion of a 
ship or may be readily yoked together for a heavy lift 
at any point. A grave disadvantage of travelling 
tower cranes lies in the fact that they require an 
abnormally wide space to be kept clear between the 
berths. Including the space necessary for staging 
(8 ft. to 16 ft.), a total width of about 40 ft. between 
hulls may be found necessary. This is more than can 
usually be spared. 

Type 7. Travelling cranes running on elevated gan- 
tries situated between two berths (see Fig. 7). This type 
of crane combines the good points of the fixed tower 
crane (notably non-interference with the ground-level 
operations) with those of the travelling tower crane, 
except that it cannot be moved from one pair of berths 


moving mass, its travelling power may be utilised for 
picking up material at the berth-head and carrying it 
down the berth, thus doing away with the necessity 
for railways between the berths. It is therefore 
probable that the installation No. 7 is more mechani- 
cally efficient than Nos. 5 or 6, but this advantage is 
offset by the increased price, These travelling cranes 
may be of the cantilever type illustrated, with slewing 
and racking motions, or of a jib-crane type with luffing 
substituted for racking. The luffing crane, if fitted 
with level luffing gear, is, on the whole, preferable to 
the cantilever type. It is more elastic in its move- 
ments, and will give the same maximum height of 
lift with a lower rail level, so that the cost of the 
necessary gantry will be less than the figure given. 

Type 8. Skeleton erections, completely covering each 
berth and carrying a system of overhead cranes, 
Space does not permit of a discussion of the various 
types falling under this heading. Owing to their 
prohibitive cost, it is very unlikely that new installa- 
tions cf this kind will again be erected. The famous 
existing British installations have mostly served their 
purpose, and their first cost has been to a large extent 
written off. The covering of a berth with roof and 
walls, only feasible with cranes of this kind, is not to 
be recommended except in the case of very special 
and urgent jobs. Protection from inclement weather 
is only gained by imposing upon the workmen physical 
discomforts, in the form of increased noise and strong 
draughts, while the cost of erection is unlikely to be 
covered by the resulting saving of time. 

Type 9. Overhead wire-rope transporters. Shipbuild- 
ing cableways have always been more popular in the 
United States than in Europe. The only large-scale 
example in this country is the famous installation of 
Messrs. Palmers at Jarrow, which has given excellent 
results for many years. In this, the Henderson type, 
the operator travels with his load and mechanism 
along the cables, which can be moved transversely 
across the berths. This type was fully described in a 
paper read before the Institution in 1906 by Mr. 
Twaddell. A more recent installation, on somewhat 
different lines and a much larger scale, is that of the 
Deutsche Werft Yard at Hamburg. Here, the operators 
and driving motors are situated on the upper cross- 
girders. The cables are not capable of lateral move- 
ment, but are more numerous. Thus the dead load on 
the cable is reduced at the cost of placing the operator 
at a greater distance from his load. This difficulty is 
overcome by a system of signalling with hand sema- 
phores. 

The principal advantage of cableways is that material 
may be transported, very rapidly, directly from the 
platers’ shed to the ship with a minimum of handling. 
A large space at the head of the berths may be covered 
at small extra cost. Again, the light nature of the 
‘dead ’? moving load means a considerable saving in 
motive power. The chief objection to cableways is 
the oscillatory motion imparted to the loads. This, 
however, is not so great as might be expected, but it 
renders the system unsuitable for the operation of 
hydraulic riveters or anything which requires rigid 
suspension. In view of the relatively moderate cost 
of this type of berth crane, combined with the rapidity 
of erection made possible by it, it seems likely to find 
more favour in the future than it now enjoys. 





STANDARD SPECIFICATIONS FOR PAINT MATERIALS.— 
Two further pamphlets of a series of standard specifica- 
tions, relating to paints, varnishes and paint ingredients, 
were published recently by the British Engineering 
Standards Association. ‘The first of these, No. 239-1926, 
refers to genuine, dry, white lead for paints, and the 
second, No. 241-1926, to genuine white-lead oil paste 
for paints. Each booklet contains clauses regulating 
the composition of the material, together with the 
standard reception tests to be conducted by the pur- 
chaser. Appendices giving methods of carrying out the 
tests are also included. These specifications have been 
prepared at the request of paint manufacturers, by a 
committee representative of both the buying and the 
manufacturing interests. Copies of the new specifica- 
tions may be obtained from the B.E.S.A., Publications 
Department, 28, Victoria-street, London, 8.W.1. Price 
ls. 2d. each, post free. 





A New Warter-SorreninG MarertAt,—In a recent 
issue of the Danish Foreign Office Journal, reference 1s 
made to a water-softening material, called Natrolith, 
manufactured by Det Nordiske Natrolith Aktieselskab 
(The Northern Natrolith Co., Limited), of Copenhagen. 
It is claimed that this material, which is said to consist 
of granulated clay, effectively removes lime and magnesia 
salts from hard waters when used as a filter. It is further 
stated that, owing to its being unaffected by carbonic 
acid, the material has a long life. Iron and other 
impurities, however, would check the working of the filter 
and should first be removed. The substance may be 
regenerated in the ordinary way by means of a salt 
sdiatien followed by washing. The material is available 
for export and is supplied in quantities of a 100 — 
grammes and upwards. Natrolith is being used at the 
Tuborg Breweries at Hellerup, near Copenhagen i 





to another. In addition, owing to the relatively light 





connection with the production of mineral waters. 
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THE FORCES INVOLVED IN THE 
SLEWING MOTION OF POWER 
. CRANES. 


By Epwarp G. FIrces En, M.I.Mech.E. 


In many cranes one of the most important trans- 
lative movements is that of slewing. Owing to the 
fact that, in most cycles of operation, slewing is 
only required through 90 deg. to 180 deg., the time 
that is allotted to this movement is generally short. 
It is true that a few seconds may be saved by com- 
bining other movements, such as hoisting, luffing, 
and possibly travelling, with the slewing motion, 
but the necessity of clearing obstructions in the 










3. Inertia forces in accelerating the moving parts. 

4, Gravity—in cases where the crane is out of level. 

Three typical cranes, A, B and C, will be taken to 
illustrate the method of calculation adopted. 

Cases 1 to 3 refer to a 5-ton loco crane (A), with 
short jib handling 5 tons at 16 ft. radius. 

Cases 4 to 6 refer to the same crane, but here fitted 
with a long jib to handle 2-4 tons at 30 ft. radius. (B) 

Cases 7 to 9 refer to a much heavier crane (C), 
handling 5 tons at 60-ft. radius. 

Fig. 1 illustrates cases 1 to 6—Cranes A and B. 

Fig. 2 illustrates cases 7 to 9—Crane C. 

Before proceeding it will be necessary to make 
certain assumptions as under :—Coefficient of 
sliding friction = 0-15 (since this allowance is 
fairly liberal it enables us to neglect the compara- 
tively small frictional resistance at posts or centre 
pins where the rubbing velocity is very small). 
Coefficient K in usual formula for rolling friction 


Corresponding load at pinion teeth 
= 9°616 x 2-6 
2 


= 0-667 tons. 


B.H.P. absorbed at 3-8 r.p.m. 
_. 0-616 x 2240 x 2m X 2-6 X 3°84 
33,000 x 0-65 





Case 2.— 
Moment of wind area of load 
(per 1 Ib. sq. in. wind pres- 


sure) =35 X16 = 560 ft. lbs. 
Moment of wind area of jib 
(per 1 Ib. sq. in. wind 
pressure) =20 x 9°5 = 190 ft. Ibs. 
750 ft. Ibs. 
Deduct moment of wind area 
of tail (per 1 lb. sq. in. 
wind pressure) 45x 65 292 ft. lbs. 
Net moment 458 ft. Ibs. 


ss 458 x 5 
Force at pinion teeth = —7—- = 960 = 0-43 ton. 








)is taken at 0-01. 

















(at 5 lb. sq. in. wind pressure.) 
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TABLE I. 
! 
Loan. SUPERSTRUCTURB. | JIB. INERTIA | EQUIVALENTS. 
| | 
- : | ts | 
> ah : 5 ere pi hatter cee oF oe é le |a : .(@ 18 lasles leg legls 
| 3/8 ile ¢ 3 i| 21.19] ¢leslSs/2 | €| 3] 2.| 85 85 sisi &3 [eg 
Case. | Resstancek.| > | S| e/a), "/9;)/ 8/9138 g z g/"|& S| 3/388 Se O:|/ 3] a lagi eg Sela SS SF lag 
2) 3/e/e)/2/2}e)/2/2/4 | 2/2) %/38/a3/38| 3 | 2 | 38) 3 as c84] oe lam 
Stale eS s/s) 3) ele/ 8) ele) F) 95) 2 Sh) a*/ 3°] e |g] | £3 lege leeel we me 
a | 3 |Sigigsis| & 3 3 eS 2 /8 3 52 |pa 
c= e| |e! § s|2|3 2 2/2/2 |ASRS [255 a2 A 
- -- 1,2] 8 | ©} & fel e | & | OF to, mt) Is) ae] Ter ek te) “tar Ie, et 20 21| 22| 23] 24 | 25] 26| 27 
| : 
Crane A— tons | ft. tons} ft. tons | ft. |tons| in.| ft. | ft. | tons.| tons.| ft. (sq. ft.| ft. | tons.) ft. [f./s/s 
1 Friction.. ..| 5 | 16 | 3-4 | 343 0-5 6-5 | 10] 12] 2-6 | 2-4] 0-66) 0-7| —| —] — {15-7} —| —]3-5| 67] 59} 21 | —| —]| — 
2 Wind{ .. 5| 16] 3-4| 343} —}| —| —| —] —]| —] —|] 2-4] 0-45) —] —] 20/95} —| —] —]| 2-3] 44] 38] 14 | —] 0-97) — 
3 Inertia .. 5| 16] 3-4] 343] 5/0-5| 5]|6-5] 10] 12] 2-6| 2-4] 0-73}0-7] 9] — | — /15-7] 10 j0-86 | 7-9 | 150 | 182) 48 | —}| —]| — 
83 |11-4] —| 5 
Crane B— : 
4 Friction.. ..| 2-4 | 80] 2-5| 475} 5/0-5/ 5/|6-5] 10] 12] 2-6) 2-4] 0-577 1/ —| —] — /13-4] —]}] —] 2-3] 66/ 47/ 12 | —| —| — 
5 Wind .. ..{ 2-4] 80/2-5]475} —| —| —}] —] —] —]|] —| 2-4] 1-48) —| —] 50/16-5) —} —/ —/ 5-8| 167/118 | 30 | —| 2-44) — 
6 Inertia .. ..| 2-4] 80]2-5| 475] 5 | 0- 5|6-5| 10] —| 2-6) 2-4/0-89} 1] 15| —]| — |18-4 /18-9 [0-41 | 7-0 | 200/142 | 36 | —| — 
78 |9-3; —]| 6 
Crane C— 
7 Friction. . 5| 60] 1-8| 680} 19] 1] 20] 10} 39] 18] 5-0} 5-4| 1-67) 3| —| —] — /47.0} —| — /10-8/ 106} 66); 11 | —}| —|] — 
8 Wind 5| 60] 1-8| 680} —}| —}| —| —| —| —] —] 5-4] 2-97] —| — | 166 |31-0| —| — | —/19-0 | 184] 115} 20 | —| 80} — 
9 Inertia .. 5| 60] 1-8| 680] 19} 1] 20}; 10} 39} —] 5-0] 5-4| 2-64] 3] 27] —]| — [47-0 /21-65) 0-45/33-6 | 326 | 203} 35 | —| —} — 
66 |44-4|-—| 29 
path of the load makes such economy of time chiefly| Overall efficiency of gear reductions (say 4 pairs) B.H.P. absorbed at 3-8 r.p.m. 


due to the skill of the operator. The conditions 
during slewing differ materially from those governing 
any other motion. In the duration of the hoisting or 
travelling movements, which are of reasonable 
length, the acceleration and retardation form a mod- 
erate percentage of the whole time absorbed and full- 
speed movement is possible between these periods. 
The usual slewing motion on the other hand is 
comprised solely of acceleration and retardation, 
the speed curve being consequently of triangular 
form and not flat-topped as for the other move- 
ments. The consideration of acceleration and 
retardation is therefore of much greater importance 
than that of the maximum speed attained although 
the latter must be related suitably to the moment 
of stability available to balance the overturaing 
tendency caused by the centrifugal force of the load.* 

The chief forces and resistances that have to be 
overcome in operating a slewing motion are :— 

1. Friction—of rollers, pins, gearing, bearings, &c. 

2. Unbalanced wind forces. 


* Vide The Engineer, June 5, 1925. 








taken = 0-65. Maximum wind pressure during 
operation 5 lb. per square foot. Effective wind 
area of load assumed 35 sq. ft. Maximum slewing 
speed to be reached in 10 seconds. 
Roller diameter 


Roller pin diameter =< 


Ratio 





Motor to stand 150 per cent. overload during short 
period of acceleration. 

Table I sets forth the principal results of calcu- 
lation. 

We will work out the first three cases to illustrate 
the methods by which these figures were obtained. 
(To emphasise a point we will first assume a slewing 
speed of 3-8 r.p.m. (= 382 f.p.m.) for case 1). 

Case 1.— 

Load on rollers = 15-7 tons. (Col. 18.) 
Sliding friction at rollers = 15°7 X 0°15 9-59 tons, 
= 0°026 tons. 


0°616 tons. 


Rolling friction at rollers = rine 








960 x 2 7 x 2-5 X 3-8 _ 9 ga 
33,000 x 0-65 


It must be remembered that the assumed wind 
pressure of 5 lb. per square foot corresponds to a 
very heavy gale. 











Case 3.— 
w. re, E 
| , P 1549 
5-0 x 162= 1280 | r (Radius of gyration)= - 
0-7xX 9 = 57 | aA 
5-OX OS = = 1°25 | = /99 
5-0x652= 211 | = say 10ft. 
15-7 1549°25 | 
2 
Acceleration at r = Oe isso = 0-4 ft./sec./sec. 
Force at ¢ = 12°7 % 240 X O'8 _ 438 Ib. = 0-196 
ton. 
Force at pinion teeth ein alin mage 0-82 ton. 


Acceleration torque = 438 x 10 = 4380 ft.-Ib. 
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Reduce to motor (assumed at 500 r.p.m.) 
4380 x 3-8 
= 500 x 0-65 = 51-3 ft.-lb. 
51-3 x27 


Brake horse-power for acceleration = 33,000. = 9-7 


It will be interesting at this stage to calculate 
the time taken to bring the crane to rest from full 
slewing speed under the retarding influence of 
friction alone. 

The total frictional resistance, referred to the 
slewing pinion, is 0-€67 tons, as above. 

The equivalent retarding force at the centre of 
gyration will be :— 

0-667 x 2-4 

ae a - = 0-16 ton. 

_ 0-16 x 32-2 ; 
Retardation ae TS Peas 0-329 ft./sec./sec. 


382 x 10 
Time to stop = 6) 16 x 0-320 = 12°1 sec. 

If the crane is uniformly accelerated to full 
slewing speed in 10 seconds, as assumed, and then 
comes to rest in 12°1 seconds, the total slewing time 
is 22°1 seconds and the angle traversed will be 

3°8 x 360 x 22-1 
is > ae 

This is too much for ordinary requirements, 
and a braking effort will therefore be required. 

Since the energy absorbed by the brake has to 

provided by the slewing motor in the first 
instance, it would be more economical to adopt 
a lower maximum slewing speed. 

Try 10 per cent. slower speed, as tabulated, 7.e., 
3-4 r.p.m, = 342 f.p.m. 

The frictional retardation remains the same, 
but the time occupied in coming to rest will now 
be 


= 250-2 deg. 


342 x 10 ee 
60 x 16 x 0-329 — 10°8 secs. 


Total slewing time = 20-8 secs. 


Angle traversed 3:4 x 20°8 x 360 210 deg. 
4 60 x 2 

This is more in line with normal requirements. 
The brake horse-power required for accelerating 
will now be less—firstly, on account of 10 per cent. 
less accelerating force, and, secondly, owing to a 
drop of 10 per cent. in the speed at which this force 
acts, a total factor of 0-9 « 0-9 = 0°81; and the 
brake horse-power becomes 

9-7 x 0-81. = 7-9. 

Comparing the tabulated tigures of brake horse- 
power required to overcome friction, it will be 
noticed how rapidly this rises as the radius is 
increased, the suspended load remaining the same. 

This is due to the extra deadweight needed for 
stability, and is one of the reasons that has led 
to the adoption of live-roller-ring mounting for 
long-radius cranes. 

In this construction the resistance is reduced to 
the comparatively small rolling resistance of the 
rollers between the upper and lower paths, added 
to the friction at the outer thrust bearings on the 
roller axles. 

For instance in case 1, adopting live- 

ring mounting we have rolling 
friction 


allowing for end friction say 





0°152 tons 
a figure only about one quarter of the previous one. 


The wind and inertia resistances would, of course, 
remain unaffected. 

For use in provisional calculations and for estimat- 
ing purposes, the designer needs a simple, handy 
and sufficiently accurate formula to determine the 
brake horse-power requirements of the slewing 
motor. The idea is to get a figure of resistance in 
pounds per ton of total weight moved, such as is 
used for other translative movements (‘tractive 
coefficient ’’). 

In the search for such a figure columns 22, 23 
and 24 have been calculated. Since both friction 
and inertia resistances bear a direct relation to the 
total weight moved, column 24, as might be, 
expected, contains the most consistent results, 
totals of 83, 78 and 66 lb. per ton, respectively. 
These figures, however, are the sums of all resist- 





ances, acting simultaneously, and therefore do not 
bear a satisfactory relation to the actual facts. 

In practice the three resistances differ materially, 
and they do not always act simultaneously. 
Friction is a uniform resistance during the whole 
period of slewing. 

Wind may retard or assist slewing, and, in a 
cycle, its assistance in one direction may materially 
reduce the loading and consequent heating of the 
motor, see column 26. 

Inertia is a steady resistance, but it persists 
for only a few seconds, ten in the above examples, 
and then disappears entirely. The effort demanded 
from the slewing motor is peculiar to this motion ; 


the motor gets practically no chance of working | | 


at its rated brake horse-power and speed; its 
functions are to exert a stated torque for a brief 
period at gradually increasing speed, and then to 
rest for a longer period. At the low average speed 
of operation the motor does not get such a good 
chance of dissipating heat, by armature windage, 
as at full rated speed. In a typical cycle we may 
have three periods, as follows :— 

(1) Ten seconds at full torque to overcome 
friction, wind and inertia. 

(2) Rest period. 

(3) Ten seconds at a torque sufficient to overcome 
friction and inertia less the assisting torque produced 
by a following wind. 

The torque actually applied by the wind has, 
of course, to be reduced by the loss in the gearing 
on the way to the motor, assuming 0-65 efficiency 
of transmission we find that the net assisting 
torque at the motor corresponds to 0-42 (= 0-658) 
of the torque corresponding to the maximum brake 
horse-power in column 21, referred to full motor 
speed. Now an overload torque of 2 to 24 times full 
load torque, in the case of direct-current motors, 
will not injure good modern machines of sound 
mechanical and electrical design, for the periods 
contemplated, (the overload torque capacity of 
most polyphase machines is, however, hardly so 
good). 

In the case of crane C, it will be seen in column 21 
that the total torque to be provided, during the 
atsumed acceleration period of 10 seconds, mighi 
be equal to 63-4 brake horse-power referred to 
full rated speed. 

Let us assume this figure to correspond to 
24 times full load torque of the motor actually 
provided which would consequently have a norma! 
rating of 63-4/24 = say, 25 brake horse-power. 

Assuming a two-minute cycle for this crane 
(30 cycles per hour), the slewing motor would 
be in operation twice, once against the wind and 
once with the wind. 

The torque demand upon this motor would 
consequently be :— 

(1) 63-4 brake horse-power for 10 secs. 


(2) 29-8 ” ” for, say, 3 secs. 
(3) 36:4 Sy, - for 10 secs. 
(4) 28 45 is for 3 secs. 


The corresponding intermittency “factor” will 

be :— 
(63-410) + (29-8 x 3) + (36-410) + (2-8 x3) 
25 x 120 
— 1,096-4 _ 9.35 
3,000 

It is seen that on this basis a 25 brake horse-power 
motor, on a half-hour rating, with good overload 
characteristics should be satisfactory. 

On this basis the following motors could be 
recommended, :— 











Crane A.—13-7/2-5 = 6 brake horse-power corre- 
sponding to 34 lbs. per ton of total weight 
assumed to be concentrated at jib head. 

Crane B.—15°1/2-5 = 6 brake horse-power corre- 
sponding to 31 Ib. per ton. 

Crane C-—63-4/2:5 = 25 brake horse-power corre- 
sponding to 26 lb. per ton. 

These figures are more encouraging and, although 
they are naturally subject to revision when the 
problem is attacked in full detail after exact 
weights, radius of gyration, wind areas, &c., are 
known, they may certainly be found useful for 
the preliminary calculations usual in estimating ; 
in fact, owing to the uncertainty that must always 
exist as to actual conditions, we might be quite 
justified in taking an all-round figure of say 30 Ib. 
per ton as a safe basis for the “‘ tractive coefficient.” 





This suggests slewing motors as under :— 


a 15:7 x 30 x 343 _ 5 
33,000 
Crane B 13:4 x 30 x 475 _ ¢ 
33,000 
Crane C 47 x 30 x 680 _ 29. 
133,000 

In the case of the heavier crane C, a longer 
period of acceleration may be permissible, say 
15 seconds; this will reduce the inertia demand 
to ee xt 10 _ 92-2 brake horse-power ;_ the 
other demands remain the same, then total brake 
horse-power demand = 10-8 -+ 19 + 22-2 = 52. 
The intermittency factor will be but slightly 
affected, and, again assuming 24 times full load 
torque conditions, the selected motor is of 21 brake 
horse-power, corresponding to a “tractive co- 
efficient” of 21-7 lb. per ton for the easier 
conditions. , 

In conclusion it should not be overlooked that 
the brake horse-power ratings allotted to the 
motors, according to the above rule, is based 
upon a consideration of the inherent overload 
characteristics of the motors themselves, the 
gearing and supports must be designed for the 
gross torque resisted and moreover for reversed 
loading at each cycle of operations. 


Crane 





THE KAPLAN AND _ PROPELLER 
TURBINES AND THE CAVITATION 
PROBLEM. 


By Etov ENe.Esson. 


Ir a Francis, propeller or Kaplan turbine is 
installed at such a height above the tail-water level 
that the pressure on the back of the runner blades 
is reduced to the vapour pressure of the water, the 
water leaves the underside of the blade, and cavities 
are formed which are filled with water vapour and 
air released from the water. As this cavitation 
phenomenon has extremely serious consequences, it 
has become the most acute problem in water turbine 
engineering. The consequences of cavitation are 
three fold : 

1. The output and efficiency of the turbine 
decrease because the water, no longer following the 
back of the blade, does not receive the guidance it 
should have. 

2. The runner blades, and in some cases also 
adjacent parts such as the guide-vane foot and 
suction pipe walls, are destroyed, partly by ero- 
sion (mechanical action) and partly by corrosion 
(chemical action). 

3. Heavy shocks and percussions occur in the 
suction pipes and these can become so violent that 
operation becomes impossible. 

It is natural that a phenomenon with such serious 
consequences is the subject of much interest and 
many speculations. The problem has, during recent 
years, become specially urgent, owing to the intro- 
duction of the high-speed turbines of propeller or 
Kaplan type, in which the peripheral speed and the 
specific load on the blade surfaces are high. Curiously 
enough, it has only quite lately been recognised 
that this is the same phenomenon as is met with in 
the case of high-speed ship propellers. 

When these began to be used a little more than 20 
years ago in connection with the introduction of 
direct acting steam turbines, the rapid erosion of 
the propellers was a serious problem, and several 
researches, which are of very great interest, were 
carried out and published in the technical journals. 
Among the most interesting is certainly the report 
which was made in 1917 by the special committee 
appointed by the British Admiralty for investigating 
this problem. This committee arrived at the 
following quite remarkable conclusions : 

“The conclusions arrived at are that the 
corrosion of the propellers is very slight, but 
that the erosion is serious and is caused by the 
hammer action of the water on the propeller blades 
produced by cavities closing up on the surface of 
the blade.” ; 

This action may be caused either by cavitation 
due to the propeller itself occurring more generally 
when the propeller is in a varying wake, or by the 
cavities and vortices formed by the action of other 
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propellers ahead of it, and the erosive action is 
enerally aggravated in the case of a propeller 
which works in the wake of another. 

The water-hammer action is also likely to be 
roduced when cavities are formed in the water by 
the form of the stern frame, shaft bossing or “ A” 
brackets, or when the lines are very full and such as 
to cause an eddying wake. 

From the calculations made in connection with 
this report, it appears that the pressure produced by 
the water-hammer is independent of the size of the 
cavity, but depends only upon the rate of its con- 
traction. Hence, the cavities causing the erosion 
may be large orsmall. Cavitation in itself will only 
produce erosion when accompanied by conditions 
which cause the cavities to collapse in such a way, 
and in such a position, that the energy of the collapse 
is concentrated on a small portion of the propeller 
surface. 

According to calculations above referred to, 
impacts equivalent to a pressure of more than 


| Fig.i. 








“These did not give sufficient increase of effect 
to show that either stress or the liberation of gases 
in combination with velocity or in combination with 
cavitation, are appreciable factors in the pheno- 
menon under consideration.” 

In opposition to this experiment there is, how- 
ever, the fact that in many cases corrosion and 
erosion on turbine runners have ceased after putting 
in runners of materials resisting chemical action 
(special bronzes, &c.), which have not had greater 
strength than the material in the runners which 
were corroded or eroded. It is, therefore, probable 
also that chemical action (corrosion) is an important 
factor in the destruction of the blades, and this 
could be explained by the facts that the air which 
is liberated in the cavities is both damp and rich 
in oxygen, because of the greater capacity of water 
for absorbing oxygen than nitrogen. Hence, the 
liberated gases attack the blades more readily. 

The remark by the Commission that a propeller 
which works in “cavities and vortices formed by 


If the axial velocity of exit from the runner (which 
is practically equal to the absolute velocity of 
exit) is called c, (see Fig. 1) and the exit velocity 
from the suction pipe c,, the velocity head regained 
in the suction pipe will be : 


_ myc _ 8s 
ial E-aad 

where n, means the efficiency of the suction pipe- 
The suction head is increased by this recovery 
of velocity head, so that the greater the velocity 
head which is to be regained in the suction pipe, the 
greater becomes also the reduction on the back of 
the blades, and the greater consequently becomes 
the danger of cavitation. This velocity head, 
for propeller turbines, and especially for Kaplan 
turbines, is considerable. For the former it is 
usually 20 to 30 per cent. of the total head and 
for the latter 20 to 30 per cent. at normal load, 
and, for runners with very high speeds, up to 70 per 
cent. at overload. The smaller values are for the 
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700 tons per square inch may occur on the collapse 
of water cavities. By these heavy blows, the surface 
becomes not only eroded, but it has also been found 
that the blades have been bent near their ends, 
because the hammered side has been lengthened. 

In support of this water-hammer theory may be 
mentioned the fact that in water turbines it has 
been found that the first visible sign of cavitation is 
that some spots on the blades get a silvery surface 
Which seems to arise from hammering. These 
spots have, at later inspections, proved to be the 
most eroded. 

Further support is given by the experiments 
Which have been carried out at the Vulcan Works 
in Germany, by Professor H. Féttinger, in which 
glass plates have been exposed to cavitation and 
have been eroded in a very short time (see page 318 
seq, in Jahrbuch der Schiffbautechnischen Gesell- 
achaft, 1924). The brittle glass surface is thus 
Sensitive to these blows. 

The British Commission has also carried out some 
cavitation experiments with “ Venturi jets,” in 
Which the metal was exposed to stress and also to 
the action of gases injected into the water, such as 
an and CO,. The report on these experiments 
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the action of other propellers ahead of it,” is speci- 
ally exposed to “‘ erosive action,” is very interesting. 
This is an observation which has also been made in 
water turbines, as the eddies which occur, for inst- 
ance, at the guide vanes, can cause erosion on the 
runner or on the guide vane foot close to the runner. 

In order to be able to cope with this cavitation 
phenomenon, it is necessary to determine the factors 
which influence the occurrence of cavitation. As 
noted above, cavitation occurs as soon as the pres- 
sure on the back of the blades is reduced to the 
vapour ‘pressure of the water; cavitation thus 
depends on all factors which influence this reduction 
of pressure. Of these factors, the following are the 
most important :— 

1. The static suction head—that is the distance 
between the runner and the water level in the tail 
race. The greater the static suction head, the 
greater the danger of cavitation. This follows 
evidently from what has been said above about the 
dependence of cavitation upon the vacuum at 
the back of the blades. Both Kaplan and propeller 
turbines are, therefore, usually built with vertical 
shafts to give of the smallest possible suction 
head. 

2. The axial velocity of exit from the runner. 






higher heads, #.¢., at higher heads it is necessary, in 
order to diminish the danger of cavitation, to use a 
more amply dimensioned runner. 

3. The length of the blade in the direction of the 
flow compared to the pitch of the blade. In order 
to diminish the friction and thus keep the efficiency 
up, it is necessary for runners with very high speeds 
to keep the blade surfaces small, #.e., the length of 
the blade (A) (Fig. 2) short compared to the pitch 
of the blade (é). This, however, increases the 
specific surface pressure on the blades, so that the 
danger .of cavitation increases. The greater the 
head and the suction head, the longer one has to 
make the blades and the lower therefore must be 
the specific speed. 

The greatest blade lengths used up till now for 
Kaplan turbines have not been much greater than 
the pitch, but there is, of course, nothing to prevent 
the use of blades with great overlap; to achieve 
this, however, more than four blades ought to be 
used. For propeller turbines it is, from the point 
of view of design, very easy to make the blades 
with very big overlap at moderate specific speeds, 
and these turbines can therefore be used at some- 
what higher heads. 

4, The angle between the direction of the water 
flow and the blades at inlet. In order to explain 
more easily the influence of this inlet angle on the 
cavitation limit, I would refer to some researches 
made by Dr. Betz at the Aerodynamic Experimental 
Institution at Gé6ttingen regarding the pressure 
distribution on an aeroplane wing. These researches 
have been published in Ergebnisse der Aerody- 
namischen Versuchsanstalt zu Géttingen, 11 Lie- 
ferung, page 43 et seq. 

Fig. 3 shows the result of these researches for a 
certain shape of blade. The pressure on the 
blade is indicated by means of arrows directed 
towards the surface of the blade, and the vacuum 
by arrows directed away from the blade. The 
direction of the air current is indicated by the 
parallel arrows at the right, and the angle of. the 
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air current with the tangent to the curve of the 
blade is also indicated. In the upper illustration 
this angle (a) is only 2-8 deg. and the greatest 
pressure appears here at the point of the blade. 
This pressure, however, does not attain to the same 
value as the greatest vacuum on the blade. At 
a= 8-7 deg., the greatest vacuum is about twice 
the greatest pressure, and at a= 14-6 deg. the 
greatest vacuum, which appears at the point of the 
blade, is more than three times the greatest pres- 
sure. From this can be seen that the greater a 
is, the greater becomes the vacuum and the sooner 
cavitation occurs. 

Cavitation depends, however, also on several 
other factors, such as the shape of the blade, the 
peripheral speed of the runner, the temperature of 
the water, etc., and it is therefore practically impos- 
sible to calculate theoretically the cavitation limit. 
The influence of some of the factors can be calculated 
approximately, but in addition it is necessary to 
fix more exactly by experiments the suction head 
permissible for each head and speed for the different 
types of blade. 

For this purpose a special cavitation laboratory 
(Figs. 6 and 7) has been installed at Verkstaden 
Kristinehamn, where runners of 250 mm. dia. can 
be tested at all heads up to 11 metres, and at any 
desired suction head, positive or negative. 

The arrangements of the cavitation laboratory can 
be seen from the diagram Fig. 4. There is no fall 
with a head sufficient for a cavitation laboratory 
in the immediate neighbourhood of Verkstaden, and 
it was considered inadvisable to build the laboratory 
at some distance from Verkstaden, as this would 
make the tests more expensive, which would natu- 
rally have restricted them. 

The laboratory was therefore built next to the old 
laboratory of Verkstaden inside the factory, and 
was provided with a pump for producing the neces- 
sary pressure. The pump, which is of the centrifugal 
type, forces the water into an air vessel from which 
it is led to the turbine casing through a pipe. In the 
pipe is inserted a Venturi meter for measuring the 
quantity. From the turbine casing, the water 
passes through the guide wheel, the runner and the 
suction pipe (of Kaplan type) to a vacuum vessel 
which communicates with the suction pipe of the 
centrifugal pump. In the pipe between the pump 
and the air vessel there is a throttle valve which is 
used for regulating the head on the turbine. The 
relation between the pressure and the suction heads 
is adjusted by altering the air pressure in the air 
vessel. 

The output of the turbine is:tested by means of an 
Alcen absorption brake (see Fig. 5), which is arranged 
with a regulating valve automatically adjusted by 
the brake. For conveying the pressure water to 
the brake there is no closed pipe which might cause 
friction or turning moments on the brake, but the 
pressure water pipe is provided with a nozzle from 
which the water is projected in a stream into the 
pressure pipe of the brake. 

The cavitation limit can be fixed in two ways, 
either by efficiency tests or by direct study of the 
cavitations occurring in the runner whilst actually 
working. The suction pipe is therefore partly made 
of glass and the runner is lighted by means of an 
oscilloscope, which gives it the effect of being 
stationary. 

The oscilloscope consists of a special lamp which 
receives current from contacts on the turbine shaft, 
which make connection each time a runner blade 
passes a certain position. As the runner rotates 
with a speed of 1,000 r.p.m. to 2,000 r.p.m., the 
flashes of light must be very short if the image is to 
be clear. 

We have gained much valuable experience by 
means of this oscilloscope. Thus we have dis- 
covered a phenomenon which we have called a 
clearance cavitation. The leakage water which 
passes through the clearance between the ends of 
the blades and the guide wheel foot, tries to drag the 
water away from the back of the blade adjacent 
to this clearance, and when the head and suction 
are sufficient, cavitation occurs here which we, as 
mentioned above, have called clearance cavitation. 
This occurs even at moderate heads and suction 
heads, especially with Kaplan turbines, the mov- 
able-bladed impeller working in a cylindrical 





chamber. With this arrangement, the clearance 
between the impeller and the side wall may become 
somewhat large at the discharge edge when the 
blades are ‘‘feathered’ to certain angles. This 
drawback has been abolished by giving a spherical 
form’to the casing at the point where the impeller is 
located. The clearance cavitation is dangerous 
because it can cause erosions on the guide wheel 
foot. 

By means of the oscilloscope, we have also been 
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where the water does not follow the blade, the 
friction is reduced. 

In the cavitav.on laboratory, the highest suction 
head which can be used is found out by tests for 
each type of blade at different speeds and different 
heads. As I have already said, the cavitation 
laboratory is not built for greater heads than 11 m. 
From the results obtained in tests up to this head, 
one can, however, calculate with considerable accu- 
racy the suction head possible for greater heads. 





Fia. 


6. 





Fic. 7. 


able to see where cavitation occurs on the vane, 
and we have found a certain agreement with the 
results of the experiments at Géttingen mentioned 
above. 

A very interesting phenomenon, which we have 
also found in our cavitation laboratory, is that the 
efficiency for some types of blades increases some- 
what at the cavitation limit, a phenomenon which 
Prof. Thoma has also found in his cavitation 
laboratory (see Fig. 9, page 550, in Transactions 
of the First World Power Conference, vol. ii). This 
might perhaps be explained by the fact that, at the 
beginning of the cavitation, the water first breaks 
away just below the point of the blade, but later on 
again follows the blade surface, and that at the part, 





For the development of high-speed turbines, a 
cavitation laboratory is absolutely necessary. \ ith- 
out such a laboratory the designer is more or less 
reduced to guesswork, and it becomes necessary to 
use actual plants as test stations—a procedure 
which may involve considerable risks and expense 
both for the customer and the turbine builder. 








Moror SHow at Hetsmvrors.—H.M. Consul at 
Helsinfors, Finland, has forwarded to the Department 
of Overseas Trade a report on the motor show pee in 
that city from February 20 to 28 last. United Kingdom 
firms who are interested in the matter may — a 
copy of the report on application to the Comptrol od 
General, Department of Overseas Trade, 35, Old a 
street, London, S.W. 1, quoting reference A.X. 2989. 
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Practical Road Engineering. By H. E. Goupsmirs, 
t Executive Engineer in Charge of Roads, Hongkong, 
M.LM. and C.E., M.R.S.I. London: Crosby, Lock- 
wood and Son. [Price 25s. net.] r rc 
Tas work, an octavo volume of upwards of 200 
pages, with a glossary of the terminology of roads 
and highway engineering and an index, is based on 
the author’s earlier work, entitled ‘“‘ Modern Road 
Construction and Maintenance.” The book treats 
of many matters in a handy and comprehensive 
form, which will give the work a special value as a 
treatise and review of modern methods and plant 
for road construction and maintenance. In a fore- 
word, we are reminded of a fact, to which testimony 
is borne from many sides, that it is only within 
the last twenty years that any real interest has been 
taken by the general public in the construction of 
highways. ‘The work before us may be commended 
for the information and guidance of members of 
highway and roads committees, since it is increas- 
ingly desirable that spending committees of rural 
and other public bodies should understand the 
requirements of modern roads and traffic. 

The author deals with his subject in eighteen 
chapters, which range from a summary of general 
considerations of modern road traffic and the essen- 
tials for suitable roads, to an analysis of the materials 
used and conditions for their testing and selection. 
Incidentally, there is a short but fairly compre- 
hensive review of road-making and maintenance 
plant, most of the latter being by well-known 
British firms ; some of this is illustrated by plates. 
No examples are given of what might be regarded 
as among the features of the recent Roads and 
Transport Exhibition, namely, the self-propelled 
compressor and other plant more particularly re- 
quired for patching and maintenance. It seems 
more than probable that there will be considerable 
developments in mobile units of this class. Chapters 
are given on asphalt and combinations of asphalt 
with macadam, and concrete and on sheet asphalt, 
followed by the discussion of bituminous surfacing, 
water-bound macadam and tar macadam. This 
part occupies nearly a third of the volume, and is 
followed by an instructive résumé of a paper by 
the United States Department of Agriculture on 
concrete roads. The information here given should 
be specially useful to British road engineers and 
surveyors. 

As the author points out, the use of concrete as 
a base for pavements is old, but its use as a wear- 
ing surface is a recent development. Further, he 
remarks that the failure of concrete roadways, it 
is believed, is due in many instances to unequal 
settlement of the foundation. A moral to be drawn 
from the perusal of the Report referred to, is that 
this class of roadway requires a good time to 
prepare and also that it must be reinforced by 
metal if the area is large, in order to fit it to with- 
stand modern loads and speeds. One of a series 
of conclusions deduced from the experience referred 
to is that the proportion of cement to sand and 
coarse aggregate should not be less than 1 to 5, 
and the proportion of sand to coarse aggregate 
not less than 1} to 3 nor greater than 2 to 3. Other 
conclusions are that thin bituminuous wearing sur- 
faces for concrete pavements cannot be economic- 
ally justified at present, and that defects due to 
bad materials and workmanship cannot be repaired 
teadily after the pavement is completed. Usually, 
such defects do not become apparent until the pave- 
ment has been in use for some time. 

In chapter XVI., on the “ Skidding of Vehicles,” 
Some striking comments are to be noted. In the 
clean state, it is accepted that both asphalt and 
cement concrete surfaces are safe. It is the intro- 
duction of some film between road and wheel that 
causes skidding. In this connection it is interesting 
to note that the coefficient of friction which is about 
9-900 after a heavy rainfall, drops to 0.132 when 
a skidding medium is present. Another statement 
made is to the effect that skidding will seldom occur, 
if at all, on a newly-laid surface, the trouble only 
commencing when some skidding medium has 
accumulated. This view is hardly confirmed by 
€xperience on some of the relief and other big roads 





which have been recently completed in the neigh- 
bourhood of London. So far as asphalt surfaces 
are concerned, an antidote recommended after test 
by the author is the application of a squeegee coat 
of hot bitumen (40—60 penetration and 350 deg. F.) 
applied as a freshly-laid surface while hot, followed 
by rolling in a medium grade of sand. Two such 
coats annually, it is suggested, would probably be 
required for heavy traffic roads. Incidentally, it 
may be noted that the author, from experience, 
favours the hahd or bucket and broom method of 
surfacing with hot bitumen. There is a short 
reference to rubber as a road surfacing medium ; but 
the data though comparatively recent, might have 
been considerably supplemented without exhaust- 
ing the subject, e.g., something might have been 
told of the Bradford (York) experiment with dis- 
carded tyre rubber. 

Some typical specifications and notes on testing 
road materials are followed by specimen contract 
conditions—all of it matter of interest to highway 
committees as well as to engineers and tenderers 
for contracts. A number of specimen folders ruled 
for recording data under various heads are included, 
as well as graphs of maximum density curves for 
various screenings and aggregates. These are in- 
tended for practical application, in connection with 
the determination of percentages for asphaltic 
concrete mixtures. 


A Text-book on Glass Technology. By F. W.-Hopkry, 
B.Sc., and A. Cousen, M.Sc. London: Constable and 
Co., Limited. [Price, 42s. net.] 

Despite the fact that glass in some form or other 
has become an absolute necessity to many indus- 
tries as well as to our domestic welfare, it is probably 
the material about which those not actually engaged 
in its manufacture have the least information. 
Until 1915 there was also a considerable lack of 
knowledge in the industry itself, particularly with 
respect to the scientific and purely technical ques- 
tions involved, and this led to the foundation of a 
Department of Glass Technology at the University 
of Sheffield. In his foreword to the present volume 
Professor W. E. S. Turner, who has done so much 
to make that department a success, refers to the 
dearth of text-books in the English language on 
the subject of glass technology, and, as both the 
authors of the volume under review were engaged 
with Professor Turner as lecturers in the Depart- 
ment, the experience they obtained there has been 
incorporated. ; 

The technology of glass involves a fairly thorough 
knowledge of many branches of engineering, applied 
chemistry and physics, &c., and this fact, coupled 
with the absence of existing text-books and the 
really remarkable amount of scientific work carried 
out and information made available during the last 
few years, makes it almost impossible for the whole 
subject to be treated in anything approaching a 
thorough and complete manner in one volume. 
In fact, owing to the intensive “ specialisation” 
which has already become apparent, such a volume 
would require the collaboration of five or six—possi- 
bly more—workers, each of whom had specialised 
on some particular branch or section of the subject. 
It will be seen, therefore, that the task the authors 
set themselves in preparing this text-book was 
somewhat difficult to accomplish, but it must be 
said that their efforts are deserving of congratula- 
tion, although, at the same time, the work has 
suffered to some extent from their having attempted 
to cover too much ground. 

Approximately one-third of the book is devoted 
to considerations of the physical and optical 
properties of glass, its viscosity, annealing and 
durability, composition and devitrification, the 
materials used and the calculations for glass making ; 
and, apart from one or two minor errors and 
omissions, these chapters are excellent, although 
probably requiring a greater knowledge of chemistry 
and physics for their complete understanding than 
is possessed by the average works man. The 
chapter on pyrometry (35 pages) is valuable in 
view of the importance of the subject to modern 
productive methods, but here the authors’ claim 
that they have striven to avoid making compila- 
tions of manufacturers’ catalogues is hardly sub- 
stantiated. 


Refractories do not receive their fair proportion 
of attention, and this is one of the sections which 
shows the desirability of the co-operation of a 
specialist in the subject. The sections on gas 
producers and furnaces give typical examples of 
existing equipment, but in both cases omit several 
of the latest developments, the same criticism 
being applicable to that portion of the volume dealing 
with the methods, machines and equipment, for 
the working and forming of the glass into bottles, 
sheet or plate, as the case may be. In spite of these 
criticisms, we would say that the authors have 
produced a book which the industry needed, the 
publishers have also played their part well, 
and one may hope that when the second edition 
is required some of the weak points may be 
strengthened, so that a more completely authori- 
tative work may result. 


Einfliisse auf Beton. By Prorsessor Dr. Ine. A. 
KLEINLOGEL. Berlin: Wilhelm Ernst und Sohn. 
[Price: paper covers, 19-50 R. Marks; bound, 21-60 
R. Marks. ] 

THE subject matter of this work is comprehensively 

described in the subtitle ‘‘ The chemical, mechani- 

cal and other influences of air, water, acids, 
stored merchandise, &c., on cement, mortar, 
concrete and ferro-concrete, and the means of 
minimising and preventing these influences.”” The 
book was originally published in 1924 in abbreviated 
form, but the response to the author’s appeal for 
contributions describing experiences, results of tests 
and observations from those interested in the sub- 
ject, added to data supplied by the German State 

Railways and various technical institutions, have 

enabled the present edition to be very considerably 

enlarged and amplified. 

The author’s object is to provide a reference book, 
covering as far as possible the results of experience 
and experiments in the use of concrete under all 
manner of conditions and for all variety of purposes, 
and further to give information and suggestions for 
providing against the various difficulties and 
adverse influences in each case. The information 
has been collected from all available sources, and _ 
quotations are freely given from British, American 
and French as well as from German publications. 

The importance of the subject need scarcely be 
emphasised, in view of the rapid extension which has 
taken place in the use of concrete during recent 
years, and the new applications which are con- 
stantly being found. It is only by the collection of 
all available data that sound progress can be 
accomplished, and the dangers and pitfalls which are 
inevitable in such rapid development be avoided. 
Many cases of failure, often from remarkable and 
unexpected causes have come to light during recent 
years, and it becomes increasingly evident that the 
possible causes of failure to be considered are much 
more numerous than was at one time realised. 

The work under review lays no claim to being 
either final or complete, and as it becomes available, 
it is intended to add further material in subsequent 
editions. In despite of this intention the work 
would even now appear to cover almost every 
conceivable contingency. _The conditions most fre- 
quently encountered are naturally dealt with at 
much greater length than the abnormal. Twenty 
pages are devoted to the subject of Heat in its 
relation to cements, concrete and ferro-concrete, 
sub-divided under the following headings: I.—(a) 
The influence of heat on the strength of conerete 
during setting, i.e., during the first few hours after 
placing in position ; (6) During preliminary harden- 
ing; (c) Concrete which is already hardened. 
II.—Conductivity, expansion and insulation. IIT.— 
Fire resistance of ferro-concrete. Several examples 
of the successful fire-resisting properties of concrete 
are given in which temperatures of 1,100 deg. C. 
and over are alleged to have been reached. 

As a result of many experiments, the average 
coefficient of expansion for general purposes is 
given as § =0-0000100. for concrete hardened 
either in the atmosphere or under water. This 
figure was officially adopted in Germany in Septem- 
ber, 1925. 

Under the heading of “Cement Bacillus” a, 
description is given illustrated by micro-photo- 





graphs of that extremely injurious doublesalt which 
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is formed by the action on cement, mortar and 
concrete, of solutions containing sulphuric acid. 
It consists of CaO, ALO,, H,SO,—a chemically 
hydrous double-sulphate of lime and alumina, and 
erystallises in microscopic needle-like forms which 
are grouped together in a star-like formation. 
This salt was first synthetically established by the 
Frenchman Candlot in 1906. It was the subject 
of much controversy from that time, until Dr. 
Nitzsche, in 1917, was able to determine the existence 
of this double salt in natural form. It is interesting 
to note that his experiments were conducted with 
the same water containing sulphates as had caused 
considerable damage to the piers of the Elbe Bridge 
at Magdeburg. As a protective measure against the 
so called ‘ bacillus”—so named because of its 
resemblance to an organic desease—the author 
recommends the use of cement with a high 
percentage of silica, little lime, or poor in 
alumina. 

Under “ Electricity,” instances are quoted where 
serious damage has occurred to reinforced concrete- 
structures through electrolysis. It is recommended 
in this connection that concrete should not be 
considered so much an insulator, as is often done, 
but as a Class II. conductor of electricity. Of 
course, concrete alone is a non-conductor, but condi- 
tions may arise in which a reinforced concrete struc- 
ture is subjected to continuous moisture in such a 
manner that it may act as a conductor, especially if 
the reinforcing bars are only slightly embedded in the 
concrete or cement mortar; the effect is furthered 
by the presence of chloride in any form. When 
electrolysis sets up, the iron or steel frame-work 
rapidly rusts, thereby swelling, and producing 
cracks and fissures in the concrete. The addition 
of even 1 per cent. of chloride in the form for instance, 
of salt thrown down for thawing purposes, or cal- 
cium chloride used to increase density, increases the 
danger enormously by increasing the electrical 
conductivity. 

The practice, often recommended, of connecting 
the lightning conductor to the reinforcement frame- 
work and earthing the latter is considered in- 
advisable. In the author’s opinion it is better 
to erect an entirely independent installation, 
separately earthed, for protection against lightning 
especially in the case of lofty or pointed structures. 
The reinforcement metal work should be completely 
covered by the concrete, care being taken that the 
thickness is sufficient throughout. 

Further subjects, to mention only a few of the 
more important ones receiving attention in relation 
to their influences and effects on concrete, are: 
frost, seawater, sewage, lightning, vibration, 
mineral oils, ground and seepage waters, chemicals 
of all kinds, merchandise, such as sugar, green fod- 
der, coal, &c. The author is to be commended 
on having produced a work of reference covering 
so much ground, and although a great part of its 
contents, is not new, it will be of great service to 
the engineer by giving him ready access to previous 
experience without having the trouble of looking 
up old copies of transactions, technical journals and 
so forth, When more detailed descriptions are 
required, it will assist him to ascertain their source 
since this can in each case be readily found from 
the references quoted in the footnotes. 





Statik fiir den Hisen- und Maschinenbau. By Dr.,Inc. 
G. Unoip. Berlin; J.Springer. Pp. viii+342. [Price 
22-5 gold marks.] 

Die Statik des ebenen Tragwerkes. 
Berlin: J. Springer. Pp. vii + 706. 
marks, ] 

A NEW book on any technical subject always 

arouses some curiousity concerning the class of 

reader for which it is intended. The title usually 
provides only the vaguest indication; the text 
alone shows whether the line of treatment is an 
elementary exposition for the beginner, a fully 
detailed discussion for the designer, or a profound 
study for the attention of the erudite scholar. Of 
the two treatises on statics before us, the former, 
by Dr. Unold, might be reckoned as appealing to 
the second class; while the latter, by Professor 

Griining, will undoubtedly appeal more to the 

small and select third class. It is certain that 

neither can be considered very appropriate to the 


By M. Griinre. 
{Price 45 gold 


requirements of those who merely labour on the 
threshold of the subject. hid 

Both books cover similar fields, and both are 
very general in treatment. The former is the 
richer in graphical treatment and illustration ; the 
latter is highly analytical in method and very 
comprehensive. Generality of treatment appears to 
be the keynote to the methods of both authors ; 
even in structural diagrams, generalised contours 
are largely used, which in many cases bear only a 
vague resemblance to practical types. 

Professor Unold commences with a brief and 
methodical résumé of the principles of statics on 
customary lines. Thereafter, adequate discussion is 
devoted to the static and elastic problems of 
determinate and indeterminate constructions, and 
to many features usually dealt with in treatises on 
strength of materials. Such subjects as moving 
(live) loads and the influence of temperature change 
are admirably arranged, and, throughout, the text 
and descriptive diagrams are excellently balanced. 

Professor Griining opens with a discussion of the 
general theory of statics. Analytical principles 
are fully developed, and thereafter applied with 
freedom to all the general structural types. The 
final section on the functional representation of 
static quantities by the solution of differential 
equations is somewhat unique in scope and thorough- 
ness. The book in fact, seems to be the rather 
successful outcome of an ambition to say the last 
word in analytical applied statics. Both books are 
characterised by thoroughness of treatment and 
excellence of illustration. They may be heartily 
commended to ardent specialists on the subject, 
although to those whose processes of absorption 
are of other than a mathematical order Dr. Unold’s 
book will probably make the stronger appeal. 





Galvanizing. A Theoretical and Practical Treatise on the 
Subject for the Use of Works Managers, Students and 
Others. By Hetnz Basuix, Dr.Tech.Se. Translated 
by C. T. C. Satrer. London: E. and F. N. Spon, 
Limited. [Price 12s. 6d. net.] 

Dr. BaBiik opens his preface with the words: 

“Theory is the best guide in practice. It is my 

hope that, in presenting this idea, the present work 

may help to fix it in the minds of all those who have 
not yet come to regard it as a matter of course.” 

The quotation is characteristic of the style of the 

author and of the translator’s difficulties. In spite 

of this introduction the reader will probably expect 

a more practical than theoretical treatment, and he 

will not be disappointed in that respect. A prac- 

tical book on galvanising, based on an adequate 
exposition of the nature of the deposits, is certainly 
welcome. Dr. Bablik has himself experimented, 
but he makes little reference to the recent investiga- 
tions of others, and when he does so, he leaves it to 
the reader to find out where the information came 
from. Thus a good many of his diagrams on the 
structure of galvanised castings—which is his 
second chapter, following Chapter 1 on Rust and Its 
Prevention—are taken from W. H. Walker, some- 
times without explanation of the letters in the 
diagrams. That the source is the Transactions of 
the American Electrochemical Society of 1923 is 
not stated. Two of the later chapters, on Sherard- 
ising and on the Schoop Process, consist largely 
of photographs and diagrams scantily explained ; 
the two views of the Schoop pistol are reproduced 
without any explanation of the reference letters. 

The chapter on electro-galvanising is also short. 

It will be acknowledged that the information given 

is of practical value, but the last chapter on testing 

the galvanised coatings, makes no mention of 
adhesion tests. 

The chief subject is galvanising by dipping the 
iron into molten zinc, especially by simple devices ; 
little is said about continuous processes and their 
machinery, and wire galvanising does not appear to 
be referred to at all, certainly not in the index, 
which is poor. The reader is given the benefit of 
the long experience of the author as manager of 
some Austrian galvanising works; the firm is no 
more mentioned than is the title of the original book 
which Mr. Salter translated. Dr. Bablik’s investiga- 
tion of the pickling process prove—what is now 
accepted—that the oxide skin on the iron is more 





dissolved than burst off by the hydrogen liberated 


under the skin, and that the hydrogen generation 
should be kept down; there is‘no mention of the addi- 
tion of “ restrainers,” colloids, size, &c., to the acid. 
The chapter on the flux states that the flux js 
now almost exclusively prepared from sal ammoniac, 
and adds that it is necessary to throw a few pieces 
of old flux on the bath at first, as if the zinc chloride 
came into the flux merely in this way. The actual 
flux is generally considered to be the double galt 
2NH,C1,Z,,Cl,, which finally may pass partly into 
Z,NH,Cl, and ZnCl,, or other products, since 
both the chlorides dissociate. A good flux, it is 
stated, contains a slight excess of chlorine, a poor 
flux an excess of zinc; this may be one of the re- 
searches of which Dr. Bablik speaks as unfinished, 
He points out that a 4-56 per cent. silicon stee} 
would not galvanise in the Bohler works, whilst 
a 4-1 per cent. silicon steel was galvanised in the 
Lisaght-Sankey works ; the high silicon content can 
not in itself prevent galvanising therefore. On the 
other hand cast iron requires sand blasting, pickling 
in hydrofluoric acid to remove moulding sand, and 
then in hydrochloric acid to scour out the graphite 
on the surface, and galvanising at rather high tem- 
perature, 460 to 520 deg. C. 

The Austrian galvanising process, which is recom- 
mended, is said to differ from ordinary galvanising 
in that the coating consists entirely of pure zine, 
without the usual intermediate alloys of iron and 
zinc. The effect is obtained by rapidly passing the 
plate, pickled in hot sulphuric acid (hydrochloric 
acid is generally preferred as more rapid) into a 
lead bath, through a flux of sal ammoniac and 
taking it out through the zinc floating on the lead ; 
the top of the tank is lined with fire brick. To 
remove the lead taken up which would impair the 
appearance of the surface, to reduce the oxides 
and to make the bath more fluid, some aluminium 
is added to the bath; the suitable aluminium pro- 
portion is elsewhere in the book stated to be 0-63 
per cent. Some of the illustrations in the chapters 
on hot galvanising and on raw and waste materials 
are reproduced from “ Ignis Hiittenbauges,” what- 
ever that means, without any comment. The book, 
with its useful hints and tables, will be appreciated 
especially by hot galvanisers. 





THE GROWTH OF CRYSTALS. 


THE subject of the growth of crystals was dealt 
with by Professor Cecil H. Desch, in two Royal 
Institution lectures delivered on March 16 and 23. 
He pointed out that crystals shared with living 
organisms the property of growth, but that crystals 
could only grow on the surface. When a crystal 
was immersed in a saturated solution of its own 
substance, it might grow uniformly in all directions. 
As a rule, however, different faces developed at 
different rates, and some faces might disappear 
and new faces put in an appearance during con- 
tinued growth. Under somewhat different condi- 
tions, one of two crystals of the same substance 
might be an elongated prism and the other, with 
identically the same angle, a flat table. Those 
differences of habit were often characteristic of 
the locality in which a crystal occurred. More 
significant changes in the form had long been 
known to be due to the presence of slight impurities, 
and their study had given the first clue to the 
problem of growth. 

All modern crystal study started from the idea 
of the space lattice. Atoms, or groups of atoms, 
were supposed to be so arranged that a single unit 
was exactly repeated at regular intervals in three 
dimensions. When planes were passed through the 
atoms, as in the diagram, Fig. 1, the atoms would 
be closely packed in some planes and more widely 
spaced in others. If growth could proceed equally 
in all directions, crystals should be spherical, and 
crystal faces might then develop on the originally 
globular crystals. By condensing vapours of sulphur 
on glass, Vogelsang obtained such globules, partly 
united to ramified rootlets. But his globules were 
subsequently shown to be undercooled drops of 
liquid, and not crystals. Watching the crystallisa- 
tion of salts by a kinematograph, Richards and Archi- 
bald observed that the crystal had a perfect shape 
from the start; but a crystal which could be 





photographed would already be very large iD 
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comparison with molecular sizes, and Dr. Desch 
referred subsequently to arguments in favour of an 
original globular shape. 

When a crystal grew from a solution, two processes 
were involved—separation of the material from the 
solvent and addition to the solid. The study of 
crystallisation from a particular substance offered 
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Fig. 5. 


advantages, and organic compounds, which ad- 
mitted of considerable undercooling and were of 
rapid crystal growth, were convenient for these re- 
searches, The solidification liberated heat, however, 
and the rate of growth depended also on the rate 
at which this heat could be carried away. Nacken, 
in 1915, immersed a hollow sphere of copper, 
which could be cooled internally, in a melt of salol 
(phenyl salicylate), and attached a small salol 
crystal as nucleus to the sphere. When he cooled 
very slowly, a small rounded crystal was produced, 
but when he withdrew the heat more rapidly crystal 
faces made their appearance, faces of slowest 
growth appearing first. The boundaries of new 
faces first appeared to be round ; as the faces met, 
straight edges developed and certain faces grew at 
the expense of others, as indicated at a, b, 0, p, and 
m in Fig. 2. A quantitative study of growth proved 
that growth at right angles to a face was a 
characteristic property of that face. The slowly- 
growing faces were likely to survive, while those of 
rapid growth in the vertical tended to disappear ; 
when a crystal was given some artificial faces (by 
filing, &c.) those faces went first. How it was that 
the face rapidly increasing in thickness was sup- 
pressed by the others of slower growth might be 


the curve inside the figure indicating the rate of 
growth ; the spreading layers were] thinner than 
those shooting up. a 
In the space lattice, the atoms were held together 
by the electric forces depending upon the atomic and 
electronic grouping, which were also responsible for 
the chemical properties. What the chemists called 
residual affinity, necessarily varied with the packing, 
and the planes of Fig. 1 would, therefore, have differ- 
ent chemical properties. Quantitatively, these forces 
could not yet be determined; the differences, 
however, were easily recognised by etching. When 
iron was treated with acids, the metal was dis- 
solved along certain planes, and a number of 
minute cubes became visible. When crystals grew 
under the microscope, on the other hand, the 
crystal face was seen to grow in steps, but sub- 
limation by condensation of vapour in a vacuum 
was more easily studied. Volmer allowed jets of the 
vapours of zinc, cadmium or mercury to impinge upon 
glass in a vacuum. ‘The nuclei first formed in the 
film deposited developed into crystals, which showed 








understood with the aid of the diagram, Fig. 3, 
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the face with the greatest velocity of growth per- 
pendicular to the jet. In the case of mercury this 
was the basal plane. At — 60 deg. C. thin leaflets 
were formed, the diameter of which was 10,000 
times larger than the thickness; that disparity 
seemed to disprove the belief that the growth of 
faces depended upon differences in surface tension. 
The first film, one molecule in thickness, was not 
crystalline. This first layer in Volmer’s experi- 
ments would be the adsorption layer of physical 
chemists. The atoms (or molecules) in it would 
retain some freedom of movement, and would be 
able to arrange themselves to two-dimensional 
nuclei; the whole layer would then become 
crystalline, and a second layer would be adsorbed. 
The evidence for this view was very strong, and 
it also explained the part played by small im- 
purities. 

Fused metals probably solidified from a large 
number of centres which would be fairly equally 
spaced. The boundaries were not themselves 
crystalline faces, but were determined by the rela- 
tive positions of the centres and the rate of 
growth. Under the microscope they appeared 
polygonal in shape. With regular grouping of the 
centres the boundary, polygons should, in three 





faces ; small irregularities would make the figures 
more complex, but the four-sided faces should 
predominate. That, however, was not confirmed by 
observations. More than twenty years ago, Quincke 
suggested that, immediately before crystallising, 
a liquid changed into a mixture of two liquids, 
like water and a very small quantity of oil. The 
two liquids formed a foam of cells, the forms of the 
cells, within which crystallisation occurred, depend- 
ing on surface tension. The suggestion appeared 
inherently improbable, though there were indications 
of a change preceding solidification, and surface 
tension probably did influence the shape of the inter- 
crystalline boundaries. There was surface tension 
between a crystal and its own melt, and the poly- 
hedra or crystal grains of metals might approximate 
foam cells in their shapes. Kelvin showed that the 
theoretical. foam cell should have the shape of 
his tetrakaidecahedron of Fig. 4. Dr. Desch had 
never observed these four-sided faces in experiment- 
ing with foams of soap, gelatin, &c., but had 
found cells approximating to pentagonal dode- 
cahedra, together with smaller cells. He stated 
that one could not fill space with these pentagonal 








dimensions, represent dodecahedra with four-sided 





solids which did not exactly fulfil the equilibrium 
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conditions; but this could be done with a little 
distortion. The intercrystalline boundary was 
generally a source of strength rather than of weak- 
ness. Dr. Desch exhibited an illustration of the 
crystal grain, of foam-cell structure, of a chromium- 
steel forging, Fig. 5, which proved highly brittle, 
the crystal grains separating spontaneously. 

Surface tension might even influence metals at 
high temperatures. A button of gold was easily 
obtained as a single crystal when solidifying slowly 
out of contract with air, but the surface, Fig. 6, 
then looked smoothly rounded, not crystalline ; 
under the microscope it appeared wrinkled as if 
covered by an elastic skin which had been drawn 
into folds when contracting. When, however, the 
surface was etched with acid, it turned rough, and 
minute octahedral pyramids appeared. On heating 
the gold again to 700 deg. C., after thorough clean- 
ing, the points became rounded and disappeared, 
and the smooth surface was restored. Similarly 
small gold crystals showed rounded and globular 
edges as much as 300 deg. below the melting point, 
at which temperature therefore surface tension had 
overcome cohesion. Both these forces decreased 
as the temperature rose, but evidently not at the 
same rates. 

Well-developed crystals suitable for measurements 
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had usually been formed by a comparatively slow 
rate of growth. As material was being withdrawn 
from the solution or melt and added to the crystal 
in slow growth, there was ample time for further 
supply to be brought up to the growing face. 
When growth was rapid, on the other hand, the 
supply of dissolved solid by diffusion might not 
keep pace with the growth. The sharp corners of 
crystals were then more favourably placed for re- 
ceiving the supply than the middle parts of the faces, 
and growth was accelerated at the corners. That 
sharpened the angles still further, and the crystal 
assumed a star shape, the process being repeated 
at each branching ; that was the origin of dendritic 
crystals socommon in nature. .. 7 

Inadequate material supply would favour branch- 
ing. in preference to general growth; hence, 
heated solutions evaporating on a glass slide crystal- 
lised rapidly in grid patterns of cubic or hexagonal 
symmetry. This was also common in cooling metals ; 
the zinc on galvanised iron showed hexagonal 
crystals. When the diffusion was further impeded 
by making the solution viscous, as by adding gum 
or gelatin, salt crystals not only branched, but 
became fantastically divided, yielding forms which 
recalled organic structures. The prevalence of 
dendritic growths among metals was not due to 
viscosity, however, for the viscosity of molten 
metals was low; it could probably be explained 
by the flow of heat in the liquid and its relation to 
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the latent heat evolved during crystallisation. 
Increased growth might be found at the edges, 
rather than at the angles. In native gold, which 
was rarely found well crystallised because it was too 
soft and easily distorted, triangular (octahedral) 
faces bordered by distinct rims were sometimes 
observed, and the raised rims, occasionally of the 
characteristic key pattern of Greek architecture, 
were still more striking in bismuth crystals. Excel- 
lent dendritic forms were also obtained by the 
electrolytic deposition of metals and in the trees of 
lead, silver, &c. Those branched crystals were 
frequently the result of parallel growth, the same 
form being repeated over again with the axes 
remaining parallel all the while; many hair-like 
crystals had this structure. Sometimes, but not 
always, twinning was involved. The growth of 
octahedral native copper, along axes parallel or at 
right angles to one another, and of apatite, where 
crystals grew on one another with their vertical 
axes all parallel, were not examples of twinning. 
Why one direction predominated first and then 
another, we did not understand. When an obstacle 
was introduced, the axis might become curved, as 
was observed when ice formed on muddy pools or 
was condensed from vapour on window panes. 
Passing from viscous liquids to true solids and 
to the separation of crystals from solid solutions 
in metals, Dr. Desch said it was difficult to under- 
stand how the atoms could change their places 
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from layer to layer and how far new material could 
be supplied by diffusion, though diffusion must occur 
in annealing. New crystals tended to arrange them- 
selves parallel with the chemically important planes 
of the old. In this way the Widmanstitten struc- 
ture of meteorites and the fine grid pattern of iron 
crystals were produced ; the iron crystals followed 
the octahedral planes of the solid solution which 
was stable at high temperatures, but broke up during 
cooling. Such a structure was always associated 
with brittleness. Regularly curved crystals were 
rare. Finished crystals of rock salt, &c., could be 
twisted, and natural twisting was observed in some 
characteristic local varieties of quartz and of 
stibnite, due probably to some impurity. The 
regular hemispherical shells, observed by Stead in 
artificial alloys of tin, antimony and arsenic, were 
apparently unique. Graphite flakes in cast iron 
were bent because they were flexible and yielded 
to the pressure of the iron in which they were 
embedded. ; 
Periodic crystallisation was another interesting 
phenomenon. Dr. Desch, demonstrated the inter- 
mittent crystallisation by melting some salol on a 
slide. As the fused liquid undercooled, a sheaf of 
needle crystals was seen to advance, stop moment- 
arily, and advance again, the growth finally covering 
the slide with crystals showing more or less regular 
transverse growth lines. The point of the needle 
contracted in solidifying and left a gap in front of 
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it, but owing to the viscosity and surface tension of 
the liquid some time elapsed before the liquid again 
made contact with the needle point. In the periodic 
crystallisation of fatty acids and of potassium 
dichromate, the mechanism was probably different. 
A hot concentrated solution of the dichromate 
crystallised in spherulites, which showed concen- 
tric rings; the supersaturated solution was im- 
poverished by the separation of the first layer of 
crystals and had to be replenished by diffusion. 
Those structures, also seen in porcelain glazes and 
in slags, and the natural banding of agates, might 
be of a similar nature. This banding has been 
ascribed to the infiltration of solution into a cavity 
containing silica. Ruskin had maintained that the 
banding had been produced in the solid state, but 
Dr. Desch had found that the bands could be per- 
fectly reproduced by means of chromate jelly, 
without infiltration through definite channels. His 
illustration, Fig. 7, was produced by allowing some 
dichromate jelly to harden on glass; the apparent 
infiltration lines were merely lines where advancing 
fronts of periodic crystallisation had met. 





_THE Roya AERONAUTICAL SocIETY.—The Gold Medal 
of the Royal Aeronautical Society has been awarded to 
Dr. F. W. Lanchester in recognition of his valuable 
and pioneer services to aviation. Dr. Lanchester has 
also been made an Honorary Fellow of the Society. 





4-8-2-TYPE LOCOMOTIVE FOR THE 
SOUTH AUSTRALIAN RAILWAYS. 


Messrs. Str W. G. ARMSTRONG, WHITWORTH AND Co., 
LimiTED, have recently completed, and shipped to 
Australia, three types of locomotives to the design of 
Mr. F. J. Shea, chief mechanical engineer to the 
South Australian Government Railways. The order 
included ten engines of each of the 4-6-2, 2-8-2, and 
4-8-2 types, with bogie tenders. The locomotives 
practically conform to American practice, and are in 
this respect as unusual for the railway system in 
question as they were out of the ordinary class of 
work passing through the shops of the builders. The 
locomotives are exceptionally heavy for the coun- 
try for which they are intended. The 4-6-2 class are 
to be employed on the fast main-line expresses, the 
4-8-2 type being intended for heavy expresses on 
the Adelaide-Murray Bridge section, and for fast 
freight. The 2-8-2 type engines are intended to work 
freight trains on the lighter tracks. They are all for 
the 5-ft. 3-in. gauge system in South Australia, and 
range from 172 tons 6 cwt. 2 qr. for the total weight 
of the lightest (2-8-2) type, to 218 tons 15 cwt. 2 qr. 
for the heaviest (4-8-2) class. All are designed for 
conversion, if necessary, to 4-ft. 8}-in. gauge, at 
minimum cost. 

In general features, the three classes bear a strong 
resemblance to each other, but the 4-8-2 design is per- 
haps the most interesting, while the boilers of this 
class, in addition to provision for hand firing, are 





equipped with mechanical stokers, not required on 








? 
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the smaller machines. In all cases, the boiler capacity 
is large, and wide fireboxes and superheaters are 
embraced in the designs. We illustrate the 4-8-2 type 
machine in Figs. 1 to 3 opposite, while details of the 
design can be followed from Figs. 4 to 12 on our 
two-page engraving, Plate XLII, with this week’s 
issue, on this page, and on page 498. Of these illus- 
trations, Fig. 4 gives a sectional elevation and Fig. 5 
two half-plans, the upper half being taken through the 
driving axles, the lower half being an outside plan. 
Cross-sections and end elevations are given in Figs. 9 
to 12, on page 498, while Figs. 6, 7 and 8, on Plate 
XLII, and on this page, are drawings of the framing. 

The cylinders of this class are 26 in. in diameter by 
28 in. stroke. The driving wheels are 5 ft. 3 in. in 
diameter, and the steam pressure is 200 lb. per square 
inch. At 85 per cent. of the boiler pressure, the 
tractive etfort works out at 51,000 lb., the weight 
available for adhesion being 91-1 tons. We may say 
that, for the 4-6-2 class, the tractive effort works out 
at 36,600 lb., and for the 2-8-2 class, at 40,400 lb., the 
adhesive weight in the case of the former being 72-35 
tons, and in the latter 74-1 tons. 

As already pointed out, we give drawings this week 
of the frame arrangements. Other features of the 
design we will refer to in later issues. The cylinders 
are of the American type, each being cast with the 
half-saddle. The frames are also of the bar type of 
American practice and are of cast-steel, as far as the 
fire-box, up to which point they are continuous from 
the front buffer beam, no splice and top rail being 
used for the section ahead of the drivers. They are 
54 in. thick. The cylinders are bolted to the frames, 
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which, at this point, take the form of a slab 11 in. deep, 
wedges being driven into dovetails on the upper side 
of the frames, at the front of the cylinder castings. 
In addition to ten horizontal bolts through the frame, 
there are two vertical bolts, as shown in Figs. 6 and 7. 

At the firebox, the bar frames end at a steel casting, 
beyond which the framing is continued from a deep 
splice by means of 24-in. plate. The whole framing 
is tied tegether by the front buffer-beam casting, the 
cylinders, yoke, a stay casting ahead of the front 
drivers, three cast-steel stretchers between the driving 
wheels, stays extending between the top rails, 
the cross stay at the front of the firebox and the rear 
buffer casting and drag box of cast steel. The front 
buffer beam is of cast steel. An Alliance automatic 
central buffer coupler is fitted at the front end, operated 
from below. The coupling between the locomotive 
and tender is arranged to give universal motion. 


Chief Particulars of 4-8-2 Type. 
Locomotive : 


Cylinders, diameter... ae 26 in. 

’ stroke Ss5 noe 28 in. 
Valves, piston, dia. eee oom 14 in. 
Wheels, leading bogie, dia. 2 ft. 9 in. 


5 ft. 3 in, 
3 ft. 6 in. 


re driving, dia. ... 
= trailing truck, dia. 
Boiler barrel, largest dia. 6 ft. 11 in. 
Fire-box, length outside 11 ft. 2}} in. 
width ae a 7 ft. 5 in. 
66°6 sq. ft. 
36, 54 in, 
177, 2} in. 


Grate area - oe eee 
Tubes, large, number and size 
small, - peace 
» length between  tube- 
plates... cs 21 ft. 
Heating surface, tubes, large ... 1,088 sq. ft. 


small ... 2,190 .. 
”” »  fire-box and 
arch-tubes 331 


ss Total oe 3,609 ,, 
Superheater surface —_ 835 sq. ft. 
Working pressure sed 200Ib. per sq. in. 
Wheelbase, leading hogie 7 ft. 


bs driving... ion 17 ft. 
a total eng ne 39 ft. 2 in. 
Weight on bogie 21t. 8cewt. 2 qr. 
= drivers 91t,. 2 ewt. 0 qr. 


trailing truck 22 t. 6 cwt. 2 qr. 
Tender :— 
Wheels, dia. ae eo ies 3 ft. 
; os 8,000 gallons 


Locomotive and Tender :— 


Water capacity ... 
Coal capacity 

Wheelbase “ee 
Weight, loaded ... 


Total wheelbase 


length over buffers 


» weight 


(To be continued.) 


12 tons 
22 ft. 6 in. 


83t. 18 cwt. 2 qr. 


73 ft. 11 in. 
82 ft. 6} in. 


218 t. 15 ewt. 2 qr. 





Fia. 1. 


THE BUILDING TRADES EXHIBITION 
AT OLYMPIA. 


EvEN before the war, the difficulty of obtaining 
domestic help led to an increasing interest in 
appliances for eliminating unnecessary labour in the 
performance of household duties. This interest has 
not only been maintained since the war period, but 
has been considerably enhanced by the necessity 
for strict economy resulting from high prices and 
heavy taxation. At the present time, the public 
have a very keen appreciation, not only of the 
arrangement of houses from an _ architectural 
standpoint, but also of the utility of their interior 
fittings. There is thus every probability that the 
International Building Trades Exhibition, which 
was opened at Olympia by the Lord Mayor on 
Wednesday last, will be largely visited by the general 
public in addition to those having a professional 
interest in the exhibits. 

The first exhibition of building materials was 
held at the Royal Agricultural Hall in 1895, but, 
in 1907, the increasing demand for space led to its 
transfer to Olympia, where it has been held ever 
since. The last exhibition was in 1924, and was 
somewhat overshadowed, in common with other 
exhibitions held in that year, by the British Empire 
Exhibition at Wembley. This year, over 300 firms 
are showing, and the field covered by the exhibits 
is very wide. Examples are to be seen of complete 
houses in steel, concrete, and wood, in addition to a 
very complete selection of various kinds of building 
materials, and exhibits typifying special methods 
of construction. In addition, machinery of the 
various types employed by the builder is fully 
represented, together with a wide variety of interior 
fittings. There are few startling innovations, and, 
upon the whole, the exhibits suggest that methods 
and materials of construction are becoming rather 
more standardised, even in the case of non-brick 
structures. Of the entirely new departures from 
accepted practice to be seen at the exhibition, 
however, we may mention the employment of 
sawdust concrete as a building material. 

Amongst the exhibits which are of more particular 
interest to engineers are numerous examples of 
wood-working machinery, appliances for con- 
crete mixing and for the formation of concrete 
blocks. There are in addition, however, a number 
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of appliances of engineering interest included in 
the more general exhibits, such as hoists, central- 
heating apparatus, and soon. The display of wood- 
working machinery is exceptionally complete, 
and an examination of the machines on the stands 
of the leading British makers will carry conviction 
that, in this particular class of machine tool, the 
British product is unrivalled. Many of the machines 
shown have been described recently in our columns, 
but there are quite a large number which are being 
shown for the first time at this exhibition. We may 
commence our description of the various exhibits 
by dealing with some of the woodworking machinery. 
Messrs. Thomas Robinson and Son, Limited, 
Railway Works, Rochdale, have a representative 
collection of modern woodworking machinery on 
their stand. They exhibit for sawing, a roller-feed 
circular re-saw, a band-sawing machine, and a 
double-dimension saw. For moulding work there 
is a spindle moulding machine, and a five-cutter 
moulding machine. Other tools are a panel planer, 
a heavy tenoning machine, a combined chain an 
hollow-chisel mortising machine, a moulding and 
planing machine, and a universal wood-working 
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Fie. 3. 


Fig. 4. 


Fies, 3 anp 4. UnNtversaL WoopworkKiIna Macuine; Messrs. THomas RoBINsON AnD Son, LimrreEp. 


a 
machine. We have selected the last two for 
description. While the large high-speed moulding 
and planing machine, shown in Fig. 1, is not, in 
principle, a new tool, it contains so many improve- 
ments in detail over previous patterns that it 
merits close examination. It is a four-cutter 
machine with side spindles between the top and 
bottom heads, and is fitted with an extra bottom 
or beading head. 

Beginning with the feed system at the right-hand 
of the illustration, the two top feed rollers, with a 
dust-proof gear case behind them, are opposed 
by a bottom pair, the gear for which is on the 
front or working side of the machine. This gear- 
case is immediately behind the large hand wheel 
for raising or lowering the feed rolls. The separation 
of the top and bottom gears on opposite sides 
permits of spur wheels being used which are 
large relatively to the driving pinion. The teeth, 
moreover, are of special form, and these two 
features provide a very powerful, as well as smooth 
and regular, feed, and the flexible lever weighting 
system ensures effective contact. The weighting 
lever is connected to the roller frames by means of 
achain. In order to provide for widely differing 
timber thicknesses, the rollers have a considerable 
range of vertical movement and the chain must 
be capable of rapid adjustment. This is effected 
by passing the end of the chain round a roller 
attached to a quadrant, visible in the illustration. 
The quadrant is provided with a number of holes. 
The roller can be locked in any desired position 
by the alteration of the position of the pin in the 
quadrant, and the chain is shortened or lengthened 
accordingly. The stopping and starting lever for 
the feed is close to the roller-raising wheel. The 
normal arrangement provided for varying the rate 
of feed is by cone pulleys, but a V-belt variable- 
speed gear, not shown in the figure, is very often 
fitted. This is an improved form of a well-known 
device, and consists of a pair of V-grooved pulleys 
carried on a separate base. The halves of each 
Pulley may be moved transversely on their shafts, 
which are mounted on double-race ball bearings. 
The separating or closing movement alters the 
virtual diameters of the pulleys by widening or 
harrowing the groove. One advantage of this 
drive is that it permits the operator to vary the 
speed at will whilst the machine is running. The 
fast-and-loose driving pulleys are 12} in. in diameter 
by 6-in. face, and run at 1,000 r.p.m. to 1,100 r.p.m. 
The No. 1 machine, which can deal with timber 
up to 12 in. by 4 in., requires about 25 brake horse- 
power; the smaller size, No. 2, for 9 in. by 4 in. 








timber, 
mately. 

The bottom cutter head embodies several improve- 
ments in design. It is mounted on a transverse 
slide to enable it to be withdrawn when necessary. 
The locking arrangement, clearly shown in the 
figure, is of quick-acting type. Levelling is con- 
trolled by supporting the slide upon three points, 
which considerably facilitates adjustment. The 
table in front of the bottom cutter block is arranged 
to rise and fall by means of an inclined slide. This 
operation is carried out at the same time as the 
adjustment of the bottom feed rollers and, of course, 
provides for making different depths of cut. Each 
end of the bottom feed rollers is capable of separate 
adjustment, to enable proper levelling with the 
table to be maintained. 

There are two sets of roller pressures with lever 
weights opposite this cutter block. They are 
arranged in transverse sections, each having its 
own weight to ensure flexibility when dealing 
with irregular material. The units are mounted 
on a square bar, and can thus be removed as 
required, the bar itself being pushed back if it 
is desired to plane narrow timbers. Pads may be 
fitted instead of rollers. 

The top cutter block is of the open type, and 
between it and the bottom cutter block is fitted a 
pair of vertical cutter blocks for side work. These 
are not precisely opposite each other, one being 
a little in advance. This arrangement permits of 
a radial side pressure roller being fitted directly 
opposite the cutter. This pressure roller is actuated 
by a weight and chain attachment readily recognis- 
able in the illustration, and, although the pressure 
block has sufficient movement to accommodate 
timbers varying by }-in. width, it provides a very 
firm resistance. 

The vertical cutter blocks have a rise and fall 
motion, with a quick-acting locking device, as 
well as a transverse motion. Their spindles are 
carried in a sleeve mounting illustrated in Fig. 2. 
This has two ball bearings, each with a double 
race. The spindle runs in the top bearing, but 
not in the bottom one. In this bearing a steel 
sleeve and an extension of the driving pulley form 
the two ball housings. The lateral pull on the 
driving pulley is thus taken by the sleeve and not 
by the spindle, so that there is no tendency to 
drag the cutter block out of the true vertical line, 
or to distort the spindle in any way. 

The top pressures at this cutter block are two in 
number, and of the spring type. A radial arm 
chipbreaker pressure with a self-aligning wood pad 


takes 23 brake horse-power approxi- 








is fitted in front of the cutter block. The vertical 
cutter blocks are normally provided with hoods for 
protection and chip exhausting. The left-hand one, 
however, is shown removed in Fig. 1. 

The top cutter head is set well below the table 
level, and is on a broad base, thereby ensuring 
absolute rigidity. The cutter block bearings are 
carried in a separate frame on the head so that 
the cutter block may be canted if necessary when 
working on bevels or deep moulds. The chip- 
breaker pressure is shown in place in front of the 
cutter block. It can be tilted up out of the way 
when access to the cutter block is desired. It is 
flexible in order to hold uneven timber firmly 
across its full width, and is of the spring-loaded 
pattern. It is also adjustable to suit wide 
mouldings. 

Behind this pressure will be observed a transverse 
slide, inclined slightly to the vertical. This carries 
a holder for a carborundum grinding tool which 
is used to true up the cutter blades in position, 
thereby ensuring equal operation of the knives giving 
an even surface of the planed timber in consequence. 
The fitting is particularly useful where mouldings 
are being dealt with in large quantities. In these 
cases, special carborundum sticks of the correct 
profile are used. Somewhat similar devices can 
be supplied for trueing up the other cutter blocks. 
At the back of the top cutter block is a weighted 
lever pressure with a wooden pad. 

The machine is usually fitted with an extra 
bottom cutter block, visible at the extreme end. 
This cutter head is fitted with a removable cutter 
block, in order that a solid profile cutter can be 
readily inserted, or a hollow-ground saw used for 
splitting double mouldings. It is made to rise and 
fall, and has its own weighted lever pressure, while 
the table behind it is provided with a means for 
setting it level with the cutters. 

All the cutter blocks in the standard machines 
are of the square-lipped pattern, and will work 
well with four blades at any rate of feed up to 80 ft. 
per minute. For higher speeds, up to 120 ft. a 
minute, a circular cutter block with four or six 
thin high-speed steel knives gives better results. 
All cutter blocks are balanced before fitting. Two 
general points may be observed in the illustration : 
firstly, that the machine is all above ground and 
needs no excavation; and secondly, that all the 
controls are grouped together. The whole of the 
improvements have been designed to lessen the 
time required for setting-up or changing over. 

Another interesting machine by the same makers 
is a universal woodworker, of which we give two 
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illustrations in Figs. 3 and 4, on page 493. This 
machine is designed to carry out nearly every 
operation required in a pattern-making or wood- 
working shop. 

In Fig. 3 the machine is shown set for moulding 
with the cutter block above the back table. The 
cutter is of the square type, 5 in. long, with four 
blades. ; It is mounted on an overhung horizontal 
spindle, and is provided with a guard and wood 
pressure pads. Feed is effected by removable 
roller attachment which will handle timber up to 
4 in. in width by 2 in. in depth. There is an adjust- 
able guiding fence. Thicknessing is also carried 
out with this arrangement. Tongueing and grooving 
is done with the cutter block below the table, which 
is provided with a screw adjustment for raising and 
lowering. For tenoning, which can be done up to 5 in. 
in depth, both positions of the table are made use 
of. The square cutter block is replaced by a tenon- 
ing head, and one side of the tenon is made by 
passing the wood below the cutter, carrying it 
on a sliding plate and using a hand feed. The table 
is then raised and the other side is cut, using the 
top of the cutter. The tenon is thus gauged from 
one side of the wood only, which ensures accuracy. 

This spindle and table are utilised for sawing. 
The table is raised and the gap is filled in by a loose 
piece. The saw,is shown in position in Fig. 4, in 
which, however, the machine is viewed from the 
front. The top guard and riving knife may be 
seen in position, and also the fence, which can be 
adjusted up to 7 in. from the saw. The bottom guard 
and hopper can be seen in Fig. 3. Saws up to 24 in. 
in diameter can be used. Cross-cutting, mitre- 
cutting and dimension-sawing are possible by turn- 
ing over the fence out of the way. A narrow groove, 
visible near the edge of the back table, localises 
the sliding plate, fitted with an adjustable fence, 
which carries the timber in these operations, as in 
those for tenoning. 

In Fig. 4 the machine is shown arranged for 
hollow-chisel mortising. The horizontal spindle 
carries an augur working in a hollow chisel which 
may be up to } in. square. Ordinary slot mortising 
and boring are also done with the horizontal 
spindle. For these operations a small rising and 
falling table, with longitudinal and transverse 
movements as well. is fitted on the front of the 
machine. It will take timber up to 8 in. square and 
is provided with adjustable stops for regulating 
the length and depth of the mortise. It has also 
a strong clamp for holding the timber firmly. 

Ordinary hand-feed planing is done on the front 
table, which is 6 ft. long overall. Each half is carried 
on long, inclined slides to provide for adjustment 
of depth of cut. The cutter block is of the circular 
type with relieved back. Any width of timber, up 
to 12in., can be planed. A canting fence, visible 
in place in Fig. 3, is provided. This has a parallel 
adjustment across the full width of the table. 
Surfacing, jointing, rebating, and chamfering are 
also done on this table. 

The front table is fitted with a vertical cutter 
block for moulding and other operations. The 
arrangement is clear in Fig. 4. The spindle is 
mounted with the pulley running on a sleeve as 
fitted to the large horizontal planing and moulding 
machine described above. The adjustable guard 
for this cutter is seen lying on the ground imme- 
diately beneath it. The machine can be arranged 
to do circular and irregular mouldirfg with this 
cutter, and timber up to 3} in. in depth can be 
dealt with. The cutter block has a vertical rise and 
fall, and the top end of the spindle is detachable. 
This permits the use of different types of cutters and 
also enables the cutter block to be removed and the 
hole plugged when it is desired to have the table free. 

The drive consists of a countershaft and pulleys, 
arranged to give two speeds to the spindle when 
required for sawing. In this case, two driving 
belts and two main shaft pulleys are necessary. 
The driving pulleys on the countershaft are 10 in. 
in diameter with a 4-in. face, and run at 450 r.p,m. 
for sawing and 900 r.p.m. for planing. The power 
required, with a 24-in. saw, is 8 brake horse-power. 

Messrs. John Pickles and Son (Engineers) Limited, 
of Hebden Bridge, are also exhibiting a number 
of woodworking machines, including a high-speed 
planer and matcher, a high-speed cabinet planer, 
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and various types of sanding, mortising, and sawing 
machinery. We illustrate two new machines 
manufactured by this firm in Figs. 5 and 6, above. 
The first of these is a straight-line edging machine, 
which will edge timber of any length without the use 
of a fence, making it’possible in many cases to glue 
up stock straight from the saw. The machine will 
rip up to width, leaving the edges perfectly straight, 
at a very high rate. As willjbe seen from the 
illustration, the machine is exceptionally strong and 
heavy, the main frame being cast in one piece to 
form a rigid support for the saw and feed mechanism. 
The feed rollers are carried on a separate trunk 
casting, which may be raised or lowered on the 
slide visible at the back of the main casting, by 
means of the handwheel, shown mounted on the 
main frame beside the gear-change lever. The 
trunk casting can be locked in any desired position 





by means of a hand lever, which is visible in the 
illustration projecting above the bed at the back. 
This lever operates a cam bearing against the 
slide. A second slide formed in the trunk casting 
enables an independent vertical adjustment to be 
obtained for the feed!rollers, without affecting the 
height of the saw. This slide is clearly visible above 
the table in the illustration, from which it will be 
seen that it is operated by a handwheel in a con- 
venient position. The screw for operating the 
independent adjustment is provided with ball- 
thrust bearings. The saw spindle is driven by @ 
telescopic shaft fitted with universal joints, and is 
carried on ball and roller bearings. The main 
drive is by belt direct to the upper pulley at the 
back of the main slide. From the shaft carrying 
this pulley, a second belt is carried, over }jockey 
pulleys to the lower pulley visible on the extreme 
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Fias. 7 AND 8. 
THE AUSTRALIA CONCRETE 


Fig. 8. 


‘“*TonkKIN” CONCRETE MIXER; 
MACHINERY AND 
ENGINEERING ComPpANy, LIMITED. 
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Fia. 9. 


right in the figure. From the shaft on which this 
pulley is mounted, the drive is taken over fast and 
loose pulleys to a countershaft, forming the primary 
shaft in the gearbox. ; 

The feed consists of an endless chain in the table, 
driven from the gearbox in the bed of the machine. 
The timber is kept in firm contact with the chain by 
means of pressure rolls, which, as seen in the illus- 
tration, are entirely enclosed with the saw in a 
ae hood. The front portion of this hood may 
} Temoved for changing the saw without disturbing 

© main suction pipe. The front roller is driven, 
— all the rollers are mounted horizontally on 

nged arms, which are held down by springs, thus 





allowing the stock to enter easily. Each roller is 
fitted with an independent vertical adjustment. 
The chain is automatically lubricated, and travels 
on an independent bed with V slideways. It may 
be adjusted vertically to ensure perfect contact 
with the timber on the table. An endwise adjust- 
ment to and from the saw, by means of the small 
star wheel visible just below the table, is also 
provided, ensuring perfect alignment with the saw 
at all times. The chain has a dovetailed tongue to 
prevent slivers from the wood being thrown back. 
Referring again to the figure, it will be seen that 
there is a guard, made up with separate fingers, in 
front of the rollers, the centre finger being fitted with 


Fies. 9 anv 10. 
THE AUSTRALIA CONCRETE 





Fig. 10. 


Cust Concrete Mixer; 
MACHINERY AND 
ENGINEERING ComPANy, LIMITED. 


a projection for locating the saw. A sight-feed 
arrangement is also provided at the front of the 
machine. An adjustable fence is provided, which 
is clearly visible inthe figure. 

The edger is fitted with a three-speed gearbox, 
which permits of feed rates being varied while the 
machine is actually running. The changes are 
made by means of the vertical lever visible in the 
illustration on the end of the machine. All the 
mechanism for driving the chain is totally enclosed. 
A feed rate up to 180 ft. per minute can be obtained. 
if required. The machine is started and stopped 
by means of the foot lever shown in the illustration. 
The machine table is 4 ft. 10 in. by 4 ft. 2 in. 
The maximum diameter of saw which can be fitted 
is 14 in., and the machine will take timber up to 
4 in. in thickness. 

The second machine made by Messrs. Pickles, 
which we illustrate in Fig. 6, is their latest type of 
sand-papering machine. It combines extremely 
sensitive pressure with high speeds, and incorporates 
a number of improvements on earlier types. The 
feed is by means of an endless belt running over two 
rollers, of which the rear one is driven and the 
front one is adjustable for obtaining the correct 
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tension on the belt. Amongst other advantages, 
the adoption of an endless belt enables very short 
stock to be worked. The drive to the rear roller is 
not visible in the illustration, but is by means of a 
separate belt from the countershaft to a back shaft 
on the machine. From this shaft, the drive to the 
roller is by gearing. The table, over which the 
endless belt passes, is supported on knife edges, 
and is balanced by weights, making it extremely 
sensitive. The knife edges rest on cams formed on 
the ends of the shaft which runs across the machine 
just below the front roller. This shaft is clearly 
visible in the illustration, but there is a corresponding 
shaft at the back which cannot be seen. Toothed 
quadrants are mounted on these shafts, the teeth 
engaging at the centre of the machine, so that the 
movement of the front shaft is imparted to that at 
the back. The counterbalancing weights hang 
directly on these quadrants. To raise or lower the 
table, the shafts are rotated by means of the large 
handwheel on the front of the machine. The other 
two handwheels, visible in the illustration on the 
front of the machine, are for raising or iowering the 
sander drums, and operate through vertical racks, 
a portion of the left-hand rack being just visible 
in the figure. 

The sander drums run on special dustproof ball 
bearings and have automatic take up, which avoids 
any slackness in the paper during the operation of 
sanding. There are three pressure bars, placed 
before, between, and after the sander drums. The 
bar before the first drum may be raised or lowered, 
so that the cut of the first drum may be changed 
without altering the vertical position of the drum. 
An oscillating motion is provided for the drums, 
and this motion may be disengaged in a few seconds 
if not required. The oscillating motion gear can be 
seen at the right-hand side of the machine in the 
figure. It consists of two cams which are mounted 
on a cross shaft and rock the vertical arms, shown in 
the illustration, connected to the ends of the roller 
shafts. The machine is equally adapted for hard 
or soft wood, panels, or made-up work, and has 
a capacity for timber of from 4 in. to 4 in. thick. 
The machine is complete with hoods as illustrated, 
together with a breeches piece, by means of which 
it can be connected up to the exhauster plant. The 
equipment includes a countershaft with fast and 
loose pulleys. 

The Australia Concrete Machinery and Engin- 
eering Co., Limited, of Pordon Road, Brixton, are 
showing a number of concrete mixers of both the 
rotary and stationary drum types, together with 
concrete-block making machinery and a 10-cwt. 
friction hoist. In the latter, the drive is by belt on 
to a continuously-running shaft mounted on the 
top of the machine. This shaft carries a grooved 
friction pulley, which can be engaged with a larger 
grooved wheel forming part of the drum. Engage- 
ment is effected by raising a weighted lever on the 
side of the hoist. When this lever is lifted to its 
full height, the friction wheels are brought into 
contact, and when it is lowered, the weight tightens 
up a band brake on the drum, thus holding the load 
in suspension in any desired position. In the mid 
position of the lever, the brake and friction wheel are 
both released, and the load may be lowered by 
gravity. The drum is made in three lengths of 
24 in., 18 in., and 12 in., the diameter in each case 
being 10 in. The normal hoisting speed is 100 ft. 
per minute and the power required for a load of 
10 cwt. is 6 brake horse-power. The hoist can be 
supplied as a self-contained unit, driven by an 
electric motor, if required. 

We illustrate a concrete-mixing machine made by 
the company, and named by them the “ Tonkin,” in 
Figs. 7 and 8, on page «95. As will be evident from 
the illustrations, this mixer is of the open-drum type, 
the materials being in full view during the process 
of mixing. The machine can be supplied as a 
self-contained unit, complete with petrol-paraffin 
engine or electric motor, or as a separate unit for 
belt-drive. Fig. 7 shows the self-contained unit, 


mounted on a carriage, being loaded, while Fig. 8 
shows a belt-driven mixer of the stationary type. 
The mixing mechanism consists of an axle running 
through the trough, the axle being provided with a 
steel arm at each end. These arms are circular in 
form and are set at an angle with the axis on 





opposite sides of the shaft. They are provided with 
a number of fingers, so that, as seen in Fig. 8, 
which shows one of the arms partly projecting from 
the trough, the general appearance is that of a steel 
rake. The two arms are set so that the fingers 
follow each other after the manner of a worm, with 
the result that the material is turned from the end 
to the centre of the trough, the corresponding fingers 
on the second arm reversing the movement. The 
latter is repeated 40 times per minute, with the 
result that a very complete mix is obtained in a 
short time. Twenty revolutions are, in fact, 
sufficient for each batch. 

The mixer is loaded from the back, as shown in 
Fig. 7, and is discharged from the front. For the 
latter purpose, a toothed quadrant is bolted to the 
end of the trough, and a spur wheel engaging with 
this quadrant is rotated by the crank handle, shown 
on the end of the machine in both views. In the 
tipping position, the trough is turned through an 
angle of about 120 degrees. The drive is arranged 
so that the mixer shaft continues to run while 
tipping is taking place; the rakes therefore assist in 
discharging the concrete. It will be seen from the 
illustration that the axis on which the trough is 
rotated in tipping does not coincide with the axis 
of the rake shaft, but by having one of the gear 
wheels forming the drive to the rakes on each axis, 
one wheel simply rotates about the other during 
tipping. The capacity of the mixer is from 3 to 4 
cub. ft., and the output 5 cub. yards per hour. It 
is equally efficient on wet, semi-dry or damp con- 
cretes, and may also be used for a variety of other 
materials, such as tar macadam, sand materials for 
glass furnaces, and asbestos-fibre compositions. 
When fitted with an engine, both the latter and 
the gears are totally enclosed. The engine normally 
fitted is one of the hopper type, manufactured by 
Messrs. Lister, and developing 3} horse power. 

The mixer shown in Figs. 9 and 10 is also being 
exhibited by the Australia Concrete Machinery and 
Engineering Company. It is known as the “‘ Double 
E” type, and is made in various sizes, having a 
batch capacity of from 4 to 14 cub. ft. As in the 
case of the “‘ Tonkin” machine already described, 
the mixer can be supplied either as a complete 
portable unit, fitted with petrol engine or electric 
motor, or fitted with fast and loose pulleys for belt 
drive. Both types are shown in the illustrations. 
The machine is of the rotary variety, and is of very 
simple and robust construction. The drum is in 
the form of a cube, and the concrete is kneaded 
thoroughly by being thrown by a zig-zag movement 
from one cube face to another six times in each 
revolution of the drum. This arrangement avoids 
the use of paddles or blades, in parts of which there 
is sometimes a liability for the concrete to lodge. 
The construction of the machines will be clear from 
the illustrations, and a detailed description is 
therefore unnecessary. The machine as shown in 
Fig. 9, is equipped with a winding drum, separ- 
ately driven from the engine, but it should be 
explained that this is only supplied when specially 
ordered. 

(To be continued.) 





TENDERS.—The South African Railways and Harbours 
are inviting tenders for the supply and delivery of one 
steam Titan crane, for Durban Harbour, capable of 
lifting concrete blocks weighing 30 tons. Tenders must 
reach Johannesburg not later than noon on June 10, 
1926. Local representation is essential, Further par- 
ticulars regarding the above tender may be obtained from 


|the Department of Overseas Trade, 35, Old Queen- 


street, London, 8.W.1, quoting reference A X. 3024. 





Contracts.—The London, Midland and _ Scottish 
Railway Company have placed an order with Messrs. 
Sir William Arrol and Co., Limited, 59, Palace-street, 
Victoria-street, London, 8.W.1, for 21 level-luffing 
cranes for Grangemouth Harbour. The maximum loads 
to be lifted vary from 2 to 5 tons. The same firm also 
received an order recently for 8 level-luffing cranes for 
harbour equipment in Africa.—In the recenstruction of 
Regent-street, London, W., the Express Lift Co., Limited, 
Grey Coat-street Works, London, S8.W.1, (proprietors, 
The General Electric Co., Limited) have installed over 
100 lifts. The firm has also been responsible for the 
recent installation of 190 lifts in business houses in 
various parts of London and Birmingham.—The Loco- 
motive Department of Messrs. William Beardmore and 
Co,, Limited, Dalmuir, has received an order for 20 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 

Iron and Steel.—Conditions in the heavy trades are 
largely as they stood in the first quarter of the year, 
Producers of crude steel, meeting with keen competition 
from abroad, find difficulty in employing plants that have 
been considerably extended, but the gross output of 
steel for the Sheffield district appears to be slowly improv. 
ing. The latest monthly returns show an expansion 
in the open-hearth section as compared with the corres. 
ponding period last year. Lincolnshire outputs of steel 
are well below the capacity level, but progress is being 
made in pig iron production. Business in ferro-alloys js 
slack despite the considerable quantities being consumed 
by makers of special steels, principally in the engineering 
trades. Users of iron and steel scrap are buying very 
cautiously. Supplies delivered at works are mostly con. 
fined to the covering of immediate contracts. Holders 
of stocks and users do not see eye to eye respecting 
prices for forward delivery, with the result that the volume 
of business circulating under this head is strictly limited, 
Production at railway steel plants is on a larger scale 
than for twelve months past. British contracts account 
for a heavy output of axles, tyres and springs. Railway 
carriage construction is also a progressive line, while 
wagon builders are hoping that the example set by two 
collieries in placing orders for renewals will be followed 
by other coal-owners in the South Yorkshire and adjoining 
districts, thus assisting a section that has experienced 
acute depression. There is prospect of railway orders 
from India and South America being on a larger scale 
than last year. Automobile stecl continues an active 
branch, while the chemical trades are absorbing a consi- 
derable quantity of stainless steel. The machine-tool 
section is slowly recovering lost ground. There is some 
weakness in files, saws, and twist drills, but better business 
is being done in farming tools, while the building trades 
are taking substantial supplies of various classes of 
ironwork, 


South Yorkshire Coal Trade.—From the price stand- 
point the position is unaltered as compared with the pre- 
holiday stoppage. Inland deliveries of steam coa! 
account for the bulk of the output, though exports in 
esac J respects continue very unsatisfactory. The 
surplus of secondary grades existing at pits has been 
reduced, and prices are steadier. Washed slacks are in 
fair demand for industrial use. Maximum prices are 
maintained for best quality house coal, though orders 
show a seasonal shrinkage and there is no real pressure 
on deliveries. Quotations: Best branch handpicked, 
3ls. to 348s.; Barnsley best Silkstone, 28s. to 30s. ; 
Derbyshire best brights, 26s. to 28s.; Derbyshire best 
house, 24s, to 25s.; Derbyshire best large nuts, 17s. to 
20s.; Derbyshire best small nuts, 12s. 6d. to 14s.; 
Yorkshire hards, 17s. to 19s, 6d.; Derbyshire hards, 
16s, to 19s, ; rough slacks, 10s. to 12s, 6d.; nutty slacks 
7s, 6d. to 9s.; smalls, 3s. 6d. to 6s. 





THE NATIONAL ASSOCIATION OF SUPERVISING ELECTRI- 
c1ans.—The Board of Control of the National Association 
of Supervising Electricians has asked us to announce that 
the fourth annual competition for the W. E. Highfield 
Shield has now been opened. Papers for the competition, 
which should be of about 1,000 words in length, must 
refer to the electrical industry or to the Association, 
and must reach the general secretary, National Association 
of Supervising Electricians, Chalmers House, 43, Russell- 
square, London, W.C.1, not later than noon on April 
27 next. The papers will be judged by Messrs. W. E. 
Highfield, A. Kirk and W. Lang, who will select six papers, 
not more than four of which shall be from full members, 
and not more than two from associates, for final adjudi- 
cation by the members, at the Association meeting to 
be held at the Junior Institution of Engineers on May 4, 
next. In addition to the shield, three prizes will be 
offered to full members, and one special prize to associates. 





Tse InstiruTion or StrucTtuRAL ENGINEERS.—The 
annual dinner of the Institution of Structural Engineers 
was held in the Piccadi!ly Hotel on April 12. The Chair 
was occupied by the President of the Institution, Sir 
Charles T. Ruthen, O.B.E., who announced early in the 
evening that the Institution had acquired the house, 
No. 10, Upper Belgrave-street, as its headquarters, and 
appealed to the members for financial support in con- 
nection with the change. The Right Hon. Sir Alfred 
Mond, Bart., replying to the toast of “Our Country 
and Empire,”’ proposed by Mr. H. J. Deane, stated his 
conviction that invention, and not legislation, would 
solve the coal problem, and this depended upon the close 
co-operation of the chemist and the engineer. Mr. J. 
Mitchell Moncrieff proposed “‘ The Learned Professions. 
Sir William Ellis, G.B.E. (President of the Institution 
of Civil Engineers), in his response, referred to the 
fact that engineering was not a closed profession, and 
that one function of the great institutions was to raise 
the profegsional standard of knowledge and training. 
The Right Hon. Mr. Justice Eve, also in reply, drew 
a favourable comparison between modern and past 
structural work, and Mr. H. G. Wells remarked that 
while the professional revolutionaries of the past 150 
years had threatened much but done nothing, engineers 
in the same period had revolutionised the world by 
enlarging and improving the whole form and structure 
of human life. Mr. G. Topham Forrest, proposing 
“The Institution of Structural Engineers and its Presi- 
dent,” stated that official architects existed for the 
purpose of assisting and not harassing the structural 
engineer. The President, in his acknowledgment, made 
some reference to the growth of the Institution. He 
stated that, in 1922, when the present title was adopted, 





0-6-2 t side-tank locomotives for the London and 
North Eastern Railway Company. 





the membership was 500, while the present roll was 2,520. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


Mippessproues, Wednesday. 
The Cleveland Iron Trade.—Makers of Cleveland 
pig-iron are still in a strong strategical position. They 
have practically no stocks, and the little surplus iron 
they have to offer on the open market is barely sufficient 
to meet current needs. Under such conditions they 
are able to adhere to quotations that have ruled for 
some time past, but customers are most unwilling to 
pay the rates named, and are purchasing no more than 
is necessary for pressing requirements. What business 
is passing is for home consumption, export demand 
being trifling. For home use No. 1 is 73s. 6d.; No. 3 
g.m.b., 70s.; No. 4 foundry, 69s.; and No. 4 forge, 
68s. 6d.; and for shipment to foreign destinations, 
6d. above the foregoing figures is asked. 


Hematite.—East Coast hematite iron is quite plentiful 
and stocks are steadily accumulating. Producers are 
keen to negotiate for new orders, and in their anxiety 
to meet buyers are not altogether disinclined to make 
further price concessions, though ruling rates are 
declared to be barely remunerative. Nos. 1, 2, and 3 
are obtainable at 76s., both for home purposes and for 
export ; and No. 1 is quoted 76s. 6d. 


Blastfurnacemen’s Wages.—The average net selling 
price of No. 3 Cleveland pig-iron for the first quarter 
of the year has been certified at 65s. 10-58d. per ton, 
compared with 65s. 9:0ld. per ton for the previous 
three months, and under sliding scale arrangements 
wages of blastfurnacemen on the North East coast 
are unaltered for the second quarter of the year. The 
seale also regulates Cleveland ironstone miner’s wages 
and their rate of pay will be the same up to the end of 
June as prevailed to the end of March last. 


Manufactured tron and Steel_—The finished iron and 
steel industries present no new features of moment. 
Orders for most descriptions of material are few and 
small. Some branches have a good deal of work on 
hand, but others are only very moderately employed. 
Common iron bars are lll. 5s.; iron rivets, 121. 15s. ; 
packing (parallel), 8/.; packing (tapered), 11/.; steel 
billets (soft), 72. ; steel billets (medium), 7/. 10s.; steel 
billets (hard), 82. 2s. 6d.; steel ship, bridge and tank 
plates, 7/7. 10s.; steel angles, 7l.; steel rivets, 127. 10s. ; 
heavy steel rails, 82.; fishplates, 127.; and galvanised 
corrugated sheets (24-in. gauge, in bundles), 15l. 15s. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—The developments in connection 
with the arrangement of a new agreement between coal- 
vwners and miners to take effect at the beginning of next 
month, which has culminated in a deadlock, has led to a 
rapid increase in prices and extreme pressure to get ships 
away and deliveries of coal to inland consumers, Practi- 
eally all the collieries are booked up with orders which 
will absorb the whole of their outputs for this month. 
At the same time there is more shipping in the docks 
than has been the case for twelve months past, and there 
is keen competition to get these loaded and away before 
the end of the month. In the event of a stoppage 
taking place it is, however, certain that many vessels 
will have to sail with part cargoes. At the same time 
supplies of free coal are very scarce, and there is no 
relative value for the small parcels available. It is, 
indeed, not unusual to hear of higher prices being paid 
for inferior qualities than that nominally indicated for 
the best descriptions, Best Admiralty large has hardened 
to 258, 6d. to 26s., Monmouthshires to 23s. to 25s. 6d., dry 
large, 228, to 24s., and smalls range at anything from 
13s. 6d. to 17s. 6d. Patent fuel has also been advanced to 
23s. to 24s, Even at these figures buyers find it extremely 
difficult to obtain even odd lots. Shipments of coal as 
cargo foreign from South Wales in the past week amounted 
to 433,800 tons, compared with 347,230 tons in the pre- 
vious week and 252,940 tons in the corresponding week 
of last year, the two latter periods being holiday weeks. 
Shipments at Cardiff amounted to 263,670 tons, at 
Newport to 97,700 tons, at Swansea to 41,580 tons, at 
Port Talbot to 28,940 tons, and at Llanelly to 1910, 
tons. Exports to Algeria were raised from 4,000 tons 
to 20,450 tons, to Egypt from 50,900 tons to 59,580 
tons, to France from 21,990 tons to 64,760 tons, to Italy 
trom 58,560 tons to 93,340 tons, and to Spain from 
14,550 tons to 22,070 tons. The annual reports of three 
important colliery companies have just been issued for 
the year ending December, 1925. They each show a 
big loss. North’s Navigation, for instance, showing a 
loss of 55,963/., Messrs. D. Davis and Sons, Limited, of 
53,226/., and the Welsh Navigation Steam Conl Com- 
pany, Limited, of 30,5147. Shipments of coal from the 
South Wales docks owned by the Great Western Railway 
Company from January 1 to March 21 this year totalled 
6,603,376 tons, compared with 6,414,939 tons in thc 
corresponding period of last year and 9,345,751 tons in 
the same period in 1913. Exports of patent fuel totalled 
a — against 231,815 tons last year and 459,659 
ons in £3. ~ 





> TRIALS OF THE CANADIAN LAKE STEAMER “ JOHN S. 
PitispuRy.”—The 8.8. John S. Pillsbury, the eighth 
vessel built by Messrs. Earle’s Shipbuilding and En- 
gineering Company, Limited, Hull, for the Eastern 
Steamship Company, Limited, of the Dominion of 
Canada, was recently completed, and has undergone a 
Satisfactory trial trip. She is a sister ship of the George L. 
+orlan, a brief description of which was given in our 
issue of last week, on page 476. 





NOTES FROM THE NORTH. 


Guiascow, Wednesday. 

Scottish Steel Trade.—Much uncertainty prevails in 
business circles at the present time, owing to the possi- 
bility of trouble in the mining and engineering industries. 
The negotiations now going on in the former scarcely 
point to a peaceful settlement without the intervention 
of the Government, but many influential business men 
here are strongly of the opinion that the less the Govern- 
ment interferes with trade disputes the better. The 
condition of things just now is having a serious affect 
on the steel trade of Scotland, as dealings are on a very 
low standard. Consumers are not buying anything 
beyond their actual requirements, being convinced that 
should the worst happen then they themselves will also 
be forced to close down until the dispute is settled 
because of the general dislocation. Inquiries at the 
moment are also of very small proportions, both for the 
home market and for export. The conditions in the black 
sheet trade continue good, and many orders are being 
hurried forward for early delivery. In many cases the 
contracts booked for light and galvanised sorts ensure 
full running of plant well into the summer. On the 
other hand. however, the demand for the heavier gauges 
is not very proncunced and producers would gladly 
welcome an increase in the number of orders. Prices all 
round are nominally steady, and the market quotations 
are as follow :—Boiler plates, 111. per ton; ship plates, 
71, 10s. per ton ; sections, 7]. per ton ; and sheets, under 
fs to } in., 91. per ton, all delivered Glasgow stations. 


Malleable Iron Trade.—Like' the steel! trade, the malle- 
able iron trade of the West of Scotland is suffering from 
the general unrest due to the coal crisis, and fewer buyers 
than ever can be found. Inquiries are very limited, 
both in number and bulk, and the future is very uncertain. 
The steel re-rolling departments are also very quiet and 
business is rather difficult to secure. The price of 
** Crown ”’ bars is unchanged at 111. 5s. per ton. 


Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade the outlook has not improved in the least. Good 
stocks are held by most makers, and even the much 
reduced production of the present time is not being got 
rid of chiefly because of the poor demand from overseas. 
Even the low prices prevailing to-day fail to attract 
buyers. The following are the market quotations: 
Hematite, 76s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 79s. to 81s, 6d. per ton, and No, 3, 
76s. 6d. to 79s. per ton, both on trucks at maker’s yards. 


Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, April 10, amounted to 170 tons 
14 cwt. Of the total 100 tons 14 cwt. went overseas 
and 70 tons went coastwise. For the corresponding week 
of last year the figures were 191 tons foreign and 260 tons 
coastwise, making a total shipment of 451 tons. 


Institution of Engineers and Shipbuilders in Scotland.— 
At a meeting of the Institute of Engineers and Ship- 
builders in Scotland, held last night (Tuesday), Mr. 
A. J. Campbell in the chair, the following nominations 
for election as office-bearers for sessions 1926-1929 were 
made :—President, Mr. A. J. Campbell; vice-president 
(one vacancy), Mr. W. W. Marriner ; members of council 
(five vacancies), Messrs. Herbert Beard, A. Campbell, 
A. J. Hendin, Adam Hunter, H. D. Jackson, R. D. Moore, 
B.Se., Alexander H. Weddel, B.Sc., James Richardson, 
B.Se.; and (from the associate section) Mr. H. H. A. 
Greer. Afterwards a paper on ‘‘ Some Problems Relating 
to the Manufacture and Use of Rubber Tyres ”’ was read 
by Mr. A. Healey, B.Sc. 





THe Iron anpD Steet Institute.—The annual 
meeting of the Iron and Steel Institute will take place 
on May 6 and 7 next, in the hall of the Institu- 
tion of Civil Engineers, Westminster, S.W. 1. 
On Thursday, May 6, the new president, Sir W. 
Peter Rylands, will take the chair and will present 
the Bessemer Medal to Sir Hugh Bell, Bart., C.B. 
The papers to be read and discussed are as follows: 
Report on “‘ Heterogeneity of Steel Ingots,’’ by a sub- 
committee of Committee No. 5, consisting of, Dr. W. H. 
Hatfield (chairman), and Messrs. T. P. Colclough, W. J. 
Dawson, J. H. S. Dickenson, A. P. Hague, E. F. Law, 
8S. A. Main, T. M. Service, and J. H. Whiteley ; ‘‘ Coal 
Blending,”’ by Mr. D. Brownlie; “‘ The Effect of Arsenic 
on Steel,” by Mr. A. E, Cameron and Dr. G. B. Water- 
house ; ‘‘ Specific Resistance and Thermo-electro-motive 
Potential of some Steels differing in Carbon Content,” 
by Messrs, E. D. Campbell and H. W. Mohr; “‘ Magnetic 
Changes in Iron and Steel below 400 deg. C.,”’ by Mr. 
W. H. Deardon and Professor C. Benedicks; ‘‘ A Note 
on the Distribution of Silicates in Steel Ingots,” by 
Mr. J. H. 8. Dickenson; ‘‘The Ratio of the Tensile 
Strength of Steel to the Brinell Hardness Number,” 
by Dr. R. H. Greaves and Mr. J. A. Jones; ‘“* Notes on 
the ‘ Combustibility ’ of Coke and Direct Reduction in 
the Blast Furnace,” by Mr. W. W. Hollings; ‘“‘ Defor- 
mation Lines in Large and Small Crystals of Ferrite,” 
by Mr. H. O’Neill; ‘‘The Relation between Space- 
Lattice Constant and Density of Iron-Nickel Alloys,” 
by Mr. A. Osawa; ‘‘ The Hardening and Tempering of 
High Speed Steel,” by Mr. A. R. Page; “‘ The Estimation 
of Phosphorus in Steels containing Tungsten,” by Messrs 
T. E. Rooney and L. M. Clark; “‘ Effect of Mass on the 
Heat Treatment of Nickel Steel,’ by Dr. W. Rosenhain 
and Messrs. R. G. Batson and N. P. Tucker ; “‘ The Hard- 
ness of Carbon Steels at High Temperatures,” by Messrs. 
I. G. Slater and T. H. Turner ; “‘ Ghost Lines and Banded 
Structure of Rolled and Forged Mild Steels,” by Mr. J. H. 
Whiteley ; ‘‘Influence of Segregation on the Corrosion 
of Boiler Tubes and Superheaters,” by Messrs. G. R. 
Woodvine and A. L. Roberts. 








NOTICES OF MEETINGS. 





THE Royat Soctety or Arts.—To-night, at 4.30 p.m., 
at John-street, Adelphi, W.C.2. Indian and Dominions 
and Colonial Sections (Joint Meeting). “‘'The Work of 
the Imperial Institute,” by Lieut.-General Sir William T. 
Furse, K.C.B. Wednesday, April 21, at 8 p.m. Ordin- 
ary Meeting. ‘‘ Some Aspects of the Business Side of an 
Army,” by Major-General Sir George McMunn, K.C.B. 

Tue InstituTION OF MECHANICAL ENGINEERS.— 
To-night, at 6 p.m., at Storey’s-gate, S.W.1. “‘ Modern 
Development of Paper Mill Plant,” by Mr. W. Worby 
Beaumont and Mr. L. N. Burt. Friday, April 23, at 
7 p.m. Informal Meeting. ‘“‘ What Our Foreign Com- 
petitors are Doing,” introduced by Mr. F. J. Hookham. 

THE Junior InstituTION OF ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecturette. 
* Automobile Lighting, Starting, and Ignition,’’ by 
Mr. T. L. Allison. Friday, April 23, at 7.30 p.m. 
Question and Discussion Evening. 

Tue InstiTuTION oF ENGINEERING INSPECTION.— 
To-night, at 7.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C.2. ‘Petroleum and_ its 
Products,”” by Mr. J. Venn Stevens. 


THe Nortsa or ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, April 17, at 
2.30 p.m., at Newcastle-upon-Tyne. Address on “ The 
Contributions ‘made by the Microscopical Study of 
Coal,” by Dr. Reinhard Thiessen, Discussion on “ Haul- 
age Accidents,” by Mr. P. S. Lea. ‘‘ Winding Costs: A 
Plea to the Purchaser of Electric Winding Plant for 
Withdrawal of Stipulations which are not conducive to 
Economical Working,” by Mr. 8. Burns. 

Tue InstIruTE oF British FOUNDRYMEN: LANCA- 
SHIRE BRANCH, JUNIOR SEectTIonN.—Saturday, April 17, 
at 7 p.m., at the College of Technology, Sackville-street, 
Manchester. Annual Meeting. Lecture: ‘‘ Notes on 
Machine and Plate Moulding Practice,” by Mr. A. L. Key. 

TuHE INstTITUTE OF JOURNALISTS: CIRCLE OF SCIEN- 
TiFICc, TECHNICAL AND TRADE JOURNALISTS.—Monday, 
April 19, at 5 p.m., at Tudor-street, E.C.4. Discussion 
on “‘A Clearing House for Information; Its Value to 
Science and Industry and its Relation to the Press,” 
opened by Mr. J. G. Pearce. 

THE INSTITUTION OF THE RUBBER INDUSTRY.— 
Monday, April 19, at 7.30 p.m., at the Engineers’ Club, 
Coventry-street, W.1. Salesmen’s and Advertising 
Section. Addresses by Mr. H. F. Trevillion and Mr. A. H. 
Isaac. 

THE Socrety or CHEMICAL INDUSTRY: CHEMICAL 
ENGINEERING GrRoup.—Tuesday, April 20, at 5.30 p.m., 
at the White Horse Hotel, Congreve-street, Birmingham. 
Joint Meeting with the Birmingham Section. ‘“ Weigh- 
ing and Measuring Instruments,” by Mr. W. A. Benton 
and Mr. H. R. Trost, B.Sc. 

Tue Institute or TRANSPORT.—Tuesday, April 20, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, W.C.2. Graduates’ 
and Students’ Lecture: “‘ The Railway Clearing House,” 
by Mr. P. H. Price. 

THE InstituTeE oF MARINE ENGINEERS.—Tuesday, 
April 20, at 6.30 p.m., at 85-88, The Minories, Tower 
Hill, E.1. ‘‘ Bearing Métals,” by Mr. W. Griffiths, M.Sc. 

THE Society or Guiass TECHNOLOGY.—Wednesday, 
April 21, at 2.30 p.m., at the University, St. George’s- 
square, Sheffield. Annual General Meeting. ‘‘ Note on 
the Devitrification of a Lead Borate Glass,” by Dr. C. J. 
Smithells. ‘‘ Note on Some Factors Governing the 
Resistance of Pots to Glass Attack,”’ by Mr. J. F. Hyslop. 
‘The Detection of Small Amounts of Selenium in Glass,” 
by Mr. J. D. Cauwood, M.Sc., and Mr. E. J. C. Bowmaker, 
““Note on the Purification of Sand,” by Mr. J. T. 
Howarth, M.Sc., and Professor W. E. S. Turner. 

THE INSTITUTION OF PRODUCTION ENGINEERS.— 
Wednesday, April 21, at 7.30 p.m.. at the Society of 
Motor Manufacturers and Traders, Limited, 83, Pal] 
Mall, S.W. 1. ‘ Inspection Methods,”’ by Mr. A. Butler, 

THe Institution oF ELEcTRICAL ENGINEERS,— 
Thursday, April 22, at 6 p.m., at Savoy-place, Victoria- 
embankment, W.C.2. The Seventeenth Kelvin Lecture. 
‘The Mechanics of the Electric Field,” by Sir J. J. 
Thomson, M.A., F.R.S. 

Tue InstiTuTE OF METAIS: SWANSEA LocaL SEcTION. 
—Friday, April 23, at 7.15 p.m., at the University 
College, Singleton Park, Swansea. Annual General 
Meeting. 

Tue Nortu-East Coast INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS.—Friday, April 23, at 7.30 p.m., 
at the Literary and Philosophical Society, Newcastle-on- 
Tyne. ‘High Powered Oil Engines,” by Mr. W. S. 
Burn, M.Sc. 

Tue Royat Institrotion.—Friday, April 23, at 9 p.m., 
at Albemarle-street, W.1. ‘Luminous Discharge 
through Rare Gases,’’ by Professor R. Whiddington. 

THE Royat Sanitary InstituTe.—Saturday, April 24, 
at 2.30 p.m., at the Guildhall, Hull. ‘The Economic 
Collection of Town Refuse,” by Mr. H. Edridge. ‘* The 
Present Position with regard to Smoke Prevention,”’ by 
Mr. W. Nicholson. 











SHANGHAI-SUNGKIANG TELEPHONE SERVICE.-—It is 
stated in a recent issue of the Chinese Economic Bulletin 
that arrangements have been made between the Shanghai 
(Chinese city) and the Sungkiang authorities to install a 
telephone service between the two cities, which are about 
20 miles apart. It is anticipated that the work will be 
completed shortly. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRBSS, 
and that mo conmection exists between this 
Journal and any other publications bearing 
somewhat similar titles, 

TaiecRaPHic } “ ENGINEERING,” WESTRAND 

ADDBESS LONDON. 
TzLEPHONE NumBErs—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and comer and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months payable 
in advance :— 








For the United Kingdom ...................:000 £3 5 0 
For Canada— 
Thin paper Copies ...........sssssssee £218 6 
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For all other piaces abroad— 
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Foreign and Colonial subscribers receiving incom- 
plete copies through ne mts ate requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch, Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed, 


TIME FOR RECEIPT OF ADVERTISEMENTS. 

Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “ENGINEERING,” Ltd. 
Cheques should be crossed “The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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THE COAL TRADE NEGOTIATIONS. 


A HOMELY proverb reminds us that there is only 
the cat and the skin, and those who try to get more 
may be classed with inventors of perpetual motions 
and other futile and mischievous rebels against the 
laws of nature. The prospects that the coal nego- 
tiations will have an early and satisfactory conclu- 
sion would be brighter if it was certain that those 
who for the time being represent the miners are 
convinced of this truth. In industrial matters both 
employers and employed seem to have a difficulty 
in realising that questions of wages and hours of 
labour are anything more than subject matter for 
a bargain between the pair of them. An increase is 
looked on as a concession from masters to men, and 
a reduction as orfe from men to masters. In some 
cases they may, indeed, be so. Negotiations in such 
circumstances involve each side in doubts about 
what is the most they can get out of the other, and 
neither the conscience nor the principals of either 
will be satisfied unless they are convinced that they 
are getting all that is possible. They will use 
legitimately enough, if not always wisely, every 
artifice-known in the art of bargaining, and their 
last word may not be spoken till the eleventh 
hour. 

In other cases, however, this view of such ques- 
tions is entirely misconceived. The industry on 
which both parties depend for their living may be 
compelled to produce at lower prices. Its prosperity, 
or even its continuance on its existing scale, may 
depend on it achieving them. If in such conditions 
workers agree to take less wages or work longer 
hours, they are making no concession to employers. 
They are taking their part with employers in a co- 
operative action, with the object of giving the con- 
sumer just as much for his money as will induce, or 
enable him, to buy to the desired extent. If the effort 
is unsuccessful, the industry must be contracted to 
fit such market as can be obtained under existing 
conditions, and those for whom there is no work 
will cease to be employed. This plainly is the present 
case of the coal industry. For the last nine months 
it has been carried on by the help of a subsidy, 


tries, none the less because it has been provided 
by the Government. Collieries have, in fact, been 
living on what they have not earned. The exhaustive 
report of the Coal Commission leaves no doubt as to 
the cause. The economic world has not yet re- 
covered from the complex stresses set up by the war, 
and these would in any event have been sufficient 
to prevent the industry from being prosperous. That, 
however, is not the reason for the emergency which 
the subsidy has allowed to be prolonged for nine 
months. The cause is simply, in the language of the 
report, that seven men are now trying to live on the 
output which, before the war, was produced by six, 
and are claiming to live as well. 

To give time for inquiry and decision about what 
was best to be done, the mining industry has been 
partly carried by the rest of the community, already 
overburdened with its own proper responsibilities. 
The subvention has nearly come to an end, and is 
not to be renewed, but the Commission has put 
forward a plan for enabling the industry to be 
carried on with the least possible disturbance. 

Many of its proposals are repugnant to the beliefs 
of one or other of the parties concerned, but both 
the Government and the mine owners have an- 
nounced that nevertheless they will accept it and 
co-operate loyally in carrying it out, if it is accepted 
similarly by the miners. More than a month after 
its publication, and less than three weeks before 
the subsidy expires, the representatives of the 
miners have given their reply, rejecting the two 
recommendations most essential to the needs of the 
situation. In the atmosphere of bargaining that 
seems to infest industry, and to compel to the devices 
of bargaining even those of its leaders who know and 
wish to do better, it is impossible to say how far 
what has been said on behalf of the miners represents 
what they actually mean. On some of the recom- 
mendations, as, for example, that relating to the 
ascertainment of divisible proceeds, their reply is 
unexceptionable. On others, such as the allegations 
against some miners of riding for a fall with a view 
to nationalisation and of restricting output, they 
seek to strain the Commission’s findings beyond 
what the report states ; and the view they attribute 
to the Commissioners regarding compulsory adop- 
tion of Part II. of the Mining Industry Act, 1920, 
actually contradicts the report’s express recommen- 
dation to leave it to voluntary action. The two 
points, however, on which their decision, as it stands 
at present, must be fatal to the proposed arrange- 
ment, are those that relate to wages. In the pre- 
amble to their reply they go no further, indeed. 
than to say “that no settlement will be acceptable 
which does not provide at least a wage sufficient to 
enable the miners to secure a decent standard of 
living.” This aspiration is shared by the mine 
owners and the Government; but the Mining 
Federation has supplemented this statement by the 
declaration that no reduction of wages will be enter- 
tained, no minimum percentages be allowed to be 
negotiated in the districts concerned, and—though 
this is not actually one of the Commission’s recom- 
mendations—no extension of hours will be accepted. 

There is no advantage in speculating on what will 
be the outcome of this situation, which must become 
clear before the lapse of very many days, but atten- 
tion may be called to the actual meaning of the two 
points on which at present the representatives of 
the miners repudiate the recommendations of the 
report. The delegates of the Miners’ Federation 
base their refusal to assent to a reduction of wages 
on the plea that wages are already too low. In the 
last resort the only measure of the adequacy of 
wages is what is paid in other trades, on the products 
on which wages must be spent. The report has shown, 
as indeed was well known before, that the wages of 
miners are considerably higher than those paid in 
the other great industries of the country, such as 
engineers, shipbuilders, and iron and steel makers. 
They were raised to their present figure in 1924, 
during an intense boom, which disappeared almost 
as soon as the increased wages came into force ; 
and the refusal to accept the Commissioners’ 
finding that the advance then secured must be 
withdrawn in the present disastrously different 
circumstances is a simple intimation that it is 
proposed to hold tight to what was wrung out of the 
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can prevent them from bearing their share of the 
burdens of their industry—on the strength of 
conditions that no longer exist. The refusal to 
leave minimum percentages to be settled district 
by district, as recommended in the report, is another 
way in which it is sought to charge the support of 
the miners on to the other industries of the country 
and the general community. The report shows 
clearly that the situation of the mining industry 
is widely different in different districts, and that 
one district may be able to afford a percentage that 
would close the pits of the other. A low grade 
coal cannot pay the minimum a high grade coal 
can afford, and must cease to be worked if it 
is asked to pay it. The delegate conference 
wishes that the percentages to be allowed in 
each district should by the procrustean device 
of a national settlement be taken out of the hands 
of the districts actually to be affected, and left to 
a central authority. This is sought to be justified 
by the statement of Mr. Tawney, one of the Federa- 
tion’s witnesses, that district settlements would 
lead to cut-throat competition; in other words, 
that the price of coal would fall. 

The public will judge how far either of these pleas 
justifies the Miners’ Federation in rejecting the 
Commission’s report, and leaving its reeommenda- 
tions to be ripped up piecemeal in the course of a 
hostile settlement. The pill to be swallowed by both 
the Government and. the owners will be nauseous 
enough to them,: and they are not likely to 
take it for any less inducement than to secure 
a settlement by consent. Those who are in the 
counsels of the Federation know better than we how 
far the pressure to adopt their present intransigeant 
attitude comes from professional miners, and how 
far from the extra seventh part of their numbers, to 
many of whom mining first became congenial when 
the miners proper were engaged otherwise in France. 
But however the present ill-advised policy has been 
brought about, the outstanding fact is that in no 
British industry could it be less justified than in 
coal mining. The wages on which essentially the 
deadlock has arisen are not minimum wages as 
understood in other industries. These in mining 
are called subsistence wages ; and the real difference 
is in regard to the minimum percentage above 
basis rates that miners who earn more than their 
minimum subsistence wage are to receive, whether 
it is earned or not. It is this percentage that the 
report says should be settled by a joint board in 
each district in accordance with its knowledge of 
what it can afford. If such a percentage had been 
fixed too low in an ordinary industry, a serious 
injustice might have been done to men, assuming 
the minimum operated in fact as a normal or maxi- 
mum rate. But the miners are doubly secured 
against such an event. On the one hand their piece 
rates run on, and bring them in every penny of 
what they earn. On the other hand the agreements 
of 1921 and 1924 distribute among them seven- 
eighths of the net proceeds of the industry ; so that 
if in some way a low percentage minimum enables 
a district to secure a larger share of business, seven- 
eighths of the proceeds go automatically into the 
pockets of the miners, and the ‘ cut-throat com- 
petition > becomes a matter that affects labour 
only to such extert as it seeks to be paid what it 
has not earned and its industry cannot afford. 





ALKALI METALS UNDER HIGH 
PRESSURE. 

Stncek the state of aggregation in which an element 
(or compound) occurs ‘s known to vary with tem- 
perature and pressure, changes in these conditions 
should alter all the varicus properties of a substance. 
Some of the actually observed effects of increased 
pressure have been very small, especially in the case 
of solids ; but the pressure ranges applied in these 
cases were likewise relatively small. The extreme 
temperature and pressure conditions, under which 
important changes in the properties should take 
place, are very difficult to realise. If the strongest 
and most refractory materials available for con- 
tainers do not themselves break down under extreme 
experimental conditions, they are at any rate 
sufficiently affected to make measurements un- 





reliable. Problems arise involving questions of in- 
terrelation, and an absence of fixed reference points, 
quite apart from mechanical difficulties and troubles 
arising as regards purity. For these reasons 
isolated experiments within short ranges, though 
reliable for work in the range concerned, cannot 
give much information about the real nature of 
physical forces, and even systematic researches of 
a prolonged nature are not directly comparable 
without a close, but not always possible, scrutiny 
of the experimental conditions. 

Among the researches on the behaviour of sub- 
stances under high pressure and the correlation of 
the phenomena, the work in which Mr. P. W. 
Bridgman has been engaged, since 1913 at Harvard 
College, stands out prominently. His latest contri- 
bution to these problems, and his experiments on the 
alkali metals in particular, promise to throw some 
light on how the electron may replace the atom as 
the significant unit of structure, and how the quan- 
tum structure may break down and matter be 
resolved into a perfect gas of electrons and nuclei. 
Recent astronomical speculations assign to the 
dark companion of Sirius a density of 50,000, 
i.e., more than 2,000 times the density of platinum, 
conceivable only on the assumption of broken- 
down matter; Mr. Bridgman’s studies indicate the 
approach of such a breakdown. 

The five alkali metals form a well-characterised 
group of strongly electro-positive, basic metals. 
Their atomic weights, lithium, Li. 6-94, sodium, 
Na 23, potassium K 39-1, rubidium Rb 85-45, 
caesium Cs 132-8, rise from very low to fairly high 
figures. The atomic numbers (or numbers of elec- 
trons) are 3, 11, 19, 37, 55. Their densities, 0-59, 
0-97, 0-86, 1-52, 1-88 in the same order, are all 
low, and the atomic volumes (atomic weight divided 
by density) high. When the elements are arranged 
according to their atomic weight, the Lother Meyer 
atomic volume curve consists of a series of 
undulations, the peaks being all occupied by 
the alkali metals; Meyer’s atomic volumes are 
11-9, 23-7, 45-4, 56-1, 70-86. The melting 
points descend in the reversed order, being 180, 
95-6, 62:5, 38-7, 29-7 deg. C. These are promising 
properties for clearing up the high pressure relations, 
though Bridgman was not always able to submit 
these metals to the highest pressure of this series, 
15,000 kg. per sq.cm. In his curves, we should men- 
tion, the respective property is plotted as ordinate 
against the pressure as abscissa. The melting-point 
curves were all concave towards the abscissa. 
Caesium, melting at 29-7 deg. C. at one atmosphere, 
(this point is sharper and higher than previously 
observed, the metals used being purer), melted at 
98-5 deg. under a pressure of 4,000 kg.; in the 
case of sodium, the melting point rose from 
62-5 deg. to 180 deg. at 12,000 kg., and with 
potassium from 95-6 deg. also to 180 deg. These 
two curves thus crossed, near 160 deg. at 9,000 
kg., and there is reason to believe that the other 
curves would also cross, and that, at 25,000 kg., 
the order of the melting points would be the 
reverse of that at ordinary pressures. The atomic 
latent heat of fusion was very much the same for 
all the alkali-metals except lithium, which showed a 
much smaller heat of fusion and a much smaller 
rise in the melting point. It also behaved ab- 
normally in other respects, possibly because it 
has only three electrons. 

The electric resistance of all except 7 of the 
50 metals studied by Bridgman, decreased as 
the pressure increased. In the alkali series, the 
relations were not so uniform. Lithium showed a 
slight increase of resistance as the pressure was 
raised to 12,000 kg.; in all the other cases it 
decreased, to one-fifth of its value, but the 
rubidium curve fell between those of sodium and 
potassium. Caesium—alone, so far, of all the ele- 
ments—gave a U-shaped curve with a minimum 
resistance near 4,000 kg.—the first indication possibly 
of the disintegration of the quantum orbits under 
extreme pressure. If the melting of the-element 
is essentially an atomic phenomenon, the atom 
passing as a unit into the liquid state, the import- 
ance of the electron for volume relations is manifest 
The electronic orbits are supposed to lie within the 
space occupied by the atom; Bridgman there- 
fore calculates the volume per electron, which is 





1-66 x 10-24 (the weight of an atom of hydrogen) 
multiplied by the atomic weight and divided by 
the density of the element. . That calculation gave 
for lithium the largest, and for caesium the 
smallest electronic volume; in other words, the 
quantum orbits are most closely packed in Cs and 
most loosely packed in Li, the electronic volume of 
which is 2-6 times that of Cs. The atomic volumes 
are in the reversed order, that of Cs being 5-3 
times greater than that of Li. All the electronic 
volumes decreased slightly with higher pressures, 
the curves being nearly straight parallel lines, 
but the curves of K and Na intersected, sug- 
gesting a looser structure for potassium. The 
instantaneous compressibility curves were very 
different. Whilst lithium and sodium proved 
to be only slightly compressible at all pressures, 
the other elements, particularly Cs and Rb, showed 
much larger compressibilities, which rapidly fell 
off at higher pressures and were finally, at 
14,000 kg., but little larger than those of the 
first two metals mentioned. Caesium proved the 
most compressible solid element, with the possible 
exception of solid hydrogen and helium which 
have not yet been investigated. Caesium, indeed, 
was found, at pressures of 1,000 kg., or so, to be 
even more compressible than the most compres- 
sible organic liquids, such as ether. The potassium 
compressibility curve crossed the Rb and Cs 
curves, potassium remaining more highly com- 
pressible at high pressures. In the case of the 
metal having the most complicated structure, Cs, 
the possibility of ‘‘ taking out slack” from the 
structure seemed to be the most rapidly exhausted. 

As regards breakdown, Bridgman calculates that 
the electronic gas pressures of the alkali metals, 
i.e., the pressures which would be exerted by the 
electrons and nuclei if they were in the condition 
of a perfect gas occupying the volume of the metal, 
are not excessively high. The electrons of a perfect 
gas would no longer be able to withstand high 
external pressures, and the quantum forces, which 
under ordinary conditions prevent the structure 
from disintegrating, would distend it. There are now 
indications of an approach to the perfect gas state 
in the alkali metals. As we pass in the periodic 
table to higher, more complex, elements, the electron 
orbits penetrate more deeply towards the nucleus 
becoming, at the same time, more eccentric. 
Increasing pressure would force the orbits close 
together, but the conditions of equilibrium for 
electromagnetic matter and the relations between 
internal kinetic energy and electromagnetic poten- 
tial energy, as worked out by W. Schottky, could 
not be fulfilled unless the electronic orbits were to 
break down, thus admitting of a more uniform space 
distribution of electrons and nuclei. Such a break- 
down, assumed by astronomers for other reasons, 
is suggested by Bridgman’s experiments. 








ELECTRICITY AND THE COLLIERY 
INDUSTRY. 


ELEcrric supply and coal mining are, perhaps un- 
fortunately, at the moment matters of very general 
public interest, and there have been recent attempts 
in many quarters to argue that they should be in 
some way combined. These attempts have been 
dictated rather by political, or pseudo-economic, con- 
siderations, than by technical ones and have tried to 
show, or rather have asserted, that the winning of 
coal and the generation of electricity would best be 
carried out under a common control. This esoteric 
doctrine we do not at the moment propose to 
examine, but there certainly is a common interest 
between coal mining and electricity of quite another 
kind. This country is well-supplied with coal seams. 
but they are not all so thick or so well placed as 
might be desired, and the figures which are fre- 
quently quoted comparing our output per man so 
unfavourably with that of the United States, have 
little value unless some account is taken of the 
average physical configuration of the coal seams 
in the two cases. Natural difficulty does not, how- 
ever, explain the whole of our relative backward- 
ness, and the assistance of machinery has, in this 
case, as in so many others, been taken advantage 
of to a considerably greater extent in the United 
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States than here. It is in greater development in 
this direction that the common interests of electricity 
supply and coal mining lie. 

It may be doubted if, in view of its importance, 
this subject has in the past received sufficient atten- 
tion from the engineering, as distinct from the 
mining, technical institutions, and the Council of the 
Institution of Electrical Engineers was well advised 
to arrange for the reading and discussion of the 
three papers which were taken on the 8th inst. These 

pers formed an excellent survey of a large part 
of the field and contained much of very pertinent 
general interest at the present time. In giving 
some account of these papers, we propose to take 
them in a different order from that in which they 
were read at the meeting. Mr. Nelson’s paper, 
entitled “‘ Electricity in Mines: A Short Survey,” 
was taken last, but consisting, as its title indicates, 
of a general consideration of the whole subject, 
may well be referred to first. Mr. Robert Nelson, 
of course, speaks with exceptional authority on this 
subject. He pointed out that although the use of 
electricity in mines was discussed as long ago as 
1852, it was not until 1883 that an electric motor 
was first used underground. It was during the last 
25 years, however, that real development in its 
adoption has taken place, the horse-power of electric 
motors used in connection with mines increasing 
from, at the most, 10,000 in 1900 to over 1,500,000 
horse-power in 1925; no less than 73 per cent. of 
this increase has taken place since 1915. There 
is still room for large extension, however, and Mr. 
Nelson is of opinion that twice the amount of 
power at present employed could be utilised in the 
mines with advantage. 

The inherent dangers and difficulties of under- 
ground coal mining are so great that the question 
of the safety of any agent employed necessarily 
assumes great importance, and the results of investi- 
gations recently carried out inthe Mining Department 
of the University of Sheffield, by Professor Douglas 
Hay and Mr. I. C. F. Statham, were very satis- 
factory from the point of view of this consideration. 
All kinds of apparatus were tested, such as motors, 
switches, controllers, coal-cutters and cable joint 
boxes. The result was very satisfactory, with one 
exception, no failures occurring, except under such 
abnormal conditions as were applied to test the 
limits of reliability. It is evident, as Messrs. Hay 
and Statham say in their report, that the risk of 
danger in the use of electricity will, with the con- 
tinued improvement in the standard of design and 
maintenance of electrical apparatus, become almost 
negligible. Added to this, unremitting improvements 
in ventilation and diminution of coal dust further 
tend to decrease risk. It is gratifying to hear the 
opinion expressed by Mr. Nelson that British-made 
mining electrical apparatus of the present day has 
established a lead over that of foreign manufacture. 
In this connection, he paid a tribute to Professor 
W. M. Thornton for his work in solving pro- 
blems relating to the safe use of electricity in 
mines, 

The question whether collieries should generate 
their own electrical power or obtain it from some 
outside source, is one on which there is much 
difference of opinion. On the one hand it is con- 
tended that the rates charged by power companies 
are, at present, considerably too high, and that the 
majority of collieries are justified in producing their 
own power from exhaust steam, or by using what 
would otherwise be waste fuel for the purpose. On 
the other side, it is argued that many of the colliery 
generating plants are inefficient, and as no accurate 
records of actual power costs are kept, and no pro- 
vision for depreciation made, a true comparison is 
impossible. Mr. Nelson, probably in common with 
most engineers who have an adequate grasp of the 
subject of electricity supply as a whole, is in favour 
of outside generation. He summarised the advant- 
ages of using current from an outside source. First, 
there is the capital outlay on the generating plant, 
which can scarcely be passed over lightly even by 
the most prosperous of collieries—although this con- 
sideration occupies, of course, a different position 
In the case of those collieries already provided with 
their own generating plant. Many of these, however, 
are faced with the necessity of increasing the power 
Supply and, in some cases, of modernising or even 
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replacing their existing plant, so that the question 
of capital outlay may nevertheless be of primary 
importance. By purchasing current from an out- 
side source, not only is this outlay of capital saved, 
but the convenience and saving of time, to say 
nothing of the reliability and ease of control obtained, 
are not to be overlooked. As the power companies 
and public supply authorities increase the capacity 
of their generating plant, so will facilities for more 
extensive use of current by collieries, even for such 
purposes as winding, become more general and the 
avoidance of the heavy first cost thus made possible 
will extend the field not only of electrical winding, 
but render complete electrification .of the collieries 
feasible. As a rule, steam hoisting engines are re- 
tained to the last, and they are the most wasteful item 
of all; so that the result of partial electrification of 
collieries has sometimes fallen short of expectations. 
That the collieries are beginning to realise the advant- 
ages of co-operation in the economical and more 
complete utilisation of power, is indicated by the 
fact that the larger collieries of the South Yorkshire 
and Notts coalfield are being interconnected by a 
system of transmission mains, enabling most of the 
plants to be closed down during week-ends and 
holidays. 

The following data, taken from Mines Department 
records, show the present extent to which electricity 
is being used in British mines. In 1924, the number 
of coal mines wholly or partly equipped with 
electrical power was 1,629, out of a total of 
2,855, thus leaving 1,226 without any electrical 
equipment. The horse-power of motors installed 
in and about collieries at the end of 1924 was 
1,481,932 h.p., of which 671,036 h.p. were above 
ground and 810,896 h.p. below ground. In metal- 
liferous mines, 23,524 h.p. were installed at the 
same date, of which half was on surface and 
half underground. The versatility of electricity 
and the manner in which it is replacing steam is 
perhaps better realised when a list of the main 
services for which it is employed in coal mining is 
given with the respective horse powers used :—Haul- 
age, 411,816; pumping, 348,803; coal cleaning, 
112,660 ; winding, 107,139; ventilation, 102,911 ; 
coal-cutting, 92,121; and miscellaneous uses, 306,482. 
During the last decade or so, great progress has 
been made in the use of electric safety lamps, 
the number increasing from 10,727 in 1912 to 
356,817 in 1924, oil safety lamps decreasing in the 
same period from 697,664 to 576,318. 

Apart from the general extension of the use of 
electrical power for the main services in coal mines, 
interest at the present time is naturally focussed 
on fundamental methods of cheapening the produc- 
tion of coal. The winning of coal at the face, and 
the transfer of it to the pit bottom, constitute the 
essential parts of mining on which all other opera- 
tions are dependent. It is only within compara- 
tively recent times, however, that these operations 
have been subjected to the application of labour- 
saving machinery. Although many mines are too 
gassy to allow the use of electricity anywhere 
near the face, and must perforce utilise compressed 
air, yet the improvements in electrical apparatus, 
as well as in ventilation, and the adoption of the 
“unit” system of intensive mining, should lead 
to a much more extensive use of electricity for these 
services. This sphere of electricity in mining was 
dealt with by Mr. Sam Mavor in a remarkably 
able paper at the meeting of the Institution of 
Electrical Engineers already referred to. 


The most recent Report of the Mines Depart- 
ment shows that only 14 per cent. of the coal mined 
in England is cut by machines, which would appear 
to be a figure that might be considerably increased, 
although in making comparisons with the United 
States it should not be overlooked that the collieries 
of that country are comparatively free from gas, 
which enables electricity to be very extensively 
used. In Scotland, the development of machine 
coal-cutters has, partly for the same reason, been 
more rapid than in England, and the machine-cut 
output has reached 47 per cent. An important 
factor, both inScotland where the seams are generally 
narrow, and in the United States where competition 
is very keen, is that of economic pressure. In 


retarded, in all directions involving the expenditure 
of capital, by the uncertainty and unsettled con- 
ditions of the industry. 

Any considerable extension of labour-saving 
machinery at the coal face practically means an 
increased use of electricity.. Its only competitor 
is compressed air, with which the losses in trans- 
mission, and in other ways, are so great that four 
to five times as much power is required to accom- 
plish the same work at the face. The leading 
position occupied by electricity is sufficiently 
manifest from this figure, and its handicap in 
gassy mines is gradually becoming less, although 
it appears likely that compressed air will always 
hold its special place. Most of the coal mined in 
the United Kingdom is worked on the “ longwall ” 
system, which, as it happens, is particularly well 
adapted to the use of machine coal-cutters and 
conveyors, but there are many variations both 
of “ longwall” and of the older “ pillar and stall ” 
methods to suit local conditions, and the adapta- 
bility to machine mining varies accordingly; the 
three well-known types, bar, chain and disc coal- 
cutters, thus each find their special applications. 
The bar machine requires less power than the other 
two, and is better adapted for following irregularities 
of floor, or wherever a cut is made, and has the 
advantage of being less affected by the coal already 
cut falling and jamming the cutter bar, as may 
happen with the other types. The chain, and more 
especially the disc, machines are, however, more 
powerful, and able to cut harder coal and other 
materials, such as fire clays and shales. There is 
no standard rating for the power of coal-cutters, 
but it may be said, in general, to be between 20 
and 50 brake horse-power, there being, however, 
a large overload capacity for short periods. The 
energy required is from 0-2 kw.-hour to about 
1-0 kw.-hour—an average of, say, 0-4 to 0-5 kw.- 
hour per square yard undercut. 

With the adoption of intensive mining, the need 
for the employment of mechanical conveyors 
becomes more apparent, for only by mechanical 
means can the increased tonnage of coal broken at 
the face by the use of coal-cutting machines be 
removed with sufficient speed and economy of 
labour. A good deal has been written about the 
numerous varieties of conveyors and the most 
efficient methods of employing them, and in this 
connection mention may be made of the large 
number of so-called digging and loading machines 
now finding much favour in the collieries of the 
United States. 

As the primary object of employing coal-cutters 
is to increase the output, which will usually entail 
the use of conveyors to handle the increased amount 
of coal won, it is likely that, in some cases, alternative 
methods of transport in the pit may have to be 
considered. One possibility lies in the use of 
storage-battery locomotives, which are employed. 
to a considerable extent in the United States. 
Although the number of pit ponies in this country 
is steadily decreasing, there were, at the end of 1924, 
still no less than 65,000 ponies employed in British 
mines, and it appears possible that there is a 
field for battery locomotives here. The recent 
Markham competition for the best battery locomo- 
tive conforming to certain tests (see ENGINEERING, 
vol. cxx, page 381) was probably initiated partly 
with the idea of finding a method of transport alter- 
native to pit ponies. This particular phase of elec- 
tricity in mining was dealt with by Mr. L. Miller, in 
the third of the three papers, which was entitled 
“The Design of Storage-Battery Locomotives for 
Use in Coal Mines.” The advantages of speed and 
reduced cost, which may result from the use of 
efficient locomotives when applied under suitable 
conditions, are sufficiently evident. One point 
brought out by Mr. Miller which is rather apt to 
be overlooked, is the importance of heavy well-laid 
track if the locomotive is to be given a reasonable 
chance of justifying itself; many mines, however, 
would find it profitable in the long run to improve 
their track in any circumstances. 








CALENDAR.—-We have received a monthly tear-off 
calendar from Messrs. Metropolitan—Vickers Electrical 








England progress has undoubtedly been much 
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NOTES. 
THE WoRLD’s SHIPBUILDING AND MARINE 
ENGINEERING. 


THE shipbuilding returns of Lloyd’s Register for 
the quarter ending March 31, 1926, have just been 
published, and show that, unfortunately, the 
position of the shipbuilding industry is still more 
unfavourable than it was at the end of December, 
1925. The shipping at present under construction 
in Great Britain and Ireland amounts to 843,070 
tons, a decline of nearly 42,000 tons from the figure 
for the previous quarter, and about 322,000 tons 
less than what was in hand a year ago. There 
has been, however, a considerable increase in the 
tonnage commenced during the first quarter of the 
present year. This figure, which amounts to 193,121 
tons, shows an increase of more than 30,000 tons 
over the total for the last quarter of 1925. On the 
other hand, the shipping launched during the 
quarter under review, amounting to 190,705 tons, is 
some 25,000 tons less than that for the previous 
three months. The vessels under construction in 
British and Irish shipyards at the close of the quarter 
ending March 31 last, numbered 218; 158 of these 
were steamships, 49 were motorships, and the remain- 
ing 11 sailing ships and barges. It is interesting to 
note that the tonnage of the motorships now building 
is equivalent to 52-7 per cent. of the steamers under 
construction. No less than 171 units of the shipping 
under construction are intended for owners domi- 
ciled in Great Britain and Ireland, and the Overseas 
Dominions. The total tonnage in hand in other 
countries, namely, 1,167,136 tons, is about 17,000 
tons less than that under construction at the end 
of December, 1925. As was the case at the end of 
last year, Italy leads with 298,530 tons, Germany is 
second, with 216,871 tons, and France third, with 
155,965 tons. During the quarter just closed 
194,343 tons of shipping were commenced abroad 
and 269,868 tons were launched, an increase as 
compared with the previous three months of 12,053 
tons in the work commenced, and a decrease of 
4,971 in the tonnage launched. The total horse- 
power of the marine engines building, or being 
installed on board vessels at the end of March, 
1926, amounted to 1,528,879 h.p. Out of this total, 
Great Britain and Ireland supplied 612,678 h.p., 
Germany 182,204 h.p., Italy 172,960 h.p., France 
144,500 h.p., and the United States 129,867 h.p. 
In conclusion, it should be pointed out that the 
tonnage figures quoted are gross tons and that no 
account has been taken of vessels of less than 100 


tons gross. 


THe Bompay Back Bay RECLAMATION SCHEME. 


We have referred recently on more than one 
occasion to the difficulties which have been encoun- 
tered in carrying out the reclamation scheme at 
Bombay, which we originally described in our issue 
of August 21, 1925. We have refrained, however, 
from commenting on the matter, as no independent 
inquiry had been held, and it seemed evident that 
there were a number of facts, having an essential bear- 
ing on the question of responsibility, that had not 
been published. The justification for this attitude is 
borne out by a letter from Sir George Buchanan, 
which appeared in The Times on Wednesday last. 
In his letter Sir George points out that when he was 
called upon to report on the practicability of the 
scheme, surveys and investigations of the ground 
had already been made of which he had no reason to 
doubt the accuracy, and in particular he quotes the 
chief technical adviser to the Government of India 
to the effect that “The detailed survey of the 
harbour bottom showed that more than three times 
the total quantity of material existed, half of which 
was particularly suitable for the work.” In 
referring to difficulties which arose in connection 
with the work, entirely apart from engineering 
problems, Sir George states that in September, 1921, 
the Bombay Port Trust and the Royal Indian 
Marine objected to dredging in the harbour over 
the whole of the area proposed by Lord Sydenham’s 
Government in 1912, and restricted the area to such 
an extent that 15} million cubic yards of particu- 
larly suitable material had to be cut out of the 
programme. This difficulty was partly overcome, 


ascertained that the work would interfere with 
vested fishing rights. We have previously referred 
to the slump in land values, which led to great local 
opposition to the completion of the scheme. Sir 
George takes strong objection to the constitution of 
the sub-committee appointed by ‘the Advisory 
Committee to report on the scheme, and mentions 
in his letter that, although he was in Bombay shortly 
after the terms of reference to the Advisory Com- 
mittee were conveyed to the Director of Develop- 
ment, no intimation of the reference to the 
Committee was made to him. Sir George states 
that the figures and conclusions contained in the 
report of the sub-committee are completely mis- 
leading, and that all other reports which have been 
based upon this one are therefore valueless. He 
goes on to explain that the dredging plant has been 
mishandled, but that in spite of this, it has done 
nearly double the work attributed to it. The Com- 
mittee’s figures are challenged in his letter, and it is 
stated that no account was taken of the large dredger 
which should now be working in Back Bay, and of 
improvements in the general working of the dredgers. 
We regret that our space does not permit of our 
quoting the conclusion to Sir George’s letter in full, 
but we may state that he gives his opinion, with a 
full sense of responsibility, that taken as an engineer- 
ing proposition, there is no reason why the work 
should not be completed reasonably within the cost 
and time sanctioned, and that any Government with 
a sense of perspective and statesmanship would 
complete the scheme and look to the future, when 
the land will undoubtedly find ready purchasers. 
Sir George does not ask specifically for an inquiry, 
but in view of the grave issues involved, it would 
certainly be well if an independent committee to in- 
vestigate the whole question could be appointed. 





THE OPTICAL CONVENTION. 


Tue third British Optical Convention and 
Exhibition were opened on Monday last at noon 
by the Prime Minister, Mr. 8. Baldwin, and in the 
evening of that day the President of the Conven- 
tion, Sir Frank Dyson, the Astronomer Royal, 
delivered his address. The first Convention of 
1905 was held in the Northampton Institute, E.C., 
under the presidency of Sir Richard Glazebrook, 
while at the second convention, of 1912, the late 
Professor Silvanus P. Thomson presided. Rooms 
for the present exhibition have been provided by 
the Board of Education, and the papers were 
discussed in the Imperial College of Science. The 
officers are Mr. F. Twyman, F.R.S., chairman of 
the Executive Committee; Sir Richard Paget, 
Bart., honorary treasurer; and Mr. Thomas 
Martin, secretary. 


OPENING SPEECH AND PRESIDENTIAL ADDRESS. 


In introducing the Prime Minister, Sir Frank 
Dyson said that the optical industry, though not very 
large, affected every aspect of life, and that its pro- 
gress was almost identical with the progress of mo- 
dern science. Mr. Baldwin likewise dwelt upon the 
manifold ways in which science facilitated our life. 
During the greater part of the past century British 
work had been predominant in optical industry ; 
in the latter part of the century the industry had 
been threatened and, finally, almost overwhelmed 
by German competition. Mr. Baldwin ascribed 
the astounding strides made in Germany to three 
causes: the great general tendency to call in the 
aid of science; the need of providing for a large 
standing army and forces, and stringent protection. 
When the war came, our Government decided that 
the development of the optical industry should 
be safeguarded, and they gave substantial support 
to the British Scientific Instrument Research 
Association. After the war, the industry had to 
struggle against some unforeseen factors—the pro- 
longed trade depression, the enormous accumula- 
tion of stocks, and the currency depreciation on 
the Continent. Science, necessary in peace, vital 
in war, had still to meet the more dangerous foes of 
disease, but would also help us to penetrate the 
most profound secrets of the universe. 

Seconding the vote of thanks to tke Prime 
Minister, which Sir Richard Paget had proposed, 


Executive Committee and as president of the 
British Optical Instrument Manufacturers’ Associa- 
tion, acknowledged the value of the support and 
encouragement which the Government had given to 
the optical industry, thanks to which the exhibition 
represented an unprecedented rate of progress. 

Dwelling on the achievements of the twelve years 
that had elapsed since the last Convention, Sir 
Frark Dyson pointed out that the country had then 
imported 60 per cent. of its optical glass from Ger- 
many, 30 per cent. from France, and had made 
10 per cent. By 1918, 95 per cent. of the glass was 
home production and 5 per cent. came from France. 
Sir Frank referred to range-finders, periscopes, 
dial sights and unit sights for aeroplanes, and 
camera lenses in particular. The high position 
of Germany had been due to the Government 
interest, to the genius of Ernst Abbe, the founder 
of the Jena Works, and to the high level of technical 
education. Similar training in optical engineering 
our young men could have now, in the College 
they were meeting in, while the National Physical 
Laboratory, and the Optical Society were both 
rendering great service. Sir Frank then turned to 
the relations between astronomy and optics. It was 
noteworthy that Copernicus and Kepler had evolved 
their great theories before the days of the telescope, 
and that even the law of gravitation, based upon 
Kepler’s laws and Tycho Brahe’s observations of 
Mars, was independent of telescope work. The 
Astronomer Royal reviewed such notable events as 
the development of the Galilean and Newtonian 
telescopes and of spectroscopy and stellar photo- 
graphy, to which British science and engineering 
had made splendid contributions. 

Sir Frank referred finally to three great achieve- 

ments of the interference work of A. A. Michelson. 
In 1919, Michelson and Gale measured the total 
changes in the water-level in two pipes lying one 
north-south, the other east-west, 502 ft. long. Bya 
partly-silvered mirror, a beam of light was divided ; 
one part was sent to a vertical mirror, the other 
down to a mirror placed 0-5 mm. below the water- 
level; the fringes observed shifted with the up 
and down movement of the water. Though the 
extreme shift range due to the tidal effect was only 
1-150 mm., all the features of spring and neap tides 
were easily shown, the tides being 0-690 of what 
they should be on the rigid earth. In somewhat 
similar experiments they sent the beam round in 
two circuits in 12-in. pipes (exhausted of air) form- 
ing a rectangle of 2,010 ft. by 1,113 ft.; the beam 
travelling counter clockwise was retarded by an 
amount agreeing with the assumption that the 
ether was stationary or, alternatively, with the 
theory of relativity; thus, an optical demonstra- 
tion of the earth’s rotation was obtained. In 1924, 
a new determination of the velocity of light was 
made by sending a beam from Mount Wilson to 
Mount Antonio and back, a distance of 22 miles ; 
instead of mirrors, an octagon of glass was used, 
with angles true to one part in a million, the faces 
serving as mirrors; the velocity of light deduced 
was 299,820 km. per second. Sir Frank made brief 
allusions to the theory of relativity, but not to 
Dayton Miller’s latest experiments. 
The discussion of the 94 papers on the list has been 
arranged for in simultaneous sessions on five morn- 
ings and four afternoons, and end with to-morrow 
morning. We cannot attempt to deal with more 
than a selection of the subjects. 


SurvEYING INSTRUMENTS. 


The meeting in the Chemistry Theatre on Tues- 
day morning, was concerned, to a considerable 
extent, with surveying instruments, but other 
matter was included. In general the papers were 
roughly divided into groups dealing with allied 
subjects, but there were many which hardly fitted 





well into their own section, and it is impossible 
for us to make more than a very approximate 
segregation. This section, concerned largely with 
surveying instruments, opened with a paper by 
Mr. R. S. Clay, describing the fine collection of 
historical optical instruments, which is one of the 
most interesting features of this year’s conveD- 
tion. Amongst these instruments may be noted 
an astrolabe, found in @1845 in County Kerry. 








but in 1924 dredging was suspended because it was 





Mr. Twyman, speaking both as chairman of the 








near a spot at which three ships of the Armada 
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were wrecked. Other interesting exhibits were 
some of the early English microscopes, which were 
in their day recognised as standing in a class by 
themselves. The survivors exhibited testify to the 
excellence of the workmanship put into them. It 
was stated that there were a number of highly 
interesting historical instruments at Oxford, but 
that the loan of them had been refused. | 

From the standpoint of the engineer, the main 
interest of the meeting centred in the papers dealing 
with surveying instruments. The first of these to 
be taken was by Mr. E. Wilfred Taylor, and 
described a new form of tacheometer telescope. In 
stadia work with the older type of telescope a certain 
correction had to be added to each observation in 
order to reduce it to the centre of the instrument. 
The introduction of the Porro anallatic lens abolished 
this necessity. By its means each observation was 
automatically reduced to the centre of the instru- 
ment. To-day the telescopes of most of the best 
surveying instruments are fitted with internal instead 
of with external focussing, and this has been accom- 
panied by the drawback that the correction by the 
Porro lens is no longer exact. Mr. Taylor’s paper 
explained the optical arrangements necessary to 
reduce this correction to insignificance. The 
unavoidable percentage of error is a function of the 
staff distance. If the shortest distance to be 
measured stadiometrically is 200 in., then at this 
distance the error can be reduced to 1 in 1,000, and 
it will diminish progressively as the range increases. 
If the shortest distance to be measured optically 
were 30 ft., it was stated that there would be no 
difficulty in reducing the error at this range to 1 in 
5,000, and, as before, the error would diminish as the 
distance increased. In fact, the error could be 
reduced below that of the dividing of the usual 
painted staff. 

A paper entitled ‘‘ Geodetic Theodolites for 
Canada,” by Mr. J. J. Rannie, brought out the fun- 
damental difference in the instrumental needs of the 
great Dominions and of most of the Crown colonies. 
In both cases high accuracy is aimed at, but, whilst 
in the tropics labour is cheap and plentiful, it is 
very dear and scarce in the Dominions. It is in 
these sparsely peopled countries in which most of 
the important geodetic surveys are now in progress. 
A regular Canadian survey party consists merely of 
an engineer, a recorder and a cook, with perhaps 
one extra packer. Hence, weights must be cut 
down to a minimum, and here it is that the old 
English standard instruments are open to criticism. 
In the early triangulation of Canada, English instru- 
ments were used, of very high accuracy, but weighing 
with base and box about 1501b. An added objection 
to these instruments is that they are so strongly 
built that they never wear out, and it is therefore 
sometimes difficult to secure permission to replace 
them with improved designs. In contrast to the 
instruments mentioned, two 12-in. Swiss theodolites 
were, Mr. Rannie stated, purchased in 1914. In 
this case the maxinrum weight was reduced to 65 Ib. 
Aluminium alloys were largely used, and the 
case was made of light wood instead of stout 
mahogany. 

The adequacy of these light cases had been 
severely tested by one accident, in which the cased 
instrument rolled 150 ft. down a mountain side, but 
it is nevertheless still in service. The aluminium 
does not deteriorate under Canadian conditions. 
Mr. Rannie held that great savings of weight were 
still possible. Counterpoises were, he held, an 
unfortunate feature of some designs, but this matter 
was now being attended to. If the telescope was 
arranged to transit in one direction only, very low 
standards could be used, as was done by Zeiss and 
Wild. The latter make of instrument had shown 
that large-size was not essential to accuracy. The 
Wild theodolite had glass circles 3} in. in diameter, 
and the readings appeared to be as accurate as with 
the ordinary 12-in. circle divided on silver. The 
weight of this instrument was said to be only about 
that of a light mountain transit, and it was specially 
arranged for rapidity in working, prisms being 
provided so that the circles could be read without 
shift of position. The object glass was of 40 mm. 
diameter only, and was thus not sufficiently powerful 
for primary triangulations. Two British and on, 


J 


Swiss firms now supplied circles with which th 





errors in surveys made with them did not exceed 
0-1 seconds of arc, with an averageyerror of 0-03 
seconds when following the regular Canadian pro- 
gramme of observational routine with a _ two- 
micrometer theodolite. The author believed that 
the weight of British theodolites could be greatly 
reduced, and speed of manipulation increased with- 
out any sacrifice of accuracy. The optical perform- 
ance of all the telescopes used in the survey was 
tested at the Canadian Physical Testing Laboratory. 
Two telescopes supplied by Cooke gained the maxi- 
mum of 100 marks, whilst another make was so 
bad as to be credited with none. One point 
insisted on by Mr. Rannie was that the “exit 
pupil” from the eye lens should not be less than 
14 mm. With some telescopes it was as little as 
0-8 mm., and the illumination at high magnifica- 
tion was correspondingly poor. 

A paper dealing with the Indian survey was read 
by Colonel H. St. J. L. Winterbotham, who stated 
that experience in India showed that Continental 
instruments would not stand up to the hard use and 
exacting climatic conditions met with in India. 
There might be a saving in initial costs, but this 
was soon swamped by the cost of repairs. In every 
respect, British instruments had been found superior. 
A recent consignment of Continental levels pur- 
chased on the basis of the lowest tender, had been 
most unsatisfactory. The whole of them had to be 
dismantled, cleaned, oiled and adjusted before 
they could be used. The optical components were 
completely fogged on receipt, and the mounting of 
the object glass was of such defective design that the 
objective could not be removed without altering the 
adjustment. No similar defects had been met with 
in British instruments. 

It was interesting to note that some of these made 
for the Old East Indian Company were still giving 
very useful service. The present tendency was to 
demand greater light grasping power. As labour 
was cheap, substantial construction was more 
important than a reduction in weights. 

The other papers read at the Tuesday morning 
meeting had reference to astronomical work. Mr. H. 
Dennis Taylor, the original inventor of the well- 
known Cooke lens, described a new variant of this 
type, in which the dense flints normally used, which 
were very opaque to ultra-violet rays, were replaced 
by a light flint, suitable modifications being made in 
the crown components. With this construction. the 
author considered that as good results could be 
obtained as with a reflector. The last paper was 
submitted by Mr. E. Wilfred ‘Taylor, and described 
the manufacture and correction of large astro- 
nomical object glasses. 


OpTiIcAL GLASS AND Smmica GLAss. 


The meeting held in the Chemistry Theatre on 
Tuesday afternoon considered a number of papers 
dealing with optical glass. In their paper on 
‘“Some Recent Developments in the Art of Pro- 
duction of Glass for Optical Purposes,” Messrs. 
W. H. S. Chance, and W. M. Hampton, of Messrs. 
Chance Brothers, Limited, pointed out that the 
firm, which was founded in Smethwick by Robert 
Lucas Chance in 1824, had at first made chiefly 
window glass, but engaged G. Bontemps and taken 
up the manufacture of optical glass in 1848, and 
were the only British firm in this latter field 
till 1914, when they listed 26 types of optical 
glass. The war first called only for flints and 
crowns ; in 1917 light and dense barium crowns and 
an extra light flint were wanted for the photographic 
lenses of aircraft; in 1918 the firm reached its 
maximum output of 235,000 lb., which was equal 
to more than four times the world’s pre-war demand 
for optical glass ; at present the production of 112 
varieties was on a greatly reduced. scale. The 
barium replaced part of the silica of borosilicate 
crowns ; dense barium glass attacked the pot, the 
iron taken up colouring the glass green, and gave 
much gas in fusion; the furnaces were now con- 
trolled within + 5 deg. C. between 1,200 deg. and 
1,450 deg. Though Twyman’s law, that the rate 
of release of stress doubled itself within an average 
temperature interval of 8 deg., was not strictly true, 
it held over the short range known as the anneal- 
ing temperature; the involved changes in viscosity 
were most rapid in the dense barium crowns, 





Coloured glasses contained either coloured silicates 
or particles of constant size. The latter glasses were 
difficult to make; a selenium glass might appear 
deep ruby on being rolled, and opalescent brown on 
being pressed into disc, or black on being cooled in 
the pot. The manufacture of permanent coloured 
glass filters to replace gelatin filters had been taken 
up successfully two years ago. The ultra-violet 
filter transmitted only these rays; the daylight 
glass looked faintly bluish ; the neutral glass, which 
transmitted fairly equal proportions of all the 
visible rays, looked grey. The distant railway signal 
glass was of orange colour. The vita-glass of 
Mr. F, E. Lamplough was a window glass trans- 
parent to the beneficial and ultra-violet sun rays ; 
the calorex roofing glass absorbed the maximum of 
heat rays without stopping too much light ; anti- 
glare glass was used to protect airship sheds, while 
the Crookes’ spectacle glass, preventing eye-strain, 
was replacing ordinary white glass. Mr. Chance 
mentioned that they had recently received an order 
for optical glass from Germany, the first case of this 
kind for more than forty years. Sir Herbert 
Jackson, commenting upon the valuable informa- 
tion given, and Mr. E. Wilfred Taylor, drew 
attention to the unique specimen of a practically 
colourless dense barium crown lens, 154 in. diameter, 
which was exhibited 

Lord Rayleigh dealt, in his ‘“ Notes on Silica 
Glass,” with some’ peculiar, technically important 
differences between silica glass made from sand and 
from rock crystals. The purest sand (vitreosil) glass 
was, he pointed out, translucent, quartz glass being 
transparent. The opacity was not a sign of impurity, 
but was simply due to multitudes of bubbles. Silica 
satin tubing contained cavities of 0-01 mm. diameter, 
up to 10 mm. long. The bubbles were seen to develop 
when the sand grains were heated by the blow pipe, 
while powdered rock and crystal remained clear. 
The gas thus came from the grain itself ; as most 
sand was the weathering product of granite, and 
granite had probably been formed under high 
pressure at moderate temperature, in the presence 
of water vapour, whose importance geologists fully 
recognised now, the bubbles were mostly occluded 
water vapour, and not caused by surface adsorption ; 
carbon dioxide was also present ; at 2,000 deg. C. the 
permanent gas present would occupy more than 
twice the volume of the sand, and the water vapour 
was more plentiful. The optical structure of silica 
glass was entirely different from anything met with 
in ordinary glass, and was not explicable by stress. 
The structure was granular in sheet silica and elon- 
gated to fibres when the strip was drawn out. Lord 
Rayleigh revealed this by the Foucault-T6épler knife- 
edge or striae method. Small grains of about 0-1 
mm. were embedded in a matrix ; when these grains 
were numerous the specimen was optically bad and 
destroyed definition. Examination by polarisation 
was of little value as a criterion of optical utility ; 
the polarised light brought out the coarser structure, 
as it depended upon double refraction, whilst the 
T6pler test marked the much more important 
differences in single refraction. As regards trans- 
parency, the ultra-violet light silica glass was inferior 
to the rock crystal from which it was made, and 
the glass made from sand was still more inferior ; 
but differences in transparency were important 
only in the extreme ultra-violet. 

The problem dealt with by Mr. Robin Hill, M.A., 
in his paperon “‘A Lens for Whole Sky Photography” 
was the projection of 180 deg. on a flat plate without 
distortion. Several photographs of the sky taken 
with an ordinary camera would not fit together. 
The problem was best solved by stereographic pro- 
jection. The lens system adopted was shown in the 
exhibit by Messrs. R. and J. Beck. The system 
contracts the incident angle of the light to about 
90 deg. before it reaches the photographic lens. The 
combination comprises a large front lens, 2} in. in 
diameter, a kind of spherical cap of an outer convex 
surface, facing the object, and an inner concave 
surface of smaller radius of curvature. Underneath 
this lens is a plano-convex lens, the plane surface 
being next to the outer lens and separated from it by 
an air space, in which the stops and colour screens 
are mounted. The colour correction is the most 
difficult, but is not important, for cloud photo- 
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Precision Screw-Curtine LATHE. 


A subject of more direct engineering interest was 
raised at the meeting in the Physics Theatre on 
Wednesday afternoon, when a new precision screw- 
cutting lathe was described in a paper presented by 
Messrs. F. Twyman, F.R.S., and J. H. Dowell. This 
machine was designed in the research department 
of Messrs. Adam Hilger, Limited, to cut micrometer 
screws of the highest accuracy commercially attain- 
able. The accuracy aimed at in the design was such 
that the lead-screw nut, should move relatively 
to the screw with a degree of linearity represented 
by the expression ¢ = pr + 0-0005, where ¢ and r 
are the travel and rotation of the nut in millimetres, 
and p the pitch. It was further laid down that p 
at a temperature of 62 deg. F., should not deviate 
from the normal by more than one part in 100,000. 
A temporary precision lead screw was made by 
which the final lead screw was cut on the lathe 
itself; this necessitated a rather long lathe, but 
offered advantages in the procedure. The final 
screw was cut from start to finish on the lathe 
itself, though not all at once, to avoid overheating 
in the roughing cut. That plan was preferable to 
the common practice of roughing the screw on a 
heavy lathe and finishing it on a high-accuracy 
lathe, because errors in the roughing tended to be 
perpetuated in the finishing. The capacity of the 
lathe was a maximum length between centres of 28 
in., and maximum length and diameter of thread to 
be cut of 13 in. and 2 in. The design was for three 
pitches of 0°5, 1 and 2 mm. 

The bed section was made rectangular so that 
the working surfaces could be tested optically 
with comparative ease; the tool carriage was 
made long, and located in a horizontal plane by 
the back section of bed only, and quite clear of 
the front in order to obtain a favourable disposition 
of the resultant of the cutting and frictional forces. 
In more than a thousand dynamometer tests 
conducted at the Manchester Municipal School of 
Technology, J. T. Nicolson and Dempster Smith 
had found that the average values for the forces 
produced on the tool by heavy cutting were: 
downward component 100, horizontal outward 
component 50, horizontal traversing force 25. The 
magnitudes and directions of these forces were 
considered in proportioning the bearing surfaces 
of the carriage. The screw to be cut, is rotated 
between dead centres, which has been the prac- 
tice in Messrs. Hilger’s workshops for over thirty 
years. The lead screw is mounted in two rec- 
tangular bearings and completely enclosed, except 
for the smaJ] gap where the driving lugs connect 
with the nut. The thrust of the lead screw is taken 
on a sapphue block which was set true with the 
aid of a telescope and observation of interference 
bands between the block and the end of the screw. 

Cast in one piece with the lower half of the 
nut, which is made in two pieces, is an arm carrying 
aroller. This is kept in contact with the correcting 
bar by a flat spring. The toolholder is carried on 
the cross carriage, on the underside of which the 
lead screw nut is mounted working in a frame 
which slides freely in a rectangular seating cut in 
the carriage. When in the cutting position, the 
feed screw slide is held firmly against a locating 
face by a lever and locking screw. Imme- 
diately after the tool clears the thread on 
finishing the cutting ,stroke, an arm on the 
locking screw is released, and a spring and 
plunger forces out a pawl so that two strong 
springs can push out the feed screw slide and 
cross carriage. The paper also described the testing 
of the temporary lead screw for errors admitting 
of compensation by the correcting bar and for 
errors in the train of the back gears, of which 
there are three, on the face-plate running on the 
projecting part of the spindle. For testing, a 
divided circle, read by two micrometers, was 
mounted on the temporary lead screw, and an inner 
scale was suspended by links resting on the outside 
diameter on the centres in the plane of the screw. 
Mr. J. H. Dowell, who read the paper, acknowledged 
the help of Mr. Sears, of the National Physical 
Laboratory, with reference to the method of test- 
ing, and of Dr. Guillaume, of the Bureau Inter- 
national des Poids et Mesures, with regard to the 


ENGINEERING. 





[APRIL 16, 1926, 








preparation of the bar. The complete lathe is 
housed in a cabin which is kept at constant tem- 
perature within + 5 deg. C. by apparatus of the 
Cambridge Instrument Company. 


OpTICAL PROJECTION MEASUREMENT. 


This meeting also considered a paper on 
‘Measurement by Optical Projection,” by Mr. 
G. A. Tomlinson, B.Sc., who reviewed the develop- 
ment of optical projection methods and apparatus 
at the National Physical Laboratory since 1915, 
exemplified their manifold applications, described 
some other projection apparatus of British manu- 
facture, and considered the theory of the pro- 
jection. Suitable special lenses for the horizontal 
and vertical projection not being available for large 
images, a field lens was introduced between the 
object and the projection lens to minimise distortion. 
To measure the angle and thread form proportions 
of an internal thread, an impression is taken in 
plaster or dental wax, and the cast is mounted in 
plasticine on a special carrier of the projector slide. 
Mr. Tomlinson’s pantograph and other devices have 
been described in connection with his  gear- 
measuring machine, in our columns (July 27, 1923, 
pages 104, 109). Projectors are also applied for 
recording the errors in uniformity of motion trans- 
mitted by a pair of gears rotating slowly in mesh ; 
for the calibration of glass-tube diameters ; for the 
study of pivot and jewels and the deformation of 
the pivot point under load ; for facilitating measure- 
ments on photographic plates, and on celluloid 
records, &c. In order to determine the centre of 
a bullet in rifle ballistics, the bullet is simply 
suspended by a silk thread in a field which shows 
the bullet profile and the thread 

The design of the standard N.P.L. types of 
projector, Mr. Tomlinson remarked, was largely due 
to Mr. E. M. Eden; the complicated theory of the 
projection of a solid was now under investigation 
by Mr. W. G. Ridge. The shadow of rays grazing 
a sharp edge could be brought to a sharp focus ; 
when the edge was a plate of some thickness the 
definition was inferior ; the case of a cylinder was 
more difficult still, because some of the rays falling 
upon the object would be reflected into the shadow 
beam. When a narrow horizontal slit was inserted 
between the cylinder and the lens, the shadow would 
be blurred ; the definition would improve when the 
slit was widened, say, from 0-003 in. to 0-025 in. 
The source of light and the condenser used affected 
the definition, but had little influence on the image 
distortion, which depended upon the projection 
lens, the design of which required further study. 
The other apparatus mentioned by Mr. Tomlinson 
were the Wilson projector of Messrs. Adam Hilger, 
which projects both sides of a thread together by 
means of a lens split into an upper and a lower half, 
and throws the two images into mesh by means of 
two adjustable prisms ; and the Lewbeck projection 
micrometer of Messrs. Beck for measuring the 
diameters of fine wires. 


(To be continued.) 





LETTERS TO THE EDITOR. 


THE STATUS OF NAVAL ENGINEERS. 
To THE EDITOR oF ENGINEERING. 

Sir,—I fancy the Admiralty order depriving engineer 
officers of their military status and investing those 
entered under the new scheme with the purple stripe 
was largely prompted by a desire for a more distinct 
nomenclature. There were officers of the military 
branch “in the line of command,’ and those “ not in 
the line of command,” namely the engineers. Then 
there were the old style engineer lieutenants, and 
engineer commanders side by side with the new lieu- 
tenants and commanders (E.). One way of dealing 
with the anomaly would have been to drop the prefix 
‘engineer ”’ as part of a title altogether (as was done 
in the case of the old navigating lieutenants, &c.), and, 
where explanation is necessary, referring to them as 
upper deck officers and engineer officers respectively. 
The Admiralty on the other hand have preferred to 
abolish the military rank, in name though not in fact, 
for the upper deck officers and in both respects for the 
engineers, The exclusive application of the term 
“‘ executive’ to the upper deck officers has the dis- 
advantage that as a corollary the engineers become 











“non-executive ”’ officers, despite the fact that they 
do executive duty in the necessary ordering about of 
bodies of men in their own department and that they 
already wield a certain amount of executive authority 
which needs to be augmented rather than diminished. 

Now the inclusion in the military branch and the 
identity of uniform gave to the engineer officer of the 
new order a sense of equality with his comrades of 
corresponding rank on the upper deck in all respects 
except that of commanding the ship, and the suppres- 
sion of his military rank and the imposition of the 
purple stripe at once class him with the doctors, the 
paymasters, the instructors and other departmental 
officers who, invaluable as their services are, are 
not in the same sense the leaders and directors of the 
fighting force. Efficiency in steaming is just as impor- 
tant as efficiency in gunnery in a fleet action. Again 
the engineer officer who shuts off steam from a steam 
pipe that has been shot through or who directs the 
pumping arrangements in a boiler-room that has been 
torpedoed, and so enables the ship to continue in action 
is performing just as essential a service as the gunnery 
officer who makes alternative arrangements for working 
a damaged gun or prevents a fire spreading amongst 
live ammunition, at equal danger to himself and with 
equal encouragement to his men. The relegation, 
therefore of these officers to any sort of non-military, 
non-executive or non-combatant branch must inevit- 
ably be derogatory to their status and must be a subject 
of legitimate grievance. If any one maintains that this 
is a trivial or puerile matter let him ask himself quite 
honestly to which branch of the service he would 
prefer to belong and why. 

Thirty years ago there was a distinct and often 
open antagonism between the executive and engineer 
officers which severely handicapped the latter in the 
performance of their duties. At every turn the engine- 
room work and routine was apt to be baulked and 
upset by utter want of consideration on the part of 
officers of the upper deck, in many cases junior both 
in years and in relative rank to the engineers con- 
cerned. This fortunately has completely changed of 
late years. You find the officers of both branches 
working together as allies for the common good, and 
indeed the upper deck officers are often the keenest 
sympathisers with the existing disabilities of the 
engineers. But the prejudice against the engine-room 
still seems to cling on in the dusty corners of the 
Admiralty, and threatens us with a return to the 
inefficient and unprogressive days of the ‘nineties. 
If the Fleet Order of last November is not rescinded, 
if the charge of dockyards and engineering establish- 
ments ashore is not thrown open to engineer rear- 
admirals and captains, if seats are not found for 
engineer officers on the Admiralty Board and on 
courts martial and the delegation of disciplinary 
power is not extended, good men will never be found to 
volunteer for the engineering branch, and those who are 
obliged to enter it against their will, will regard their 
profession not as a field for their ambition but as an 
irksome occupation of dull routine carried out under 
discouraging disabilities. The engine-room will thus 
become once again the breeding ground of that sup- 
pressed dissatisfaction and discontent which only a 
keen and loyal body of officers working under stimulat- 
ing conditions can eradicate. For although I do not 
believe these officers will ever become willingly disloyal, 
the retrogade conditions now reintroduced will make 
them less keen and less sympathetic towards the men 
in whose eyes they have been lowered, and in a ship 
the personal touch is probably more important than 
anywhere else. 

Yours faithfully, 
H. W. Kircuine, Engineer-Captain, R.N. (ret-). 

Oxford, April 10, 1926. 


To THE EpIToR OF ENGINEERING. 


Sir,—Judging from Mr. Bridgeman’s defence of 
the recent fleet Order during the Parliamentary debate 
on the Navy Estimates, he is under a misapprehension 
concerning the position of naval engineer officers. 
He declares “that everyone knows and recognises 
that the engineering side is just as independent and 
becomes more and more important . . ._ that 
there is nothing in this fleet order which alters in any 
way the position of the engineer officer,” and pleads 
that “this imaginary grievance may be allowed to 
die out.’ Further, in answer to Sir Bertram Falle, 
he adds that “the engineer officer has not lost any 
prestige.” : 

How little these statements agree with the facts 
may be demonstrated by investigating one example 
only—the proposed electrical branch. 

It is not generally understood that the new fleet 
order, innocent as it may appear to the layman, involves 
most profound changes in the structure of the technical 
arm of the Navy. Following the recommendations 
of a strong representative committee composed of 
executive and engineering officers a four-year course 
of combined training in mechanical and electrical 
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engineering for all future engineer officers was instituted 
at Keyham College in 1922, and the first batch of students 
has recently passed in to the service. These officers 
were originally intended to form part of the engineering 
branch and provide a nucleus of electrical or mechanical 
specialists for the higher administrative posts, but 
the policy is being abandoned without trial in favour 
of a separate electrical branch. 

In the projected electrical branch, electrical engineer 
officers will only serve at sea in the junior ranks. 
They are not to be incorporated in the engineering 
department of the ship, but to work under the torpedo 
lieutenants merely as technical assistants, without 
military or executive status. The torpedo lieutenant 
is to retain charge and command of the electrical 
department on board ship, and the electrical engineer 
ofticer is to discharge the duties of an electrical engineer 
and to be obedient to the command of the torpedo 
lieutenant. Senior electrical engineer officers are not 
destined to serve at sea but will fill electrical appoint- 
ments ashore. 

From the foregoing it may be clearly seen how 
necessary it was to deprive the engineer officers of 
military and executive status. Had they retained it, 
the scheme would have been unworkable. It was 
imperative to alter the commissions of future engineer 
officers from ‘taking charge and command’”’ to 
‘« discharging the duties of an engineer and be obedient 
to the command, ete.,” before placing an electrical 
engineer officer under the torpedo lieutenant. These 
two officers may have started their service. careers 
together at Dartmouth College. They were then equal 
in all respects, but the one who has specialised in 
engineering is penalised by being subordinated to 
his colleague. It will be the first time in the history of 
naval engineering that an engineer officer has been held 
responsible to any executive officer junior to the 
commanding officer of the vessel. The supremacy 
of the torpedo lieutenant over the electrical department 
although he has had no training as an electrical engineer, 
is assured by depriving the electrical officer of military 
and executive status and by arranging to have only 
junior electrical engineer officers afloat. 

Mr. Bridgeman, being a layman among the expert 
authors of the now notorious Admiralty fleet order, may 
be excused for having failed at the outset to apprehend 
its significance and implications. He may also be 
pardoned for not having realised that it was merely 
the latent move in a series of manceuvres, conducted 
by a reactionary section of the higher executive officers, 
with the history of which he is evidently unacquainted. 
But the memorandum of the engineering Institutions, 
the subsequent articles and letters in the press, and the 
debate in the House, have since afforded him every 
opportunity of informing himself on the subject and 
have robbed him of all excuse. With perfectly amazing 
ingenuousness, Mr. Bridgeman, in the course of the 
Parliamentary debate said, ‘‘ the engineer officer has 
not lost any prestige,” and “‘ there is no idea of degra- 
dation or lower status for the engineer officer as com- 
pared with the executive officer.” 

Is it too much to expect that he will now revise 
these pronouncements ? 

Yours faithfully, 
D. A. BREMNER. 

32, Victoria-street, Westminster. 

April 12, 1926. 





ENGINEERING TRAINING AND 
EDUCATION. 


Faraday House College ; Entrance Scholarships.—On 
the results of the entrance scholarship examination, 
held at Faraday House Electrical Engineering College, 
Southampton-row, London, W.C.1, the following 
awards have been made by the Governors of the 
college :—E. M. Noble, the Faraday Scholarship of 
o) guineas per annum, tenable for two years in the 
college, and one year in a works; C. B. Forgan, the 
Maxwell Scholarship of 50 guineas per annum, tenable 
for one year in the college, and one year in a works ; 
and I. J. Farmbrough, R. P. E. Tabb, and W. R. 
Crookes, exhibitions of an annual value of 40 guineas 
for the first, and 30 guineas for the second and third, 
ning for one year in the college and one year in a 

orks, 

Evening Metallurgical Courses.—Two series of metal- 
lurgical lectures, the first entitled ““ Heat Treatment of 
Metals and Alloys,” and the second, “ The Mechanical 
Testing of Metals and Alloys,” have been arranged 
at the Sir John Cass Technical Institute, Jewry-street, 
Aldgate, London, E.C.3. The course on heat treat- 


ment is conducted by Mr. C. C. Smith, M.Sc., A.R.S.M. ; 
itis intended for those interested in the after-treatment 
of manufactured iron and steel and the principal 
industrial alloys, and especially for those engaged in 
the motor car, aeroplane, and kindred industries. The 
©ourse will be held on Wednesday evenings, and 


testing are by Mr. L. S. Ward, B.Sc. ; the syllabus 
comprises the description of the standard types of 
testing machines and the various methods employed 
in the testing of materials. This course wil! be held 
on Thursday evenings and commence on April 15. In 
each case the lectures will begin at 7 p.m., and will be 
followed by practical work in the laboratory until 
10 p.m. The laboratories will also be open from 6 
to 7 p.m., for additional practical work. The fee, 
for each course, for students resident in the counties 
of London, Middlesex and Kent, as 10s. Further 
particulars may be obtained on application to the 
head of the Department of Metallurgy at the Sir John 
Cass Institute. 





ENGINEERS IN THE NAVY. 

In our issue of March 19, on page 362, we gave a 
summary of correspondence, &c., between a Joint 
Committee representing the leading engineering insti- 
tutions and the First Lord of the Admiralty, on the 
subject of the status of engineer officers in the Navy. 
The Committee was composed of representatives of 
four institutions and acted for others, one of which 
was the Institute of Marine Engineers. In the annual 
report of the latter, presented to the Institute at a 
meeting held last Friday, this subject is referred to at 
length, and we reproduce below the final letter from 
Mr. Adamson, the hon. secretary, to Brigadier-General 
M. Mowat, C.B.E., the secretary of the Joint Com- 
mittee, giving the views of the Institute of Marine 
Engineers on Mr. Bridgeman’s unsatisfactory reply, 
which, it will be remembered, stated that engineer 
officers had no grievance under the new order. 


The Secretary of the Deputation Appointed to Interview 
the Lords of the Admiralty re the Status of the 
Engineers of the Royal Navy. 

Dear Sir,—The reply received by the deputation has 

been considered carefully by the Vice-Presidents and 
members of Council of the Institute of Marine Engineers 
whose experience of sea-going life and whose know- 
ledge of the responsibilities of engineer officers in the 
merchant navy, and incidentally in the Royal Navy, 
justifies our united convictions that the whole circum- 
stances have not been considered by the Admiralty 
from the best view point in the interests of the Empire, 
and there is no justification for the alteration proposed 
in the status of the engineer officers which was clearly 
set forth and testified when the subject was dealt 
with in 1914, since when the course of action taken 
has been fully justified and is even now more manifest 
as a wise one. 
The following observations are worthy of special 
note :— 
‘Mr. Bridgeman’s reply was inevitable. He had 
doubtless consulted the Sea Lords and acted on their 
opinion. What engineers would like to know is 
whether the Engineer-in-Chief’s opinion on the subject 
was considered equally with that of the Sea Lords. 
The usually employed platitude that it is fully recog- 
nised that the engineers are indispensable is quite 
beside the point. The cooks are also absolutely indis- 
pensable. The matter is not a new one, and must have 
been fully considered by Admiral Lord Jellicoe and 
Admiral Lord Fisher. It is fully realised in engineering 
and shipbuilding circles that Admiral Jellicoe appre- 
ciated the material side of his profession, and Admiral 
Fisher’s reputation as an engineering critic is too well 
known to need any explanations from us. Both these 
authorities concurred in the advisability of giving the 
engineers an improved status in the Navy. 
“* The recent Fleet Order has been interpreted outside 
naval circles, and, we believe, in naval circles as well, 
as taking away the advance which was given to the 
engineers by the predecessors of the present rulers of 
the Navy. Unfortunately, there has been imported 
into this question a lot of emotion where reason only is 
necessary. Engineers do not desire to command ships 
or fleets in action. What they do ask is that they have 
full control of their own department, that they sign 
their own reports, and that such an absurdity as not 
being permitted to speak on a public occasion where 
an executive officer (possibly of junior rank) is also 
present, and all such-like foolishness should be done 
away with. 
“The feeling between the deck and the engine room 
has improved very mtch in past years, but this im- 
provement is due to the greater equalisation of the 
status in the ships of the deck and engine-room 
officers.” 
“The letter from the Admiralty on behalf of 
Mr. Bridgeman, First Lord of the Admiralty, considers 
there is no real ground for grievance, but he appears to 
ignore the fact that executive rank is being taken away 
from the engineer officer, which must more or less affect 
his status among the rank and file, and I can only repeat 
what I have previously stated, that this is a most 
serious and retrograde step, and, to say the least of it, 
is unfortunate in the interests of the Service. 





commence on April 14. 


The lectures on mechanical 





“‘T can only state here that I strongly support the 


actions of a deputation which, I am sure, would be in 
the interests of the engineer officer, and wish them every 
success.” ¢ 

**T consider the First Lord’s letter as unsatisfactory 
and suggest that we use all influence available to 
maintain the position of the R.N. engineers in accord- 
ance with our earlier efforts on their behalf.” 

The foregoing are quoted from views expressed by 
Vice-Presidents and members of Council, and endorsed 
unanimously by all. 

Yours faithfully, 
James ADAMSON, Hon. Secretary. 





MOLLIER CHART AND HEAT- 
DROP TABLES. 


SrEaM engineers have been indebted in the past to the 
British Electrical and Allied Industries Research Asso- 
ciation for a set of heat-drop tables and of superheat cor- 
rections. A little later, the same body was responsible 
for the Enlarged Callendar Steam Table, which provides 
what are probably the most reliable data yet available 
as to the properties of steam at high pressures and 
temperatures. A very handy and convenient Mollier 
chart was issued with these tables, additional copies of 
which cost so little that many engineers utilise one for 
each individual job. The relevant lines are drawn 
directly on the chart and the whole filed away for future 
reference if required. The Association have now 
supplemented this by a large-scale Mollier diagram 
printed on a sheet measuring 30 in. by 40 in. The 
chart is reproduced in colours, and the curves give total 
heats, entropies, pressures, superheats and volumes 
with about a four-figure accuracy. The use of different 
colours for curves, apt to be confounded with each other, 
greatly adds to the convenience of the user. Pressures 
are given both in pounds per square inch and also, in 
some cases, in corresponding inches of vacuum. The 
volumes are given in cubic feet per pound, and the heat 
contents in British thermal units. Both temperatures 
and superheats are plotted, the Fahrenheit scale being 
that adopted. The range of pressure extends from 
0-2 lb. per square inch up to 2,000 Ib., and temperatures 
are given up to 1,000 deg. F. The chart is published 
for the Association by Messrs. Edward Arnold and Co., 
at 4s. net. The same firm have also issued, on behalf 
of the Research Association, an extended set of heat- 
drop tables, which have been compiled by Dr. H. 
Moss from Callendar’s equations. The range of 
pressures covered is practically the same as that given 
by the chart, and, for the particular purpose in view, the 
tables are superior to the latter, being much handier in 
use. The price of these tables is 10s. 6d. net. 

It may be added that the Research Association is 
also financing an exhaustive experimental research 
into the properties of steam at high pressures and 
temperatures. It is hoped to extend these right up to 
the critical point, and to provide really reliable data 
in a field in which precision has not hitherto been 
attained. The experimental difficulties are very con- 
siderable and, in such cases, the value of the data 
recorded depends more on the man than on the elabora- 
tior of laboratory equipment. The mere researcher, 
reliable as he may be in his actual readings, is, in these 
difficult experiments, apt to overlook those sources of 
systematic error which have vitiated so much of the 
work done by prior investigators. This considera- 
tion has been given due weight by the Research 
Association, and there is every reason to hope that, at 
no distant date, really authoritative figures will, for the 
first time, be available. 





THE Late Mr. A. L. Luoyp.—We regret to announce 
the death of Mr. Arthur Llewellyn Lloyd, which occurred 
on March 28 last, at Leamington, at the age of seventy. 
Mr. Lloyd was the third son of the late Mr. S. S. Lloyd, 
M.P., who was for many years chairman of Lloyd’s Bank, 
He was born in Birmingham and received his early 
education at Uppingham School. Mr. Lloyd afterwards 
spent some years in the engineering works of Messrs. 
Hopkins, Gilkes and Co., Middlesbrough. When his 
father purchased the business of Messrs. Thomas Piggott 
and Co., Limited, Atlas Works, Spring Hill, Birmingham, 
he joined that firm, became a director, and subsequently 
Chairman of the company, a position he held for many 
years. Mr. Lloyd was also a director of The Mint 
(Birmingham), Limited, and New Hudson, Limited. 





THE FRANKLIN INnstITUTE: Louis Epwarp Lrvy 
Gotp MEepAL.—The Franklin Institute of the State of 
Pennsylvania, Philadelphia, U.S.A., acting upon the 
recommendation’ of its Committee on Science and the 
Arts, has awarded the Louis Edward Levy Gold Meda! 
to Professor E, G. Coker, D.Sc., F.R.S., M.Inst.C.E., 
for his paper on “ Photo-Elasticity,” which paper 
appeared in the March, 1925, issue of the Journal of the 
Institute. The medal and the accompanying certificate 
will be presented to the recipient, by the President of the 
Institute, on May 12, next. The medal is awarded to the 
author of a paper of special merit published in the 
Journal of the Franklin Institute, preference being given 
toone describing the author’s experimental and theoretical 





researches in a subject of fundamental importance. 
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LABOUR NOTES. 


Tuesday’s meeting in London between representa- 
tives of the coal-owners and representatives of the 
miners served chiefly to accentuate the fundamental 
differences which, unhappily, existed. The considered 
reply of the Miners’ Federation to the Royal Commis- 
sion’s report did not, in any important respect, dissent 
from the recommendations relating to the reorganisa- 
tion of the industry ; but on the three vital questions 
of (1) hours of working, (2) the form of the arrange- 
ments for regulating the minimum wage, and (3) the 
reduction of wages, it could not, it was intimated, see 
its way to agree with the owners in adopting the 
proposals. In taking up that attitude the Federation 
executive followed, of course, the instructions of the 
previous week’s national delegate conference, which 
were ‘‘ (a) that no assent be given to «ny proposal for 
increasing the length of the working day, (b) that the 
principles of a national wage agreement with a national 
minimum percentage be firmly adhered to, (c) that, 
inasmuch as wages are already too low, we cannot 
assent to any proposals for reducing wages.” As regards 
hours of work, the Commission recommended that 
arrangements for greater flexibility should be con- 
sidered. According to an official report of Tuesday’s 
conference, issued by the coal-owners, the miners’ 
representatives intimated that they did not consider 
that practical. On the question of the minimum, 
they rejected the conclusion of the Royal Commission 
that the amount of the minimum must vary from 
district to district, and the recommendation that the 
amounts of the district minima should be considered 
in the districts in the first place. 





The Miners’ Federation, the official report goes on 
to say, pressed the owners to table the figures which 
they proposed should constitute the minimum in the 
various districts. The owners replied that they 
adhered to the recommendation of the Commission 
that this was a matter for district consideration in the 
first place. Such figures as the Federation were aski 
for were not available, as the owners’ view had been, 
and still was, that the matter could not be dealt with 
in that way. The proper way was, it was suggested, 
by the process of discussion between the two sides in 
the various districts. It was further pointed out, on 
behalf of the coal-owners, that the insistence on the 
production of such figures hardly appeared consistent 
with the recommendation of the delegate conference to 
reject any reductions of wages at all, in spite of the 
definite finding of the Royal Commission that reduc- 
tions of wages were essential to enable the industry to 
carry on after April 30. ‘‘ The meeting terminated 
without making any progress ’’—to quote Mr. Cook. 
On Wednesday the executive of the Miners’ Federation 
was again in touch with the Industrial Committee of the 
General Council of the Trades Union Congress, and 
during the day the Industrial Committee had an 
interview with the Prime Minister. No official state- 
ment regarding these meetings was issued, but it was 
understood on Wednesday night that nothing that 
had happened during the day had appreciably altered 
the position. , 





When the application of the London engineering 
operatives for an increase of wages came up at the Central 
Conference on April 9, the negotiations took an unusual 
turn. In addition to the London claim, references were 
on the agenda from Bradford and Bedford and Luton, 
and it was known that a considerable number of other 
local applications were approaching, or had just passed, 
the local conference stage. In these circumstances, 
the representatives of the 16 unions supporting the 
London claim decided to recommend the national 
executives concerned to accept an invitation to meet 
the employers “‘ in order that an endeavour should be 
made to arrive at an amicable solution of the position 
generally without prejudice to the unions’ decision of 
February 25, 1926, to end negotiations on the national 
wages application.” The suggested date for the 
national joint conference of employers and employees 
was April 15. On Wednesday the national executives 
met in London to consider the new situation, and 
after discussion adopted the recommendation to 
confer again with the employers. When this issue of 
ENGINEERING went to press, no official news was 
available as to what had transpired at the joint 
conference. 

According to Admiralty Fleet Orders, issued last 
week, effect is to be given to the recent award of the 
Industrial Court relating to the wages of electrical engi- 
neers. The following basic salaries, 1.¢., salaries exclusive 
of cost-of-living bonuses, were awarded by the Court : 
assistant electrical engineer, 3101. a year, rising by 
annual increments of 15/. to 4751. ; electrical engineers 
475l., rising by annual increments of 25/. to 6501. ; 
senior electrical engineers, 575l., rising by annual 
increments of 25]. to 7251. The new scales are deemed 
to have become operative as from the beginning of the 





current year. The officers concerned will enter at the 
minimum, or at their existing salary, plus the pro- 
portion of increment earned on the old scale, which- 
ever is the greater. The new scales are not to be 
applicable to temporary electrical engineers or tem- 
porary assistant electrical engineers. 





During March, the home branch membership of 
the Amalgamated Engineering Union increased from 
208,348 to 210,048, and the colonial branch membership 
decreased from 25,807 to 25,643. The number of 
members on donation benefit decreased from 7,810 to 
7,621, or 3-60 per cent., and the total number of unem- 
ployed members from 17,927 to 17,707, or 8-07 per cent. 





The Amalgamated Engineering Union’s Monthly 
Journal states that the attention of the executive 
council has been directed to a circular which has been 
issued by the National Minority Movement, Barrow 
Committee, requesting members to vote for certain 
candidates to represent the A.E.U. at the Labour 
Party Conference, Trades Union Congress, and Final 
Appeal Court, 1926. ‘As this,” the announcement 
proceeds, “‘ is a direct contravention of rule 2, clause 2, 
the executive council have decided to disqualify the 
candidates mentioned in the document for the positions 
referred to. Notifications to this effect have been sent 
to the candidates and their branch secretary.” The 
National Minority Movement’s adherents in Barrow 
and elsewhere will, no doubt, add this to their other 
grievances, but as a simple matter of fact, the rule 
which has been applied is of long standing and has 
always been enforced without fear or favour. 





The writer of an editorial note in the A.E.U. Monthly 
Journal says that the decision to recommend to the 
various governments which were represented at the 
recent London conference the adoption of the 48-hour 
working week ‘‘ is a great step forward and is sure to 
have a beneficial effect.’’ ‘‘ If,’’ he goes on to say, “ we 


king | can be as successful in bringing about a standardisa- 


tion of wages as we are apparently going to be in 
respect of hours, then the employers’ bogey of foreign 
competition will have been decently laid to rest.” 
“There is,” it is added, ‘‘ another gain in the fact 
that the common interpretation by the five Powers of 
the Washington Convention has given a fillip to the 
International Labour Organisation, which was Labour’s 
contribution to the Paris Peace Treaty. International 
co-operation in raising Labour standards is an important 
factor in the maintenance of peace, as well as a means of 
lifting industrial competition on to higher levels. 
The I.L.O. is the agency by which these things are 
achieved, and we are constrained to add that it does 
not get that full measure of support to which it is 
entitled from the ranks of Labour.” 





Industrial and Labour Information, the organ of 
the International Labour Office, states that, after 
developing rapidly at the end of 1925 and the begin- 
ning of 1926, unemployment in Germany appears 
to have reached its culminating point in the middle of 
February. From 1,762,405 on January 15, the number 
of unemployed in receipt of relief rose to 2,031,000 on 
February 1, and to 2,059,000 on February 15. The 
increase in the number of unemployed in receipt of 
relief between February 1 to 15 affected women only, 
the number of unemployed among whom rose from 
257,000 to 286,000, while the number of unemployed 
men remained stationary at 1,773,000. Since the end 
of January. generally marks the culminating point of 
seasonal unemployment, it would appear that the curve 
had then reached its limit for the whole of the country, 
although in certain towns (e.g. Berlin), the number of 
unemployed rose still further at the end of February, 
reaching a figure of 243,000. As a matter of fact, the 
situation in the various industries is still very uncertain, 
and the only industries which show any increased 
demand for labour are mining and agriculture. In 
order properly to appreciate the unemploymeni figures, 
account should be taken of the fact that since 
January 15, salaried employees earning a wage higher 
than 2,700 marks per year have been covered by the 
relief system, and that in certain districts the average 
duration of the period of unemployment allowance 
has been extended from 26 to 39 weeks. 





A correspondent of 7'he Worker explains the real 
object of the National Minority Movement with dis- 
concerting frankness. He does not wish to see it 
become a ‘‘ Party,”’ ‘“ If,” he says, “ sufficient progress 
is made in the next few years, the M.M. will undoubtedly 
capture a large number of seats on the various trade 
union executives, and thereby wield a considerable 
influence in the direction of industrial and political 
matters. . . . The presence of such a force inside the 
trade unions and the Labour Party would inevitably 
give rise to the question who is to assume control of 
this working class ap tus. . . . Given the prepon- 
derance of force the Left Wing will have no need to 





transform itself into a separate party, nor will it have 
occasion to split the existing one.” In the plain language 
the writer uses, it will assume control of the trade 
unions in which “is to be found the economic force 
requisite to give effect’? to its principles—which 
are, of course, purely political. 





The Ministry of Labour states that on April 5, 1926, 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain was 1,049,800, 
of which 844,700 were males and 205,100 females. On 
March 29 the number was 1,013,609, of whom 829,006 
were males and 184,603 females, and on April 6, 1925, 
it was 1,166,353, of whom 937,128 were males and 
229,225 females. The increase which the figures for 
April 5, 1926, show was, no doubt, the Ministry says, 
due to extended stoppages at Easter. The number of 
persons ‘‘ temporarily stopped” increased by 55,800, 
while the numbers of those wholly unemployed, and 
of casuals, both showed a decrease. 





In the course of their annual report, which was 
submitted on Monday to the annual conference at 
Harrogate, the General Council of the Post Office 
Controlling Officers declared that in the postal service 
Whitley Committees were not real committees. There 
was a reticence and hardness on the part of the official 
side which was depressing and disheartening. The 
officials used the powers they possessed with an auto- 
cracy which Whitleyism had done little or nothing to 
modify. In future more energy must be devoted, the 
Council asserted, to the development of a fighting 
machine is support the staff representatives. The 
report was adopted. 





At a meeting on Monday of the National Wages 
Board for the railways, Mr. Marchbank, representing 
the National Union of Railwaymen, asked for the 
establishment of the principle that there should be 
attendants on all railway road motors, and that those 
attendants should be adults. The matter was brought 
forward by the cases of attendants on such vehicles 
employed at the Lawley-street depot of the London, 
Midland and Scottish Railway, at Birmingham. At 
that place, he said, 48 juniors and only two adults 
were employed. Responsible work fell upon atten- 
dants in connection with the delivery and safeguarding 
of goods. On the Great Western Railway adults were 
employed outside the station in the provinces. Mr. 
Clower, speaking for the railways, said that the matter 
was entirely one for the determination of the company. 
The only reason why they agreed to the matter being 
brought before the Board was that it was alleged that 
in employing junior attendants they were infringing 
the terms of the National Agreement. The agreement, 
he submitted, did not deal with the question of juniors 
at all. There were juniors in many grades, and, he 
believed, junior platelayers. Mr. J. H. Thomas, M.P., 
asked where young platelayers were employed. 
Mr. Clower said that he could not give the information. 
Mr. Thomas replied that if junior platelayers were 
employed, there was a violation of every agreement the 
Union had ever made. It was stated that the decisions 
of the Board would be made known in due course. 





Prersonat.—Messrs. R. H. Neal and Co., Limited, 
Plant House, Longfield - avenue, Ealing, London, W.5, 
inform us that they are the sole British agents for the 
following engineering firms : the Barber-Greene Company, 
the Lakewood Engineering Company, the J. S. Mundy 
Hoisting Engine Company, the Clyde Iron Works, the 
Austin Machinery Corporation, Meck and Hambrock, 
G.M.B.H., the Austin Western Road Machinery Company, 
and the Allied Machinery Company.—Dr. Henry R. 
Wright has been appointed to succeed the late Mr. 
Francis Hird as managing director of Messrs. Siemens 
Brothers and Co., Limited, Woolwich, London, 8.E.18. 
—Mr. A. A. Campbell Swinton, F.R.S., M.Inst.C.E., is 
retiring from the electrical and general consulting eng)- 
neering practice conducted by him for the past 37 years 
at 66, Victoria-street, London, S.W.1. He will, however, 
continue his scientific and other activities from his 
residence, 40, Chester-square, London, S.W.1, which 
henceforth will be his sole permanent address.—Messrs. 
W. Crockatt and Sons, Limited, 64, Darnley-street, 
Glasgow, 8.1, advise us that, as a result of recent 
changes, some confusion has arisen between their 
name and that of Messrs. Crockatt and Company, 
electrical engineers, 182, West George-street, Glasgow. 
We are asked to state that there is no connection betwee2 
the two firms, and that the changes referred to are in no 
way connected with Messrs. W. Crockatt and Sons, 
Limited.—Mr. J. G. McLean, who has been, for the last 
14 years, agent and superintending enyineer in the 
North Midlands and North-East Coast of England, for 
Messrs. Edward Bennis and Co., Limited, has severed 
his connection with them and now represents Messrs. 
The Crosthwaite Engineering and Furnace Co., Limited, 
York-street, Leeds.—Messrs. The Steel Band Conveyor 
and Engineering Co., Limited, have removed from 
Norwich Union Chambers, Congreve-street, Birmingham, 
to Barker-street Works, Parade, Birmingham.—Mes*rs. 
Brookhirst Switchgear Limited have transferred their 
Birmingham office from County Chambers, Corporation- 
street, to Essex House, Temple-street. 
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PNEUMATIC TOOL MECHANISMS.* 
By Frank Huts, A.M.I.Mech.E. 
(Concluded from page 463.) 

Tue illustration, Fig. 10, shows a portable petrol- 
driven air compressor for operating three road breakers 
on-a London road. Similar compressors are in daily use 
by contractors for a wide range of work, such as the re- 
cent construction of the Harwich-Zeebrugge train ferry, 
and'the large coal-handling plant for the Barking Power 
Station. Fitted with rail wheels, as in Fig. 10, they 
form the power unit for bonding drills, and for nut 
tighteners, in several of the electrification schemes of 





diameter (about,23 in.) and short stroke. The front end 
is rifled into the drill steel chuck, the latter 
being fitted with a ratchet to ensure the twisting of the 
chuck on the return stroke, and an unrestricted forward 
blow of the piston. Owing to dusty conditions, the valve 
mechanism must be of the simplest type, and must be 
largely independent of wear. In the Globe pneumatic 
design, the valve consists of a hardened steel ball or 
disc. This arrangement has proved most reliable under 
all conditions. The principal parts are held together 
by two spring loaded bolts, and, in order to with- 
draw the drill steel, a spring retainer is fitted. When 
drilling downwards, the drill steel is formed with a 


supplied in special boxes, complete with spares and 
a strong lock. In such tools the exhaust is led to the 
surface, and the open end of the pipe being fixed to a 
float ; otherwise they are of standard construction. 
One of the few hammer devices in which the working 
tool is fixed to the piston, is the rammer for foundry 
sand, back filling of trenches, and similar work. It is 
a familiar tool in all modern foundries, and is being 
increasingly used for other purposes where hand- 
ramming has previously been the custom. The 
pneumatic rammer is less fatiguing to the operator 
on account of the rapidity and strength of the blow, 
which has the effect of supporting the weight of the 
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Tailways now in progress throughout the world. For 
tank and boiler riveting, the hammer and holder-on are 
sometimes held in a yoke frame, the riveter being con- 
tained in a cylinder and held to the work by air pres- 
sure. For stay bolt riveting, where cold riveting of 
copper heads entails a wedge shaped snap, the snap 
must be partly rotated. In hand supported tools this 
's Sometimes done by a motor attached to the hammer, 
ut as a rule two riveters are supported in a yoke 
frame, which is suspended over the inverted boiler, 
and both rivet heads are hammered in one operation. 
this case the snaps are rotated by hand. Special 
short types are made for small road-tractor boilers. 
The rock drill is essentially a hammer, with means 
for giving partial rotation to the drill at each return 
stroke of the piston. The piston is usually of large 





- Paper read before the Leeds Engineering Society, 
“ovember 19, 1925. Abridged. 





central hole, into which, at each return stroke, a 
small quantity of air passes in order to-clear the 
hole of dust. Rotation is of course necessary to 
present a new face to the chisel edges of the drill 
bit at each stroke. In order to prevent sticking when 
drilling soft material hand pressure is reduced, and 
in the work on the new County Hall of the L.C.C. 
the confined space would permit a minimum pressure 
only. On this job an electrically-driven portable com- 
pressor was slung on to the various floors and with 
this arrangement two rock drills cut thousands of 
holes for radiator pipes. A chipping hammer was 
employed for cutting pipe chases and plug holes in 
the concrete floors, walls and ceilings. As in the 
case of chipping hammers, drilling ‘machines for steel, 
and other pneumatic tools, the rock drill can. be 
readily adapted for use under water, and is in fact 
extensively employed in this way in harbour and 
dock construction. Submarine tools are sometimes 


apparatus. A recent test in packing large cartridges 
with a maximum quantity of chemical powder, showed 
that the power rammer in unskilled hands beat the 
best performance of an expert with his maul. The 
difficulty in all new applications is, of course, labour, 
and employers are extremely loth to introduce tools 
which threaten to create trouble, even though their 
own enthusiasm has led them to bring their proposal 
forward. Only too often does the unlooked for success 
of a test make such opposition more ominous, and 
ignorance gains the day to an alarming extent. 

While dealing with foundry plant, the merits of the 
pneumatic sieve may be explained. This is usually 
made in both rectangular and circular types, the box 
being oscillated by a very simple double-acting engine, 
which will withstand any overload without damage. 
The engine gives a vigorous stroke of about 4 in. to 
the sieve, the latter being mounted on hinged supports 
or ball-bearing tracks. In the rectangular type, two 
or three screens are fitted for a similar number of sand 
heaps. When the screens are as fine as 120 mesh, a 
different design is applied, giving a movement of about 
+'; in. at over. 1,000 strokes per minute. These machines 
are usually associated with the separation of extremely 
fine powder. 

Pneumatic hoists are divided into two classes, the 
plain cylinder type for short lifts, and the motor- 
driven wire rope block. The former is preferable 
when its bulk can be accommodated, as ifs efficiency is 
high and wear is negligible. Its size is proportional 
to the lift in the vertical, and to half the lift in the 
horizontal design. The cylinder hoists consist of a 
plain cylinder of about 7 ft. maximum length and 
14 in. maximum diameter. The piston is made 
air tight with special packing which can withstand heat, 
while a disc throttle valve provides sensitive operation, 
which is further assured by constant air pressure on 
the rod side of the piston, and alternate inlet or exhaust 
on the upper side. There is nothing to get out of order, 
and these machines are in constant use for lathes, 
furnace doors, dipping gears, and assembling purposes. 
They cannot be approached for reliability and cheap- 
ness, and are unaffected by extremes of heat or 
exposure. A 7-ft. horizontal hoist will give a 14-ft. 
lift with half the load of the vertical machine. 

For larger lifts, and with limited overhead room, the 
motor hoist is employed, consisting of a three or four- 
cylinder engine coupled to a gear-box and wire rope 
drum, with a suitable automatic brake and throttle 
valve. While the cylinder hoist of moderate weight, 
bulk .and lift is limited to loads of about 5 tons, at 
95 lbs. per square inch air pressure, a much lighter and 
smaller motor type will deal with work up to 10 tons. 
Air consumption is higher in the motor hoist, but the 
machine is rugged in construction, and will suffer 
no damage through overload, heat fumes, or moisture. 
It is sensitive in operation, and is a valuable power unit 
where compressed air is available. 

The motor hoist introduces the subject of rotary 
mechanisms, which differ entirely in their construction 
from hammers. The foremost of the rotary tools is 
the pneumatic machine for drilling, reaming, tapping, 
grinding, and the many duties which lie within the 
scope of hardy little motors of from } to 1} h.p., weigh- 
ing from 12 to 20 lb., and are therefore easily handled. 
The universal use of such machines has produced many 
designs, but it is safe to say that the four-cylinder 
engine has survived the many attempts, freak and 
otherwise, to provide a better. A casual glance at 

one of these tools suggests several simpler motors, 

such as the host of rotary-biade engines, oscillating 
cylinders, turbines or revolving cylinder motors, but 

these have made, and continue to make, promising 

entries into the field, only to retire when subjected to 

active service. Although the general appearance of 

the self-balanced, four-cylinder machine has changed 

but little, its running gear to-day has been evolved 

only after some 25 years of continued experience, 

while refinements have rendered the machine difficult 

toequal. There are several variations of this motor, 

such as those with rotary instead of the Corliss valves, 

and various forms of split casing. As regards the 

valve, an effort was made 15 years ago to replace the 

Corliss type by rotary valves, which dispensed with 

eccentrics, straps and other details, and made a 

very attractive arrangement. It eventually became 





necessary to add gearing in order to give sufficient 
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torque, as the rotary valve made the engine faster for 
the same brake horse-power, giving less power per 
stroke. This also increased the wear all round, and 
whereas running light on full throttle had been pre- 
viously undesirable, under the new conditions it 
became a menace. In 1913 Dr. Kihn, in Germany, 
introduced a governor to run inside the rotary valve to 
overcome this difficulty, and his machine, made by the 
F.M.A., is to-day representative of a modern pneumatic 
drill having a single rotary valve. In the author’s 
opinion both this and other rotary-valve drills have, 
by necessity, developed intricacies such as split casings, 
built-up crankshafts, governors, and so on, which are 
unnecessary in the modern Corliss valve mechanism, 
and give this the lead in simplicity and overall 
merit. 

One of the most interesting features of the Globe 
pneumatic machine is the piston and cross-head gear, 
providing an assembly without bolts, nuts and pins, 
and without the aid of special tools. Each pair of 
connecting rods is passed over a crankpin by means of 
the gap in the big end. A split bush is next pushed 
endwise along the crankpin between the latter and the 
big end, after which the placing of a spring ring over 
the bush between the big ends locks the whole unit. 
It has been found that the gap of each big end tends to 
sweep lubricant into the bush, and results in excellent 
running, while the freedom of the bush to turn on the 
crankpin, and also in the big end, gives selective 
wear to these parts, all of which are case-hardened and 
ground. Reversing is effected by reversing the flow 
of air over the diaphragm between the valves. 

Figs. 11 to 14 show typical sections of a corner drilling 
machine, fitted with an end casing and bevel gears, 
for close-quarter work where the standard machine 
cannot reach. A reversible spanner (Fig. 14) for the 
feed screw is usual, in order to keep pace with pene- 
tration. A larger tool of this type was adopted for 
reaming out 1}-in. holes in the cast-iron segments for 
the Central London Tube extension, and withstood 
probably the hardest treatment any mechanism is ever 
called upon to meet. 

A compound-geared machine is fitted with box 
spanners, for tightening {-in. and 1-in. nuts of fish bolts 
in connection with railway electrification. With the 
corner type, it forms part of a portable pneumatic 
plant for such work, the compressor chassis being 
fitted with traversing wheels and jacks to enable the 
removal of the outfit for the passage of normal traffic. 
After jacking up the plant, short rails are placed 
across the main track under the traversing wheels 
and the set ‘‘ cut” sideways (see Fig. 10). Another use 
for the smallest drilling machine is the spinning up of 
nuts and wood screws, and a very wide field exists for 
such a device. In this application, instead of the 
ordinary throttle, a hammer type with trigger control 
if fitted, while a three-jaw chuck usually replaces 
the twist drill. This machine develops }brake horse- 
power, weighs only 13 Ib., and finds increasing favour 
for such work as motor-car assembly. Several have 
recently been supplied to railway shops in India. 

As air motors, the drilling machine mechanisms are 
in considerable demand, and Fig. 15 shows a very 
recent application to large machine tools. This is 
the first time such a motor has been used for the 
purpose of clamping the tool rests and loose headstock 
of a railway wheel lathe, and marks a definite step 
ahead of the pneumatic equipment previously used. 
It dispenses with the former ratchet gear actuated by 
a large double-acting single-cylinder motor, and being 
compact as well as readily reversible is more suited 
to the work. The two motors, which actuate the worm 
gear of the tool clamps, are of 1} brake horse-power, 
and that for clamping the loose head will develop 
1}? brake horse-power at an air pressure of 90 lb. per 
square inch. Th’s lathe is now in India, and the 
author’s firm is informed that the three motors are 
thoroughly satisfactory on what is one of the largest 
machine tools of its kind ever built in England. The 
pneumatic grinder illustrated in Fig. 16 consists of a 
standard drill motor, the crankshaft of which is coupled 
to an extension shaft mounted on ball bearings. It is 
made in two types. The smaller develops } brake 
horse-power, and is controlled by a taper sleeve throttle 
handle, while the larger has a trigger handle similar 
to the hammers. The larger grinder develops 1} brake 
horse-power. In common with drilling machines and 
air motors, these grinders cannot be so readily damaged 
by stalling or overload as electrical machines, and in 
addition possess the advantages of low weight per 
horse-power. 

Either of these grinders may be fitted with a wire 
brush instead of the grinding wheel, the structure of 
the wire depending upon the work. For removing 
sand from the surface of castings, and for general super- 
ficial cleaning, either the common cup or disc brush 
is effective, but in removing old paint and rust more 
drastic treatment is essential: ‘The author has designed 
for this purpose a squirrel-cage frame, with hinged units 
on the cross bars, made from about ,;-in. square 








section tempered-steel wire, which gives a thrashing 
rather than brushing action. 

The machines which have formed the subject of the 
present paper by no means cover the whole field of 
pneumatic tools. In urging much closer attention to 
the prevention of compressed-air leaks and wastage, 
as well as systematic lubrication, the structure of three 
little accessories may be of interest. Where compressed 
air is available, its abuse for blowing down benches 
and clearing away swarf is often apparent, and crude 
nozzles, or even the plain coupling end of the hose pipe, 
are employed for the purpose. A much more efficient 
jet of air can be projected by means of the air gun, 
which in the illustration, Fig. 17, has a thoroughly 





operates, air pressure in the vicinity of the oiler drops 
a little, with the result that the full initial pressure in 
the oil chamber forces a minute spray back into the 
tube and thence to the pneumatic tool, until static 
conditions are reached. This actually takes place in 
a second or two, so that for every manipulation of the 
throttle there is a small feed of lubricant. Such a 
principle might solve‘many air-compressor and other 
engine cylinder troubles where crank-chamber splash 
lubrication for the piston is wasteful. In conclusion, 
it may be pointed out that the remark made by Mr, 
Brackenbury in a paper,* read in 1914, is still! true, 
This was to the effect that much less use of these British 
pneumatic tools is made in this country than might be 
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tight valve seating, as wellas a British improvement in 
the form of an air-tight stem, the latter preventing any 
leak passed a worn stem when the valve is open. 
There is not the least exaggeration in stating that the 
few shillings expended on such an attachment will 
usually be discounted by air saving in a day or two. 

The second device, shown in Fig. 18, is an automatic 
coupling, which, when uncoupled, makes an airtight 
joint at the terminal, and upon coupling up permits 
unrestricted flow of air without any leak to atmosphere. 
This is probably the first coupling of its kind which 
combines such functions in a single valve seating, with 
the valve affording a full bore to the air flow. Adapta- 
tions of the same scheme can be fitted to pneumatic 
tools direct ; or to air terminals instead of plug cocks, 
with the object of preventing the smallest whisper of a 
leak. They permit the uncoupling of a tool without 
loss of air, or the need for going back to the nearest 
cock. 

The third accessory is the automatic oiler, illustrated 
in Fig. 19, the use of which is largely on the increase 
for giving a regular puff of atomised oil to compressed- 
air equipment. The device shown is fitted between 
the throttle and the hose coupling, so that, irrespective 
of the throttle, full air pressure can enter the oil 
chamber through the tiny hole of the tube. Imme- 
diately the throttle is opened and the pneumatic tool 
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expected from the example set abroad, and from the 
known excellency of the work produced by such 
equipment. 





STANDARD SPECIFICATION FOR REFLECTOR FiTTiINGs.— 
The Sectional Illumination Committee of the British 
Engineering Standards Association has just completed a 
specification for industrial reflector fittings for electric 
lighting. The booklet deals with the open dispersive 
(vitreous enamel) type of reflector fittings for direct general 
lighting, to be used with gas-filled electric lamps complying 
with the requirements of B.E.S.A. specification No, 161— 
1924, The present specification covers seven sizes 0} 
British industrial circular reflector fittings, which are 
designated according to the nominal consumption of the 
lamps for which each is suitable. The distribution of 
light contemplated is suitable for use in installations 4 
which the spacing of the lamps is 1} times the height. 
A general table gives the nominal diameter, the apr pron 
effective interior diameter, the minimum thickness of stee | 
used for making the reflector fitting, and particulars of 
suitable lamps for each size of reflector fitting. I — 
tion is given on luminous output, distribution of lig] t, 7 
angle of cut-off, and other matters. Methods of —T 
efficiency, and of selection for testing are also incluc - 
Copies of the new specification (No. 232—1926) may a 
obtained from the B.E.S.A. Publications Department, <° 
Victoria-street, London, 8.W.1, price 1s. 2d, post free. 





* See ENGINEERING, January 30, 1914, page 163. , 
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DOPES AND DETONATION.* 


By Proressor H. L. Catuenpar, C.B.E., F.R.S. 
Assisted by Caprain R. O. Kina anv FLicut- 
Lieutenant C. J. Sms, D.F.C. 

(Continued from page 476.) 

9. Flame Velocity—When a combustible mixture 
is ignited, the flame tends to sweep through the mixture 
with a definite velocity (relative to the mixture) 
depending on the nature and composition of the mix- 
ture, and on the conditions limiting the spread of the 
flame and the expansion of the products of combustion. 
The simplest case to consider is that of a flame burning 
at the mouth of a tube through which the mixture is 
supplied at a constant pressure equal to the external 
pressure. If the velocity at which the mixture is 
supplied is less than the velocity of propagation of the 
flame through the tube, the flame will strike back along 
the tube. It is usually possible to adjust the velocity 
of supply so as to keep the flame just hovering near 
the mouth of the tube, in which case the velocity of 
supply should be approximately equal to the flame 
velocity in the mixture. The velocity can also be 
measured inside the tube, but is reduced by the cooling 
effect of the walls, and may be greatly modified by the 
expansion of the burnt gases, especially if the tube is 
closed at either or both ends. 

The flame velocity at atmospheric pressure and 
temperature with free expansion, appears to depend 
principally on the flame temperature and the thermal 
conductivity of the mixture. It is high in hydrogen 
mixtures of high conductivity with a high flame 
temperature, but is greatly reduced by the addition 
of inert gases, such as nitrogen, which reduce the 
flame temperature and may also reduce the conduc- 
tivity and the rate of reaction. Increase of pressure 
appears to have but a slight effect in increasing the 
linear velocity of the flame, since it does not materially 
affect either flame temperature or conductivity. The 
reduction of velocity at pressures below atmospheric 
may be explained by the increasing effect of heat-loss 
in reducing the flame temperature. If the linear 
velocity of the flame in a given mixture is independent 
of the pressure, the mass burnt in a given time must 
be approximately proportional to the density. Increase 
of initial temperature of the mixture increases the 
flame velocity, very slightly at first, but more and 
more rapidly as the ignition temperature is approached. 
If the ignition temperature is exceeded, the reacting 
gases will begin to combine slowly (even in the absence 
of flame) with a rise of temperature, which may suffice 
to produce self-ignition, unless the rate of heat loss 
exceeds the rate of heat generation, as previously 
explained. 

10. Flame Movements in a Closed Tube.—The 
apparent movements of the flame in a closed tube 
depend, as already remarked, on the expansion of the 
burnt products and the compression of the unburnt 
mixture, as well as on the velocity of the flame through 
the mixture. These movements have been studied 
by photographing the progress of an explosion on a 
moving film, by Dixon and other observers. The 
observed displacements of the flame-front show the 
general effects to be expected from expansion and 
compression of the burnt and unburnt gases, com- 
bined with a nearly uniform velocity of the flame 
through the mixture in the early stages; but show 
secondary effects which may become of considerable 
importance in the later stages, depending on the 
dimensions of the apparatus, the composition of the 
mixture, and the nature of the constituents. In a 
short tube, say 1 ft. in length, closed at both ends, 
with a slow-burning fuel-air mixture, the pressure 
remains nearly uniform throughout the tube, but 
rises (apart from heat loss) approximately in propor- 
tion to the mass of mixture burned. The apparent 
velocity of the flame front is at first accelerated by the 
expansion of the burnt gases, which are subsequently 
compressed, with a further rise of temperature, as the 
pressure increases. The unburnt gases are continu- 
ously compressed in front of the flame, and may be 
ignited by compression before the flame reaches them, 
if their ignition temperature is sufficiently low, or the 
initial temperature of the mixture sufficiently high. 
In the absence of such secondary effects, the rise of 
Pressure is continuous, reaching a maximum when 
combustion is complete, and can be observed with a 
fair degree of accuracy by employing a suitable indi- 
cator. Although the pressure may be regarded as 
being approximately uniform throughout the tube, 
the temperature will be far from uniform even when 
combustion is complete. The first fraction ignited at 
P, and compressed to the final pressure P;, may be as 
much as 1,000 deg. C. hotter than the last fraction 
ignited at P after compression. 

On the other hand, in a long tube with a mixture 





* Investigation made at the Air Ministry Laboratory, 
Imperial College of Science and Technology, and 
published by permission of the Director of Scientific 
Research, Air Ministry. 





free from inert gases, the velocity of the flame-front 
may be comparable with that of sound even in the early 
stages. There is no time for the equalisation of 
pressure, and large pressure differences are rapidly 
generated, which usually culminate in the production 
of a compression wave or bore, called the “* detonation- 
wave,” which traverses the tube with a velocity 
greatly exceeding that of sound in the unburnt mixture, 
causing practically instantaneous ignition by compres- 
sion as it passes. 

1l. The Nature of Detonation—Detonation is said 
to occur in an engine when the pressure, instead of 
increasing continuously, as in the ordinary process of 
flame propagation, shows an almost instantaneous rise 
before ignition is complete, accompanied by a sharp 
metallic ring, due to high period vibrations, commonly 
known as “‘ pinking.”’ The sudden rise of temperature 
might be produced by the sudden start of a true 
detonation-wave originating at the flame-front, but 
the same effect might also be produced by the instan- 
taneous ignition of part of the mixture by compression. 
Various theories have been founded on the hypothesis 
that pinking is produced by the flame rapidly developing 
into a detonation-wave under the influence of high 
pressure and temperature, but it seems questionable, 
in the light of Dixon’s experiments, whether a true 
detonation wave can be started in any air-fuel mixture 
within the confined limits of an engine cylinder. Thus, 
for instance, hydrogen-air mixtures are known to 
detonate readily in an engine at moderate compression 


ratios, but Dixon found that the most explosive’ 


mixture with oxygen—namely, 2 H, + O,—at atmo- 
spheric pressure and temperature, when fired by a 
spark at the closed end of the tube, required a run of 
4 ft. with accelerated velocity before the detonation- 
wave developed, and that dilution with H,, O,, or 
N, increased the required run many times. With the 
fastest burning mixture known—namely, oxygen and 
acetylene in the proportions 2C,H, + 3 x O,—the 
run required under similar conditions was only 4-5 in., 
but the addition of 11-3 N,, giving the corresponding 
acetylene-air mixture, would increase the required 
run about 20 or 30 times. It is not surprising that 
Woodbury, Lewis, and Canby (Jour. Soc. Aut. Eng. 
U.S.A., 1921, page 209) failed to observe any detona- 
tion wave with a bomb 12 in. long and 4 in. diameter, 
closed at both ends, using an acetylene-air mixture at 
atmospheric pressure and temperature, unless the 
mixture were enriched with oxygen (and then only in 
one instance), whereas they observed several cases of 
self-ignition of the mixture ahead of the flame towards 
the end of compression. The natural flame velocity 
in the fastest-burning air mixture, 10 per cent. acety- 
lene to 90 per cent. air, is only about 10 ft. per second, 
which is very small compared with that of sound. 
The observed rapid acceleration of the apparent flame- 
velocity when the mixture is ignited at a closed end may 
be partly explained by rise of pressure and tempera- 
ture, but is mainly due to the expansion of the burnt 
gas. In the later stages the movements become very 
complicated, the heat loss increases greatly, and 
estimates of flame velocity, or molecular movements or 
temperature, cease to be reliable; but it is doubtful 
if the flame velocity in an engine can ever reach that 
required for the start of a detonation wave. 

12. Effect of Pressure Waves.—Dixon has observed 
that spark ignition of an explosive mixture develops a 
sharp compression wave, the intensity of which depends, 
naturally, on the strength of the mixture as well as 
on the intensity of the spark. This spark-wave is 
propagated through the unburnt mixture with the 
velocity of sound ahead of the flame, and is reflected as 
a compression wave from the opposite end of the tube. 
When it meets the advancing flame, moving in the 
opposite direction, it tends to retard the apparent 
velocity of the flame owing to the fact that the gas 
particles move in the direction of propagation of the 
wave as the compression passes through the flame. 
The course of the transmitted wave can be traced by 
the increase of luminosity of the hot gases, through 
which it passes with very high velocity. Similarly, 
when the spark is passed at a distance of 3 in. from 
one end of the tube, instead of at the end, the wave 
reflected from the near end traverses the already ignited 
gases, catches up the advancing flame moving in the 
same direction, and tends to accelerate its advance. 
The additional compression thus supplied may be 
sufficient to initiate the detonation wave in a much 
less distance than that required by the unaided flame 
under normal conditions with that spark precisely at 
the end of the tube. In the oxy-acetylene mixture, 
detonation was thus started when the flame had 
advanced only 2-5 in. from the spark, instead of the 
usual 4-5in. In the oxy-hydrogen mixture the required 
run was reduced to 1 ft. in place of 4 ft. 

In a tube 18 in. long, sealed off with a conical end, 
Dixon found that the condensation of the spark wave 
in reflection at the conical end was sufficient to ignite 
the mixture at this point by compression, producing a 
flame which met the advancing flame from the spark 





before it reached the end of the tube. In a mass of 
gas already heated by compression nearly to its ignition- 
point, it is clear that a compression wave of this kind 
might be very effective in producing practically simul- 
taneous ignition, and that a wave of intensity com- 
parable to the detonation wave would not be required. 

The intensity of a sharp compression wave is gener- 
ally amplified in passing through a slow-moving flame 
front because the rise of temperature and pressure 
due to the wave increases the rapidity of combustion. 
Under certain conditions of symmetry repeated reflec- 
tions of a compression wave through such a flame may 
give rise to violent oscillations of a period corresponding 
with the dimensions of the bomb, but such effects are’ 
less likely to occur in an engine owing to turbulence 
and irregularities of contour. 

For this reason most of the authorities who have 
recently discussed the question appear to favour the 
view that detonation, as it occurs in an engine, depends 
primarily on the simultaneous self-ignition of part of 
the unburnt mixture when compressed beyond its 
ignition point by the advancing flame. Tizard’s 
diagrams show that the rise of pressure under these 
conditions may be extremely sharp, especially in the 
case of hydrogen mixtures, which do not show the 
delay period characteristic of most other fuels when 
the ignition temperature is only a little exceeded. 
There is a close general correspondence, as already 
remarked, between ignition by compression and the 
occurrence of detonation in an engine, but the con- 
ditions are somewhat different, and there are dis- 
crepancies requiring further elucidation. Thus while 
ignition by compression may be accepted as the most 
probable explanation of the general phenomena, there 
is still a considerable divergence of opinion with regard 
to other factors which may influence the results. 

13. Factors Influencing Detonation in an Engine.— 
It will be well to summarise briefly some of the factors 
on which general agreement has been reached, before 
proceeding to discuss more controversial points. On 
the compression-ignition theory it is obviously desirable 
to avoid hot pockets in which any considerable mass 
of heated mixture may become stagnant before the 
flame reaches it, since the compression of such a mass 
would lead most naturally to self-ignition. Accordingly 
a symmetrical form of combustion chamber is preferable 
to one with side pockets, and the spark plug should 
be in the centre to secure the most rapid propagation 
of the flame to all parts of the chamber. If a central 
plug is impracticable, a pair of synchronised plugs on 
opposite sides give better results than a single plug 
on one side. Turbulence is also beneficial as tending 
to promote uniformity of temperature and rapid 
flame propagation. Overheating, due to lime or carbon 
deposits, or defective cooling, is well known to be one 
of the commonset causes of pinking, which is tempo- 
rarily relieved in practice, either by enriching the 
mixture, which utilises the latent heat of the excess 
fuel to cool. the cylinder, or by retarding the spark 
so that the charge is already expanding before maximum 
pressure is reached. Both of these methods are 
necessarily wasteful. A more effective method is to 
lower the pressure and increase the proportion of 
inert gases by throttling the mixture, but this has 
the disadvantage of excessive reduction of power, 
and is often impracticable as a temporary expedient 
in an emergency. 

Generally speaking, anything which tends to reduce 
the temperature of the walls of the combustion chamber 
helps to suppress detonation as well as pre-ignition. 
Ricardo has pointed out that the anti-detonating 
quality of alcohol is largely due to its high latent 
heat. The vaporisation of liquid, which occurs readily 
during compression in the case of alcohol and water 
(see Section II, 17 below), reduces the compression 
temperature and cools the hot valves and piston. 
For this reason a considerable percentage of water 
in the alcohol is decidedly beneficial in securing a 
high volumetric efficiency and mean effective pressure, 
and reducing the tendency to detonate or pre-ignite 
at maximum power, though it would be prejudicial 
for aeronautical purposes as increasing the weight-power 
ratio of the fuel. 

On the other hand, increase of size, other things 
being equal, has a very marked effect in increasing 
the temperature of the walls and promoting detonation. 
The head of the piston loses heat mainly by conduction 
to the cylinder walls. For pistons of different sizes 
and equal thickness, under similar conditions, the 
temperature of the circumference of the piston will 
exceed that of the walls by an amount proportional 
to the diameter, and the temperature in the centre 
of the piston will exceed that of the circumference 
by an amount proportional to the square of the 
diameter. The excess temperature of the centre above 
the walls, would be about twice as great for a piston 
4-5 in. in diameter as for a piston 3 in. in diameter. 
Similar considerations apply to the valves, which are 
cooled mainly by conduction. 

Increase of initial pressure, as in “ boosting,” acts 
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to some extent in a similar manner to increase of size 
of cylinder. More heat is generated in a given volume, 
and the heat loss to the walls is increased, though not 
in direct proportion to the increase of pressure. The 
increased rate of heat supply to the walls and piston 
requires larger temperature gradients for its removal, 
and result in higher temperatures for the valves and 
piston, as compared with the jackets. If it is desired 
to keep the maximum temperature of the piston the 
same with and without boost, the jacket temperature 
must be lowered as the initial pressure is increased. 
There is also probably a specific effect of increase of 

. pressure, in promoting detonation as explained in 
Section IT, 19, below. 

14. Effect of Compression Ratio.—The effect of 
raising the compression ratio is invariably to increase 
the tendency of any susceptible fuel to detonate under 
given conditions, as would naturally be expected, since 
both pressure and temperature increase together when 
the compression ratio is raised. This point has been 
most carefully investigated by Ricardo, who finds that 
there is a practical limit to the compression ratio which 
can be employed (with any given fuel under conditions 
of maximum power) without producing excessive 
detonation, leading to pre-ignition and loss of power if 
continued. This limit is called the “ Highest Useful 
Compression Ratio” (H.U.C.R.), and is the highest 
compression ratio which it is worth while to employ 
with a given fuel. 

There is no question at the present time that the 
H.U.C.R. is of primary importance in limiting the fuel 
economy obtainable with any fuel to which it applied, 
but there is still a good deal of controversy as to 
whether temperature or pressure is the most important 
factor in determining the onset of detonation. Many 
methods have been employed of raising the possible 
limit of compression ratio by the addition of other 
constituents to the mixture. The oldest and most 
familiar, consisting in the addition of a certain per- 
centage of cooled exhaust gases, has been found to be 
one of the simplest and most effective in practice, and 
has the advantage for theoretical purposes that the 
resulting temperatures and pressures are amenable to 
calculation while the composition of the fuel itself is 
unaltered. 

Tizard (loc. cit. 1921) made some calculations based 
on Ricardo’s experiments in which H.U.C.R. was raised 
from 5 to 7 by this method with a given fuel. He came 
to the conclusion that the maximum flame temperature 
remained practically constant for different dilutions 
and was the determining factor in causing detonation. 

Ricardo himself, on the other hand, has always 
been of opinion that the pressure was the most impor- 
tant factor. On repeating the experiment in greater 
detail with various diluents (Automobile Engineer, 
June, 1924) he found that, whereas the flame tem- 
peratures and explosion pressures varied considerably 
at the detonation point with different degrees of dilu- 
tion, the rise of pressure on ignition remained re- 
markedly constant throughout the series. This seems 
to be a very reasonable result in view of the fact that 
ignition by compression must depend greatly on the 
rapidity and extent of the rise of pressure during igni- 
tion. But the effect of other additions to the fuel 
cannot be treated on the same lines, or expressed 
simply in terms of rise of pressure of temperature. 

15. Diluent Fuels and Dopes.—The addition of 
non-detonating fuels, such as benzene, to petrol has 
long been familiar as a means of checking the onset of 
pinking, in a high compression engine. In the case of 
benzene a large addition is required; the addition of 
100 per cent. by volume giving a rise of less than 30 
per cent. in the H.U.C.R. The explanation in the case 
of benzene appears to be simply that the ignition point 
of the mixture is raised in proportion to the concen- 
tration, to a temperature intermediate between those of 
the constituents, which would be the natural effect of 
dilution. Alcohol and toluene are more effective than 
benzene by about 50 per cent., though they still appear 
to act mainly by dilution of the original fuel. 

There are, however, other classes of substances, many 
times more effective than toluene, the action of which 
cannot be explained by dilution. Thus, in the case of 
lead ethide, the addition of one quarter of 1 per cent. 
by volume is nearly as effective as 100 per cent. of 
toluene. Nickel carbonyl shows a similar order of 
effectiveness. The action of such dopes must evi- 
dently depend on some specific property requiring 
further investigation. Intermediate between the 
extremes of toluene and lead ethide, are other sub- 
stances, ten or more times as effective as toluene, the 
properties of which may be expected to throw light on 
the action of metallic dopes. 

Midgley (J. Ind. Eng. Chem., 1922), who discovered 
the effect of Pb Et,, and has investigated a large number 
of such dopes, considers the effectiveness of the aromatic 


amines, such as toluidine (which is about ten times as | p 


effective as toluene) to be due to the added element N. 
Similarly in the case of the ethyl compounds of the 
elements I, Sn, Se, Te, Pb, the relative anti-knock 


effects attributed to the different atoms are roughly 
represented by the numbers 10, 30, 50, 250, 1,000. 
The phenyl compounds give a similar ratio. Midgley 
attributes the effect to a kind of negative catalysis, 
and considers that the elements may act as selective 
radiation screens, reducing the flame-velocity, and 
inhibiting the initiation of a detonation-wave. In 
support of this view, he has deduced from the experi- 
ments of Woodbury, Lewis and Canby (loc. cit.) that 
the pressure in front of the flame at a certain stage 
exceeds the pressure behind the flame by as much as 
0:4 1b./sq.in., which he thinks might suddenly become 
very great. It may be objected, however, that the 
pressure-difference observed is in the wrong direction, 
and at least a thousand times smaller than that in a 
detonation-wave, and that the suggestions of selective 
radiation screens and negative catalysis are too hypo- 
thetical in view of the fact that the addition of a dope 
produces no effect on the flame-velocity, which can be 
detected on the indicator diagram of a normal explosion. 


SECTION II.—NUCLEAR THEORY OF SELF- 
IGNITION. 
By Prorsssor H. L. CaLLenpar. 

16. When petrol is atomised in a current of air 
the drops as they evaporate leave a residue or nucleus 
consisting chiefly of the less volatile constituents, 
such as the heavier paraffins. It seems to be well 
established, as previously explained, that the heaviest 
paraffins have the lowest ignition points, as compared 
with other common constituents of petrol. The 
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ignition point of these residual drops would tend to 
fall as evaporation proceeded, and would be lowest 
when they became evanescent. The drops at this 
stage may be called “nuclear drops” and are of 
microscopic size. 

When a mixture containing such drops is being 
rapidly heated by compression, the nuclear drops 
are most likely to serve as foci of ignition, because 
they have a lower ignition temperature than the 
completely vaporised mixture. Moreover, it is a 
matter of common experience that chemical action 
(or adsorption, which usually precedes such action) 
starts most readily at the surface of separation between 
liquid and vapour, because the surface molecules are 
in a state of intense strain due to surface tension. 
The ignition point of a mixture containing drops in 
suspension is thereby lowered. The drops would also 
act far more energetically than the vaporised mixture 
in absorbing radiation, which must be very intense 
at a late period of inflammation. This effect would 
be materially assisted by the carbon or smoke particles, 
which are always present in Jarge numbers, and would 
naturally tend to become concentrated in the nuclear 
drops. 

Since the nuclear drops form a relatively small 
percentage of the total fuel it becomes easier to under- 
stand why very small quantities of suitable dopes 
should be capable of producing such striking effects 
on the tendency of a fuel to detonate. It is sufficient 
to suppose that the dope becomes concentrated chiefly 
in the drops as they evaporate, and infects them in 
such a way as to delay their ignition. The assumed 
concentration of the dope in the nuclear drops would 
follow naturally from the introduction of the dope 
as a constituent of the fuel. But further experiments 
were required to discover the various ways in which 
different dopes might act in raising the ignition 
temperature. With this object some typical dopes 
were selected, and were tested in regard to their 
relevant physical properties at the temperatures and 
ressures occurring during compression in an engine, 
concurrently with corresponding tests of the same 
samples for anti-knock properties in the variable- 
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17. Effect of Compression on the Evaporation of Drops 
of Fuel.—The nuclear theory was suggested by the 
effect of dopes, but it also helps to explain other 
phenomena of ignition which have hitherto appeared 
anomalous. It might appear at first sight that no 
drops of liquid could possibly remain at the end of 
compression in a petrol mixture, when the temperature 
exceeds the boiling point of the least volatile con- 
stituents. One of the most familiar methods of 
research on ionisation is the production of fog in 
moist air (containing only 1 per cent. or 2 per cent. of 
steam) when suddenly expanded. The condensation 
is due to the drop of temperature which accompanies 
the drop of pressure in adiabatic expansion. Con- 
versely, if such a fog is compressed suddenly it rapidly 
disappears, owing to the evaporation of the drops 
with rise of temperature. The same thing happens 
in the case of dry steam unmixed with air. Expansion 
produces cloudy condensation, which is instantly 
dissipated by compression. These facts have become 
so familiar in the operation of a steam engine that we 
naturally expect other vapours to behave in a similar 
way, whereas in fact the majority of fuel vapours 
behave in the opposite way to steam. Benzene and 
pentane vapours show cloudy condensation when 
compressed (not when expanded), and the higher 
paraffins show the same effect to an even greater 
extent than pentane. The drops themselves cannot 
tend to evaporate during compression except in so far 
as they receive heat by radiation or conduction from 
other components of the mixture. For example, 
liquid pentane at its boiling point 36 deg. C, requires 
the addition of 86 gm. cals. latent heat per gram, 
to convert it completely into saturated vapour at 
atmospheric pressure. But;“if we take pentane in 
the state of vapour at this point, and compress it 
without further gain or loss of heat in the cylinder 
of an engine, it can be completely reconverted into 
liquid at a temperature of 190 deg. C. Steam, on 
the other hand, when similarly compressed from the 
state of vapour at 100 deg. C. and atmospheric pressure 
would not show any sign of condensation, but would 
be superheated nearly 600 deg. C. This effect, which 
is commonly overlooked in the case of fuel vapours, 
must exert a strong influence in retarding the evapora- 
tion of drops during compression. Thus, if we 
consider a drop of petrol suspended in a petrol-air 
mixture during compression, as the pressure rises 
the petrol will tend to condense on the drop as soon 
as its partial pressure exceeds the saturation value 
depending on the temperature of the drop. If the 
drop evaporates, owing to heat received from the 
air, the vapour from the drop, being saturated, will 
tend to recondense (owing to the rise of pressure) 
as fast as it escapes, and the dissipation of the drop 
will be greatly retarded, although there may be more 
than sufficient heat generated by the compression 
to give complete evaporation of the mixture as a 
whole. The saturated vapour of alcohol, on the 
other hand, behaves like steam, and becomes super- 





heated in compression, so that the heat generated 
can be more fully utilised in evaporation of the fuel. 
18. Temperature-Entropy Diagram for Pentane. Fig. 1. 
—These effects of compression and expansion on the 
condensation of a vapour mixed with drops of liquid, 
can be most simply illustrated by reference to the 
well-known temperature-entrophy diagram, such as 
that drawn for pentane in Fig. 1, but it must be 
understood that this diagram represents the behaviour 
of the pure substance by itself in the state of liquid or 
vapour, without the admixture of air or any other 
diluent. Any point on the diagram represents a 
state of the substance defined by its temperature and 
entropy. Thus the point A represents the state of 
liquid pentane at its boiling point, 36 deg. C., under 
a pressure of 1 atmo. The entropy is the heat 
received, 18-8 cals. reckoned from 0 deg. C., divided 
by the mean absolute temperature of reception, 291 deg.. 
giving 0-065 for the numerical value of the entropy 
at A. 
When the liquid is heated under its own vapour 
pressure, the entropy increases nearly in proportion 
to the temperature, and the successive states are 
represented by the liquid line AD, which is nearly 
straight. The point B, on the vapour ‘curve BC, 
represents the state of saturated vapour at 36 deg. C., 
and the line AB represents the process of vaporisation 
at atmospheric pressure. The increase of entropy 
in this process is the latent heat, 86 cals., divided 
by the absolute temperature, 309 deg., and is repre- 
sented by the length 0-28 of the line AB. Other 
points on the vapour curve BC, representing the states 
of saturated vapour free from liquid, are similarly 
obtained by dividing the latent heat at each point by 
the absolute temperature, to find the increase of 
entropy in vaporisation. Any intermediate point such 
as E, between AD and BC, represents partial vaporis- 
tion (or condensation), in which liquid and vapour are 
mixed in the proportion BE/EA by weight. 
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entropy, and represent heating by compression without 
external supply of heat. If the saturated vapour at 
B is thus compressed, it will be condensed to liquid 
at D at a temperature of 190 deg. C. Similarly, if the 
mixture of liquid and vapour at E is compressed, it 
may be condensed to liquid at F at a temperature of 
114 deg. C. We are thus enabled to obtain, by simple 
inspection of the diagram, the solution of many pro- 
blems which would otherwise be difficult. The point 
C, where the liquid line AD meets the vapour line BC, 
is the critical point, at 197 deg. C. for pentane, above 
which the liquid can no longer be separated from the 
vapour. 

19. Effect of Nuclei on the Condensation of Vapours.— 
Kelvin and Maxwell first showed why condensation 
cannot occur in the body of a vapour without the 
presence of nuclei to serve as the starting points of 
each drop in the cloud. Among the most efficient 
nuclei in starting condensation are the smoke particles, 
which are always present in the operation of an internal- 
combustion engine, and are difficult to eliminate in 
any explosion experiments. Electric ions and co- 
aggregated molecules may serve as nuclei in extreme 
cases, but the carbon particles usually suffice unless 
special precautions have been taken for their removal. 
Such particles have also a remarkable power of con- 
densing vapours at pressures far below that of satura- 
tion. The absorption of air and other gases by charcoal 
is commonly employed for producing high vacua, in 
which the pressure of the residual gas may be reduced 
to a negligible fraction of its saturation value. Freshly 
formed, or recently-ignited particles are exceptionally 
efficient in absorbing vapours, and in promoting cata- 
lytic action by bringing the various components of 
a mixture together. With the aid of such nuclei, 
drops of a highly ignitible nature may continue to 
exist, or may be formed by condensation, at tempera- 
tures such that the mixture should be completely 
vaporised according to the ordinary rules of calculation. 

Condensation of this kind appears to be the most 

reasonable explanation of the marked effect of raising 
the initial pressure in increasing the tendency of detona- 
tion, and conversely of the well-known fact that the 
drop of pressure with altitude permits higher compres- 
sion ratios to be employed safely. A similar explanation 
applies to some results obtained by Fenning, who suc- 
ceeded in producing detonation with benzene in rich 
mixtures at high initial pressures and relatively low 
temperatures, all of which conditions are favourable to 
condensation. Fenning found that raising the initial 
temperature from 100 degs. to 200 degs. C. stopped the 
detonation, presumably by preventing condensation, 
though it should have greatly promoted detonation 
if it were merely a question of ignition temperature. 
Lowering the initial pressure, or reducing the mixture 
strength, had a similar effect, as would naturally be 
expected on the hypothesis of nuclear condensation. 
It should be observed, however, that the case of a 
bomb is slightly different from that of an engine, in 
which over-rich mixtures tend to reduce detonation 
by retarding the ignition and lowering the temperature, 
neither of which effects can occur in a bomb, since 
there is no moving piston and the initial temperature 
is predetermined for each explosion. 
_ 20. Hydrogen and acetylene detonate quite readily 
in an engine at moderate compression ratios, but the 
conditions of detonation, when mixtures of these gases 
with air are fired in a bomb or explosion vessel, appear 
to be somewhat erratic, and have given rise to some 
difficulties. In the experiments on detonation at the 
National Physical Laboratory, in 1921, initiated by 
the Aeronautical Research Committee, mixtures of 
hydrogen and air, in proportions ranging from 1 of H 
to 2 or 3 of air by volume, were first employed in 
the confident expectation that detonation would result, 
under suitable conditions, and that the limits of tem- 
perature, pressure and mixture, at which it started 
could be conveniently studied. Fenning found, how- 
ever, that detonation did not occur at all in such 
mixtures in a cylindrical vessel 7 in. by 8 in., fired by 
@ central spark, even with the initial temperature as 
high as 300 degs. C., and initial pressures up to 140 Ibs. 
8q.in. abs., with a rise of pressure of 400 Ib. in 0-006 sec. 
The indicator showed vibrations with an amplitude of 
20-30 lb., as would naturally be expected, but it was not 
thrown out of gear, as invariably happened in later 
experiments, when a true detonation was obtained. 
The introduction of a fan into the bomb to imitate the 
effect of turbulence in an engine, gave rise to detonation 
when enclosed in a casing, but this effect was shown to 
be due to large differences of pressure generated by the 
in cacing, the presence of which set up violent vibra- 
ions. 

Detonation in an engine is often attributed to hot 
points or plugs, but these can act only by igniting 
the mixture in direct contact with them, and starting 
& flame, which may result in preignition, as is well 
known to be the case; whereas detonation requires 
the simultaneous ignition of a considerable proportion 
of the mixture by a wave, or by something uniformly 
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point in which an engine differs from a clean bomb 
(not previously used for explosions of rich hydro- 
carbon mixtures) is in the presence of clouds of carbon 
nuclei, which condense the gases and promote ignition 
by bringing them together. If this explanation is 
correct, the onset of detonation in an engine using gas- 
mixtures should be readily checked by the introduction 
of the vapour of nickel carbonyl, or other suitable 
dope, capable of infecting the nuclei even when supplied 
in minute quantities, such as would have no appreciable 
effect on preignition or flame-velocity. On the other 
hand the presence or absence of a suitable number 
of carbon nuclei would be just the kind of cause suited 
for explaining the somewhat erratic nature of detonation 
which is apt to vary greatly in a bomb under given con- 
ditions, and which does not occur regularly at every ex- 
plosion in an engine. The completeness of combustion 
caused by the violent pressure-waves when detonation 
occurs, would tend to prevent the occurrence of detona- 
tion at the next explosion. 

21. Three Types of Detonation.—According to this 
view, there would be three possible types of detonation. 
(1) The pressure-wave type, depending on the develop- 
ment of a pressure difference into a compression-wave 
of sufficient intensity to fire the heated mixture ; 
(2) the nuclear type, depending on the presence of 
nuclear drops or particles of relatively low-ignition 
temperature ; (3) the molecular type, in which the 
temperature of a completely vaporised or gaseous 
mixture is sufficiently raised to induce direct molecular 
combination, even in the absence of pressure-waves 
or nuclei. 

All three types are probably present to a greater or 
less extent in most cases, but any one may predominate 
over the others in imposing its own special character 
on the resulting detonation. In a long tube, the first 
type eventuates in a detonation-wave, if sufficient run 
is allowed; but the second or third may occur if 
the tube is short and closed at both ends. In an 
engine, the nuclear type is probably the commonest 
owing to the general prevalence of suitable nuclei of 
low-ignition temperature. In a bomb, this type may 
be characterised by the gradual amplification of pres- 
sure-waves in a slow-burning mixture, as in Fenning’s 
experiments at low temperatures and high initial 
pressures. The third type is most likely to occur at 
high initial temperatures, whem slow combination is 
already proceeding before ignition, as in Fenning’s 
experiments with hexane-air mixtures at an initial 
temperature of 230 deg. C., which show a very sudden 
rise of pressure without premonitory vibrations. 

Dopes would be most effective in delaying the igni- 
tion of the nuclei when the detonation is of the nuclear 
type. Ina high-speed engine, with rapid inflammation 
due to turbulence, a very slight delay would suffice 
to prevent detonation before combustion was complete. 
If the occurrence of detonation with a given mixture 
were merely a question of the appropriate ignition 
temperature being exceeded, we should not expect to 
find the marked effect of pressure emphasised by 
Ricardo. On the other hand, we should expect different 
fuels with similar ignition temperatures to behave 
alike as regards preignition and detonation. The 
effect of pressure has already been explained as a 
probable consequence of nuclear condensation. It is 
possible that a similar explanation may apply to the 
characteristic differences of certain fuels in respect of 
detonation and preignition. 

Thus, for example, Ricardo found that carbon bisul- 

phide, when used as a fuel by itself, gave heavy pre- 
ignition without detonation at very low temperature 
and compression ratios, but, when mixed with an equal 
volume of aromatic free petrol, it no longer showed 
any trace of preignition and raised the detonation point 
of the petrol quite appreciably; whereas ethyl-ether, 
with a still lower ignition temperature, as tested by 
compression-ignition, showed excessive detonation 
under similar conditions without a trace of preignition, 
and had a very marked effect in lowering the highest 
useful compression ratio (H.U.C.R) of the same petrol 
fuel. 
A possible explanation of this curious anomaly on 
the nuclear theory, is that ether may combine readily 
with carbon particles under the condition of compres- 
sion-ignition, giving nuclei of a much lower ignition 
temperature (250 deg.) than the value (400 deg.) found 
by Holm for the pure vapour; which is sufficiently 
high to account for the absence of preignition ; whereas 
the nuclei formed with CS, have a higher ignition 
temperature than the vapour, which preignites readily 
when undiluted. A similar explanation may apply, 
as above suggested, in the case of hydrogen, which has 
a high ignition temperature, but is readily ignited by 
condensation on platinum black at atmospheric tem- 
perature, and is probably affected in a similar manner 
by carbon particles. 

It is admitted that some of these suggestions may be 


distributed through the mixture itself. An essential 
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that the hypothesis of nuclear condensation appears 
likely to prove a useful guide in further research on 
detonation. 

(To be continued.) 





BARGE TOWING ON THE RHINE-EMS 
CANAL. 


Tue Rhine-Ems Canal system consists of various 
sections, and from the Rhine and Ruhrort, at the 
mouth of the Ruhr, the main section proceeds in 
an easterly direction through the Ruhr colliery dis- 
trict to Herne. Here the canal turns to the north 
to the famous ship lift at Herne, where the Dortmund 
Canal joins the canal from the south-east. A little 
farther north, the Datteln-Hamm section branches off 
to the east, while the main canal proceeds north to 
Minster and to Bergeshévede on the Ems, where the 
Ems-Weser Canal starts, also running to the east. 
The main canal is continued in the regulated River 
Ems, which flows into the Dollart, a bay of the North 
Sea. The Rhine-Ems Canal system, up to Berges- 
hévede, as completed by July, 1914, has a length of 
over 100 miles. By an Act of 1905, the operation of the 
canal, which is all in Prussian territory, was made a 
monopoly of the State. Canal transport is not very 
popular in this country, and the inhabit:nts are cer- 
tainly not in favour of Government or other monopolies. 
It is of interest, howevcr, to consider the arguments 
in favour of a State towage monopoly which Mr. 
Helmershausen, one of the canal officials, advances in 
an article, published in the Deutsche Wasserwirtschaft 
of February 26, dealing with the peculiar conditions 
of the canal system and the *‘ pendulum service ”’ there 
introduced. 

Traffic on the canal was inaugurated just before the 
outbreak of the war, and grew more rapidly than had 
been anticipated. In 1914, 2,560 barges, carrying 
639,000 tons of coal and other goods, were in use on 
the canal, but by the end of the war, 34,608 barges 
were carrying 10-4 million tons. The trade depression 
then reduced the canal traffic, and later the Ruhr was 
occupied by the French. In 1923 only 5,394 barges 
were in service, and they transported 1-5 million tons. 
In 1925, however, the number of barges and the load 
carried rose to 38,600 and to 11-6 million tons, re- 
spectively, canal transport accomplishing what, under 
ordinary conditions, would have required 26,000 trains 
of thirty 15 ton-trucks, or 90 trains per working day. 
Transport conditions vary greatly on the canal. On 
the eastern sections through traffic predominates east- 
wards; the Ruhr coal has to be sent in this direc- 
tion. On the Rhine-Herne section there is much 
local transport either way of laden and empty barges 
between the different collieries and their wor 
although in normal years more coal was sent west, to 
the coal harbour at Ruhrort for further distribution and 
export, than eastwards. The Rhine-Herne section has 
a length of 38 km. (24 miles) ; it is connected by branch 
canals to the 45 large collieries of the neighbourhood. 
There are seven docks in this section, and at 18 points 
the canal is widened out into harbour basins, while each 
colliery siding ends in a dock. In order to make rapid 
transport of empty and laden barges possible in either 
direction, a pendulum service was introduced in 1921. 
The steam tugs do not enter the locks, but run to and 
fro between them, so that more space remains free for 
barges. Each tug can take a full complement of 
barges, and the average number of barges per tug has 
risen from 3 to 5:5. At the same time, rails are laid 
along the locks for special locomotives, which pull the 
barges into and out of the lock, a steamer waiting to 
take them on. All the locks are built in pairs, with the 
exception of lock No. 1 at Ruhrort, where it was diffi- 
cult to find time and space for extension ; that lock is 
worked day and night, whilst at the other locks a 12 
hours’ service is generally sufficient. 

Only one central canal organisation could run to a 
time table under such conditions, and any attempt at 
co-operation between different companies would result 
in confusion. As it is, disorganisation is not unusual. 
Fogs and ice are common troubles, and the wind effect 
on empty barges gives rise to difficulties. A special 
5-core telephone cable runs along the canal and, at the 
telegraph stations provided, messages are automatically 
recorded, and enquiries are answered as to the where- 
abouts of any barge; each tug has its own automatic 
log. In spite of the organised supervision, accidents 
are not infrequent, especially near the locks, but a 
good, fairly reliable service at a fixed tariff, which is 
not subject to the coal price fluctuations, and does not 
favour the large colliery, has its advantages. Mr. 
Helmershausen does not discuss the financial question, 
but the growth of the traffic shows the utility of the 
canal in a district in which railways are as crowded 
as they are in the Wigan district. The service is 
constantly being improved by increasing the size of 
the barges. Barges taking loads of 600 tons have so 





difficult to verify, but the striking effects of nuclei in 





cases of this kind have been so frequently demonstrated 


far been the average, and 1,350 tons is the present 
maximum capacity. 
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THE MECHANICAL PROPERTIES AT 
HIGH TEMPERATURES OF AN 
ALLOY OF NICKEL AND COPPER.* 

By H. J. TarseE.t, AOGSs and J. Brapiey, B.A., 


{Communication from the National Physical Laboratory, 
Teddington.) . 


Tue successful use of materials at high temperatures, 
and the growing demand for such materials, to keep 
pace with the needs of steam power and chemical 





engineers, requires that information should be available 
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safe stresses. The explicit relation between the 
factors, time, temperature, and stress, has so far not 
been obtained, and it would appear to be a difficult 
matter to determine a satisfactory general relation 
for all materials. The authors have therefore felt it 
necessary to carry out long-time creep tests, extending 
over several weeks or months. Having found, by 
long-continued tests, the safe stresses (which the authors 
call the limiting creep stresses) for a given material, 
it is possible, from tests occupying a week or two only, 
to obtain. an approximate value for the limiting creep 
stresses of other materials of similar creeping character- 
istics to that of the given material. 

With regard to mechanical tests other than the 


Fig.2. TENSILE TESTS. STRESS-STRAIN CURVES. 
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Fig.5. TORSION TESTS. STRESS-STRAIN CURVES. 











& 











8 


~ 
a 








= 
iS) 


N 
Stress: Tons per Square Inch 

















& 

















NOTE: The Zeros of Curves have been 
\displaced 0-001 along Strain Axis 
/ 
2 
& | 
10 4 
. / 
5 y. 
& 4 
F 
e yA 
& ns per an 
e 5 
44 

FS five Sen 
a) 

| 

0 
0 ‘001 002 003 -004 005 006 007 -008 
an Where r= Radius of Cross-Section of Test Piece 

Strain == 0-Angle of Twist in 

(9513 ¢ €- Gauge Length on which Angle of Twistis measured 
of test data concerning the performance of materials 


at high temperatures. Much information has accumu- 
lated regarding the ordinary tensile strength of materials 
at high temperatures, bui it has only been recognised 
within recent years that the time factor in the tensile 
test becomes predominant in determining safe stresses 
at high temperatures. The importance of the time 
factor has now been demonstrated in the work of 
many investigators in this country, in France, and in 
America. Consequently, the information now being 
published takes account of the time factor in the tensile 
test, and the safe tensile stresses, determined by some 
form of ‘‘ creep” test, are given as the stresses which 
can be indefinitely maintained at high temperatures. 
There is, in respect of the “ creep” tests, no agreed 
method of procedure for the determination of these 


ordinary tensile and creep tests, little work has so far 
been published. 
be obtained on such properties at high temperatures 
as resistance to fatigue and impact, torsional strength 
and hardness. 


o 
. 0 100 
(95/3.0,) 


Thus there is little information to 


The authors have been engaged on a comprehensive 
programme of research on some of the mechanical 
properties at high temperatures of various ferrous and 
non-ferrous materials, and at the request of Dr. R. S. 
Hutton, Director of the British Non-Ferrous Metals 
Research Association, an investigation has been made 
of the mechanical properties at high temperatures of 
two non-ferrous alloys—viz., nickel-copper (70 : 30), 
and nickel-chromium (80: 20). The method of test and 
particulars of results obtained, on the 80: 20 nickel- 
chromium alloy have been published.* The present 





* Paper read before the Institute of Metals, London, 
on March 11, 1926. Abridged. 





* See ENGINEERING, 19265, vol. cxx, 614-615, 648-649, 
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paper deals with work carried out on the }70 : 30 
nickel-copper alloy. The results of the tests on the 
nickel-chromium alloy, which were carried out under 
identically the same conditions, are inserted in the 
tables, where necessary, for comparison. 

Effect of Manganese on the Tensile Strength of 70 : 30 
Nickel-Copper Alloy.—Before proceeding with the com. 
plete series of tests, a preliminary investigation was 
made to ascertain the effect of the manganese content 
upon the tensile properties. Two bars of 70:30 
nickel-copper alloy were supplied by Messrs. Henry 
Wiggin and Co., Limited. In one case, the manganese 
was kept as low as was reasonably consistent with its 
use as_a deoxidant (0-54 per cent.), while in the other, 





Fig.3. TENSILE TESTS. 
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an additional amount of manganese was added as a 
hardener, bringing the total manganese to 2-35 per 
cent. Ordinary tensile tests at air temperature, 
400 degs. C., and 600 degs. C. were carried out on these 
bars. The increased manganese content was found to 
raise slightly the ultimate tensile stress (ordinary 
rate of loading) at all temperatures, and the complete 
investigation has therefore been made with an alloy 
containing 2-35 per cent. manganese. 

Particulars of Alloy for Complete Investigation.—The 
alloy was supplied by Messrs. Henry Wiggin and Co., 
Limited, in the form of 1-in. rolled bars, to the following 
percentage chemical composition :—Nickel, 68-74; 
copper, 28-16; manganese, 2-35; iron, 0-56; carbon 
0-10; sulphur, 0-008 ; silicon, trace ; chromium and 
magnesium, nil. : 

The tests carried out were as follows :—(1) Tensile 
tests at various temperatures at the ordinary rate of 
loading; (2) Determination of the limiting creep 
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stresses over a particular temperature range. (3) 

Torsion tests at various temperatures under normal 

rate of application of torque. (4) Notched-bar impact 

tests up to 700 deg. C. (5) Hardness tests up to 

700 deg. C. by impact-hardness method. (6) Fatigue 

tests under reversed direct stresses at various tem- 
sratures. 

The forms of the test pieces were identical with 
those used in the previous investigation. 

1. Tensile Tests at Ordinary Rate of Loading.—In 
the tensile tests, the load was applied in steps up to 
a point just beyond the observed limit of proportion- 
ality, and was then increased as rapidly as possible 
until fracture occurred, the time taken during this 
latter operation being about 3 minutes. The tests 
were made to determine the limit of proportionality, 
yield stress, ultimate stress, and the modulus of 
elasticity. The stress-strain curves are given in 
Fig. 2, and some of the results of the tensile tests are 
shown plotted in Fig. 3. 

9, Determination of Limiting Creep Stresses between 
400 deg. C. and 700 deg. C.—The safe stresses, or 


Fig. 7. NOTCHED-BAR IMPACT TESTS. 





Conditions of Test—continued. 


Cross-sectional dimensions of test-piece .... 10x 10 mm. 
Cross-sectional dimensions of test-piece at 

bottom of notch wee wed isva TR 2S, 5 
Type of notch, 45 deg. “ V,” 0-25 mm. 

root radius __.... ste a. 2 mm. deep 


The test-pieces were heated to the required temperature 
in a liquid bath, and then quickly transferred to the 
testing machine and broken. The results of the tests 
have been plotted as shown in Fig. 7. The results 
given are, in general, the average values obtained from 
three tests at each temperature. 

5. Impact-Hardness Tests.—Determinations of the 
hardness at temperatures up to 700 deg. C. were made 
by an impact-hardness method. The tests consisted 
in indenting the material by a hammer blow of a loaded 
spherical indenting tool, and the hardness value has 
been obtained as the result of dividing the energy 
absorbed (kg.-m.) in indenting the material by the 
volume of the indentation (cu. cm.). For a fuller 





description of this method of determining hardness, 


Fig.8. IMPACT HARDNESS TESTS. 
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TABLE IV.—Limitine Creep STRESS RESULTS. 
70 : 30 Nickel-Copper Alloy. 80 : 20 Nickel-Chromium Alloy. 
Stress | Estimated | Ordinary Ordinary 
Temperature | Applied in | Limiting Tensile —— Tensile 
of Test. | ‘“ Creep” Time to Fracture in ‘‘ Creep” Tests. | Creep | Ultimate Steen, Ultimate 
Deg. C. Tests. Days. | Stress. | Stress. Tons | er Stress. 
Tons per | Tons per | Tons per Square Pach Tons per 
| Square Inch. | Square Inch. | Square Inch. a 7 Square Inch. 
een | 
400 20-0 Stopped creeping. | 
24-0 ; - | | 
28-0 0:5 | 24-0 33-2 _ oo 
26-0 3°5 | | 
25-0 23-0 
Failed at gauge mark. Would have | 
lasted several more days. 
500 18-0 4-0 | 
a 16-0 7:0 
| 14-0 19-0 
| 11-9 50-0 10-2 | 28-8 24-0 45-0 
| 11-0 (Estimated from 31 days’ test as > | 
| 100 days.) 
| 10-2 Stopped creeping. 
600 } 9-0 2:5 
| 7:0 2-0 | 
5-0 7:0 2-2 | 20-3 16-0 (590 deg. C.) 40-0 
| 3-0 33-0 | 
| 2-5 56-0 
2-2 Stopped creeping. 
700 | 1-5 7-0 Less than 
1-0 16-0 1-0 | 14-2 6-0 30-0 
800 — —— — | ome 1-9 18-0 
| | 

















limiting creep stresses, were determined by long-time 
tests on test-pieces of about 0-22 in. diameter. The 
results are given in Table IV, from which an indication 
can be obtained of the method by which the limiting 
creep stresses were estimated from the results. 

3. Torsion Tests at Normal Rate of Application of 
Torque.—The torsion test-pieces were 0-5 in. in 
diameter, and were tested for limit of proportionality, 
modulus of rigidity, yield stress, and modulus of 
Tupture (calculated stress at fracture), the torque 
being applied as quickly as possible after the limit 
of proportionality had been reached. Stress-strain 
curves at different temperatures are shown in Fig. 5, 
and the results of the tests are shown plotted in Fig. 6. 


The modulus of rupture was calculated from the 
formula :— 


Modulus of rupture (tons per sq. in.) = a 
Tv 
Where T = maximum torque applied in tons-inches. 
d = diameter of test-piece in inches. 

4. Notched-Bar Impact Tests.—Beam type test-pieces 
were broken by impact in a Charpy type machine, 
the conditions of test being as follows : 

Conditions of Test. 
Energy of hammer blow .... 


“ .... 266-7 ft.-Ib. 
(For nickel-copper) 


reference must be made to the results of tests on the 
nickel-chromium alloy already published. These 
tests, by the impact method, have been made in order 
to form a basis for the comparison of the different 
materials to be used in the full investigation on ferrous 
and non-ferrous materials. The results of these hardness 
tests are shown plotted in Fig. 8. In general, four tests 
were made at each temperature, and the average values 
obtained were taken. 

6. Fatigue Tests under Reversed Direct Stresses.— 
The fatigue tests were made under conditions of reversed 
direct stresses in a Haigh alternating-stress testing 
machine. A 10 x 10° reversal basis was adopted in 
these tests. This means that stresses which did not 
cause failure after 10 x 10° cycles were considered to 
be below the limiting fatigue range, but stresses causing 
fracture at less than 10 x 10° cycles were considered 
to be above the limiting fatigue range. The results 
of the fatigue tests are given in Table VIII. 

Remarks on Tests.—The class of material selected 
for a given purpose will, in general, depend upon its 
characteristics at high temperatures and its cost relative 
to other materials equally suitable. It would obviously 
be uneconomical to use a nickel-chromium alloy at a 
maximum temperature at which steel will satisfac- 
torily do the work. Thus, although the strength of 
the nickel-copper alloy which forms the subject of this 








TaBLe VIII.—Fatigue Test Results. 








; “ 80: 20 Nickel- 
70 : 30 Nickel-Copper Alloy. Chromium Alloy. 
Temperature Limiting Limiting 
of Test. Fatigue Range. Fatigue Range. 
Deg. C. Tons per Tons per Square Inch. 
Square Inch. 
15 +15-9 +15-0 (at 18 deg. C.) 

100 +13°3 _ 

200 +12-7 +15-7 

300 +12-7 +17-7 

400 ~~ +17-7 

500. +11-7 — 

600. + 8-9 +15-7 

700 — +15-2 











paper is inferior at high temperatures to the nickel- 
chromium alloy, the results obtained will enable the 
former material to be apprised at its commercial 
value. The results also show that a synthetic alloy 
of nickel and copper can be made which will give satis- 
factory mechanical results at high temperatures. 


CATALOGUES. 


Pumps.—The new edition of the catalogue issued by 
the Rees Roturbo Manufacturing Co., Limited, Wolver- 
hampton, shows a very large variety of pumps of the 
single and multi-stage types made by the firm for 
ordinary and special work with electric, petrol, steam- 
engine and steam-turbine drives. There are some very 
interesting examples of vertical-spindle pumps for shaft 
sinking, and for pumping deep wells and bore holes. 





Battery Charging.—A new edition of their catalogue 
of Crypto constant-potential battery -charging equipments 
for alternating and direct-current mains is to hand from 
the Lancashire Dynamo and Motor Company Limited, 
Trafford-park, Manchester. This catalogue contains 
explanatory matter on battery charging which many 
engineers will find useful, A list of users of these equip- 
ments shows that they have been very extensively 
adopted. 


Marine Motors.—The new catalogue of marine motors 
made by Messrs. Gleniffer Motors Limited, Anniesland 
Glasgow, relates to ry. 5 of 28 h.p. to 105 h.p. for small- 
craft work in six models having two, four and six cylinders, 
and suitable for paraffin, petrol or kindred fuels or, if 
specially required, for alcohol. . The catalogue is prefaced 
by a general description, written in non-technical terms 
as far as possible, followed by full technical specifications. 
Propellers, shafts, clutches and the auxiliaries for a 
complete equipment are also described and specified. 


Steam Turbines.—The English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2, have 
issued a new catalogue in which is illustrated a 20,000-kw. 
turbine made by the firm for the Bradford Corporation. 
A large sectional line illustration is: given and also a 
number of different views. The high-pressure turbine is 
of the impulse type, and this exhausts into a low-pressure 
turbine of the reaction type. The two turbines are in 
line, and are connected by a flexible coupling. Similar 
turbines are made for outputs ranging from 10,000 kw. 
to 20,000 kw. 


Synchronised Clocks.—The Magneta Time Co., Limited, 
14, Carteret-street, Westminster, London, 8.W.1, have 
sent us a catalogue showing clocks of their manufacture 
and explaining their system of synchronising a number of 
clocks from a master clock. Up to 500 clocks may be 
operated through 50 miles of line by this means, the 
master clock sending out a current every minute which 
moves the hands of the secondary clocks through that 
period of time. The system is electrical but operates 
without contact points or batteries. A pamphlet of 
testimonials was alsoenclosed. 


Machine Tools.—The new edition of the catalogue of 
machine tools made by Messrs. Tangye’s Limited, 
Birmingham, deals with a series of standard lathes, with 
geared or eee headstocks, from 8} in. to 15 in. 
centres with any lengths of beds required; radial and 
vertical drilling machines; shapers with one or two 
heads ; and a series of special lathes for railway work for 
ending, centring, and turning axles, and re-turning axle 
journals, railway and tramway wheel turning, and t; 
boring. All these tools are high-speed machines fully 
equipped with time-saving devices. The catalogue 
also shows some special machines for turning and grinding 
commutators, boring re-babbitted bearings, banding 
armatures and winding coils; a horizontal boring and 
facing machine with 20 in. centres and a 20 in. centre 
lathe with stepped-pulley drive, both for general work ; 
a two-spindle drilling and boring machine for connecting 
rods ; and milling machines of the planer, vertical, side- 
head and other types. 





Launcu or §.8. ‘ ZApara.”—The oil-tank steamer 
Zapara was recently launched from the Hebburn Shipyard 
of Messrs. Palmers’ Shipbuilding and Iron Company, 
Limited. The vessel is being built to the order of the 
Venezuela Gulf Oil Company, Esquina, and is constructed 
on the Isherwood system of longitudinal framing. The 
makers of the machinery are Messrs. MacColl and 
Pollock, Limited, Sunderland. 
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243,608. T. B. Murray, Scotstoun, and Albion 
Motor Car Company, Limited, Scotstoun. Pistons. 
(8 Figs.) April 27, 1925.—The invention relates to a 
gudgeon pin mounting for pistons of internal-combustion 
engines of the type in which the gudgeon pin is located 
axially by codpieces or heads connected by a tie member 
and situated in recesses in the periphery of the piston. 
According to the invention, one, 5, of the cod-pieces 5, 6, 
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73,606) 


both of which are seated in recesses 4 in the periphery of 
the piston, is in direct screw-threaded engagement with 
a bolt 9 forming an inextensible connection between 
the cod-pieces 5, 6, and the other cod-piece 6 is formed 
with a pocket 8 penetrable by the bolt 9, between the 
bottom of which pocket 8 and the head 10 of the bolt is 
interposed a compression spring member 11 which 
accommodates the expansion of the piston. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


243,849. Marryat and Scott, Limited, London, 
and J. R. Cuttell, London. Variable-speed Gear. 
(3 Figs.) October 7, 1924.—The invention relates to a 
two-speed gear. According to the invention, a sryapest 
gear comprises a driving shaft 1 and a driven shaft 7, 
bevel wheels 4, 9 keyed to. the shafts 1, 7, respectively, 
a worm wheel 6 between the two bevel wheels 4, 9 
forming the planet carrier and carrying pinions 5 which 
mesh with the bevel wheels 4, 9, and a worm 10 driving 
the worm wheel 6, which worm is adapted to be put 
in and out of gear with the driving shaft by an. elec- 
trically-controlled clutch 13, to provide asecond speed. On 
the clutch shaft is a sprocket wheel which is driven off 
the driving shaft 1. When the driving shaft 1 is turned, 














it causes the pinions 5 carried by the worm wheel 6 
(which is stationary at normal speed) to turn and thereby 
the bevel wheel 9 on the driven shaft 7. The speed of 
the driven shaft 7 is varied by the speed at which the 
worm wheel 6 is driven by the worm 10 when the 
clutch 13 is put into operation, the driving shaft running 
at a constant speed. If the worm wheel 6 is turned 
at half the speed of the driving shaft 1, the driven shaft 
remains stationary, and if the worm wheel turns at a 
_—_ slightly less thin half the speed of the driving 
shaft, the speed of the driven shaft would ‘be con- 
siderably less than the speed of the driving shaft, so 
that it is possible to obtain very large reduction of 


speed. (Sealed.) 


MINING, METALLURGY AND METAL- 
WORKING. 


243,812. J. Stone and Co., Limited, Deptford, 
and A. H. Midgley, Uxbridge. Casting Metals. 
(2 Figs.) September 5, 1924.—The invention is particu- 
larly concerned with the casting of metals as carried 
out with die-casting machines. The draw-off duct a 
consists of a tubular formation having flanges 6, b! 
at the ends and a bore comprising flared end portions 
ce, cl tapering down to a central portion a of uniform 
diameter. Midway between the end flanges 8, 51, an 
external flange d is formed on the duct. One end flange 


b is bolted to the bottom of a cupola. The other end 
flange b! is adapted for fixing on to the inlet orifice of 
a die press. The end flanges b, 6! are connected up 
with the positive terminals of sources of electricity 
and the intermediate flange d is connected to a common 
negative terminal. A blast nozzle e is arranged opposite 
the upper portion c, a of the duct. When a die has 
been charged with metal under pressure, and it is 
desired to effect a cut-off, the blast is admitted through 
the nozzle e so as to cool the upper portion c, a of the 
duct. Thereupon, the metal in such duct portion 
solidifies and forms a plug which stops off the body 
of molten metal in the reservoir, supply pipe or the like. 
At the same time, the circuit between the intermediate 
flange d and the lower end flange 6b! is completed by 
the switch s!, the passage of electric current through 
the lower portion cl, a of the duct heats the latter 
locally so that the metal in the duct beneath the 





solidified plug remains molten, and there is no hindrance 
to the easy and clean removal of the duct from the 
charged die and the connection of such duct, if desired, 
to another die or mould. When another charge is to 
be delivered, the circuit between the intermediate 
flange d and the upper end flange b is completed by 
the aid of the switch s, whereupon the current locally 
heats the upper portion c, a of the:duct and melts the 
solidified plug therein. As the lower circuit has main- 
tained at a suitable temperature the portion cl, a of 
the duct, a molten charge will be at once delivered as 
desired, and when this charge is complete, the upper 
circuit is opened by pulling off the switch s and the 
blast — through the nozzle e as above described. 
It will be observed that the flange d acts as a shield to 
rotect the lower portion of the duct against the cooling 
last from the nozzle e. (Sealed.) 


MOTOR ROAD VEHICLES. 


Cc. F. Cleaver, Slough, and The Four 
Company, Limited, West- 
' Motor-propelled Vehicles. 
(4 Figs.) November 21, 1924.—The invention relates 
to motor-propelled vehicles having mechanism that 
can be controlled from two points, and is particularly 
applicable to vehicles propelled by a motor through 
change-speed gearing. A motor-propelled vehicle 
having mechanism to be controlled from two points, 
according to the invention, is characterised by an 
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operating lever 8, 8! at each of said points connected 
to the mechanism operating shaft 2 through an arm 4 
mounted on the shaft 2 and a lever 6, of the first order, 
mounted on the arm 4. A further feature consists in 
connecting the operating levers 8, 8! to the mechanism 
operating shaft 2 so that their movement is similar 
to effect the same operation ; for example, one operating 
lever 8! is connected to the mechanism operating shaft 2 
through an intermediate lever 11 of the first order. 
(Sealed.) 


243,426. E. E. Guiness, Tettenhall, Wolver- 
hampton, and A. E. Jones, Bradmore, Wolver- 
hampton. Variable-Speed Devices. (3 Figs.) August 
25, 1924.—The invention comprises improvements in 
variable-speed devices of the type in which a connecting 
rod is slidably mounted in relation to an inclined crank- 
pin in order that the length of stroke of the connecting 
rod may be variable. According to the invention, 
the driving shaft 1 has, between its ends, a portion 
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arranged at an angle to form an inclined crank-pin 2. 
A connecting rod 3 is slidably mounted on this inclined 
crank-pin so that. the throw of the connecting rod 
may be varied. Any suitable means may be provided 
for sliding the connecting rod along the inclined crank- 
pin. The outer end of the connecting rod 3 is slidably 
mounted on the shaft 7 carried by crank-arms 8 on the 
shaft 9 and spindle 10, so that when the connecting rod 


the medium of levers 11 and 12, and a free-wheel clutch. 
The driven shaft 15 is placed in driving connection with 
the sleeve 14 by means of the dog clutch 16, engaging the 
dog-clutch 17 on the end of the sleeve, and, by shding 
the connecting rods in relation to the crank-pin 2, any 
desired driving speed can be obtained. A direct drive 
from the shaft 1 to the shaft 15, is obtained by die: 
connecting the dog-clutch 16 and by moving the dog- 
clutch 18 into engagement with the dog-clutch 19 
fixed in relation to the shaft 1. (Sealed.) 


RAILWAYS AND TRAMWAYS. 


243,098. The Brush Electrical Engineering 
Company, Limited, Loughborough, and A. Peat, 
Loughborough. Tramears. (5 Figs.) September 4, 


1924.—The invention relates to tramcars. It consists 
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in a construction of swivelling truck or bogie a in 
combination with a fixed pair of wheels c, journalled 
in a second truck 6 whereof the side frames support 
the body through the medium of springs d,e. (Sealed.) 


243,408. The Monarch Door Controller Company, 
Limited, Westminster, and G. B. Bowles, Forest 
Gate. Brakes. (9 Figs.) July 25, 1924.—The in- 
vention has reference to that kind of compound brake 
lever arrangement for railway vehicles wherein the 
ratio of movement that obtains between that part of 
the lever system to which power is applied and that part 
of the lever system through which the power is used 
for retardation of a vehicle, is altered during the appli- 
cation and release of the brakes. The brake lever arrange- 
ment comprises two levers a and b, of which ais mounted 
to turn upon the brake shaft c and the other, b, upon a 
stationary transversely-arranged pin d, the shorter left- 
hand arm of lever a being connected to the longer left- 
hand arm of lever b, by links e. The opposite and longer 
arm of lever a is arranged to be operated by the piston 
of a vacuum or pressure brake cylinder, and is yield- 
ingly connected to a brake lever 7 fixed to the shaft c. 
This shaft is mounted in hangers k, k! fixed to the 
vehicle, and is provided with an auxiliary brake lever 
arm #1, The opposite, or right-hand, arm of lever 6 is 
arranged below and to act against a rounded projection 
72 on the lower side of the auxiliary brake lever arm @ 
through a sliding abutment device m adapted to be 
moved to and fro along the arm of the lever b by a slotted 
lever n pivoted to such arm and adapted to be operated 
through a link o by a lever arm a! fixed to the boss of 


Fig.t 
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lever a. The link o is arranged to slide through the lever 
arm a! and is surrounded by a coiled spring s arranged 
between the arm a! and a shoulder constituted by 
adjustable nuts on the link, adjustable nuts being 
arranged at the opposite side of the arm al. The 
spring 8, acting through the link o, lever n and abutment 
device m, constitutes a yielding connection between the 
lever a and brake lever #, #1. The lengths of the two 
arms of each of the levers a and 6 may conveniently be 
in the ratio of, say, 2 to 1, so that pressure exerted on 
the longer arm of lever a and applied to the brake lever ?, 
il, when the brake blocks are bearing against the wheels 
of a vehicle, will be multiplied in the ratio of 1 to 4. 
With the arrangement described, the parts are normally 
held together in the position shown, by the spring ¢ 
and abutment device m. When power is applied to 
the right-hand arm of lever a to raise the same to apply 
the brake, the abutment device m is moved between the 
arm #! of the brake lever and the right-hand arm of lever 
b by the arm a! of lever a, spring 8, link o and lever ”, 
and the lever 6 is simultaneously moved and, acting 
through the abutment device, causes the brake lever , 
i! to take up the slack in the brake rigging and bring 
the brake blocks into contact with the wheels of the 
vehicle. The resistance to movement of the brake 
lever ¢, «1 then encountered, causes lever 6 to act with 
a four-fold pressure against the arm ¢1 of the brake lever 





is reciprocated this latter shaft is oscillated. This oscilla- 





ting shaft 9 is adapted to drive the sleeve 14 through 





i and consequently on the brake blocks. (Sealed.) 














ENGINEERING, Aprit 23, 1926, 


























THE SHERMAN ISLAND DAM ofMe | 
CONSTRUCTED TO THE DESIGNS OF MR. H. pe BR, PARSOy soc. C. E., 


(For Description, Ns) 

















Fie. 4. THe Norruern CorrerpaM; View @o THE Bu 


























Fic. 6. View From Wixe Watt Looxixé U? Steman 4 
nie 








PLATE XLIII. 





Mi owWE HUDSON RIVER, NEW YORK. 





- PARSoS sc. 0. Es CONSULTING ENGINEER, NEW YORK, N.Y., U.S.A. 
€SCription, am;i.) 
ee 





1; Virw (xo Tae BUTTRESSES UNDER CONSTRUCTION. 











AND Wina WALL. 














Ue 
ise UP Stepan ap Compterep Sprttway anp Dam. 
en 

















APR! 


————— 


TH 


ONE of 
in the U 
js the Sl 
a hydro- 
50,000 I 
exceptio! 
across @ 
pervious 
carried. 
length ¢ 


ba 
0S 








365, 





the ¢ 
while 
whic 
Tk 
from 
Stat 
for t 
own 
stati 
deta 
out 
engi! 
Mr. 
cons 
are | 
of t' 
mail 
stru 
had 
4n 
also 
stru 








APRIL 23, 1926.] 


ENGINEERING. 


515 








— 


THE SHERMAN ISLAND DAM, 
NEW YORK. 


Ong of the works completed in the last few years 
in the United States, of more than usual interest, 
js the Sherman Island Dam, which forms part of 
a hydro-electric plant of an ultimate capacity of 
50,000 h.p. The dam is situated on quite an 
exceptional site for such a work, being thrown 
across a valley which was found to be filled with 
pervious material as far down as borings were 
carried. The dam is 80 ft. 9 in. high, and has a 
length of 551 ft., beyond which there extends on 





A map of the site is given in Fig. 1, from which 
it will be seen that the dam is thrown across a 
relatively narrow gorge above Sherman Island, 
with steep ground on either side. At the north 
end of the dam are headworks leading to a headrace 
canal 3,800 ft. in length, opening out into a forebay 
above a power house situated so as to utilise a 
normal working head of 66 ft. The forebay ter- 
minates in an intake dam 49 ft. high and, with 
wing walls, 349 ft. long. From this penstocks 
176 ft. long run down to the power house. The 
penstocks are formed of a reinforced concrete 
structure 200 ft. 6 in. wide by 13 ft. 9 in. high. 
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the one hand a wing wall 174 ft. 6 in. in length, 
while on the other is a horseshoe-shaped spillway 
which has a length, on the crest, of 864 ft. 

The Sherman Island plant is about 8} miles 
from Glens Falls on the Hudson River, in the 
State of New York. The plant has been installed 
for the International Paper Company, who already 
owned and were interested in other hydro-electric 
Stations on the Hudson in the same area. The 
details of the Sherman Island scheme were worked 
out: by Mr. A. H. White, M.Am.Soc.C.E., chief 
engineer to the International Paper Company, 
Mr. H. de B. Parsons, M.Am.Soc.C.E., acting as 
consulting engineer. Mr. Parsons, to whom we 
are indebted for facilities for illustrating this part 
of the work, was responsible for reporting on the 
main dam and spillway, and for the form of these 
Structures. We may mention that Mr. Parsons 
had previously designed a dam situated about 
+ miles up-stream of Sherman Island, and had 
also acted as consulting engineer for two other 
structures somewhat lower down the river. 
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This is divided by party walls into 15 penstocks, 
three supplying each turbine. Internally each 
penstock is 10 ft. high and 10 ft. 8 in. wide, but 
the corners are bevelled off so as to give an eight- 
sided section, the larger sides of which measure 
6 ft. The three passages for each turbine combine 
just at the beginning of the scroll in each case. 
When the scheme was under consideration a 
great deal of trouble was taken in searching for a 
suitable site, but examination produced only 
negative results so far as the possibility of securing 
rock foundation was concerned. The Sherman 
Island site possessed certain advantages, but it 
was not possible to reach rock in the channel, 
even with the cut-off piling. Borings were carried 
to a depth of 80 ft. below the river surface, and 
indicated coarse to fine yellow sand below, with 
an upper stratum of 15 ft. to 20 ft. thick of com- 
pacted boulders of all sizes up to 1 yard stones. 
The material is of glacial origin, and was so 
thoroughly compacted as to offer obstruction to 
the passage of water, and to be satisfactory for 





foundations. The main dam was supported across 
the channel on this material, both ends of 
it running out into rock. The wing wall and 
spillway, on the other hand, rest wholly on rock. 
This rock is known as Adirondack gneiss. It is of 
complex structure, hard and durable. From the 
slopes and boring indications it appeared probable 
that the rock surface dipped in the middle of 
the river bed to something like 190 ft. 

The enlarged map given in Fig. 2 shows the 
general features of the works involved at the dam 
site, while the views reproduced in Figs. 3 to 6 
on page 516, and Plate XLIII, with our issue of 
this week, show the undertaking at various stages 
during construction, and after completion. Details 
of the design of the dam and spillway are given in 
Figs. 7 to 21, pages 517 and 518. 

Before referring to the latter we may state that 
Fig. 3 is a view taken at an early stage of the work 
in 1921. It is taken looking across the dam site, 
the downstream direction being on the left hand. 
The view shows the bed of the river, exposed in 
the cofferdam extending across the north half of 
the river, prepared for concreting, with trenches 
cut for the concrete ribs under the base, to which 
reference will be made later. The concrete mixing 
plant is shown on the right side, where also work 
is proceeding on excavations for the head works of 
the canal leading to the power house forebay. Fig. 4, 
Plate XLITI, is also a view of the north cofferdam 
at a date about three months later than that given 
in Fig. 3. In Fig. 4 the buttresses and skew backs 
for the arch decking are shown carried up to a 
construction joint, in some cases completed and 
with the forms removed ; in others, as in the fore- 
ground, with the forms still in position. The crane 
and dump cars shown on the right are on the level 
of the headrace canal bottom. 

Fig. 5 is a view taken about a year later from the 
opposite bank. Across the river on the far side can 
be seen the concrete plant and, end on, in the bed, 
is the major portion of the multiple-arch dam. To 
the left is the gravity section, horseshoe-shaped 
spillway. The closing length for this, which includes 
a sluice gate section, was still wanting at this stage. 
On the right of the dam abutment is a wing wall 
extending down stream between the spillway channel 
and the main river bed. The completed dam and 
spillway are excellently shown in Fig. 6, a view taken 
about nine months later than that reproduced in 
Fig. 5. This view is taken from a position on the 
wing wall just referred to. The dam extends to the 
right, while the spillway channel and spillway are 
to be seen on the left. Another view of the spillway 
with water passing over the crest, is given in Fig. 21, 
page 518. This shows the sluice section in the fore- 
ground. 

General elevations and plan of the dam are given 
in Figs. 7 to 9, page 517, further details being shown 
in Figs. 10 to 16, on pages 517 and 518. As already 
stated, the structure consists of thirty-one buttressed 
arches. In order to show the design to a larger 
scale, some of the length has been omitted in these 
figures. Fig. 7 is an elevation of the lower part 
of the upstream face. Fig. 9 gives an elevation of 
the downstream side of the structure. The but- 
tresses are spaced 19 ft. apart centre to centre, 
the maximum height being 80 ft. 9 in., measured 
from the underside of the central foundation rib to 
the footpath on the top. The most characteristic 
features of the design are shown in Figs. 10 and 11, 
page 517. The former gives a typical vertical 
section, while the latter shows details of the base 
for the length, shown in Fig. 9, which is slightly 
below the average level. 

The arch deck of the dam is arranged in two sec- 
tions. The lower is at an incline of 22 degs. 40 mins. 
to the horizontal (5 on 12). The upper part is 
inclined at 45 degs. to the horizontal. This special 
feature was adopted in view of the character of the 
foundations, in order to utilise the load due to the 
impounded water, to counteract any tendency to 
slipping. Further precautions were taken to the 
same end. These included the provision of concrete 
ribs under the mattress or base, one at the toe, one 
at the heel and one near the centre as shown in Figs. 
10 and 11. These also serve to obstruct possible 
scour. As a still further safeguard against slipping, 
the precaution was taken of loading the base with 
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THE SHERMAN ISLAND DAM ON THE HUDSON RIVER; NEW YORK. 
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the average uplift pressure was about 11-3 ft. 
The interesting fact was brought out, it is believed 
for the first time, that under such conditions the 
uplift pressure varied with the season and tem- 
perature. This has been confirmed by three seasons’ 
observations. The average uplift was found to vary 
by about 1 ft. of head for every 8 deg. F. The 
water temperature at the site varies from 65 deg. F. 
to 32 deg. F., and the uplift pressure varied from a 
maximum of about 11-3 ft. head in June—July, to 
7-2 ft. in January-February. The maximum has 
shown a tendency to fall, possibly owing to the 
filling of the interstices with fine material. The 


seasonal difference is accounted for changes in the 
viscosity of the water, and in the porosity of the 
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Fig. 21. 


sand, both due to temperature changes. Both 
decrease with an increase of temperature, and partly 
serve to offset one another. The conclusion has 
been arrived at that the flow under the dam had a 
velocity of less than 0-001 ft. per second at 
maximum temperature. 

Figs. 17, 18 and 20 show typical sections of the 
spillway. This is of gravity section, parabolic in 
form. An ogee form at first considered was not 
adopted. The spillway crest has a length of 864 
ft. and as the watershed above the dam has an 
area of 2,782 sq. miles the provision works out 
at 1 ft. per 3-22 sq. miles. The area of the water 
impounded is 277 acres. This spillway provision 
was considered necessary in order not to interfere 
with the tailrace of an installation further up stream. 
On the occurrence of what may be anticipated to 
be maximum flood conditions, the crest would be 
overtopped by some 8 ft. 9 in. depth of water, 
when the top of the main dam would still be 2 ft. 
above water level. Same criticism has been raised 
regarding the horseshoe form, and it has been 
argued that the water would flow mainly over the 
part adjacent to the dam and centre of the stream. 
At time of floods, however, the water rises to an 
extent which widens the river considerably, above 
the work, and the flow is such that both limbs are 
fully effective, the water flowing to the dam in a 
normal direction practically at all points along the 
crest. 

Unlike the main dam, the spillway dam was built 











Froop Passina Over Spimuway. 


wholly on good rock foundation. Where fissures 
did occur they were treated by grouting under 
pressure. Fig. 17 shows a section taken on the 
land side of the bend, while Fig. 20 is a section 
taken close to the main dam. Figs. 18 and 19 
illustrate the form of construction joint embodied 
in the dam. These joints included keyways as 
shown, consisting of right-angled grooves 8 in. 
deep. At the heel, the dam structure was built 
into a cut-off trench of a minimum width and depth 
below rock surface of 4 ft. On the other side the 
toe was let into solid rock for a depth which varied 
from 4 ft. at the deep part, to a minimum of 2 ft. 
at the parts of lesser height. Brass pipes are In- 
serted at 5 ft. centres along the crest to take rods 
for flash-boards 2 ft. high. Close to its junction with 
the main dam the spillway dam is provided with 
seven deep level sluices, 5 ft. wide and 12 ft. high. 
These are controlled by sluice gates, 5 ft. 10 in. wide 
and 13 ft. 4 in. high, made of 8 in. by 8 in. timbers, 
bolted to two 10-in. joists. They are fitted with 
bronze wearing strips working against angles let 
into the concrete. The gates are worked by the 
hand gear shown in the right foreground in Fig. 21. 
As will be observed from this view, at this point the 
structure is raised to a level above the normal 
crest, and access to the platform thus formed is 
provided by a light truss footbridge extending 
from the main dam abutment. : 

The spillway channel has a width of 172 it. and 
was excavated in rock. The upper part is on a 
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orade of 5 per cent., easing off to 34 per cent. at the 
lower end. It is found that under high flood condi- 
tions the depth of water at the lower end is about 
18 ft., the velocity being about 31 ft. per second. 
Owing to the steep slope at the upper end it is not 
anticipated that the spillway dam will become sub- 
merged, even under the worst conditions. 

The rock excavated from the spillway foundations 
and channel was utilised for the concrete. The 
concrete used for the various parts of the struc- 
tures was as follows, the figures for strength being 
for 28-day tests :—For the foundation slab, &c., 
2,2001b. concrete was used, the mix being equivalent 
to 1:2:17:4-33, the water being limited to 8} 
U.S. gallons for each 100 lb. cement. For the but- 
tresses, 2,000 lb. concrete was used of a 1:3:5 
mix, the water allowance being 9} gallons to 100 lb. 
cement. For the arch decking the concrete had a 
strength of 2,400 lb., the mixture being 1:2:4 
and water limited to 8 gallons. For the gravity 
section spillway, main dam apron and wing wall, 
1,600 lb. concrete was employed of 1: 3: 6 mixture 
and 10 gallons of water per 100 lb. of cement. Lime 
was added to the concrete for certain parts. For the 
arch concrete, the addition was made of 6 per cent. 
of lime, but none was added to that for the buttresses, 
foundation slab, &c. 


(To be continued.) 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


At an ordinary general meeting of the Institu- 
tion of Mechanical Engineers held on Friday last, 
the 16th inst., at Storey’s-gate, St. James’ Park, 
Westminster, the President, Mr. William Reavell, 
occupied the chair. 


Parer Mitt Puan. 

A paper entitled “‘ Modern Development of Paper- 
Mill Plant,” by Messrs. W. Worby Beaumont, and 
L. N. Burt was read in abstract by the authors and 
discussed. This paper is reprinted, abridged, on 
page 539 of this issue of ENGINEERING. 

Mr. W. H. Salmon, of the Imperial Paper Mills, 
in opening the discussion referred to certain early 
stages in the history of paper-making machinery 
in his 50 years’ personal experience. He then 
spoke about balancing, citing an instance in which 
the drive was effected through bevel gear. On 
starting up the machine, all the cylinders worked 
with jerks and it was concluded that they were 
unbalanced. It turned out, however, that the 
trouble was occasioned by contortion of the shaft. 
With regard to knotters or stringers, he remarked 
that in early days, instead of having slits cut in the 
plate, bars similar in section to the ordinary fire bar 
were used. Trouble was experienced frequently 
from frictional electricity in the paper. It should 
be realised that there were eight or nine sections in 
the paper machine, the speeds of which must be 
correct, otherwise the paper would be pulled to 
pieces. He had every faith in the electric drive, 
but it could not be installed with old machinery. 

Mr. H. Hunt, of the Empire Paper Mills, remarked 
that the paper machine had so many important 
features that each part might be treated in a 
Separate paper. He pointed out that the paper 
machine was only one part of a paper mill, 
which included a certain amount of preparation 
plant, the power required for which was two and 
a-half times that necessary for the paper machine. 
In the paper, the steam required was given as 
about 3 Ib. per Ib. of paper produced. The steam 
required to run a newsprint machine, taking 
2ccount of preparation and auxiliaries, was in 
the neighbourhood of 63 lb. per lb. of paper, in 
the case of mills making from 900 to 1,000 tons of 
paper per week, This meant a considerable amount 
of steam raising and a lot of power plant. Each 
case would, of course, have to be considered on its 
merits, but the ideal layout for a new mill was to 
put down power plant to give the necessary power 
on the extraction method, using the exhaust steam 
for drying. The shrinkage of the sheet on its 
way from the wet end to the reel, in the case of 
newsprint paper, amounted to something like 
8 per cent. The speed variation between two 





sections should not be more than 0-75 per cent., 
otherwise stresses arose at the wet end of the 
machine between the presses, which might result 
in a break. He had been partly responsible for 
an alternating current drive, and could give the 
following results of tests. A special torque motor 
had been used, which kept the speed of the 
machine within close limits. When running at 
normal full load and the load was increased sud- 
denly by 14 per cent., there was a transient speed 
variation of 0-0042 per cent. When full load 
was resumed and suddenly decreased by 10 per cent. 
there was a transient speed variation of 0-0083 
per cent. The particular motor used in the drive 
had very fine speed characteristics, and he had 
found it of interest to test the practicability of 
running the machine without the speed control 
devices. In the case of the figures given above, 
the control was in action. _ With the control out of 
action, and a load of 88 per cent. on the motor, 
a sudden increase of 23 per cent. gave a per- 
manent speed variation of 0-014 per cent., while 
a sudden decrease of 15 per cent. produced a 
permanent speed variation which was also 0-014 
per cent. 

Mr. J. A. Clark referred to the effect of the 
suction press roll, pointing out that large lumps 
coming down on the wire would pass the suction 
press roll without sticking. This would not be the 
case with the ordinary roll. In one of the fastest 
running machines in the world, at Grand Mere, 
the suction rolls had been put on the fourth press ; 
one was also running on the third press. The 
result was that 3 per cent. to 4 per cent. more 
moisture could be extracted from the sheet. With 
a machine that was running at about 1,000 ft. 
per minute such dryness was not easy to obtain. 
By adding the suction press roller at the end and 
by a few other alterations with regard to the ventila- 
tion of the room, the steam consumption was re- 
duced from 30,000 lb. to 20,000 lb. per hour. The 
temperature effects on the dry felts had been over- 
come by the use of a duct covered with an asbestos 
layer, making the felt about }-in. thick, and the 
method was being tried out at present, with very 
satisfactory results. He then called attention to 
a ventilating system in which cylinder ducts were 
carried right through the machine. In the side of 
these ducts where the paper was going over the 
cylinders, hot dry air was sucked out ; on the side 
where the paper was going from the cylinder hot dry 
air was sucked in. With regard to the Ogden 
Minton vacuum dryer, he understood that tests had 
been made recently, and that the amount of steam 
required was in the neighbourhood of 1-7 to 1-8 lb. 
of steam per pound of paper. That seemed rather 
high, but yet was much lower than the 3 lb. or 4 lb. 
usually required. 

Mr. Wingfield next asked if superheated steam 
had ever been tried for drying purposes, after which 
Mr. Dow referred to the fact that, in certain paper 
mills, it was contended that the combined cost of 
steam produced separately and of electric power 
bought from a supply company, was higher than 
the cost of producing a considerable proportion of 
the power by the use of simple engines and employ- 
ment of the exhaust steam for drying. In the United 
States, the war and other conditions had raised the 
cost of wood for box making, with the result that 
there had been a demand for paper cartons. The 
development of the carton business was so sudden 
that power of any kind was accepted. The pro- 
ducers asked for electrical power in the emergency, 
and they discovered that the well-controlled alter- 
nating-current motor increased their output above 
their expectations. Electrical power was purchased 
because of the characteristic of electric motors of very 
close speed regulation. The business later became 
competitive, and the use of electric power was again 
under review, under different circumstances from 
those of its introduction. The use of electrical 
power had enabled the mills to increase their output 
and to get the most consistent output. Now that 
competitive conditions existed, the question of heat 
balance became urgent, and engineers would have 
to find out where electrical power could be most 
advantageously used, a matter probably of trial 
and error. In the particular section of the paper- 
making industry with which he had associations, 





he had found, that some 20 million kw.-hours were 
used annually. That was for a local development, 
and was a very healthy sign. 

Major C. G. Beaumont suggested that apparently 
there was no inherent advantage in the association 
of steam power plant with steam drying plant, 
except when there was no alternative source of 
energy at a cheaper rate. The authors had referred 
to the small additional heat required per lb. of steam, 
to put it into a condition in which it could 
be most usefully employed ; they had also referred 
to the energy output to be obtained from the steam 
by that small additional input of heat units. It 
should be noted, however, that for every lb. used, 
theoretically, under the conditions named, at least 
175 heat units were abstracted in the process of 
enabling the engine to give out power. In other 
words, without any correction for the inevitable 
losses in a commercial machine, there would be 
about 13 per cent. of the heat abstracted, while 
that power was being obtained. He suggested 
therefore, that the engine could scarcely be regarded 
as a “ benevolent” obstruction, but as a commer- 
cial obstruction charging a high rate of interest. 
Whether the quantity of steam produced by a 
power plant was greater or less than that required 
for drying, the necessity for studying economy in 
drying as well as in the other processes still existed. 
Reference had been made to the Ogden Minton 
vacuum dryer, and the method of erecting the rolls 
so as to ensure the seal. He was not clear how the 
end seal was obtained; conceivably it might be 
effected with end rings. 

Mr. L. St. L. Pendred referred to the use of wood 
in America, and gave figures relating to an 
American Sunday paper. This paper consumed, 
for a single issue, no less than 100 acres of forest, 
an area approximately equivalent to St. James’ 
Park. This afforded some idea of how the United 
States had been using up its wood supplies in paper 
making. To this Mr. Dow added the information 
that unfortunately for the United States most of 
the wood suitable for the purpose was now grown 
beyond the northern boundary of their territory. 

Mr. C. F. B. Marshall emphasised a point of 
vital importance to the papermaker, namely, 
how many tons of paper he could manufacture 
for every ton of coal burnt. He believed the 
American slogan to be “ton per ton.” Much, of 
course, would depend on the class of paper; fine 
paper would need more coal than coarse paper. 
The electric drive was excellent, but it was difficult 
to adopt it to existing paper machines. In some 
mills in Canada they had electrically heated boilers 
producing steam for the dryers. Mr. Hunt had 
estimated the horse-power required for preparation 
work, as compared with actual driving, at 2} to 1; 
in his own experience, the ratio would be 4 to 1. 
All, however, depended upon the kind of paper. 
A very thin paper would preclude the use of a 
heavy pressure, but if a thick paper or board were 
being made, the pressure might weil have to be 15 
or 16, or even 25 lb. 

Mr. W. W. Beaumont then replied on behalf of 
himself and Mr. Burt. Mr. Salmon’s reminiscences 
had greatly interested him, and he could not 
help feeling that more interest attached to the early 
days, when so much experimenting was needed 
to work out the first stages of the process, than at 
the present time, when there was greater certainty 
as to what would happen when something was done. 
With regard to Mr. Dow’s remarks, he thought that 
it was possible that the advantage would be 
on the side of low-cost electric supply. He was 
not familiar with the district to which Mr. Dow 
referred, but he understood that in certain parts 
the cost per unit was extremely small. This was 
also the case jn certain parts of Germany. In such 
cases current could be obtained so cheaply that 
it paid to use electric boilers. At one place of 
which he had heard, during the night hours, 
when little current was used, as much as 13 units 
per ld. was supplied to works. Steam could 
therefore be generated at very small cost. In 
reference to Major Beaumont’s question concern- 
ing steam motive power and the relation between 
steam used for heating obtained by generation 
in low-pressure boilers, and steam used at high 
pressures coming from one or other of the power 
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engines, the answer would, he thought, be found in 
the paper itself. The question of selection of the 
power engine and the pressure at which it should 
work would depend on the consideration of all the 
other requirements and also on the arrangements 
which could be adopted in the mill. In any case, 
he might say that the higher pressure for power 
purposes would be best used by engines of the best 
design and most economical in consumption. 

The President, in asking members to express their 
appreciation of the paper, remarked that most 
engineers were familiar, in their own particular 
province, with illustrations of the rapid develop- 
ment of engineering, and the paper machine fur- 
nished an interesting illustration of that type. He 
had tried to picture the rate at which a somewhat 
indifferent paper would be made in the original 
machines, and its cost, and then to compare with 
the result the high speeds which had been men- 
tioned and the great widths of the paper sheets 
produced by modern machinery. 

The Secretary then announced that there will 
be an Informal Meeting to-night, at which a dis- 
cussion on “ What Our Foreign Competitors are 
Doing,” will be introduced by Mr. F. J. Hookham. 
There will also be an Informal Meeting on Friday, 
April 30, when a discussion on “‘ Marine Oil Engines 
in Practice,” will be introduced by Mr. C. W. J. 
Taffs. On Friday, May 7, an extra general meeting 
will be held at 6 p.m., at which a Report of the 
Marine Oil Engine Trials Committee will be pre- 
sented and discussed. 


NortTH-WESTERN BRANCH MEETING. 


The paper on “‘ Modern Development of Paper 
Mill Plant” was also discussed at a meeting of 
the North-western Branch of the Institution, at 
Manchester on Thursday, April 16, when Mr. Cecil 
Bentham presided. 

Mr. Mallinson said that just before the war 
they had begun to see changes—the increase of 
speeds and the improvement of processes in paper- 
making. The paper mill was at present, and was 
going to be more so in the future, a very fruitful 
field for the development of mechanical engineering 
designs. He asked for more information on the 
life of the wire. There were obviously faults when 
there was excessive friction and consequent heavy 
wear. In hooding the paper machine, they were 
very much behind the Americans. He was rather 
surprised that only one type of machine was des- 
cribed, namely, the wire machine. There was no 
reference in the paper to the vat machine, where 
there was a scries of vats in place of the wire at 
the wet end. No mention was made of the whole 
of the preparation end, the boiling, breaking, beat- 
ing, &c. He was sure that papermakers would have 
something to say about the vacuum dryer. Informa- 
tion was wanted on what happened when the paper 
got torn in the dryer. No attempt had been made 
to give due credit to the British engineers, who had 
perfected a highly efficient piece of mechanical 
machinery in the variable-speed steam engine. 
When one considered that 99-5 per cent. of the 
paper machines in this country were driven by 
such engines, the subject was surely worthy of 
comment. Mention was only made of two of the 
secondary electrical drives, but all were too costly 
from the papermakers’ point of view. For very 
big machines they were undoubtedly a very good 
proposition indeed, but he did not think the day 
of the high-speed engine was ended for the general 
run of what they might call British commercial 
paper manufacture. 

Mr. Richardson, of Me:srs. C. Walmsley and Co., 
called attention to the fact that Mr. Burt had 
mentioned that the cost of a big machine wire 
was about 80/7. As a matter of facet, the cost 
at the present time was about 166/. A life of 
thirty days was exceptionally good, and if it 
could really be obtained papermakers would be 
delighted. His firm had made rolls 36 in. diameter 
and 316 in. long. With regard to the moisture 
of the air discharged from the machine, in 
Canada and the United States they used an 
economiser through which the air was passed 
and heat was extracted from it for the incoming 
supply. Mention was made that the old type 
calenders were not suitable for high-speed work. 


They were certainly not suitable for high-speed 
work at the end of the machines. With reference 
to super-calenders, his firm had one machine running 
at 900 ft. per min., and it was 236 in. long on the 
face of the roll. It was stated in the paper that 
a certain machine was making paper 232 in. wide. 
There was, however, no machine in the world 
making paper of such a width. What should 
have been said was that it had a 232-in. wire. 

Mr. J. H. Mowat, chairman of the North-western 
Technical Section of the Papermakers’ Association, 
thought the authors had displayed great courage 
in opening up the pros and cons of the gravity 
feed to the wire. Mr. Duxbury, in a recent paper 
before the Technical Section of their Association, 
mentioned that in the United States and in 
Canada, for speeds under 500 ft. per minute no 
fall in the wire was required. With reference to 
the deterioration of the wire, his experience was 
that the edges of the wire were the first to go. 
He had never yet ascertained why a selvedge edge 
of cotton was inserted. That fabric edge became 
saturated with alum solution, which no doubt 
shortened the life of the wire, and they had to 
remember that to mend a small edge crack would 
take anything up to an hour, between shutting 
down and getting back to normal production. 
The wear of the edge of the wire was caused by 
the wire guide running against a spade. In place 
of that spade, a roller might be used, which could 
be driven by the wire edge itself. This might 
lead to an extension of life. Thirty days’ life 
on a newsprint machine was not usual in this 
country. The time taken to join a wire at the 
wire works was not a case of hours, but of days, 
and it was a very painful and most fatiguing job. 
The girls had to use a very strong lens and five 
hours a day was all they worked. One engineering 
problem which required solving, was how to free 
the surface of a dryer from the baked fibre and 
clay, which on a newsprint machine occasionally 
manifests itself on the top and bottom dryers of 
the first section. This could be removed with a 
wire brush, but it was a long job. Calender rolls 
might be in the most perfect condition, and yet if 
there was overdrying they could not get the finish. 
The secret of calendering, so far as machine finish 
was concerned, was to have moisture in the sheet. 

Mr. Norman Duxbury believed he was right in 
saying that the fastest running machine in Great 
Britain at the present time was driven by belts. 
He was also told that some systems of electric 
driving for paper machines required a large and 
elaborate switchboard. There were many excellent 
mechanical drives. One such was used by his firm. 
He believed that Messrs. Yates, Duxbury and Sons, 
Limited, had the only paper mill in Great Britain 
in which no clutches were used. They relied on 
jockey pulleys and the slipping of the belt, and got 
a very easy starting motion and easy adjustment. 

Mr. Melrose Arnot said that there did not appear 
to be any question of right or wrong between the 
so-called Eibel system and the flow-box head method. 
They both aimed at causing the stuff to reach the 
wire moving at the same velocity as that at 
which the wire was travelling. If, for instance, the 
wire was travelling at 16 ft. per second, and the 
stuff issued from the flow box or flowed down the 
incline also at 16 ft. per second, there would be no 
relative motion between wire and stuff. In those 
circumstances the stuff would not roll over upon 
itself, nor would it be combed out so that the fibres 
lay all in one direction, but these would be quiescent 
relatively to the wire, and if side shake was used 
they would be fully susceptible to its influence 
so long as the stuff retained sufficient water to keep 
them in a state of suspension or of partial suspen- 
sion. It was to attain those ideal conditions that 
the modifications had been made. As the wire 
surface would offer more resistance to forward move- 
ment than the various layers of stuff between 
themselves, and as at the instant of coming in 
contact with the wire, a thin layer of fibre would 
be fixed on that surface, it was possible that, if the 
stuff had a greater velocity than the wire, the upper 
layers might overrun the lower ones, resulting in 
the difference in velocity, which the authors found 
some difficulty in conceiving. In support of that 


was closely observed on the wire of an ordinary Four- 
drinier machine when running at a moderate speed, 
and making a medium weight of paper, the upper 
layer would be seen to remain almost still in the 
cross direction, whilst the layer in contact with the 
wire moved, under the influence of the shake, from 
side to side beneath it. Many years ago he had 
worked out a calliper control method at the 
calenders, but after taking much trouble, had 
decided that the idea was completely wrong, and 
that control must be effected before the paper was 
actually formed on the wire. The water was 
induced to leave the wire by capillary action set 
up by contact with the tube rolls. If one took a 
fine sieve and filled it with a suspension of china 
clay or of fibres, scarcely a drop would run through. 
unless it was vibrated, but if the tips of one’s fingers 
were placed against the under side of the wirecloth, 
the water would immediately stream down them. Till 
that was done, the surface tension of the water was 
sufficient to prevent its dropping through. It was 
somewhat difficult to visualise just how the authors 
imagined the moist web would behave if passed 
between naked press rolls, one of which was a 
vacuum roll, unless the vacuum roll was wire 
covered, in which case it would badly mark the 
paper, or felt covered, in which case matters would 
be much as at present. 

Mr. Stephen §S. Barrett stated that there were 
many forms of regulators used to keep the level 
of the stuff behind the slice constant. After the 
liquid matter had been run into the stuff box, he 
failed to see how it could be returned from the 
weir. The stuff would be flowing down into the 
box from a higher level, and the overflow could not 
get back uphill. 

Mr. Burt, in reply, said that, in view of the 
experience that he had had in trying to do what 
Mr. Ogden Minton was now doing, he thought he 
should give him credit for getting further than he 
had himself done. As to the cost of a wire, he 
was not sure for the moment where he had obtained 
the figures, but he did know that he had written 
to one or two wire makers and tried to check that 
information with that he had obtained from elec- 
trical engineers. He accepted Mr. Richardson’s 
correction. With regard to the Eibel system, that 
patent had been thrashed out in the courts some 
years ago, and there was a whole volume of evidence. 
When he had started to write the paper, Mr. 
Beaumont had disagreed with him entirely as to 
the Eibel system. What was put in the paper 
was the result of what Mr. Beaumont and he had 
found out. Apparently, from what Mr. Mowat and 
Mr. Arnot had said, there was still a good deal to 
be discussed and argued before any definite informa- 
tion could be given. As to the wire guide, the use 
of a roller instead of the spade, he thought, had 
already been tried. He quite agreed that drying 
must be gradual. A description of all the very 
ingenious devices that had been used for belt 
driving was impossible in a general paper. Messrs. 
Bertram had now got another drive which was ¢ 
mechanical one. He questioned whether, in the 
long run, it would show any advantage over the 
electrical drive when applied to high-speed 
running machines. The electrical drive did cost 
more to install, but he thought they got a higher 
running efficiency of the whole plant with the 
electric drive. If they could get the plant to run a 
higher percentage of working time by using a special 
drive, they had to consider what the interest on the 
capital outlay for the installation would mean as 
against that advantage. Switchgear was made now 
by engineers for commonsense men to use. ‘The 
switchgear would cost about as much as the motor, 
since reliability must be obtained. Mr. Barrett 
had asked a question about getting the overflow 
back. A pump or lift had to be used to take the 
excess back into the system. 





Empire MINING AND METALLURGICAL CONGRESS, 
1927.—The Empire Council of Mining and Metallurgica! 
Institutions, Cleveland House, 225, City-road, London. 
E.C.1, has accepted, on behalf of the ten constituent 
bodies, the invitation of the Canadian Institute of Mining 
and Metallurgy to hold the second Empire Mining and 
Metallurgical Congress in Canada in August-September, 
1927. Further particulars will be announced in due 
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WEAR IN RAILWAY TRACTION 
GEARS. 


Iv the paper read by Mr. Orcutt recently before the 
Institution of Mechanical Engineers, the author put 
forward a strong plea for grinding gears to the greatest 
possible accuracy, and specially mentioned the gears of 
electric railway motors. In the discussion, however, 
the need for such extreme accuracy was questioned, 
and by some speakers was characterised as an extra- 
vagant super-refinement. Some facts recently brought 
to our notice would seem to confirm this. The experi- 
ence of ten years with 356 driving gears on the 8.W. 
Section of the Southern Railway seems to indicate that 
both a high degree of accuracy and a superfine finish, 
such as are obtained by grinding, are not only super- 
fluous for such parts, but may even be disadvantageous, 
and therefore unnecessarily expensive, both as regards 
manufacture and maintenance. 

The wheels of the gears above referred to are 29} in. 
in diameter on the pitch line, with 59 teeth, of 2 in. D.P. 
The form of tooth is involute and width of face 6 in. 
They are cut to Brown and Sharpe standard. The 
pinions have 21 teeth. The road wheel is 43 in. in 
diameter on the tread, and the maximum accelerating 
load transmitted is 325 h.p. at a speed of 27 m.p.h., on 
a 1-3 mile per station stop service, with an occasional 
service run of 3-2 miles per station stop. The free 
running speed of the train is 54 m.p.h., but upon the 
latter of the two services mentioned above a coasting 
speed of 65 m.p.h. is quite frequent. 

The wheels and pinions are of heat-treated steel, but 
are not ground. They were made by Messrs. The 
Cincinnati Tool Steel 'and Pinion Company, U.S.A. 
The process of manufacture and absence of grinding, of 
course, leave the gears with an accuracy which could 
be improved upon considerably. The gear-wheel teeth 
showed an initial cumulative error, over five or six 
teeth, of anything up to 0-008 in., and the pinion teeth 
exhibited errors in parallelism of as much as 0-005 in. 
across the face. 

In use, the meshing of the gear is very carefully 
watched and the bearings of the wheel and pinion are 
adjusted to the standard every 100,000 miles. After 
such an overhaul, the clearance of the pinion bearing is 
0-012 in., and that of the wheel bearing approximately 
0-014 in. No attempt is made to keep the respective 
wheels and pinions paired to each other. Lubrication 
is effected by means of moderate quantities of a yellow 
grease in the gear-boxes, a splashing action rather than 
a flooding one being maintained. 

Under such conditions, these gears have proved to 
be both silent and reliable. As implied above, they 
were put into service in 1916, and when they are taken 
down for bearing adjustment, very careful examination 
isalways made. The surface of the teeth at the pitch 
line is invariably excellent, while both the crown and 
root are still dull. The whole of the original 356 wheels 
are still in use, not one having broken or been scrapped 
for any cause. The wear is very small. It is only 
from 0-002 in. to 0-005 in. per tooth, though occasion- 
ally greater reduction is met with, the maximum so far 
recorded being 0-008 in. Our illustration shows the 
teeth of a typical wheel after ten years’ wear. 

The pinions, of course, show rather more wear, 
but, even for these, nothing greater than 0-01 in. has 
been recorded, 0-008 in. being the average. As with 
the wheels, the root and crown of the tooth are still 
dull, though the polished area on the face is a little 
wider than that of the wheel teeth. Yet even now, 
in a fair number of instances, the pinion teeth have 
not obtained a bearing surface for their full width. 
Their casualty record is almost as good as that of the 
wheels, only 2-3 per cent. having had to be removed 
from service. Of this total of nine, eight were taken 
out, over a period of four years, from a defect due to 
what is apparently fatigue of the metal under the 
hardened surface. This defect is indicated by some 
crumbling of the face at the ends or corners of the 
teeth. Similar gears have been fitted to the 26 new 
units put on the Guildford and Dorking extension of 
the 8.W. Section in 1925. 

Comparisons of the results of working described 
above are possible with those derived from gears 
of a high class of British manufacture working under 
identical conditions of load and service on the recently 
electrified Eastern Section of the Southern Railway. 
There are 496 sets of these in use. The wheels are of 
a high-tensile steel, which necessitated the use of the 
best gear-cutting machinery available. The pinions 
are ofa lower grade of steel, first cut, then heat-treated, 
and finally ground. Extreme accuracy in manufac- 
ture has been maintained throughout, and no tooth 
Varies more than 0-001 in. from the correct thick- 
hess. The cumulative error over five teeth is not 
more than 0-002 in. Yet these gears are already 
Owing signs of excessive wear. This would appear 

© be due to the very narrow limit of back-lash permitted 
by such accurately-made teeth. 











The same trouble may not develop under other 
conditions where the shafting is supported on cither 
side of the gear, and the whole structure is rigid. 
In a railway bogie it is not possible to centre the wheel 
and pinion within precise limits. After the wheels are 
cut, they are pressed on to their axles. The pinions 
are forced on to a taper on a shaft, which is carried on 
a bearing with 0-012 in. clearance. This bearing is 
fitted to a housing, which, in its turn, is attached to 
the motor case. Further, the motor is supported across 
the axle. As each of these fits may, and probably 
always does, have the usual tolerances in assembling, 
the total error in centring may amount to 0-03 in. or 
more. The pinion may consequently be too close 
in or too far out of mesh to that extent. With the 








former, very accurate teeth will result in trouble, and 
it seems possible that the rougher class of finish 
is really more suitable for railway traction. This view 
receives support from experience on the Metropolitan 
Railway from 1908 to 1913, where wheels and pinions 
supplied to the 56 original motor coaches by the 
Duff Manufacturing Company, U.S.A., gave every 
satisfaction, though the same cannot be said of suc- 
ceeding gears of other makes. 

These remarks are not, of course, intended as an 
indictment of British work; rather they constitute 
an argument that this is, for this class of job, unneces- 
sarily good. A more extended experience of the gears 
on the Eastern Section of the Southern Railway 
above alluded to will, no doubt, provide additional 
facts from which more definite conclusions may be 
drawn. So far as the foregoing facts go, the indication 
certainly would appear to be that extreme accuracy 
is not by any means an essential in this class cf 
service. 

We are indebted to Mr. A. E. Roberts, rolling stock 
engineer, Electrical Department, Southern Railway, for 
the particulars given. 








THE SESQUI-CENTENNIAL INTER- 
NATIONAL EXPOSITION, PHILA- 
DELPHIA. 


Ir is expected that recent achievements in modern 
engineering will be displayed very effectively at the 
Sesqui-Centennial International Exposition, to be held 
at Philadelphia, Pa., U.S.A., from June 1 to December 1, 
1926, to commemorate the 150th anniversary of Ameri- 
can independence. The Palace of Machinery, Mines, 
Metallurgy, and Transportation is one of an imposing 
group of similar structures designed to house the various 
classes of the Exposition exhibits ; its cost is approxi- 
mately 150,000/. Power, for driving the machinery 
exhibited, will be developed by pliant capable of being 
inspected by visitors. The most modern developments 
in mechanical and electrical invention will be presented 
in the m ny exhibits in this Palace of Engineering. By 
contrast, there will be shown early machinery, which 
will serve to illustrate the great progress made in 
the mechanical arts. Diesel-engine direct-connected 
generator sets, ranging from 250 h.p. to 1,000 h.p., 
and aggregating 8,000 h.p., will be on exhibition, the 
largest engine coming from Germany. Three uniflow 
steam engines will also be in operation. 

A complete Pullman train of five cars, of the latest 
type of construction and equipment, will show, by 
contrast with some of the earliest Pullmans, the 
progress made in railway transport. Side by side 
with modern electric and steam locomotives, will be 
shown the first locomotive used in America. Steam 
locomotives weighing 310,000 lb., and electric locomo- 
tives weighing from 332,000 lb. to 360,000 lb., will be 
operated in connection with a railroad turntable 116 ft. 
in diameter, and arranged in such a way that its design 
and electrical-driving mechanism may easily be ex- 
amined. Mining and metallurgical operations, oil-well 
boring processes, and methods employed in other 
basic industries will be illustrated in such a manner 
as to reproduce actual industrial. conditions as nearly 
as possible, Manufacturers of boilers and mechanical 





stokers will demonstrate the use of pulverised coal. Suc- 
cessful fire-fighting methods, using modern improved 
equipment, will also be shown. A recent example of 
fireproof construction, namely, a house built almost 
entirely of rustless steel, is being built close to the 
Palace. The house will be entirely equipped with steel 
furniture, and all carpets, upholstery and draperies 
will be rendered non-inflammable by chemical treat- 
ment. The structure is to be composed of standardised 
parts bolted together. A garage of similar construction 
adjoins the steel house. The association responsible 
for this exhibit, is composed of about thirty leading 
steel-manufacturing companies, who are also severally 
represented by exhibits in the Palace proper. Machine 
tools of every description; machinery and equipment 
for railroad shops, ironworks and steelworks ; ice and 
refrigerating machinery; transportation equipment, 
both land and marine; automobile construction ; 
aircraft development; electrical apparatus; telephone 
improvement; radio invention and other branches 
of mechanical engineering, will all be adequately repre- 
sented by numerous exhibits. 

The United States Navy Yard at League Island, in 
which is located the largest seaplane factory in the 
world, is directly adjacent to the Exposition grounds, 
and as it will be open for inspection by visitors, it may 
appropriately be classed as the Federal Government’s 
most important exhibit. The Exposition site may thus 
be considered as covering, in all, some 2,000 acres. 
Other Government exhibits of many types will be 
displayed in the various exhibition palaces and build- 
ings now under construction. In addition to the Palace 
of Machinery, Mines, Metallurgy and Transportation, 
there will be a Palace of Manufactures and Liberal 
Arts, a Palace of Agriculture and Food Products, a 
Palace of Fine Arts, a Palace of Education, a large 
building for the display of livestock and dairy produce, 
and some twenty special buildings erected by foreign 
governments, state agencies, and groups of industrial 
exhibitors. 

Great Britain will be represented, in the Palace of 
Manufactures and Liberal Arts, by exhibits requiring 
more than 50,000 sq. ft. of space. Displays of 
machinery, pottery, textiles, cutlery and other lines in 
which British industry excels, are expected to attract 
much attention. The support of the Federation .of 
British Industries has been secured, and an advisory 
committee formed under the chairmanship of Sir 
Lawrence Weaver, late director of the United King- 
dom exhibits at the British Empire Exhibition, 
Wembley. Merchants of India, with the official sanc- 
tion of the India Office, are to build a large and 
imposing pavilion, at a cost approximating 100,000/. 
Native fabrics, pottery, rugs, carpets, and numerous 
other products of the East will be displayed. Exhibits 
will also come from France, Italy, Spain, Belgium, 
Holland, Germany, Sweden, Norway, Denmark, Czecho- 
Slovakia, Jugo-Slavia, Rumania, Austria, Hungary, 
Japan, Persia, Egypt, Argentina, Colombia, Nicaragua, 
Haiti, and other foreign countries. 

The main exhibition buildings are to consist of a 
structural-steel frame with external coatings of stucco. 
Rapid-building methods, which came into operation 
during the World War, are being employed. A concrete 
stadium, which will accommodate 100,000 persons, is 
practically completed. It has been built at a cost of 
600,000/., and will remain as a permanent memorial 
of the Exposition and the event it commemorates. 
An auditorium, seating 20,000 persons, will be another 
prominent feature of the Exposition; it will be used 
for the numerous national and international conven- 
tions meeting during the progress of the Exposition. 
Two large aerodromes, respectively 120 acres and 90 
acres in area, are set apart for aviation events. 

The lighting arrangements of the exposition are 
on a very large scale; they are not confined to the 
exposition grounds alone, but will include the entire 
city of Philadelphia. It is planned to concentrate 
6,300,000,000 candle power at a point 5 miles from 
the exposition grounds by massing together 14 extra 
high-power searchlights fitted with projectors and 
colour screens. A mile or so nearer the exposition 
grounds, the tower of the City Hall will be thrown 
into strong relief by powerful searchlights. At a point 
between the City Hall and the exposition grounds, 
Broad-street, Philadelphia’s 12-mile long north-and- 
south thoroughfare, will be spanned by a huge Liberty 
Bell containing 20,000 incandescent lamps. 

Parking space, 300 acres in area, has been reserved 
for visitors who arrive at the exposition in their own 
cars. Philadelphia is the centre of a densely-populated 
area; within a radius of 50 miles nearly 10,000,000 
persons reside; within a radius of 150 miles, there 
are approximately 20,000,000 inhabitants ; and within 
a radius of 500 miles half the population of the entire 
United States is congregated. The city is spending 
more than 900,000/. in improving the approaches to 
the exposition site, and its sanitation and city engi- 
neers have arranged to deal adequately with the large 
numbers of visitors expected. 
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SLADE HEATH PUMPING STATION: SOUTH 


Fig. 11. 
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THE SLADE HEATH PUMPING STA- 
TION OF THE SOUTH STAFFORD- 
SHIRE WATERWORKS COMPANY. 


(Concluded from page 429.) 


In our last issue we dealt with the main engine and | 
auxiliaries, and we may now turn to the borehole 
pumps. These are shown in Figs. 5 to &, Plate 
XXXVI, ante. The suction pipe of each pump is car- 
ried down to 308 ft. 7} in. below the engine-house floor 
level. Each line consists of a cast iron suction pipe 
perforated with slots, a cast-iron clackbox with gun- 
metal seat, a cast-iron permanent barrel, 15-in. bore, a 
cast-iron temporary working barrel, 15}-in. bore, 
nine mild steel flanged rising main tubes, each 16-in. 
bore by }-in. thick, and eight similar tubes 16 in. 
diameter by ~ in. thick. The tubes are expanded 
into deep angle section flanges and then securely 
riveted. The top tube has a special welded and 
riveted suspension flange, which rests on a stool made 
in two halves and fixed inside the head box secured 
to the cast iron cylinders at the top of the borehole, 
as shown in Fig. 5. The borehole pump discharge 
is taken from a branch in the side of the headbox 
and led through the engine house wall to the condenser 
cistern, previously described, and is discharged into the 
same through an upturned bell-mouth pipe. When the 
plant was first started up, the temporary barrels, shown 
in Fig. 7, were used with buckets and clacks of the 
flap type on account of the sand in suspension. In 
some cases this is a very necessary precaution, as 
otherwise the permanent barrels and buckets may be 
seriously damaged before the boreholes are cleared 
of sand in cases where the strata are fissured, and the | 
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borehole is subject to large fluctuations in water level 
due to pumping. In this particular case, the boreholes 
cleared in 13 days, the water being pumped to waste. 
Pumping into the main commenced on April 15, 1925. 
The permanent buckets and clacks, shown in Fig. 8 and 
in Figs. 11 and 12 above, are of the ‘‘ Pernis ”’ type, en- 
tirely in gunmetal, with multiple valves and leather 
discs. The bucket body is provided with a renewable 
guttapercha ring. Holes communicating with the upper 
side admit water behind the rings, causing them to 
expand to the sides of the working barrel, thus consider- 
ably reducing slip. The clack has a bottom portion 
fitted with a gutta-percha joint ring which is dovetailed 
in. This rests on the gunmetal seat, making a tight 
joint. Each of the multiple valves, in both the buckets 
and clacks, consists of a mitre valve carrying a leather 
disc, over which is fitted a guide ring. Lugs on each 
valve project through the disc into the guide ring, 
keeping each set in correct relation. The load is taken 
on the valve ring, which fits metal to metal with its 
corresponding seat, whilst the leather disc, pressing 
down on to the valve ring, makes a tight seal. The 
valve rings gradually decrease in diameter, giving a 
conical shape, and the actual valve area can be varied 
by the rate of decrease, and by the number of valves 
fitted. In this instance, each clack has six valves and 
each bucket five, the clack being given an extra valve 
to ensure easy flow. The flow of the water through 
these valves is practically straight and very easy. 
This, together with the large valve area and the rela- 
tively small lift, provides a type of bucket and clack 
which has proved very durable and efficient in actual 
service, and requires a minimum of repairs. The 
bucket rods are of mild steel in convenient lengths for 
handling. Each rod is provided with a solid forged 
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bottom end box and a top tapered end. These form 
coned joints which are cottered together. Each joint 
is provided with a cast-iron wheel guide which prevents 
any buckling tendency in the rods. These joints and 
guides are so arranged that during their working stroke 
the guide does not pass over a rising main joint. 

The force pumps are of the vertical single-acting ram 
type, actuated by means of side-rods directly connect- 
ing the ram crossheads to the engine cross-heads. 
The arrangement is shown in Figs. 3 and 4, on Plate 
XXXVII, ante. The rams are 13} in. in diameter by 
4 ft. stroke. The ram cases are distinct from the valve 
boxes, making the valves much more accessible for ex- 
amination andrenewal. The valve boxes are each built 
up in three sections. The lower section forms the suc- 
tion chamber and carries the suction valve plate. The 
centre section forms the connection with the ram case 
and carries the delivery valve plate. The top section 
forms the delivery chamber and subsidiary air vessel. 
The three suction chambers are connected together and, 
as the suction pipes are taken from the two outer ones, 
a complete ring suction is formed. The three delivery 
chambers are also connected together, and the common 
delivery pipe is taken away between the I.P. and 
L.P. chambers. This delivery pipe leads to a mild 
steel air vessel of large capacity, after which the water 
passes through a Kent’s Venturi meter and thence to 
the reservoir and district supply. The ram cases, of 
the middle and upper sections of the pumps are 10 
cast steel, and the remaining portions are of cast iron. 
The valve plates are of cast iron of honeycomb section 
and fit into recesses. The top face of each valve plate 
finishes flush with the flange of the section holding 
it in position, and the plates are securely held when 
the two sections are bolted together. The valves are 
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of the “Pernis” type, there being 31 single-beat 
valves in each plate. The seats are screwed into the 
plates and the valves are spring loaded to accelerate 
their action. By installing multiple valves, it is 
possible to give ample waterway to reduce the water 
speed, and, in addition, the moving parts are com- 
paratively light. Both factors tend to prolong the life 
of the valves and also to give quiet working in 
actual running. Suitable manholes are provided 
above each valve plate for easy access. A gunmetal 
spring-loaded relief valve is fitted between the pumps 
and main air vessel to safeguard the pump in case of 
excess pressure, due to a closed valve on the pumping 
main. 

The two boilers installed were made by Messrs. Edwin 

Danks (Oldbury), Limited, and are of the Lancashire 
type, with hand-fired furnaces and natural draught. 
They are 8 ft. in diameter by 30 ft. long, and are suitable 
for a working pressure of 180 lb. per square inch. The 
boilers are of the flat-end pattern, with outward dished 
furnace flue openings. The furnace tubes are all of 
the plain flanged type. The complete set of mount- 
ings for each boiler was supplied by Messrs. Hopkin- 
son. Fixed in the downtake of each boiler is a 
“Sugden” superheater having 32 U-tubes and fitted 
with isolating dampers. The steam pipes from each 
boiler are arranged with the necessary valves to allow 
for the use of either saturated or superheated steam. 
The main steam range to the engine is arranged in the 
form of a ring, so that either boiler can be completely 
isolated. Provision is made on the main for the addi- 
tion of the third boiler, and a connection is provided 
for the duplicate engine. A Green’s economiser is 
installed, having 96 tubes. This is arranged in a by- 
pass to the main flue to the chimney, and the necessary 
dampers are provided for cutting out the economiser 
for cleaning and repairs. As shown in Fig. 13, the 
economiser is completely screened off from the boiler- 
house by means of a glazed steel framing and door 
of Hope’s manufacture, which keeps the economiser 
top, with the engine and scraper gear, free from the coal 
dust and dirt so frequently encountered in boiler-houses. 
A ladder gives access to the lower portion of the econo- 
miser house, and a door is also’ provided in the end 
wall of the boiler-house to allow for access from out- 
side. When cleaning the economiser, all flue dust is 
taken out through this door. Large hinged doors are 
provided to give access to the main flue under the fore- 
man’s office at each end of the economiser, and also 
in the main flue running alongside the boiler-house to 
the stack. As already mentioned, the chimney is 
120 ft. high, and the area is 38 sq. ft. at the bottom 
and 23 sq. ft. at the top. 

Among the auxiliary equipment is a double-cylinder 
vertical type barring engine, provided for turning the 
main engine. The barring pinion gears with teeth 
cast in the rim of the flywheel at the H.P. end, and 
18 fitted with automatic disengaging gear, which 








throws out the barring pinion when the main engine 


PUMPING STATION. 


TABLE I.—Principal Data for Twelve-Hour Test. 
Total revolutions ae Pe -. 14,467 
Average revolutions per minute .. -. 20-09 
Total ram pump displacement .. 1,075,471 gals. 
= metered quantity : 1,050,700 gals. 


Pre ‘ 2-31 per cent. 
Total head .. oe oe 733-18 ft. 
Total steam through cylinders 40,148-75 lb. 
Total steam used .. ve 45,896 -25 Ib. 

Auxiliary steam 
eS SS 12-52 " 
Total steam i aan 
Average i.h.p. os fe ae .. 875-6 
Steam per i.h.p. how ae ee -- 10-18 Ib. 


TaBLe II.—Data Deduced from Observations. 
Abstract of 
Fuel. Observations. 
Local coal, low grade— 
Average fuel fired per hour, Ib. FA e -. 765°3 
Gross calorific value of dried fuel, B.Th.U. per Ib. 10,870 
Analysis of sample of actual fuel, by weight : 


Ash, per cent. - rie ae 8-90 

Hydrogen, per cent. on ve ‘a i 4-70 

Moisture, per cent. .. ae es aa -- 18°15 

Calorific value of fuel as fired, B.Th.U. per Ib. -- 10,823 
Ash. 

Ash removed per hour, Ib. ; “so 46°07 


Analysis of Ash from fuel sample, by weight : 
Silica, per cent. «ad ee we os 
Alumina, per cent. ‘ 
Tron oxide, per cent. .. 
Lime, per cent. 
Magnesia, per cent. 
Alkalies, per cent. 
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Flue Gases. 


Carbonic acid (CO), average per cent. a v7 10 
Average temperature of gases leaving economiser, 

deg. F. ee ws ve ee ve = 2 340 

Natural Draught. 

Barometric pressure (Birmingham Post official record), 

in. mercury .. oe pie oe ie -- 20°1f 
Draught at grate, average in. water .. ie es 0-287 
Draught in flue, average in. water de <a - 0-656 
Draught at base of chimney, average in. water Fa 0-713 

Feed Water. 
Air pump discharge per hour, Ib. ne “a -- 8,259 
Temperature of air pump discharge, deg. F. .. a 62 
_—- feed per hour (average temperature, 59 deg. 
+), Ib. pes iad ae Ae wie ee 1,101 
Total weighed into feed tank per hour, Ib. .. ry 4,360 
Temperature of feed tank, deg. F. - we -. 100-9 
Temperature of feed to economiser, deg. F. .. os GB 
Temperature of feed to boiler, deg. F. éé -. 255-0 
Steam. 

Average pressure (by gauge) at boiler, lb. per square 

inch .. P 181-36 


Average absolute pressure at boiler, Ib. per square inch 195-66 

Temperature of saturation, deg. F. .. oe i 

Temperature leaving superheater, deg. F. .. +» 584°5 

Superheat at boiler, deg. F. <s aa ee os . 
Boiler Evaporation. 


Water evaporated per pound of fuel as fired, Ib. aa 5-697 
Equivalent evaporation from and at 212 deg. F. per 
pound of fuel as fired, Ib. .. a ae ae 6-88 
Heat transmitted per square foot of heating surface 
_ per hour, B.Th.U. .. « ee +e -- 5,675 
—_— of fuel fired per square foot of grate per hour, aoe 





TABLE II—(continued.) 
Economiser. 


Weight of feed water entering economiser per hour, Ib. 4,360 
Temperature of feed into economiser, deg. F. “i 81 


Temperature of feed out of economiser, deg. F. byt 255 
Temperature of flue gases into economiser, deg. F. .. 508 
Temperature of flue gases out of economiser,deg.F... 340 
Heat transferred to the water per pound of fuel, B.Th.U. 990-8 
Increase of thermal efficiency due to economiser, per 
cent. .. ee oe ee os oe ae 9 
Superheater. 
Weight of steam entering superheater per hour, Ib. .. 4,360 
Boiler pressure (absolute), lb. per square inch .- 195-66 
Temperature of saturated steam into superheater, 
deg. F. <a “4 “ye aa Pe -- 879-9 
Temperature of steam leaving superheater, deg. F... 584-5 
Temperature of gases in superheater flue, deg. F. .. 847-8 
Feed Heater. 
Temperature of feed into tank, deg. F. 2 
Temperature of feed out of tank, deg. F. i -- 100-9 
Heat transferred to water per pound of fuel, B.Th.U. 221 
Increase of thermal efficiency due to heater, per cent. 2-2 


TaBLE III.—Economy of the Complete Steam Plant. 
Ibs. Per cent. 
Steam Distribution on Station. 
Total feed to boiler per hour 4,360 100 
Total steam accounted for by 
pumping engine per hour -. 8824-7 87-7 
Total steam consumed by feed 
pumps, economiser engine, sump 
drainage pump, condensation 
and leakage per hour... ee 535-3 12-3 
B.Th.U. Per cent. 
Heat Account per Pound of Fuel as Fired :— 
Total heat value of one pound of 
fuel as fired ad E -- 10,823 100 
Heat transferred to water and 
steam pe pound of fuel (and 


thermal efficiency) aa ée 7,290 70°6 
Heat lost per pound offuel .... 3,033 29-4 
Summary. 

Total heat value of fuel as fired, consumed in boiler 

per minute, B.Th.U. we aa “a -. 181,670 
Heat equivalent per minute of ih.p. developed, 

res ae ee ae ee i ee 15,930 
Heat equivalent per minute of p.h.p. developed 

ee ee ee See 
Percentage of heat utilised in i.h.p., per cent. 12-1 
Percentage of heat utilised in total P.H.P. deve- 

loped, percent. .. ae oes ; a 10-76 
Coal fired per i.h.p.-hour 2-038 Ib. 


Taste IV. 
Total Duty. 
Total head on well pumps = 190-67 ft. 
Total head on ram pumps = 542-51 ft. : 
Total displacement per horse-power = 334-31 (including 
excess from borehole pumps). 
Total duty per 1,120 Ib. of steam 
14,467{(74-34 x 10 x 542-51)+(76-48 x 10 x 190-67)} x 1120 
= 
45,896 -25 
= 193-76 million foot-lbs. 
Steam per displacement horse-power hour = 11-44 Ib. 
Mechanical efficiency on total work = 89-01 per cent. 


Displacement Duty. 
Total head = 733-18 ft. 
Total useful displacement per horse-power = 331-82. 
Volume displaced by ram pumps. Total for 12 hours = 
1,075,471 gallons. 
Displacement duty per 1,120 Ib. of steam 
_ 14,467 x 74°34 x 10 x 733-18 x 1120 
aa 45,896 -25 
= 192-42 million foot-lbs. 
Steam per useful P.H.P. hour = 11-58 lb. 
Mechanical efficiency on displacement = 88-34 per cent. 
Net Duty. 
Total head = 733-18 ft. 


Actual P.H.P. = 324-17. 
Actual quantity metered to main. Total for 12 hours = 


1,050,700 gallons. 
Net duty per 1,120 Ib. of steam 


1,050,700 x 10 x 733-18 x 1120 
45,896 -25 
= 187-99 million foot-lbs. 


Steam per actua) P.H.P. hour = 11-798 Ib. 
Mechanical efficiency on actual delivery = 86.31 per cent. 














reaches a predetermined speed. A hand-operated 
overhead travelling crane, by Messrs. Herbert Morris, 
passes completely over the engine-house, and all motions 
are operated from the engine-house floor by means of 
endless chains. The crane has a lifting capacity of 
20 tons. ‘The crab is of the spur-geared two-speed 
type, and is fitted with gravity lowering gear. In addi- 
tion to the crab, a movable bogie is fitted which can be 
clamped to the crane girders directly over the boreholes. 
To this bogie is attached a set of 4 and 3-sheave wire- 
rope blocks which are capable of handling any portion 
of the borehole pumps. The blocks are operated by 
Clarke Chapman double-cylinder double-geared steam 
winches. A winch is placed in a recess in the founda- 
tions directly opposite each borehole. When not in 
use, the winches are covered with steel chequered 
plates resting in frames at the level of the engine-house 
floor. A separate wire rope is provided for running 
over the fourth sheave, together with a fishing tackle, 
which is used for lowering and raising the clack. A 
Wipperman air charger is fixed on the main air vessel 
for charging purposes, and this is worked from the 
L.P. force pump. An auxiliary air compressor, of the 
three-stage Westinghouse steam-driven pattern, is also 
provided. A Venturi recorder, made by Messrs. G. 
Kent, Limited, is fixed in the delivery main from the 





LBs per cent. of total fuel fired. 


* 
¢ 14-3 Ib. per square inch. 


force pumps, in close proximity to the main building. 
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This is of the combined recorder type, giving on a 
weekly chart the rate of flow in gallons per hour, and 
integrating on a counter the total quantity pumped. 
It also records, on a separate chart carried above the 
flow diagram, the actual pressure in the delivery main. 
The recorder is placed in the foreman’s office. 

In the auxiliary house are two vertical long-stroke 
feed pumps, made by Messrs. Lee, Howe and Co., 
Limited, each of which is capable of feeding the boiler 
at work at maximum duty. The air-pump discharge 
is led into a grease-separating tank, where it is passed 
through three compartments containing coconut 
fibre before being led to the measuring tank of a Kent 
recorder, after which it passes over a notch into the 
main feed tank. A by-pass is provided to cut out the 
grease separating tank for cleaning purposes. The make- 
up feed is measured through a “ Frost’ meter, and is 
then discharged to the measuring tank of the Kent 
recorder, which thus gives the total evaporation of the 
boiler. The difference between the two meter readings 
gives the air pump discharge. In the main feed tank is 
a heater through which the exhausts from the feed 
pump and lighting set are taken to atmosphere. When 
the pumping plant is running, the feed pump and 
lighting set exhaust into the Baker oil separator and 
main condenser. 

The lighting set has an output of 5 kw. It consists 
of a Bumsted and Chandler double-cylinder engine, 
direct-coupled to an Electric Construction Company’s 
direct-current generator working at a pressure of 
100/140 volts at 700 r.p.m. A 56-cell “ Plantide” 
battery, made by the Chloride Electrical Storage Com- 
pany, Limited, is installed in the basement under the 
auxiliary house. A suitable switchboard is provided, 
so that the station can be illuminated direct from the 
generator, or from the storage batteries. In the 
main pump-room basement a Worthington duplex 
pump is installed for dealing with any drainage 
from the plant collecting in the sump. A comprehensive 
set of instruments is also provided with a view to 
efficient operation of the plant. Thermometers are 
fitted on the inlet and outlet of the economiser, at the 
superheater outlet, and at the engine stop valve. 
Draught gauges are provided at the front of each 
boiler showing the draught over the grates in the side 
flues and at the stack. In the foreman’s office is 
fixed a Hay’s CO, recorder and draught gauge, 
registering, respectively, the quality of the gases and 
the draught in the side flues. 

After completion of the station, a test extending over 
12 hours was carried out on the pumping plant. The 
data and results are given in Tables I to IV on page 523. 
It was stated earlier in our account of the station that 
the contractor’s guarantee was that the engine would 
give a duty of 180,000,000 foot-pounds for each and 
every 1,120 Ib. of steam passing the engine stop valve, 
and it will be noticed from Table IV that the net duty 
given on the tests was 187,990,000 foot-pounds, thus ex- 
ceeding the guarantee by some 4-4 percent. Only one 
of the boilers was in use during the test. The latter 
was made with a running start and finish, the fires 
being brought to a similar condition, and the water in 
the boiler to the same level at the completion as at the 
commencement of the test. The boiler was hand- 
fired at a uniform rate. The test was run when the 
borehole water level was 200 ft. below engine-house 
floor level, and when the delivery valve was throttled. 

In conclusion, we may say that the contractors for 
the boreholes were Messrs. A. C. Potter and Co., 
Limited, of Grantham; for the buildings, Messrs. T. 
Lowe and Sons, Limited, of Burton-on-Trent ; and for 
the pumping machinery, Messrs. Glenfield and Kennedy, 
Limited, of Kilmarnock. The whole of the works were 
carried out to the specification and designs of the 
Company’s Engineer-in-Chief, Mr. Fred J. Dixon, 
M.Inst.C.E., M.I.Mech.E., to whom we are indebted 
for allowing us to inspect the plant, and for the parti- 
culars given. 








THE PHYSICAL SOCIETY OF LONDON. 


At the meeting of this society held on March 12 
at the Imperial College of Science, a paper on “ The 
Analogy between Ripples and Acoustical Wave Pheno- 
mena’? was read by Mr. A H. Davis. In the paper, 
the extent of the analogy between cylindrical sound 
waves and waves on the surfece of a liquid was studied. 
It was established, for inviscid media, that, as regards 
velocity potential, the differential equations were 
similar, provided the disturbance was small and was 
harmonic in type. It was then shown that the velocity 
potential in a field of inviscid surface waves might 
be used to represent that in a field of cylindrical 
sound waves, provided the size of any obstacle bore 
the correct relation to the wave-length of the disturb- 
ance. In the case of a liquid having a depth greater 
than half the wave-length, it further followed that the 
height of a surface wave was a measure of the condensa- 
tion of air in the corresponding acoustical condition. 
The effect of moderate viscosity was of the same type 











for sound waves and for surface waves; it was most 
marked for short wave-lengths, and it decreased 
amplitudes without appreciably altering the wave- 
length. The decrease in amplitude depended upon the 
viscosity, and upon the time which had elapsed since 
the commencement of free oscillations, or for main- 
tained oscillations, since the disturbance concerned 
left the source. For surface waves, further damping 
occurred if the depth were Jess than half a wave- 
length, and the apparent viscosity might be appreciably 
increased by contamination of the surface by means of 
a film of oil of extreme thinness. Viscous effects 
were generally negligible in the case of sound, but they 
were appreciable for the water waves that would 
usually be used in a small ripple tank not greater than, 
say, 10 ft. in size. Mercury waves were much less 
affected by viscous damping than water waves. Experi- 
ments conducted with model obstacles in a ripple tank 
showed that the effects of the meniscus around the 
obstacle and of the amplitude of the source were not 
important. When the water became stale on exposure 
—and presumably contaminated—the relative distribu- 
tion of ripples around obstacles was appreciably 
modified, but not to an extent which would correspond 
to any very marked change in the loudness of a sound. 
Experiments had also been conducted outside the limits 
of strict mathematical analogy, using an impulse 
disturbance instead of 4 maintained train of waves. 
When it was recognised that a sound pulse travelled 
out singly, whereas with ripples subsidiary wavelets 
accompanied the main pulse, the correspondence be- 
tween ripple photographs and sound pulse photographs 
was most striking. 

Opening the discussion, Major W. 8S. Tucker said that 
the author had described an elegant method for solving 
practical acoustic questions which it would be difficult, 
or impossible, to handle mathematically. In the 
neighbourhood of aerodromes, great inconvenience was 
caused by the noise made by the running up of the 
engine before flight. The author had attacked this 
problem, at Major Tucker’s request, by means of a model 
illustrating the screening due to a hangar, the wave- 
length employed being produced to scale, and the ratios 
of the intensities at various points in the shadow 
being estimated. It had to be borne in mind, how- 
ever, that the two-dimensional solutions given by the 
paper did not necessarily give safe guidance in the 
case of three-dimensional problems. 

Dr. J. H. Vincent thought that, for all. purposes 
except refraction experiments, a reflecting surface like 
that of mercury would have been preferable to the water 
surface actually used. The meniscus effect at the edges 
of a screen could, in a mercury tank, be eliminated by 
making the screen of thin cover glass and allowing 
it to float on the mercury. For refraction, mercury 
was unsuitable, however, because on account of the 
cost of mercury the dimensions of the apparatus had 
to be small, and the reduction of depth necessary to 
exhibit refraction effects could not be achieved because 
of the tendency of mercury to gather into drops of a 
certain minimum depth on a surface which it did not 
wet. Amalgamated submerged surfaces had _there- 
fore to be used as screens, and their position could not 
conveniently be photographed. 

Mr. E. G. Richardson said that the impulse method 
seemed to him more satisfactory than the ripple 
method for studying the acoustics of buildings, and it 
had, he believed, been more extensively used by Sabine 
for that purpose. 

The author, in reply to the discussion, said he agreed 
with what Major Tucker had said as to the limited 
value of a two-dimensional solution of acoustic 
problems, but the results might be regarded as reliable 
in the case of buildings of rectangular section. The 
screens were photographed in position after removing 
the water, in order to avoid blurred outlines ; the same 
method might be employed in a mercury bath having 
amalgamated submerged screens, of the kind mentioned 
by Dr. Vincent. The ripple method was preferred 
because it enabled the effect of adjusting the position 
of the screens to be followed by eye; it also gave 
photographs with less trouble. 

A second paper on ‘“ The Evaporative Losses of 
Vacuum-Jacketed Vessels of the Dewar Type” was 
read by Mr. R. M. Archer. In this paper, the evapora- 
tive losses of metal Dewar vessels were discussed, and 
particulars given of experiments made by the author 
in the Oxygen Laboratory of the Air Ministry. The 
separation of neck and radiation losses was described, 
and also a method of testing adsorbents under working 
conditions. Experimental details were given with 
graphs and tables. 

Professor O. W. Richardson, the President, opening 
the discussion, said that as a rather heavy consumer of 
vacuum flasks he had often wondered how much heat 
was lost by conduction along the neck, and it was 
very satisfactory to know that such loss was small. 

Mr. G. R. D. Hogg said that the Oxygen Research 
Committee had been faced with the absence of any 
data for determining the relative importance of the 
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various ways in which heat was lost from vacuum 
vessels, and the present research was undertaken at 
their instance. Some idea of the practical difficulties 
overcome by the author could be gathered from the 
fact that, in one flask, 7 ft. of soldered jointing had to 
be unmade and remade from time to time. He thought 
that the author’s experiments, confirmed by some 
calculations for which he was himself responsible, 
had gone far towards providing satisfactory information 
for the use of designers of flasks. 

Dr. G. W. C. Kaye said he understood that great 
difficulty was experienced in “ outgassing”’ the 
adsorbent which was employed for the purpose of keep- 
ing up the vacuum as the temperature could not be 
raised very high without damaging the soft-soldered 
joints. Would not silver-soldering or brazing be a 
better method of jointing ? 

The author in reply said he had been aware for a 
long time that a metal surface could not be out- 
gassed properly by heating to so low a temperature as 
100 deg. C. He had made a practice of heating the 
outer shells during evacuation by applying a flame 
cautiously ; but this could not, of course, be done to 
parts near the soft-soldered joints. Unfortunately, 
brazing or silver-soldering made the metal too soft 
to stand reasonably rough usage, and it was difficult 
to see how serious tarnishing of the metal could be 
avoided during assembly. A special process would 
have to be developed; and this might be difficult and 
would probably be expensive. It must be remembered 
that the adsorbent was put into the vessel with the 
express object of making the initial evacuation easy 
and for adsorbing gases which might diffuse gradually 
from the metal into the evacuated space. Vessels 
properly evacuated at 100 deg. C., maintained low 
rates of evaporation for long periods, and re-evacuation 
was neither difficult nor costly. Some years ago the 
Germans experimented with welded vessels, but did 
not appear to have adopted the process commercially. 
Both German and French vessels now on the market 
were, he believed, made with soft-soldered joints. 
The reason was probably financial. 








THE PURFLEET-TILBURY TRUNK 
ROAD. 


ANOTHER portion of the Ministry of Transport’s 
trunk road scheme has just been completed, and was 
opened on Monday last, April 19. This is the Purfleet- 
Tilbury Road, which has been designed, largely in 
anticipation of industrial developments similar to 
those in Trafford Park, Manchester, in the area between 
Purfleet and Tilbury. Thus, the advantages of deep 
tidal water are now supplemented by easy and 
rapid communication with London afforded by the new 
road, which runs roughly parallel with the river on the 
comparatively high ground to the north of it. The new 
road is 6 miles in length, and the steepest gradient is 
1 in 32°4 for a distance of 883 yards. It joins the 
existing trunk road at the Purfleet bypass just beyond 
the Mar Dyke Bridge, and runs through Watts Wood. 
From here it trends slightly to the north, crossing the 
Grays-Upminster branch of the L.M. and 8. Railway by 
a bridge built of pre-cast reinforced-concrete beams. 
Near this point it also crosses an accommodation 
bridge for the Thames Land Company. This bridge is 
provided for access to future railway sidings. Beyond 
these bridges the road continues straight to the village 
of Stifford, after which it curves to the south and 
descends to the level of the marshes at St. Chad’s 
Well. Here it absorbs the road from Brentwood 
to Tilbury Ferry for about 500 yards, finally merging 
into the concrete road of the Tilbury Council Housing 
Estate. 

The road is 80 ft. in width from fence to fence, except 
on the L.M. and §S. bridge, where it is reduced to 60 ft. 
between the parapets. There is a central carriageway 
30 ft. in width, and a sidewalk of 10 ft. width on 
the north side only. The carriageway has a concrete 
foundation 8 in. in thickness on a bed of clinker 6 in. 
in thickness for about 63 per cent. of its length. It is 
provided with concrete channels and 12 in. by 6 in. 
concrete slab kerb for the surfacing, which is a 2-in. 
stone and sand-filled bituminous carpet laid down by 
Messrs. The Associated Asphalt Company, Limited. 
On embankments over 3 ft. in height a clinker and 
granite foundation, with a temporary surfacing, 1S 
used for the carriageway. The total excavation required 
was about 199,000 cub. yards, the spoil being used to 
form embankments. A spur 0-34 mile in length has 
been made at Hangman’s Wood, to improve the connec- 
tion with Road A 13 to Orsett. The cost of construction 
for the whole 6-34 miles was approximately 315,(\ 01., 
to which the London County Counci! have contributed. 
Unskilled labour from the County of London area was 
used, the daily average number of men employed being 
197. The contractors were Messrs. Sir Lindsay Parkin 
son and Sons, Limited, and work was commenced in 
May, 1923, 
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THE BUILDING TRADES EXHIBITION 
AT OLYMPIA. 
(Continued from page 496.) 


A veRY complete range of machines, to deal with 
all classes of concrete constructional work, is 
exhibited on the stand of Messrs. Winget (1924), 
Limited, of Grosvenor-gardens, §.W.1. The majority 
of the machines are shown in operation. We 
described a chain-spade concrete mixer, and also 
a semi-spiral machine for the same purpose, made 
bv this firm, in our issue of November 20 last. 
Both these machines are on view at Olympia. 
Other exhibits by the same firm include concrete 
block and slab-making plant, and appliances for 
reducing various materials down to suitable aggre- 
vates for concrete constructional work. There is, 
for example, a combined clinker screening and 
crushing set, and another especially powerful 
crusher, which is equally effective in dealing with 
hard or brittle rock, light stone, or brick. 


The ‘“ Winget” portable conveyor, which we| 





different sizes, apart from rejects, to any desired 
gradings. A hinged extension to the elevator, for the 
purpose of bringing the charging hopper flush with 
ground level, can be fitted if desired, and other adap- 
tations are made to suit particular needs. The lead- 
ing characteristics of the machine can be readily seen 
from the illustration. The engine, which is completely 
protected in a steel casing with hinged doors, is 
made by Messrs. Lister. It is of 34 brake horse- 
power, and is provided with hopper cooling. From 
the engine a belt drive is taken to a countershaft, 
running in bearings bolted to the frame uprights. 
From the countershaft, the drive is by chain to a 
second shaft carried on bearings which are bolted 
to brackets attached to the uprights at the top. 
The screen, which is 2 ft. 6 in. in diameter and 9 ft. 
long, is driven from the second shaft through 
machine-cut bevel gearing, and a belt drive from 
the same shaft operates the elevator. The screen 
can be supplied either of wire mesh, as shown in 
the illustration, or of perforated plate. The screener 
is capable of dealing with 60 cub. yards per day. 














Fie. 11. 


illustrate in Fig. 11, herewith, has been specially de- 
signed to meet: the requirements of contractors or of 
local authorities, where the quantity of material to 
be handled justifies the use of an inexpensive con- 
veyor. It is suitable for handling not only bricks, 
sand, and gravel, as in building operations, but also 
for the rapid manipulation of all varieties of 
material in bulk. It is simple in design and is 
strongly constructed. It should be particularly 
convenient for loading carts, wagons, or trucks. A 
Lister 2}-h.p. hopper-type petrol engine is mounted 
ina steel casing between the road wheels, and drives 
the top drum shaft by two roller chains, which can 
each be adjusted readily when required. The 
belting is troughed, and is 16 in. wide, faced with 
vulcanised rubber. It is fitted with central slats, 
mounted at an angle to the belt surface. As will 
be clear from the illustration, the boom is made in 
the form of a braced girder. The conveyor frame 
s rigidly constructed of steel tubing, and the weight 
is distributed so as to balance the whole machine 
on the rowd wheels. On this account the conveyor 
can be easily manceuvred by one man. Central 
lubrication is adopted for the conveyor drums ; 
all other bearings, such as those of the rollers and 
Toad wheels, are fitted with Stauffer lubricators. 
The boom is 23 ft. 6 in. long, the maximum elevating 
ph is 9 ft., and the complete machine weighs 
7 Cwt, 

: The machine which we illustrate in Fig. 12, page 
526, is for screening sand, gravel, clinker, and similar 


materials, and it can be supplied to screen up to three ! 





PorTABLE CONVEYOR; Messrs. WINGET (1924), LimiTED. 


It is 18 ft. 5 in. long overall, 6 ft. 6 in. broad, and 
11 ft. 1 in. high, and it weighs 47 cwt. 

To meet the requirements of those who prefer to 
retain concrete in a semi-dry state while it is 
being mixed, the Liner Concrete Machinery Com- 
pany, of Glasshouse Bridge, City-road, Newcastle- 
upon-Tyne, have put a range of mixers on the 
market in which less water is necessary than with the 
ordinary barrel type. We described two of these 
machines on page 637 of our issue of November 20 
last, in connection with the Public Works, Roads 
and Transport Exhibition at the Royal Agricultural 
Hall. The firm are exhibiting another mixer at 
Olympia, and we illustrate this machine in Fig. 13, 
on page 526. As will be seen from the illustration, 
the machine is of the portable type, the whole plant, 
complete with the engine which drives it, being 
mounted on a steel girder frame with a swivel fore- 
carriage. The engine is of the horizontal hopper 
type, and is manufactured by Messrs. Crossley 
Brothers, Limited. It is designed to run on petrol, 
and develops 3 brake horse-power on full load. 
The pan of the mixer is 4 ft. in diameter. A 
block in the centre of the pan forms a housing, in 
which are mounted two spring-loaded bearings for 
a cross-shaft. The shaft carries a heavy roller on 
each end, which serve the purpose of pressing the 
mixture. In addition to the rollers, there are four 
blades mounted on arms which project from the sides 
of the block, as shown in the illustration. These 
blades are set at an angle, and serve to turn over the 
mixture as the arm rotates. The block is driven 





by the engine through worm gearing. The pan is 
set high enough to enable the concrete to be dis- 
charged, through a door in the pan bottom, direct 
into small wagons. The capacity of the machine 
is 3 cub. ft. per batch. The same firm are also 
exhibiting an example of their concrete block- 
making machine. This machine was described 
and illustrated in our issue of December 4 last, 
on page 720, and we need not therefore refer.to it 
in detail again. 

The tenoning machine, which we illustrate in 
Fig. 14, page 527, is shown on the stand of Messrs. 
Guilliet, Sons and Co., of 134, Finsbury-square, 
E.C.2. It is a new machine, fitted with the most 
modern improvements, and is suitable for prac- 
tically all classes of tenoning. There are six tool 
heads in all, consisting of two horizontal tenoning 
heads, two vertical scribing heads, a dividing head 
for double tenoning, and a saw head for cutting 
the work off to dead lengths. The table runs on 
ball bearings, and is fitted with ball-bearing guides. 
The latter effect a marked improvement over the 
older flat plate guides, and result in an excep- 
tionally easy-running table. An instantaneous 
clamping device for the work is fitted, in addition 
to one of the usual screw-down type. Both clamp- 
ing arrangements can be seen in the illustration, 
together with the table fence. The position of the 
two horizontal tenoning heads can also be seen, 
the actual heads, however, are hidden behind the 
guards. Both heads have independent horizontal 
and vertical adjustments, arranged in the usual 
way with vee slides and traversing screws. The 
drive to both heads is by belt, running inside the 
framework, from the countershaft at the back of 
the machine. The belt to the upper head passes 
over a pulley on a subsidiary shaft, forming a 
triangular drive. This belt is tensioned by a jockey 
pulley attached to a weighted arm. From the 
subsidiary shaft a belt is carried to the upper 
scribing head, the lower head being driven direct 
from the countershaft. Neither the scribing heads 
nor the dividing head can be seen in the illustration, 
as they are hidden by the frame of the machine. 
They are fitted with independent horizontal and 
vertical adjustments, as in the case of the tenoning 
heads. The saw, which is driven from the counter- 
shaft by a separate belt, is provided with an adjust- 
ment by means of which it can be set out or in as 
required. The machine will take a saw up to 
12 in. in diameter. 

Another interesting exhibit shown by Messrs. 
Guilliet, Sons and Co. is a chain-mortising machine. 
The mortise is cut with an endless chain of 
the usual type, but both the downward and return 
strokes are made automatically. The countershaft 
is mounted on a bracket bolted to the base 
of the machine, and the main driving belt runs 
over three pulleys at the top. Two of these are 
mounted on the head, while the third is fixed, the 
object of this arrangement being to give a constant 
belt tension as the head moves down. A second 
countershaft is mounted on the back of the machine, 
at about the level of the table, and from this the 
drive is carried down to a pulley in the base of the 
machine. This pulley is mounted on a nut, through 
which the main elevating screw, which has a square 
thread, passes. On depressing the foot pedal, the 
belt fork on the bottom countershaft is first moved 
over, against the resistance of a horizontal coil 
spring. The countershaft is thus started up, and 
the drive transmitted to the chain cutter. A 
further depression of the foot pedal throws over 
the belt on the upper countershaft, and the tool 
head is then drawn down by the nut revolving on 
the elevating screw. While the head is descending, 
a vertical spring, mounted just below the work table, 
is being compressed, and when the pressure on the 
foot pedal is released on the completion of the 
stroke, the belts on the two countershafts are 
thrown back on to the loose pulleys, the chain auto- 
matically stops, and the vertical spring returns the 
mortising head to its initial position. The depth 
of the mortise can be regulated by adjustable 
stops, and the initial position of the chain can be 
varied by a slide, controlled by a handwheel at 
the top of the machine. 

The work-table is 
adjustments in both directions. 


provided with horizontal 
The adjustment 
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across the machine enables mortises to be cut which 
are of greater length than the breadth across the 
two outside faces of the chain. Adjustable stops are 
provided for regulating the length of the mortise. 
The in-and-out traverse of the table is given by the 
smaller of two vertical handwheels, conveniently 
placed for the operator, the larger vertical wheel 
controlling the cross traverse. The table can also be 
raised and lowered by a horizontal handwheel 
mounted above the foot pedal; and it can be tilted, 
after slacking off three nuts, by a crank lever between 
the two vertical handwheels. All gears throughout 
the machine are machine cut, and the principal 
bearings, together with those of the fast and loose 
pulleys, are of the ball type. 

In our issue of March 20, 1925, page 367, we 
described a planing, thicknessing, and moulding 
machine, and also a dovetailing machine, manufac- 
tured by Messrs. Haighs (Oldham), Ltd., of Oldham. 
These two machines are shown on Messrs. Haigh’s 
stand, together with a number of others, including 
a universal woodworker, saws of various types, 
and planing, tenoning, chain-mortising, haunching, 
and sand-papering machines. The two latter 
machines are of new design, and are being shown for 
the first time at the Building Exhibition. 

We illustrate the haunching machine in Fig. 15, 
on page 530, from which the simplicity of the design 
will be at once apparent. The machine will take 
timber up to 12 in. wide, will haunch tenons up to 
6 in. long, and will carry saws up to 16 in. in 
diameter. There are five saws in all, and their 
purpose can be most readily explained by assuming 
that a sash, on which the tenon has previously been 
cut, is placed in position between the guides on 
the table, with the. tenon facing the saws. The 
holding-down block is then brought into light 
contact with the sash by screwing down the finger 
nuts at the two ends of the crossbar carrying the 
block. The machine is then started up, and the 
work pushed under the block until the three saws 
have ripped down the sides of the haunches. In 
this position, the table is lifted until the two small 
saws, mounted parallel to the main saw spindle, 
have cut out the material between the haunches. 
The work is then completed, the actual operation 
only occupying a few seconds. 

The saw spindle is mounted in phosphor-bronze 
bearings, and is fitted with loose collars and nuts 
to secure the saws in position. The spindle can be 
drawn out through the bearings, for changing or 
sharpening the saws. The cross-cut saw spindles 
are mounted on a horizontal slide at the back of 
the machine. The slide is fitted with both longi- 
tudinal and transverse movements, so that the 
saws can be set in any position for haunching 
different depths and widths. Cross-cut saws of 
various diameters can be fitted to suit the width 
of haunch required. The table slides vertically in a 
guide on the front of the machine, and is balanced 
by weights mounted on the rear end of two side 
levers, as shown in the illustration. For the purpose 
of raising or lowering the table, a hand lever is 
bolted to the mechanism on the right-hand side. 
The table is fitted with two adjustable fences, with 
the clamping device already referred to, and with 
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Fie. 138. Semi-Dry Concrete Mixer; THE LINER CoNORETE MACHINERY COMPANY. 


adjustable stops. The countershaft, from which | and is entirely free from waves. — It is claimed that 
both the main and cross-cut saw spindles are driven} the work can be passed without further treatment 
by belt, is mounted on the base of the machine at | from the machine into the finishing shop, and this 
the back. It is fitted with fast and loose pulleys] jis borne out by exhibited samples of polished wood, 


and with striking gear. 


which had been dealt with in this way, and on 


The illustration also shows a wedge-cutting| which the finish was fully up to the standard of 
apparatus in position, which can be fitted to the} work finished by hand. 


machine if required. This consists of a supple- 


The general construction of the machine will be 


mentary table, 27 in. long and 13 in. wide, carried | clear from the illustration, from which it will be 
on a bracket bolted te the main frame of the|seen that a continuous sanding belt is employed. 
machine. The main saw spindle is extended on the | The belt is totally enclosed in the main frame, and 
left to carry a 6-in. saw for cutting the wedges,|is mounted on a large pulley at each end of the 
and the supplementary table is fitted with a small] machine. The pulleys are mounted on ball and 
slide, arranged to receive a wooden template to} roller bearings, and one of them is arranged to 


suit various wedge tapers. 


swivel for tracking the belt. This is effected by 


The second machine of Messrs. Haigh’s manu-{mounting the bearings in guides, with a screw 
facture, which we illustrate in Fig. 16, page 530,| adjustment which permits of either bearing being 
is an endless-belt sander, with power feed. The} moved towards, or away from, the fixed pulley. 
machine has been specially designed for sanding | The arrangement thus serves for tightening, in addi- 
straight{surfaces, and in common with the re-| tion to tracking, the belt. Between the pulleys, the 
mainder of Messrs. Haigh’s exhibits, is shown in| belt runs over a pyramid-shaped pad immediately 
operation at the Exhibition. The surface obtained | below the table, and this pad can be adjusted in 





on both hard and soft woods is exceedingly good, 





height to vary the amount of cut. The power feed 











is obtained by the three rollers, which can be seen 
in the figure above the table. These rollers are 
covered with rubber, and are all three driven through 
machine-cut gears. Each roller is spring-loaded, 
and the three can be raised or lowered as one unit 
by turning the handwheel at the top of the machine. 
The method of operation of the lifting gear, through 
bevel wheels and threaded spindles, will be clear 
from the figure. All gears, and also the front feed 
roller, are guarded in accordance with Home Office 
regulations. Two rates of feed are available, of 
20 ft. and 36 ft. per minute, suitable cone pulleys 
being provided to give the variation. Patents 
have been applied for in connection with the 
machine. 

The practice of incorporating the power unit 
as an integral part of a machine tool is now very 
common in the case of metalworking machinery, 
but has hitherto not been adopted to any appreciable 
extent for woodworking tools. An example of this 
practice, however, is to be seen on the stand of 
Messrs. Wadkin and Co., of Green-lane Works, 
Leicester. In the chain mortising machine, made 
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Fic. 14 Tenonrna MacuHine; Messrs. Guinuret, Sons anp Co. 


by this firm, which we illustrate in Fig. 17, page 530, 
the motor is incorporated with the tool head, and 
the result is an exceptionally neat and compact 
tool, which at the same time is more efficient than 
one with a separate belt drive. As will be seen 
from the illustration, the motor is mounted inside 
the main frame, and rises and falls with the tool 
head. When used with alternating current, a 
3-h.p. motor is supplied, but on account of the 
limited space available for the motor, it is only 
possible to fit a 2-h.p. machine of the direct-current 
type. This, however, should not be any disadvan- 
tage, as 2 h.p. is ample for any work within the 
normal capacity of the tool. 

The motor drives directly on to the mortising- 
chain spindle, and is fitted with a cooling fan 
mounted behind the chain sprocket. The tool 
head is balanced, and is raised or lowered by the 
hand lever on the right-hand side of the machine. 
A neat chain guard, which is clearly visible in the 
illustration, rests on the timber during the cutting 
operation. This guard is hinged to afford easy 
access to the chain, and fulfils the requirements 
of the Home Office regulations. The chip breaker 
is of special design and prevents any tendency to 
break the top edge of the mortise. Provision is 
made for adjusting the hardwood thrust block on 
the breaker as required. Stops which can be ad- 
justed to regulate the depth of the mortise, are 
fitted to the headstock slides. The table of the 
machine is provided with compound movements. 
The cross traverse is operated by handwheel and 
screws, and the lateral movement by machine-cut 
steel rack and pinion. The clamp for holding the 
work can be quickly adjusted for different thick- 
nesses of material, and is locked by a lever 
handle. 

Messrs. Wadkin are also exhibiting a number of 
other woodworking tools, several of which we have 
described in our columns: previously. We may 
refer more particularly to the standard chain 
mortiser, which we dealt with in our issue of 
July 4, 1924, and a tenoning machine which we 
described in our issue of May 16 in the same year. 
We illustrate in Fig. 18, page 530, a new three-cutter 
machine, which is being exhibited for the first time 
at Olympia. It is capable of dealing with a wide 
Tange of work at a high rate, the operations which 
can be carried out including planing, surfacing, 
thicknessing, edging, grooving, and tongueing, in 
either hard or soft timber. A special feature is 
that vertical adjustment is provided for the side 
cutter heads, enabling them to be set up quickly 
and accurately. Another important feature is that 
there are no short belt feed drives, the power feed 





being by gearing, which is totally enclosed and is 
automatically lubricated from the gear-box. 

The main frame is of heavy construction, and 
has a large base area. It is so shaped that shavings 
can be easily raked out. The horizontal cutter 
block is of the square type, designed to give a 
shearing cut. It is provided with dovetail slots 
running the whole length of the block for fixing 
moulding cutters, and these can be inserted without 
disturbing the planing cutters. The cutting circle 
is 5 in. in diameter, which is exceptionally large 
for a machine of this type, and gives a better cutting 
angle than is possible with a small diameter cutter. 
The machine is normally supplied to take two cutters, 
but either a three- or four-cutter bar, or a circular 
safety type of cutter block, can be supplied if 
preferred. The vertical side-cutter spindles can be 
clearly seen in the illustration. In common with 
the horizontal block, they run in ball bearings 
enclosed in dust-proof housings. The spindle slides 
are circular, and are designed to give stiffness and 
rigidity to the spindles. As already mentioned 
they are fitted with a vertical adjustment, operated 
by the handwheels shown in the illustration, and 
they are also provided with an independent hori- 
zontal motion controlled by a screw with a lever 
handle. 

The power-feed rollers are of steel, and are of 
large diameter. The feeding-in roller is grooved. 
Each bearing is provided with an oil chamber, 
making them self-oiling. The feed rollers and 
pressure bars are controlled by adjustable springs, 
and are fitted with stops to prevent them being 
lifted into the cutters. The rollers are driven by a 
roller chain, which is enclosed in an oil bath. An 
adjustable idle wheel is provided for regulating the 
chain tension. A gear-box is fitted by means of 
which three rates of feed can be obtained. The 
changes can be made while the machine is running. 
The work table is a deep box casting, and is provided 
with two anti-friction rollers let into the surface. 
A carrier roller is also fitted at the feeding-in end 
for supporting long work. The other end of the 
table is provided with holes for securing a wooden 
table, which acts as a guard for the belts driving the 
vertical spindles. The main table is mounted on 
broad slides on each side of the main frame, and is 
raised or lowered by the handwheel, which can be 
seen in Fig. 18 on the left-hand side of the machine. 
The spindle carrying this wheel also carries a chain 
sprocket, and from the latter a totally-enclosed 
chain drive is taken to a cross shaft in the base of 
the machine. This shaft is fitted with spiral gear 
wheels, which engage with corresponding wheels on 
the bottom ends of vertical screwed spindles. The 





nuts for these spindles are mounted on the table, and 
the whole of the mechanism is totally enclosed to 
keep it free from dust. The thrust bearings on the 
two raising screws are of the ball type, and as a 
result, the lifting of the table is performed very easily. 
The machine is fully guarded, and is fitted with 
ball bearings at all important points, including the 
countershaft. It can be supplied with direct 
motor drive if required, and a trueing device for 
the cutters can also be fitted. 


(To be continued.) 


NON-FERROUS METALS RESEARCH. 


THE sixth annual report of the British Non-Ferrous 
Metals Research Association, presented at the annual 
general meeting of the Association, held at the Queen’s 
Hotel, Birmingham, on Tuesday last, states that the 
sum expended on experimental research, during the 
year ending December 31, 1925, amounted to nearly 
15,0002. The progress made may be gauged from 
the fact that, three years ago, the annual expenditure 
of the Association was at the rate of about 5,000/. 
Furthermore, it is anticipated that the present year’s 
programme of research will absorb approximately 
25,0001. The support provided by the Department 
of Scientific and Industrial Research for the first five 
years of the existence of the Association terminated 
on December 31, 1924. As a result of the efforts of 
a sub-committee appointed by the Council, government 
support for a further period of five years was not only 
secured, but the whole scale of the operations of the 
Association has been considerably raised. 

The number of investigations in hand has steadily 
increased from year to year, and, at the present time 
some 24 researches are being conducted by upwards 
of 40 scientific workers, in the service of the Association. 
During the year under review, no less than 52 research 
reports have been received by the Council. One of 
the main purposes of the Association is to encourage 
the application of science to industry and to promote 
co-operation between industrial staffs and outside 
scientific workers in the investigation of problems of 
a manufacturing and workshop character. Something 
has already been accomplished in this direction, and 
research reports on such subjects as annealing-furnace 
practice, die-casting alloys, brass strip ingot casting 
and lead cable sheathing, are now available; in many 
cases the researches are being actively continued. 

The research on brass strip ingot casting is being 
conducted at the Research Department, Woolwich 
Arsenal, and has yielded excellent results. The causes 
of internal and surface defects of brass sheet have been 
investigated, and the difficult problem of providing 
remedies suitable for adoption in works practice is 
well under way. The investigation on die-casting 
alloys is sub-divided into three sections; the first, 
comprising aluminium alloys, is being carried out at 
the National Physical Laboratory. The second section, 
which deals with alloys of high melting point (brass 
and bronze) is being conducted at the Research Depart- 
ment, Woolwich. The third section has reference to 
low melting-point alloys, and is proceeding at Sheffield 
University. The investigation on the properties of 
lead, with special reference to cable sheathing, which 
is being pursued at the Research Department, Wool- 
wich, includes a general study of the mechanical and 
other properties of high-grade lead; the influence 
of impurities and intentional additions is being followed 
up. A report on the lead-cadmium alloys is now ready 
and from it, valuable recommendations for improving 
lead, cable sheating are anticipated. The research on 
copper locomotive fire-box stay rods is being carried 
out in conjunction with the railway companies. During 
the year, visits were paid to France and Germany. 
A great deal of experimental work was also under- 
taken, both in running locomotives and in the labo- 
ratory. The headquarters of the organisation are at 
Derby, where Sir Henry Fowler, of the London Midland 
and Scottish Railway Company, has provided facilities. 

Dr. W. H. J. Vernon’s work at the Royal School of 
Mines, in connection with the tarnishing and the initial 
stages of the corrosion of copper, many of its alloys 
and some other metals, is yielding important results. 
Several other researches, including one on the influence 
of gases on copper, conducted at Swansea University, 
and another on silicon-copper alloys, carried out at 
Birmingham University, are being actively continued. 

At the luncheon, held at the close of the annual 
general meeting, Mr. T. Bolton, the chairman of the 
Association, said that they had many responsibilities 
to face. The aims of the Association were to encourage 
all classes of workers to co-operate, and to assist manu- 
facturers in promoting efficiency within their industries. 
The speaker concluded his remarks by inviting engineers 
to come forward in greater numbers to support work 
which would ultimately benefit the whole industrial 
community. 
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THE TRIPLE - EXPANSION STEAM. 


ENGINE AS APPLIED TO THE 
PUMPING OF WATER.* 
By Hvucn Raven Lupton. 
Tuts paper is divided into four portions, of which 
the first gives a brief description of typical triple- 
expansion steam pumping plant. The second gives an 


account and analysis of tests carried out on the | 


pumping plant at the Lea Bridge station of the Metro- 


politan Water Board. The third suggests improvements | 


likely to be made in the near future; and the fourth 
compares this type with other types, as regards cost, 
economy and reliability. 

Plant.—The Lea Bridge engine is designed to pump 


12 to 14 million gallons per 24 hours against a head of | 


180 ft. to 200 ft. It is of the vertical triple-expansion 
type, working directly triplex ram pumps, on the top 
of which the engine-beds rest. Thus all stresses are 
self-contained. 
and 66 in. in diameter, and the pump rams 28 in. in 
diameter, the common stroke being 4 ft. The maxi- 
mum speed is 30-5 r.p.m. The valve-gear is of the 
Corliss type. 


Test.—The main results of the test (with steam at | 


181 lb. per square inch pressure and 124 deg. F. super- 
heat) were : Total steam-consumption per pump horse- 
power hour, 10-6 lb.; mechanical efliciency (pump 
horse-power to indicated horse-power), 93-6; coal 
(15,006 B.Th.U. per pound) per pump horse-power 
hour, 1-3 lb. ; overall thermal efficiency, 13 per cent. : 
pump horse-power as compared with perfect Rankine 
plant, 67 per cent. 

Analysis.—The ratio of the horse-power indicated 


on test to that of a perfect engine working under the | 


same conditions, was 72 per cent. The author has 
made an attempt to locate the remaining 28 per cent. 
of losses, of which the principal items are as follow :— 
Percentages 
of Work 
of a Perfect 
Engine. 
The cutting off of the toe of the lp. dia- 
gram, owing to incomplete expansion 10-0 
Losses due to the working steam parting ) 
with heat to pistons, covers and | 
cylinder-walls, which heat is only 
recovered, at a lower temperature, 
with a less availability for conversion | 
into work ta : ye bed 
Losses due to leakage of steam past valves | 
and pistons : 
Losses due to heat from jacket and re- 
heater steam passing into working 


steam at lower temperatures : 5:4 
Radiation losses from jackets and re- 
ceivers 3-0 


Loss due to heat carried away by reheater 
and jacket drains at a temperature 
higher than that of exhaust (included 
in the two foregoing) 

Destruction of availability of i.-p. and I.p. 
jacket and reheater steam energy 


through throttling in reducing valves 0:7 
Losses due to wire-drawing and mechani- 

cal friction —. . , 2-4 
Clearance losses = oe Negligible 
Losses due to early release in 1.-p. cylinder 1-0 


Total losses 28-0 


Some of these figures, being calculated as differences, | 


are, no doubt, liable to small errors. The mechanical 


efficiency was 93-6 per cent. 


The engine cylinders are 24 in., 44 in. | 


author’s opinion, admit of efficiency improvements of 
the order of 20 per cent. in the near future. 


Comparison.—The direct-connected triple-ex pansion 


steam pumping plant is compared with :—(1) Oil- 
engine driven reciprocating pumps worked through 
gearing. (2) Steam-turbine driven centrifugal pumps 
(3) Ram pumps driven by other types of steam engine. 
(4) Electrically-driven pumps both centrifugal and 
| reciprocating. 

A table shows the relative costs for fuel and for 
capital in comparative instances. Stores, repairs and 
renewals, labour for operating, and costs of founda- 
tions and building are not included. This table shows, 
in every comparison, an advantage in favour of the 
triple-expansion steam engine, even as at present 
constructed, 
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| LnstTItTuTE oF TRANSPORT: BIRMINGHAM CONGRESS.- 


The losses making up| The sixth Congress of the Institute of Transport will be 


the remaining 6-4 per cent. (of the indicated horse- | held at Birmingham from May 13 to 15 next. On the 


power) are :—Friction of bearings, valve-gear, &c. ; | 


power required to drive air pumps; friction of pump | 
glands ; and friction of water passing through pump 


valves and pipes. 





| first day, at 9.45 a.m., the President will open the 


Congress at the Council House, and the Lord Mayor of 
| Birmingham will extend a civic welcome to the dele- 
gates. The reading and discussion of papers will com- 


Of these, the power required to | mence at 10.15 a.m. and the contributions to be considered 


drive the air pumps and the friction of water passing | are as follows: ‘‘ Industry and Transport,” by Mr. G. 


through pump valves and pipes were calculated, | Cadbury, Junr., and 


and were exceedingly small. By reason of the direct 
transmission of the power from steam to water, loss 
through friction of bearings, valve gear, &c., would 
appear to be very small, and therefore it is probable | 
that the bulk of the loss is due to the friction of the 
pump glands. 

No slip measurements were taken. 

Improvements.-eThe duty of steam pumping plant 
can be improved by (1) reducing losses and (2) | 
extending the working range of the steam. 

The paper describes (1) modifications which would | 
make a small improvement by lessening temperature- 


drop between jacketing (or reheating) steam and| place at the Queen’s Hotel, Birmingham. 


working steam, and (2) the improvement which 


‘Road Passenger Transport,” 
by Mr. A. Baker. In the afternoon, the works of Messrs. 
Cadbury Bros., Limited, Bournville, the Kyotts Lake 
Depot of the Birmingham Corporation Tramways, and 
the Curzon Street Goods Station of the L.M. & S. Railway 
Company, will be visited. On May 14, the proceedings 
at the Council House will begin at 10 a.m., and the papers 
| to be read and discussed are: ‘ Traffic Control,’ by 

Mr. J. H. Follows, C.B.E., and “‘ Transport in England : 
a Brief Historical Survey,’’ by Mr. C. Grant Robertson, 
M.A., LL.D., C.V.O. In the afternoon, the carriage and 
| wagon shops of the L.M. & S. Railway Company, at Derby, 
and the works of the Austin Motor Company, Limited, 
at Longbridge, will be visited. In the evening, at 7 p.m.. 
the annual dinner of the Midland local section will take 
The whole 
of Saturday, May 15, will be devoted to motor-coach 


would be effected by raising pressures and tempera-| tours to Kenilworth, Warwick, Droitwich, Lichfield, 


tures. The above two modifications would, in the 





of Civil Engineers on Tuesday, April 27, 1926. 





}and other places of interest in the neighbourhood. 
| Members desirous of participating in the activities of the 
| Congress are requested to return the appropriate cards 


* Abstract of a paper to be read before the Institution | to the Secretary, Institute of Transport, 15, Savoy- 
| street, London, W.C. 2, not later than April 28 next. 





. —$____ 
| NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday, 

Tron and Steel.—The disposition among the bulk of 
the steel and engineering industries more or less to 
mark time until the cloud overhanging the coal industry 
has been dispersed, has become more pronounced 
| during the past week. In almost every section there 
has been a falling off in the demand. This has heen 
characteristic of both home and overseas inquiries, 
Progress was shown last month in steel output for the 
Sheffield district, and works are still occupied above the 
average of last year, but forward bookings are far from 
satisfactory. Users are keeping stocks at the minimum 
necessary to cover immediate output. It is unlikely 
this policy will be changed until the coal problem takes 
more definite shape. Business has again fallen away 
in crucible and other better-class steels. British 
engineering works are absorbing fair quantities, but 
orders from Continental users are greatly restricted, 
Makers of industrial plant, and other heavy machinery 
for steel and iron works, are badly placed, both in regard 
to current operations and provision for the future, 
Very few extensions are being undertaken to existing 
works owing to the fact that, in most cases, productive 
capacity is already substantially in advance of require- 
ments. Railway steel plants are doing moderately well, 
but could handle many more export orders without 
any strain upon their capacity. The demand for auto- 
mobile steels on British engineering account, while stil] 
considerable, shows a shrinkage. Regular supplies of 
special steels are going to America, despite the restricting 
effect of the Fordney Tariff. 'The overseas demand for 
electrical apparatus and fittings represents one of the 
brightest features. The manufacture of files, saws and 
edge tools is depressed in parts, though large quantities 
are on order for export. Government contracts have 
been booked this week by firms in the Sheffield district 
for steel blooms, steel sheets, tool steel, engineers’ tools, 
horseshoes, bombs for the Air Ministry, fire hearths 
and hack-saw blades. 


South Yorkshire Coal Trade.—The rumour of an 
immediate substantial increase in house-coal prices 
finds no verification among colliery owners or merchants 
in South Yorkshire. As a matter of fact, the whole 
trend of conditions is in the opposite direction owing 
to the seasonal decline in demand, and but for the 
trouble in the coal industry there is no doubt that 
market quotations would have been cut before now, 
Best quality house coal is in ample supply to meet all 
demands. Secondary sorts have been shaded in price 
at individual collieries without producing much activity 
among buyers... Steam hards are going away fairly 
regularly under inland contracts. Export prices show 
a tendency to harden owing to the uncertainty of the 
outlook. Washed fuel is an active feature, but there 
is weakness among dry nuts and slacks. Quotations: 
Best branch hand-picked, 3ls. to 34s.; Barnsley best 
Silkstone, 28s. to 30s.; Derbyshire best brights, 26s. 
to 28s.; Derbyshire best house, 24s. to 25s.; Derby- 
shire best large nuts, 17s. to 20s.; Derbyshire best 
small nuts, 12s. 6d. to 14s.; Yorkshire hards, 17s. to 
19s. 6d.; Derbyshire hards, 16s. to 19s.; rough slacks, 
10s. to 12s, 6d.; nutty slacks, 7s. 6d. to 9s.; smalls, 
3s. 6d. to 5s, 








Prersonat.—Mr. H. C. Amos, A.M.I.Mech. E., of 
22, Martin-lane, Cannon-street, London, E.C. 4, advises 
us that he has acquired, and will carry on in his own 
name, the business established by his elder brother. 
Mr. E. C. Amos, M.I.Mech.E., in 1888. Illness has pre- 
vented Mr. E. C. Amos from taking any active part 1 
the business for the last six years. Mr. H. C. Amos will 
continue the London representation of several British 
machine tool and other manufacturers with which he 
has been connected for many years.—Messrs. Fescol, 
Limited (The Fletcher Electro Salvage Company), have 
removed to their new works at 101, Grosvenor-road, 
Westminster, London, 8.W. 1, to which address all 
communications and work should be sent. 





ConTRAcTSs.—Messrs, Ferranti, Limited, Bush House, 
London, W.C.2, have received orders from the Sydney 
Municipal Council for six 10,000 kv.-a. 33,000-volt 
three-phase transformers, and from the Public Works 
| Department, New Zealand, for seven 5,000-kv.-a. 110,000- 
volt single-phase transformers for use a3 15,000-kv.-a. 
three-phase groups The approximate total value ot 
these two orders is 40,000l.—During the first quarter 
of the present year Messrs. Meldrums, Limited, Timperley, 
near Manchester, have fitted their forced-draught furnaces 
to 43 boilers of all types in a variety of industries, Among 
other orders for destruetors are a 4-grate unit for 
Woollahra, Australia, three 3-grate units for Bermondsey. 
and an additional 4-grate unit and buildings for Penang. 
Malay States.—The tool equipment of the recent Court 
Treatt Cape to Cairo motor-car expedition comprised 
a selection of ‘“‘ Neverbend” tools, made by Messrs. 
Spear and Jackson, Limited, Aetna Works, Sheftield. 
The tools are stated to have given every satisfaction. 
and to have stood up to the hardest work.—The work 
of reconstructing the forecourt of Victoria Station, 
London, is being carried out by Messrs. The Improved 
Wood Pavement Company, Limited, and consists o! 
concrete foundation reinforced with B.R.C. Fabric, Ret. 
No. 9, made by Messrs. The British Reinforced Concrete 
Engineering Company, Limited, 1, Dickinson-strect. 
Manchester, and surfaced with wood blocks.—Messr-. 
Light Railways, Limited, 3, London Wall-buildings. 
London, E.C.2, have been entrusted, by the Royal State 
Railways of Siam, with a contract for 150, four-wheeled. 
covered, goods wagons. The wagons are of the all-st: el 
type, for a one-metre gauge line. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Recognised market 
quotations for Cleveland pig-iron are unaltered, makers’ 
statistical position being as strong as ever, with the result 
that customers’ persistent claim for reduction in prices 
is still unsuccessful. Producers have very little iron 
available for sale in the open market. The very limited 
business passing is almost entirely confined to transactions 
in small lots to satisfy pressing home needs. Inquiries 
from abroad are quite trifling, but makers continue to 
ask 6d. more for export than for home business, To 
home customers No. 1 is 73s, 6d.; No. 3 g.m.b., 70s. ; 
No. 4 foundry, 69s.; and No. 4 forge, 68s. 6d. 


Hematite.—The limited output of East Coast hematite 
is in excess of requirements, and with makers’ already 
rather heavy stocks being steadily increased, values are 
inclined to ease. In their anxiety to keep furnaces 
blowing, producers are prepared to give favourable 
consideration to offers at slightly below ruling rates, 
Nos. 1, 2 and 3 are offered at 76s., both for home purposes 
and for shipment overseas, and No. 1 is quoted 76s. 6d. 


Foreign Ore.—Transactions in foreign ore are confined 
to sales of spot cargoes, consumers being fully covered 
over the next month or two, and consequently holding 
off the market. Nominally best rubio remains at 
2ls. 3d. c.i.f. Tees. 


Blastfurnace Coke is slow of sale, local users having 
satisfied their needs for the time being. Durham good 
medium qualities are round about 18s, 6d, delivered on 
Tees-side, 

Manufactured Iron and Steel.—There is little new 
business passing in manufactured iron and steel. The 
tonnage output in one or two branches is heavy, and 
some producers have fairly good contracts arranged. 
Others, however, are less fortunately placed, having few 
orders made and showing keen anxiety to negotiate. 
Quotations all round are firm, and steel plates, angles, 
and joists have moved up _half-a-crown, Common 
iron bars are 112. 5s.; iron rivets, 121, 15s.; packing 
(parallel), 8/.; packing (tapered), 11/.; steel billets 
(soft), 72.; steel billets (medium), 77. 10s.; steel billets 
(hard), 82. 2s, 6d.; steel ship, bridge and tank plates, 
71. 12s, 6d. ; steel angles, 7/. 2s. 6d. ; steel rivets, 12/. 10s., 
steel joists, 71. 2s. 6d.; heavy sections of steel rails, 81. ; 
fish plates, 12/.; and galvanised corrugated sheet 
(No. 24 gauge, in bundles), 151. 15s. ' 





NOTES FROM THE NORTH. 


GLascow, Wednesday. 


Scottish Steel Trade.—The conditions in the Scottish 
steel trade are still far from satisfactory. A very poor 
demand exists for practically all commodities, and 
business that might be forthcoming is retarded because 
of the labour troubles in the engineering and mining 
industries. A settlement of these disputes is looked 
for and hoped for without any dislocation to trade, 
but it is feared that the only cne possible will mean an 
increase in the costs of production, which will be of 
no little moment to all. At the present time the steel 
makers are short of specifications for ship plates and 
sections, and inquiries are also very few in number, 
The control of prices, which recently came into force, 
again has now been extended to include sections for 
export. The prices ruling before the control was 
renewed, were admitted to be wholly unremunerative, 
and at a meeting of the Steel Makers’ Association, 
held at the end of last week, it was decided to raise 
the price of ship plates and sections by 2s. 6d. per ton 
for home delivery. This advance has been found 
absolutely necessary and the fact alone may bring out 
some forward buying whenever the present labour 
troubles are negotiated. In the black sheet trade the 
tone is somewhat easier. Certain makers still have 
well-filled order books, but some others are not just 
so well placed. New contracts are less plentiful, and 
the inquiry is smaller. Current prices are as follows : 
Boiler plates, 111, per ton; ship plates, 7/. 12s. 6d. 
per ton; sections, 7/, 2s. 6d. per ton; and sheets, under 
#s in. to % in., 82. 158. to 9/1. 5s. per ton, all delivered 
Glasgow stations. For export lots the following prices 
rule: Boiler plates, 111. per ton; ship plates, 7/. per 
ton; and sections, 6/. 5s. per ton, all f.o.b. Glasgow. 


_ Malleable Iron Trade.—There is no change to report 
i the malleable iron trade of the West of Scotland. 
Makers are finding it increasingly difficult to secure 
sufficient tonnage to keep moving, and are prepared 
to meet buyers whenever they appear in the market. 
The current price for ‘* Crown” bars is 111. 5s. per ton 
delivered Glasgow stations. The steel re-rolling branches 
continue quiet, 


Scottish Pig-iron Trade.—In the Scottish pig-iron 
trade there is very little business passing at the present 
time. Buyers are not to be found, and inquiries are 
lew and of small tonnage. The following are the 
market quotations: Hematite, 76s. per ton delivered 
at the steel works ; foundry iron, No. 1, 79s. to 81s. 6d. 
per ton; and No. 3, 76s. 6d. to 79s. per ton, both on 
trucks at makers’ yards. 


‘ Scottish Pig-iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, April 17, amounted to 1,332 
tons. Of that total 107 tons went coastwise, and the 
balance went overseas. For the corresponding week 
of last year the figures were 436 tons 18 ewt. to foreign 
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destinations and 55 tons coastwise, making a total 
shipment of 491 tons 18 cwt. 


Shipbuilding —Messrs. Alexander Stephen and Sons 
(Limited), Linthouse, Govan, have secured contracts 
from Messrs. Elders and Fyffes (Limited), London, 
for three fruit-carrying steamers. These vessels will 
be fitted with single-screw triple-expansion reciprocating 
steam engines by the builders, and will be employed 
solely as fruit carriers. Two of them will be 300 ft. 
in length and are intended for trade with the Canary 
Islands, while the other, which is to be 400 ft. in length, 
is intended for service with the West Indies. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Business has been brought to an 
almost complete standstill by the uncertain labour 
outlook. Collieries are fully booked up for shipment 
this month, and the only transactions are for parcels to 
complete the cargo or bunkers of boats expected to 
load before the end of the month. Tonnage is in 
plentiful supply, and collieries are finding it difficult 
to supply sufficient coal to meet the requirements of 
shippers. Prices in the circumstances are more or less 
nominal, and the odd lots changing hands realise figures 
which bear no relative value to that usually in operation 
for the different classes of coal. Nominally best 
Admiralty large is from 26s. to 27s., with Monmouth- 
shires from 23s, 6d. to 26s., and dry large from 21s. 
to 25s. Smalls also are exceedingly tight at anything 
from 17s, to 18s. 6d., these grades being particularly 
scarce as the collieries are stocking a proportion of 
their output for their own use in the event of a stoppage. 
The French State Railways have contracted to take 
about 80,000 tons of bituminous Welsh small from 
May to December next, while tenders have been 
submitted to the Egyptian State Railways for 150,000 
metrical tons of large coal. The loading pressure which 
has been in existence at the docks will be gathered 
from the fact that in the past week cargo shipments 
foreign amounted to 539,990 tons, which was 106,000 
tons more than in the previous week, Exports at 
Cardiff were increased from 263,670 tons to 323,470 
tons, at Newport from 97,700 tons to 102,750 tons, 
at Swansea from 41,580 tons to 60,020 tons, at Port 
Talbot from 28,940 tons to 48,600 tons, and at Llanelly 
from 1,910 tons to 5,150 tons. Shipments to Algeria 
were raised from 20,450 tons to 22,820 tons, to Argentina 
from 47,400 tons to 71,600 tons, to Brazil from 19,500 
tons to 29,350 tons, to Canada from 4,650 tons to 
28,500 tons, to France from 64,760 tons to 103,780 tons, 
to Las Palmas from 15,330 tons to 20,680 tons, and to 
Spain from 22,070 tons to 39,670 tons. 








Tron and Steel_—Exports of iron and steel goods in 
the past week amounted to 17,979etons against 7,562 
tons in the previous week. Shipments of tinplates 
and terneplates were increased from 3,897 tons to 
9,504 tons, galvanised sheets from 402 tons to 5,482 
tons, and other iron and steel goods from 1,040 tons 
to 2,324 tons, but those of blackplates and sheets were 
reduced from 2,223 tons to 670 tons. 





ENGINEERS’ CLUB, BrrmincHAM.—The annual meeting 
of members of the Engineers’ Cluk, Birmingham, was 
held at the Club-house, Waterloo-street, Birmingham, 
on March 29 last. The first president of the Club is 
Sir Hallewell Rogers, and the membership is at present 
210. The secretary is Mr. T. H. Platts, 32, Union-street, 
Birmingham. 


THe METROPOLITAN-VICKERS ELECTRICAL COMPANY, 
Lim1tED.—Metropolitan-Vickers Electrical Company, 
Limited, and its associated concern, Metro-Vick Sup- 
plies, Limited, have in the last few days removed 
from the head office at 4, Central-buildings, West- 
minster, to modern and spacious premises in the 
heart of the district where the electrical fittings industry 
in London is being gradually concentrated. The removal 
of these sections of the associated companies work leaves 
more room at the registered office for the Traction 
Bureau and for the staff of the Metropolitan-Vickers 
Electrical Export Company, which permits of an exten- 
sion of their activities. ‘The new premises of Metro-Vick 
Supplies, Limited, are at 145, Charing Cross-road, and 
have been designed expressly for effective display of their 
designs and the acceleration of dispatch to their trade 
customers. Spaciousness and simplicity and elegance of 
the decorative work are the characteristic features which 
will enable the concentration of attention on particular 
designs of fittings, without the interference caused by 
the close proximity of contrasting constructions. In- 
duroleum flooring was supplied by Messrs. Docker 
Brothers, Limited, for the offices and stores. They also 
supplied all the paint and distemper of suitably neutral 
tints, to serve the purpose of ensuring that all fittings 
may be seen to the best advantage. Black and grey 
marbled rubber tiles, made by Messrs. George Spencer 
Moulton, Limited, are also a feature of the largest of 
the showrooms, which was decorated by Messrs. Waring 
and Gillow, Limited. The stores are so arranged that 
expeditious service may be obtained with ease, 
Actually. the area available for storage and dispatch is 
about six times what was previously used, Greater 
stocks can thus be kept and the requirements of electrical 
contractors may be met immediately, which, despite the 
efficiency of the staff, was not possible in the old somewhat 


NOTICES OF MEETINGS. 


Tue InstituTION OF MECHANICAL ENGINEERS.— 
To-night at 7 p.m., at Storey’s Gate, S.W.1. Informal 
Meeting. ‘*‘ What our Foreign Competitors are Doing.” 
Introduced by Mr. F. J. Hookham. Friday, April 30, 
at 7 p.m., Informal Meeting. ‘* Marine Oil-Engines in 
Practice,” introduced by Mr. C. W. J. Tafis. 


-Tue Junior Institution or ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Question 
and Discussion Evening. Tuesday, April 27, at 7 p.m., 
at the Monico Restaurant, Piccadilly Circus, W.1. 
Annual Dinner. Friday, April 30, at 7.30 p.m., at the 
Royal United Service Institution, Whitehall, 8.W.1. 
Gustave Canet Memorial Lecture: ‘ Air Transport,’’ by 
Air Vice-Marshal Sir W. Sefton Brancker. 


THE Royat InstitutTion.—To-night, at 9 p.m., at 
Albemarle-street, W.1. ‘‘ Luminous Discharge through 
Rare Gases,”” by Professor R. Whiddington. Thursday, 
April 29, at 5.15 p.m. Lecture: ‘‘The Imperfect 
Crystallisation of Common Things” (Lecture I) by 
Sir William Bragg. Friday, April 30, at 9 p.m., ‘‘ Wire- 
less in the Empire,”’ by Dr. W. H. Eccles, 

Tue Rattway CLus.—Monday, April 26, at 7.30 p.m., 
at 65, Belgrave-road,S.W.1. Special Centenary Lecture : 
‘*“The Principles of Signalling,’’ by Mr. L. Hiller. 


Tue Institution or Civin ENGINEERS.—Tuesday, 
April 27, at 6 p.m., at Great George-street, S.W.1. 
Ordinary Meeting. Paper to be submitted for discussion : 
‘The Triple-Expansion Steam Engine, as Applied to 
the Pumping of Water; with Special Reference to the 
Plant at Lea Bridge,’’ by Mr. H. R. Lupton, M.A, 


THe Institute or MARINE ENGINEERS.—Tuesday, 
April 27, at 6.30 p.m., at 85-88, The Minories, Tower Hill, 
E.1. ‘‘ Hydraulic Steering Gear with Electric Drive and 
Special Valve Fitting to reduce Shock,” by Dr. Hele 
Shaw. Demonstration with working model. 


Tue Institute or Metats: Norts-East Coast 
Locat Section.—Tuesday, April 27, at 7.30 p.m., at the 
Armstrong College, Newcastle-on-Tyne. Annual General 
Meeting. 

THE Newcomen Socitery.—Wednesday, April 28, at 
5.30 p.m., at the Prince Henry’s Room, 17, Fleet-street, 
E.C.4. ‘‘ The Stevens Family—Engineers and Inventors,” 
by Commander A. D. Turnbull, U.S.N. 


THE Institution oF MINING AND METALLURGY.— 
Wednesday, April 28, at 5.30 p.m., at the Geological 
Society, Burlington House, Piccadilly, W.1. Annual 
General Meeting. 

THE Royat Society or Arrs.—Wednesday, April 28, 
at 8 p.m., at John-street, Adelphi, W.C.2. Ordinary 
Meeting. ‘‘ Horse Traction and Motor Traction,” by 
Mr. James Paterson. 


THE BritisH Science Guitp.—Thursday, April 29, at 
4.30 p.m., at the Mansion House, E.C.4. Annual Meeting. 
‘““The Future of the Coal Mining Industry,” by Sir 
Richard Redmayne. ‘ Dyestuffs,’ by Dr. E, F. Arm- 
strong, F.R.S. ‘‘ Broadcasting and Electrical Industry,” 
by Capt. P. P. Eckersley, 

TxHE InstiruTIOoN oF ELECTRICAL ENGINEERS,— 
Thursday, April 29, at 6 p.m., at Savoy Place, Victoria 
Embankment, W.C.2. ‘‘ The Frequency Characteristics 
of Telephone Systems, and Audio-Frequency Apparatus 
and their Measurement,”’ by Mr. B. 8. Cohen, Mr. A. J. 
Aldridge and Mr. W. West, B.A, 


THE Royat AERONAUTICAL Soctety.—Thursday, 
April 29, at 6.30 p.m., at 7, Albemarle-street, W.1. 
Lecture: ‘“‘The Results of Recent Airship Flight 
Tests,”’ by Lieut.-Col. V. C. Richmond. 


THe InstituTIOoN oF LocomMoTIVE ENGINEERS 
(Lonpon).—Thursday, April 29, at 7 p.m., at the 
Engineers’ Club, Coventry-street, W.1. ‘Steam Loco- 
motiye Performance,” by Mr. T. Grime. 


Tue ILLUMINATING ENGINEERING Society.—Thursday, 
April 29, at 7 p.m., at the Royal Society of Arts, John- 
street, Adelphi, W.C.2. Discussion on “‘ School Lighting ” 
(Modern Requirements and Recent Progress), opened 
by Dr. James Kerr, 


TueE INSTITUTION OF MUNICIPAL AND County ENGIN- 
EERS.—SOUTH-EASTERN DistricT.—Saturday, May 1, at 
1 p.m., at the Grand Hotel, Margate. Discussion on 
‘* Notes on Municipal Work at Margate,” by Mr, E. A. 
Borg. Various visits. 








LANTERN SLIDES oF O11 EnatEes,—Messrs, Petters, 
Limited, Westland Works, Yeovil, inform us _ that 
they have prepared a series of lantern slides illustrating 
their oil engines. They ask us to state that they will be 
pleased to place these at the disposal of engineers and 
others who may contemplate giving lectures and papers 
on internal-combustion engines. 

Motor Cars In CeyLon.—We are informed by the 
Department of Overseas Trade that, according to a 
statement issued recently by the Director of Statistics, 
Ceylon, there are no less than 10,240 motor vehicles at 
present in use in Ceylon. This figure shows that there 
is one motor vehicle for every 459 inhabitants. The 
number of American cars in service is 2,974, the greater 
proportion of which are of the Ford, Chevrolet, Over- 
land and Hupmobile makes. British cars number 
1,296; French, 321; and Italian, 232. France is repre- 
sented mainly by Citroen and Renault cars, and Italy 
by Fiat cars. Most of the motor cycles in use are of 
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British manufacture. 
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EXHIBITS 


AT THE BUILDING TRADES EXHIBITION. 


(For Description, see Page 525.) 
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Fig. 15. 
(OLDHAM), LimiTED. 











Fie. 17. Onary Mortistinc MACHINE ; 
Messrs. WADKIN AND Co. 


Mars OF THE COALFIELDS.—We have received from 
Mr. G. E. Gordon, Post Office Chambers, 9, Wind-street, 
Swansea, a specimen copy of one of the maps of the 
English and Welsh pauline, recently completed by 
him. There are 14 maps in the series, and on these 
are shown the exact sites of the collieries, the names 
of the owners, the kinds of coal mined, and the number 
of men employed. The main roads, railways, rivers, 
canals, and shipping ports are also included. The map 
sent to us is of the Yorkshire coalfield; it is clearly 
and neatly printed, and measures approximately 30 in. 
by 20 in. The scale is 2 miles to 1 in. 





Havunouina Macuine; Messrs. Haiaus 











Fie. 16. Enpiess Bett SanpEeR; Mzssrs. Haicus 
(OLDHAM), LimITED. 

















Fia. 18. Turee-Currer PLanina MAcuHINE; 
Messrs. WADKIN AND Co. 


UnIvERSITY oF London, UNIvERsITy COLLEGE.—The 
annual report for the year ended February 28, 1926, 
issued recently by the college committee of University 
of London, University College, Gower-street, London, 
W.C.1, shows that during the session 1924-25 the total 
number of students enrolled was 3,033, some 520 of 
whom were post-graduate students and research workers. 
Out of this total 2,415 individuals came from homes 
in the United Kingdom ; 230, including 83 post-graduate 
and research students, came from various parts of the 
ns The report contains a long list of honours 
and appointments, both British and foreign, obtained 











by past and present members of the college. One of 
the principal movements of the year has been the 
inauguration of an appeal for 500,000/. as a preliminary 
to the celebration of the centenary of the college in 
1927, Among the objects of the appeal are a sum of 
30,0007, for the provision of a great hall, 225,000/. for 
the endowment of teaching, and 25,000/. for the com- 
pletion of the Gower-street front. The hope is expressed 
that the many friends of the college will co-operate 1n 
bringing the task of the centenary appeal committee 
to a successful conclusion. Full particulars may be 
obtained from the secretary of the college. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TerzcraPHio ) “ ENGINEERING,” WESTRAND 

ADDBESS LONDON. 
TeLEPHONE NumBERsS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months payable 
in advance :— 

For the United Kingdom ................s0:000 £3 6 0 

For Canada— 

Thin paper Copied ............cccssee £218 6 
Thick paper Copie’.............ss0sse £3 3 0 

For all other piaces abroad— 

Thin paper copies 0 
Thick paper copies 6 

Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 














When foreign subscriptions are sent by Post Office 
Orders. advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch, Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed, 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “ENGINEERING,” Ltd. 
Cheques should be crossed ‘“‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney, 
N.S.W. T. Willmett and Co., Townsville, North Queens- 
land. W. 0. Rigby, Adelaide, South Australia. Melville 
and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

OanaDa, Toronto, Ont.: Wm. Dawson and Sons, Limited, 
87, Queen Street East. 

EDINBURGH: John Menzies and Co., Limited, Rose-street. 

FRranox, Paris: Boyveau and Chevillet, 22, Rue de la Banques. 
For Advertisements, Office de Publications Commerciales, 
167, Rue Montmartre, Paris (2e). 

Comes a Hermann H. Fromm, Liitzowstrasse 84, Berlin. 


GLascow: William Love, 221, Argyle-street. John Menzies and 
Co., Limited, West Nile-street. 

Inp14, Calcutta: Thacker, Spink and Oo., Bombay; Thacker 
and Co., Limited. 

ItaLy: U. Hoepli, Milan. Anonima Libraria Italiana, Torino, 
and any post office. 

JaPaN, Tokio: Maruzen Co., Limited. 

LiveRPOoL: Mrs. Taylor, Landing Stages. 

MANCHESTER: John Heywood, 143, Deansgate. 

NEW ZEALAND: Gordon and Gotch Proprietary, Limited, Wel- 
lington, Auckland and Christchurch. 
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THE AUTOMOBILE REPAIR 
INDUSTRY. 


TuosE who have read Joseph Vance will recall 
that Mr. Vance senior laid the foundation of a 
highly successful contractor’s business by the 
purchase and erection of an ancient sign-board, 
which announced that a presumably defunct 
namesake of his was a qualified plumber. The story 
of the methods by which he achieved success is a 
diverting one, but it must be confessed that they 
were largely based on the ignorance of his customers 
being even greater than his own. Mr. Vance has 
many imitators in the garage business, who, since 
times have changed, rely for their appeal to the 
public on an imposing petrol pump, rather than on 
the suggestion of wide experience conveyed by an 
antique signboard. There are admittedly a number 
of excellent garages throughout the country, in 
which the customer can rely on careful work at a 
very reasonable price; but the position on the 
whole is so serious that experienced motorists 
sedulously avoid leaving their car in any garage 
with which they are not personally acquainted. 
The average garage proprietor handles two entirely 
distinct classes of business. He is primarily a 
salesman of cars, accessories, fuel and oil; but in 
the majority of cases he also handles car repairs in 
much the same spirit as an ironmonger who puts a 
patch on a kettle. The first class of business is 
decidedly remunerative ; and it is on this side of his 
activities, rather than on repair work, that the 
proprietor looks for his profits. Even in garages 
where the repair side is carefully organised, it is 
exceedingly difficult to make it pay its way; and 
it is doubtful whether the most efficient repair shop 
could be made a commercial success without the 
backing of a retail business. 

This is certainly not as it should be if the public 
are to be efficiently served, and, incidentally, if 
a fair working profit is to be obtained from a business 
giving employment toa large numberof men. Some 
action in the matter is long overdue, and a first 
step has been taken by the Institution of Automobile 
Engineers in putting forward a suggested scheme of 
training for automobile repairers. While it may be 


*| admitted that there is a dearth of competent fitters 








in this class of work at the present time, it is 
reasonable to suppose that this is due to either the 
rate of pay, or the conditions of service in the trade, 
not being sufficiently attractive. There is nothing 
in automobile repair work which differentiates it 
essentially from other branches of engineering, and 
there is no reason why, if it were worth their while, 
suitable men should not transfer to this particular 
class of fitting. The fact of the matter is, however, 
that the repair trade as a whole is economically 
unsound, and until this condition is altered, the 
drift of skilled workers will be in the wrong direction. 
The fault lies mainly at the door of the motoring 
public, who in the mass are unable to distinguish 
between a good job and a bad one, and are apt to 
patronise a particular garage solely because it is 
cheap, and quite overlook the fact that it may 
also be thoroughly inefficient. Any effective 
measure of reform in this direction would be 
exceedingly difficult, as the great body of car owners 
is entirely unorganised. It can only be hoped that 
by increasing the number of competent repairers, 
the public will gradually learn to distinguish between 
the good and the bad; and the success of the 
proposal put forward by the Institution appears to 
turn largely on the fulfilment of this hope. It is 
suggested that men who have passed through a 
suitable course, which includes both practical and 
theoretical work, and have passed an examination at 
its termination, shall be entitled to call themselves 
“ Certified Automobile Repairmen.” It is reason- 
able to suppose that at any rate the more enlightened 
portion of the motoring public are likely to prefer 
a repair shop where such men are employed. 

Before passing on to the scheme in detail, the 
duties which fall to the average employee in a 
garage may be briefly considered. The ordinary 
garage differs from the great majority of engineering 
workshops in that the employee is required to 
perform successfully a wide variety of operations. 
While some of these call for only a moderate degree 
of ability, it is a common mistake to assume that 
this is the case throughout the whole of the work. 
So far is this from being true, that some of the work 
involved requires a degree of skill for its satisfactory 
performance that is fully equal to, if not in excess of, 
that required in the original manufacture of the 
car. A typical instance is that of reconditioning a 
worn chassis. In this work it is necessary to bring 
new and old parts into harmonic relationship, and 
as the old parts will no longer be true to gauge, 
limits of error cannot be laid down in the same way 
as with an entirely new job. The work involved 
may include machining up any new parts, such as 
pins and bushes, which can be made in a small 
workshop, and possibly occasional hardening opera- 
tions. In addition to duties of this nature, the 
compleat garage hand should be competent to 
locate the cause of defective running of an engine, 
to localise faults in the lighting or starting equip- 
ment, and to execute all classes of tyre repairs. 
He should be able to carry out any or all of these 
operations on cars of widely different designs, and 
it is therefore not surprising if it is difficult to find 
men with the necessary versatility. The most 
competent men are undoubtedly those whose 
apprenticeship has included both fitting and 
machining in a shop dealing with a wide variety of 
repair work, and who have handled cars for a 
sufficient length of time to become thoroughly 
familiar with the general principles of their con- 
struction. 

It may be said of any system of training which is 
limited in duration, that the best results will be 
obtained by concentrating on essentials. In our 
opinion, these essentials in the case of garagemen 
are that they should be thoroughly competent 
general fitters, and that they should have had 
sufficient experience in machine work to turn out 
an accurate job on a lathe, shaper, or milling 
machine. Ability to carry out welding, copper- 
smithing, and so on, is no doubt desirable. If, 
however, it is acquired at the expense of facility in 
more essential operations, such work is better left 
to the specialist, who, at any rate in England, is very 
readily available. 

The course of training suggested by the Institution 
of Automobile Engineers extends over five years 
and is merely put forward as a basis for discussion, 
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As we have already mentioned, it includes both 
practical and theoretical work, and it would appear 
that since the total of the individual times to be 
spent in the various shops is five years in itself, the 
theorctical work is to be taken outside works hours. 
A fairly close parallel to the proposed scheme is 
given by the course in garage work arranged after 
the war, by the Ministry of Labour, for discharged, 
disabled men. In this course the training extended 
over eighteen months, and about 20 per cent. of the 
total time was spent in class work. If the same 
procedure be followed in the new scheme, the actual 
workshop time will be reduced to four years. 
Turning now to the schedule, put forward by the 
Institution, of the time to be spent in the various 
shops, three-fifths of the total is devoted to repair 
work, the remaining two-fifths being spent in no 
less than eleven different departments. These are 
divided up as follows: Machine shop, 94 months ; 
engine and car testing, 2 months each ; fitting and 
assembling, and electrical equipment, 3 months 
each ; view room, tool store, wheel and tyre work, 
and coppersmithing, 1 month each ; hardening and 
welding, 1 week each. A man who achieved a 
reasonable degree of proficiency in each of these 
departments would indeed be an Admirable 
Crichton, but it is evident from the times specified 
that only the most superficial knowledge is aimed at 
in the majority of the shops, and we confess to being 
entirely opposed to any such principle. It is 
impossible in the space at our disposal to go into 
the pros and cons regarding each shop, but, broadly, 
we think that the weight of opinion amongst experi- 
enced engineers will be that iess than three months 
spent in any one shop is so much time practically 
wasted. If, as we have suggested, it is desirable to 
concentrate on essentials, and these essentials are 
regarded as an ability to use hand and simple 
machine tools in a competent manner, it would 
appear that the apprenticeship of a garage hand 
ought not to differ very materially from that 
necessary for any other branch of mechanical 
engineering. The advisability of spending a few 
months in engine and car testing, and possibly also 
in tyre repair work, may be admitted ; and we would 
suggest, as an alternative to the course proposed by 
the Institution, 1 year in the machine shops, 1 year 
in theoretical work, 3 months in each of the depart- 
ments of engine testing, car testing, and wheels and 
tyres, and the remaining time in the repair shop. 
It may be objected that no allowance has been made 
in this schedule for gaining experience in the main- 
tenance of lighting and starting equipment, which 
is now an important feature of car repair work. 
Ability to carry out any necessary repairs to this 
portion of the car equipment, however, is mainly 
governed by the possession of the requisite theore- 
tical knowledge of its construction and operation, 
which can be gained in the class room, 





LABOUR’S OPPORTUNITY. 

lr engineers and other members of the community 
are not familiar with the fundamental conditions of 
industrial prosperity, it is not for want of being 
told. Clergymen remind us that we are all members 
one of the other, economists insist that we live 
only on what we produce, and statesmen urge us to 
co-operate in increasing that production, even while 
they are subsidising organisations, such as are found 
in the building trades, which exist principally in 
order to restrict it. But, in spite of the wealth of 
good doctrine that is at its disposal, British industry 
for the time being is not prospering, and about three 
months ago the Prime Minister threw out the 
suggestion that trade-union leaders should investi- 
gate closely why Americen workmen are having so 
much better a time than any others in the world. 
The suggestion fell on the fertile soil of The Daily 
Mail, on which it grew promptly into action. An 
experienced and trusted trade-union leader, Mr. 
William Mosses, was asked to select a mission of 
workmen, representative of the principal branches 
of the engineering trades, who should proceed to 
the United States at the cost and with the powerful 
backing of that enterprising journal, and there form 
a wholly independent judgment of the causes of 
American prosperity. The mission was received 
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dour. All works that were of interest to their 
purpose were thrown open to them, and they were 
encouraged to seek information on their own account, 
not only from the executive officers of the com- 
panies, but from any workmen in their employ. 
They have now returned, and each member of the 
mission is formulating his own report of the conclu- 
sions at which he has arrived. It has already been 
announced that on many points different members 
of the mission have arrived at different conclusions, 
as was to be expected when each of them was asked 
to express an entirely independent opinion. On 
at least one subject, however, they seem to be of 
one mind. In their unanimous judgment an 
essential cause of the prosperity of engineering in 
the United States is that in that country any career 
is open to the talent that deserves it, and no limit is 
set to the amount of individual earnings. 

There seems also to be no doubt as to how this 
state of things has come about. The labour move- 
ment in the United States may have its left wing, 
anxious to preach the class war and the overthrow 
of the present structure of society, if it has an 
opportunity ; but this section of the party. if it 
exists, has no weight in its counsels, and the 
movement is out all the time for purely industrial 
objects. As a consequence, it has not to be picking 
its way between what it knows to be desirable in 
the interests of the industry and what will conform 
sufficiently to the formulae of theorists. It is 
concerned unreservedly with what will give each 
man the best chance of doing the best for himself. 
It is free from the necessity of considering political 
or quasi-political aspects, and has been able to 
shape its policy exclusively on what will best 
promote the purely industrial interests of its 
members. As a consequence, it has come to see that 
whatever is best for the industry is best for all those 
who dcpend on it, in whatever capacity. If a 
change is proposed, it is not at all concerned to 
know and to grudge the profit employers expect to 
get out of it. It is satisfied to know that the change 
will enable the industry to produce more cheaply or 
better. It lends the full force of its influence to 
co-operate with the employers in giving the change 
every possible opportunity to do its best, and the 
interests of its members are considered to be amply 
protected when they are assured that they will have 
their fair share of the benefits. 

The consequences of this policy are felt by every 
party to the industry, including its customers. 
Among the more important of these advances is the 
total absence of demarcation of trades. The chief 
anxiety of most working men is to be sure of con- 
tinuous employment; but business fluctuates in 
different trades, and one trade may be needing men 
when another is paying them off. The most 
obvious remedy for this state of things is to turn 
the men who are temporarily superfluous on to 
the work where they are wanted ; and it is a course 
far more practicable now than it used to be, because 
of the large proportion of employment for which the 
necessary skill can be acquired quickly, if it is not 
already possessed. This remedy is applied as a 
matter of course in the United States, where neither 
employers nor men object in the least to a man 
being employed on any work he can do. In their 
view such employment is not merely a knife that 
cuts impartially both ways, but in addition has the 
advantage of allowing a man to change his trade 
if he comes across one that seems likely to suit him 
better, and so get the opportunity of doing better 
justice to his individual talents than if he had 
stuck to his original job. It is to this practice that 
much of the success of British workmen in the 
United States seems to be due. A part doubtless 
arises from the fact that, with the high wages earned 
by unskilled or semi-skilled labour, few American 
lads serve an apprenticeship nowadays. while many 
of the British immigrants have served their full 
time. The American employer is thus in the 
happy position of the successful brushmaker who 
reproved his competitor for stealing the bristles, 
handles and glue that he used in his manufacture, 
finding it preferable to steal his brushes ready made. 
It may be questioned, however, whether all British 
immigrants into the United States practice the 
trade to which they served their time. Many of 





with characteristic American hospitality and can- 


them have succeeded by reason of their personal 





qualities rather than of their craft training, and haye 
owed their opportunity to the absence of demarea- 
tion restrictions. 

Speaking broadly, in fact, the prosperity of 
American engineering seems to be due to qualities 
that are not conspicuous in the institutions of our 
own or most other democracies—its wide individual 
liberty, and the consistent co-operation of all parties 
concerned. A study was made recently by 
Mr. Bertram Austin and Mr. W. F. Lloyd as the 
result of a very similar journey to that of the 
Daily Mail mission, which they undertook on their 
own account; and with the commendation of 
Mr. Walter T. Layton, the editor of The Economist, 
it has now been published by Mr. Fisher Unwin at 
the moderate price of 3s. 6d. Here and there the 
authors seem to make the error of overstating a 
good case; but, taken as a whole, their work is 
in striking harmony with so much as has been 
gathered up to now of the findings of the workmen's 
mission, and illustrates its position with some 
interesting and cogent details. Employers know in 
advance that a new machine will be welcomed by 
workmen in exact proportion to its efficiency, 
irrespective of its apparent immediate effect in 
reducing employment; more usually, in changing 
employment, as for the most part alternative work 
is found for displaced men from the outset. A far 
more vigorous policy of scrapping and improving 
plant can, therefore, be adopted than if new 
machines were received grudgingly, or with hostility. 
The practice of cutting rates does not seem to exist. 
and men engaged in each works appear to deal 
with employers with mutual confidence. Thus the 
institutions of each works are developed individu- 
ally, and so from works to works get levelled up 
throughout the industry by a natural evolution, 
instead of being framed trade-wide in an amateur 
law-court by a process ot haggle and bargain, which 
may prevent the thin end of the wedge of progress 
from being introduced into any works until the 
thick end has been admitted throughout the entire 
industry. The Government encourages the main- 
tenance of plant up to a modern standard and the 
practice of sound finance by allowing depreciation 
to be recognised up to any desirable level as the 
business expense it really is, instead of inciting 
firms to minimise its amount by taxing all deprecia- 
tion above a small and wholly inadequate maximum. 
The list of the foundations that the Americans have 
built for their industries, better than we have built 
ours, could be considerably extended ; but by theiz 
fruits we may know them. Their industrial disputes 
have fallen steadily from 4,450 in 1917, to 1.227 in 
1924. Their wages in 1920 were within 1 per cent. 
of double what they were in 1913, and had risen by 
a further 29 per cent. in 1924. The average whole- 
sale prices of commodities fell between 1920 and 
1924 from 226 to 150, so that if retail prices flue- 
tuated correspondingly, real wages had risen by 
1924 to more than three times the 1913 level ; and 
this large reduction in prices had occurred in spite 
of the enormous rise in wages, and of the temptation 
to inflate prices that is often attributed to a pro- 
tective tariff. 

From the reports of the mission engineers, we shall 
doubtless learn more details of American working. 
but one result seems to be clear in advance. The 
United States has cut loose definitely from the 
restrictions that divide each British industry into 
two camps, and both employers and workmen are 
co-operating with their characteristic national 
enthusiasm on whatever may enable each industry 
to do the best it can for itself. The results have 
shown that in doing this those who have adopted 
this policy have also done their best for workmen, 
employers, and customers, and at each stage have 
raised the standard of living and the purchasing 
power of the commodity beyond all reasonable 
expectation. There is not money enough even in 
America to have done what has been done, except 
as a practical business policy ; the event has shown 
with what success. The policy cannot be adopted 
in this country, nor the careers be opened to the 
talents as they are in the United States, without a 
whole-hearted concordat between the parties to 
industry, such as has not existed since the rise of 
the trade-union movement. It could not have 





existed before that date, because the true mutual 
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relations of capital and labour were not then under- 
stood. They are understood now, and the United 
States has shown what has come of putting them in 
practice. The short point is whether the parties to 
industry in this country will revise the policy of their 
internal institutions so as to attain that concordat, 
or whether they will still seek to perfect their stan- 
dard of life by destroying their means of living. 








THE LONDON TRAFFIC SITUATION 


Were the financial resources available for re- 
lieving congestion in the London streets unlimited, 
there is no doubt that the present chaos could be 
straightened out for several decades to come at 
the cost of some temporary inconvenience. How- 
ever, the authorities are actually only entrusted 
with public funds of strictly limited amount, and it 
is their first duty, as it is the duty of the directors 
of any ordinary business undertaking, to employ 
these in such a way that they will produce a fair 
return on the money invested. While it is true 
that some of the questions involved, as for example, 
the health of the public, cannot be expressed in 
monetary terms, a true perspective can only be 
obtained if the financial aspect of any proposed 
scheme is used as a rough test, by means of which 
its desirability or otherwise may be estimated. 
The value of this method of viewing the question 
was brought out by Sir Henry Maybury in a 
recent address on “‘ London Traffic,” which he gave 
before the Royal Institution. He mentioned two 
schemes which have already received consider- 
able notice. The first of these was the proposal to 
remove Charing Cross station to the south side of 
the river, to demolish the present railway bridge, 
and to erect in its place a new road bridge with 
suitable approaches. 

Sir Henry had no difficulty in showing that 
the enormous cost of paying compensation, of 
demolition, and of new works, involved in such 
a scheme, was in excess of any benefit likely to 
accrue to the public from the relief of congestion. 
The second instance quoted was that of the pro- 
posed new dock road, particulars of which were 
given in our issue of October 24, 1924, page 571. 
The inadequate facilities for traffic to and from the 
docks indirectly affects practically the whole of the 
London area, and although the new scheme, in- 
volving as it does a new bridge over the river Lea 
and other expensive works, will of necessity be 
costly, the delays occasioned by the present conges- 
tion on the dock approaches are estimated at many 
thousands of pounds a year. There can be little 
doubt that in this case the money invested in the 
new undertaking would be fully, though indirectly, 
recouped, 

The most serious cause of congestion in the London 
streets at the present time, at any rate in the more 
central areas, is the very large growth in the number 
of *buses. Whereas in 1914 the number licensed 
was 3,664, by October, 1925, this figure had grown 
to 5,502, and there is no doubt that if restrictions 
were not imposed further large increases would occur. 
Apart from intensifying congestion, a secondary 
but important effect of this increase has been the 
diversion of traffic from the suburban railway 
services, the tubes, and the tramways. This has 
been so great that these undertakings have, in vary- 
ing degree, become economically unsound. So many 
misleading statements have been made recently 
in this connection that an unbiassed statement of 
the position, coming from such an authority as 
Sir Henry Maybury, should prove of great value. 
‘ir Henry took occasion, in the address to which 
we have already referred, to deal with the conten- 
tion that the competition of the ’buses has proved 
the electric tram to be obsolete, and that the time 
has come for the withdrawal of the tramway 
systems from the London area. 

The undoubted preference shown by the public 
for the former type of vehicle has, it must in fair- 
hess be admitted, rather tended to important 
factors being overlooked. For instance, the tram- 
way owners, like the railways, are under statutory 
obligations to maintain definite services, and during 
certain defined hours to carry large numbers of 
workers to and from their business at unremunera- 
tive rates. In addition, they are called upon to 
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maintain a portion of the road surfaces over which 
they run, their contribution in this respect at the 
present time being estimated at 300,000/. per 
annum. The liability of the *bus proprietors, on 
the other hand, is confined to compliance with the 
police regulations as to safety, and to the annual 
tax on each vehicle. Until the new regulations 
imposed by the Ministry of Transport came into force 
they were at liberty to select their route, and the 
times of their services, thus securing the cream 
of the traffic, leaving the least profitable to the 
tram and tube services. There was nothing to 
prevent a small speculative company hiring a few 
*buses, or purchasing them on an_ instalment 
system, and if such a company failed, the public 
had no remedy for the inconvenience caused by the 
sudden cessation of the service. The conditions as 
between the proprietors of tramways and ’buses were 
thus clearly very different, and the only material 
question before the London and Home Counties 
Traffic Advisory Committee, which was appointed 
in 1924 to consider this and other questions, was the 
selection of the best remedy for this state of affairs. 

A strong case might conceivably be made out 
for imposing the same statutory obligations on 
both forms of transport, but as is well known, 
the Minister of Transport has adopted as an 
alternative the recommendation of the committee 
to restrict competition by limiting the number 
of *buses which are permitted to ply over certain 
routes. Nothing can be more certain than that 
it is a mistake to force the public to utilise one 
particular form of transport if another is capable 
of affording better service, and a feeling undoubtedly 
exists that the method of restricted services 
employed by the Ministry savours of this policy. 
In recommending this procedure, however, the 
Advisory Committee appear to be acting in the 
public interest, and it is as well that the reasons 
on which their decisions are based should be fully 
appreciated. The committee, after a careful study 
of the available data, reached the unanimous 
conclusion that the tramway services are essential 
to the satisfactory traffic movement of the metro- 
polis. Apart from this decision, Sir Henry Maybury 
mentioned in his address that if the tramways were 
scrapped in toto, the financial effect on every 
London ratepayer in the repayment of debt charges 
would be colossal, the capital invested in the 
tramway undertakings amounting to no less than 
27,000,0007. The cost of road repairs, to which we 
have already referred, would also be transferred 
to the rates. 

The general principle underlying the recom- 
mendations of the committee is that each form 
of transport has its appropriate place in the general 
scheme, but it is held to be essential that all the 
services shall be mutually complementary. The 
chief object aimed at is that each service shall 
be self-supporting, and at the same time meet the 
requirements of the travelling public. That it is in 
no way impossible to make the tramways self- 
supporting is shown by the fact that up to 1922, 
when ’bus competition began to be severe, the 
great majority of the services in the area were 
making reasonable profits, the publicly-owned 
undertakings in the year ending March 31, 1922, 
showing profits of 589,4937. It is hardly disputed 
that the tram is more liable to cause congestion 
than any other type of vehicle at present using 
the streets, but on the other hand it has been 
clearly shown in cases where it is not subject to 
wasteful competition that, under suitable con- 
ditions, it is still much the cheapest form of public 
service. In this connection the figures given by 
Mr. C. O. Silvers, the general manager and engineer 
of the Wolverhampton Corporation tramways and 
motor omnibuses, may be recalled. Speaking at 
the joint meeting of the Institutions of Civil, 
Mechanical and Electrical Engineers in Birmingham 
on February 12 last, Mr. Silvers stated that the 
cost of the Wolverhampton trams for the year 
1924-25 worked out at 39-56d. per 100 seat miles, 
whereas that for the *buses under the same owner- 
ship was 44-56d. The corresponding figures in the 
case of the Edinburgh system, where joint owner- 
ship again prevails, was given as 30-7d. for the 
tramways, and 55-247d. for the ’buses. 





An interesting point made by Sir Henry Maybury, 


whose address we have quoted, was that many of 
the important cities in the United States have 
either experienced in the past, or are now experi- 
encing difficulties, precisely similar to those ruling 
in London. There, however, matters have been 
carried somewhat further than here, and a pro- 
tection clause against wasteful competition is now 
in operation in nearly every State. As a result, 
many street car companies, which were previously 
in a parlous state, are now again self-supporting, 
and once more paying dividends. 





NOTES. 
Bow GIRDERs. 

In certain circumstances it is necessary or 
convenient to use girders curved in plan. They 
have, for example, been employed for the galleries 
of theatres, and are occasionally adopted for sup- 
porting the rounded corner of a building. Such 
girders are subject to both twisting and bending, 
and the ordinary girder or I beam section has little 
torsional stiffness. In spite of the complications 
involved, the type was successfully used long 
before structional engineers concerned themselves 
much with refined methods of stress analysis. 
The application of Castigliano’s method of least 
work to the determination of the stresses in these 
girders is discussed in a paper* recently issued by 
the Building Research section of the Department of 
Scientific and Industrial Research. From the 
theoretical standpoint the problem presents, of 
course, no particular difficulty, and as pointed out 
by the authors, Professor Pippard and Mr. Barrow, 
it has already been discussed by Messrs. Gibson and 
Ritchie, who dealt, however, only with girders 
bowed to a circular curve. The theory involved 
is explained at length in the pamphlet under 
review, and is subsequently illustrated by worked- 
out examples. Comparatively simple as the theory 
is, however, the computations required are distinctly 
laborious, and this is increased by the authors’ 
use of Simpson’s rules for approximate integration 
instead of those of Gauss, which in the case of 
smooth curves give equal or superior accuracy 
with about half the number of ordinates. At 
best, however, the work involved is so considerable 
that we imagine few practitioners will adopt the 
method save in cases where the girders are of unusual 
size. Otherwise they will probably consider it 
cheaper, on the whole, to make a rough approxi- 
mation to the stresses, and to compensate for 
possible errors by adopting a liberal factor of safety. 
Where, however, the girder is of considerable size, 
and weight, the use of exact methods of calculation 
may be truly economical, and structural engineers 
will in such cases find useful the work of Professor 
Pippard and Mr. Barrow, as it will save them the 
labour of framing ab initio the equations required, 
and will obviate possible errors. 


Tue ImpertaAL INSTITUTE. 


Throughout the various phases of the history 
of the Imperial Institute one main idea has always 
been kept in view, namely, the creation of a 
clearing house for information, investigation and 
exhibition of the natural resources of the British 
Empire. At a time when efforts are being made, 
in every direction, to increase Empire trade, those 
concerned are indebted to Lieut.-General Sir 
William T. Furse, K.C.B., for the presentation of 
a paper to the Royal Society of Arts on “ The 
Work of the Imperial Institute.” With this 
organisation, which was founded in 1887, on the 
initiation of King Edward VII, when Prince of 
Wales, to commemorate the Jubilee of Queen 
Victoria, is now amalgamated the work of the 
Imperial Mineral Resources Board and control is 
exercised by the Parliamentary Secretary of the 
Department of Overseas Trade. On the governing 
body there are representatives of the Dominions, 
of the Home government departments, of some 
scientific and commercial institutions. and in 
addition, expert technologists. There are two 
main divisions in the Institute’s work, a Mineral 





* « The Stress Analysis of Bow Girders,’’ by Professor 
A. J. Sutton Pippard, and Mr. F. T, Barrow. H.M. 
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Resources Department and a Plant and Animal 
Products Department, and with each is associated 
an Advisory Council and Advisory Technical 
Committee. The work of the mineral section 
comprises the collection of information regarding 
resources—location, extent, character, treatment 
and transport—as well as the preparation of 
statistics on production and prices. In the labo- 
ratories, mineral samples are examined and analysed, 
pottery clays are similarly treated, while cements 
and building stones, and also the mineral contents 
of soils, are subjects for investigation. In the 
Plant and Animal Products Department work has 
been undertaken on rubber research for Ceylon 
since 1913. This work it is hoped to extend by 
the participation of other important parts of the 
Empire where rubber is cultivated. Vulcanisation 
is a subject on which much work has already been 
done at the Institute, and other phases of useful 
experimental work have not been neglected. Silk, 
timber and other materials are also the subjects 
of research work, the magnitude of which it is 
hoped to extend. Largely as the outcome of the 
Silk Advisory Committee’s work, a filature is now 
being erected in Ceylon, and “ Ceylon silk” of the 
highest quality, known as such for the first time 
in history, will be on the market within a few 
months. The arrangements at the Exhibition 
Galleries are at present being improved and, when 
the buildings are re-opened to the public at Whit- 
suntide, it will be found that the exhibits have been 
greatly increased in number and quality. 


MINING SUBSIDENCE. 


The Royal Commission on Mining Subsidence 
has not completed its labours, but in view of the 
necessary development of the virgin coalfield 
in the Doncaster area it has felt compelled to submit 
an interim report dealing with that area. This 
is entitled ‘‘ First Reportof the Royal Commission on 
Mining Subsidence : The Doncaster Area.” [H.M. 
Stationery Office. 3d. net.] The single reeommenda- 
tion of the report is that, as a matter of urgency and 
without delay, a special Commission should be set 
up representative of the various State and industrial 
interests involved and of the Institution of Civil 
Engineers, with the services of a highly competent 
civil engineer. The purpose of this Commission is 
to enquire generally into the situation in the Don- 
caster area, the reference including, but not being 
confined to, the efficiency of the existing drainage, 
and to make recommendations regarding the 
development of the area in the best interests of all 
concerned. In view of this impending enquiry 
it would be premature at the present time to discuss 
in detail the interesting and intricate problems that 
the area presents ; the more so as the short interim 
report gives an unusually clear and well-balanced 
statement of the general questions to be considered. 
What is styled the Doncaster area extends over some 
200,000 acres, mainly of rich agricultural land. 
Three-fourths of it are below the 25-ft. contour, 
a large part below flood level in the rivers and below 
the water level in the high-water carrier drains, and 
some parts only 6 to 8 ft. above Ordnance datum. 
It is preserved for agricultural purposes by a 
costly and elaborate system of drains and pumping 
stations, which are maintained somewhat imper- 
fectly at a considerable expense. Most of the drain- 
age is by gravitation, parts of the system depending 
on very minute differences of levels—in the district 
south of the Don as little as 4 to 8 in. per mile, and 
already presenting a considerable complication and 
at times great difficulty in maintaining any outfall 
atall. The legal rights of the owners of the drains are 
of some complexity, Lut many of the drains are 
entitled at least to an unqualified right of support. 
Below this valuable and difficult agricultural 
surface is a virgin and not fully explored coalfield, 
which has been estimated by Mr. Joseph Humble, 
M.Inst.C.E., to contain over 4,000 million tons of 
coal to be sent to bank, the removal of which would 
ultimately lower the surface levels by some 21 ft. 
The evidence of some witnesses shows that long 
before this point is reached the existing drainage 
system would be destroyed and that, in effect, the 
entire district would be ruined for agricultural 
and industrial purposes, and even constitute a 
danger to public health. No doubt can be felt that 


to find means of safeguarding the valuable interests 
in this area above and below surface is a matter of 
fully as much urgency as the report represents, 
and is likely to present problems that will call for 
the exercise of the best engineering skill that can be 
obtained. 





THE OPTICAL CONVENTION. 
(Continued from page 504.) 


WE continue this week our report of this con- 
vention, confining ourselves, as before, to selected 
meetings and making no attempt to deal with the 
whole of the proceedings. 


PHOTOMETRY AND PHOTO-ELECTRICITY. 


A number of papers dealing with photometry 
and allied subjects were taken at the meeting on 
the morning of Tuesday, the 13th inst., in the 
Physical Chemistry Theatre. One of these, by 
Mr. T. H. Harrison, dealt with the “‘ Use of Photo- 
Electric Cells for Precision Photometry of Electric 
Lamps.” Dr. Norman Campbell first used photo- 
electric cells in the research laboratories of the 
General Electric Company, Limited, and found 
them to be ten times more sensitive in colour- 
matching than the visual method. Mr. Harrison 
himself took up the method for intensity com- 
parisons in the National Physical Laboratory. 
His arrangements comprised a photometer cube, 
two photo-electric cells, one of sodium and one of 
rubidium connected for balance, and a bench. 
The maximum of photo-electric sensitiveness shift- 
ing in the alkali metals more towards the blue as 
the atomic weight decreased, slight differences 
in the colour of a light manifested themselves by 
disturbing the balance of the cells, and Mr. Harrison 
found that substandards at any rate could be 
better calibrated by photo-electric than by visual 
methods, with an accuracy of 0:1 per cent. as to 
voltage and 0:05 per cent. as to current. In the 
intensity measurements, he added, the colour dif- 
ference effect, according to Dr. Campbell, could be 
diminished by placing a Wratten No. 9 filter in 
front of the rubidium cell the sensibility curve of 
which was very nearly the same as that of the eye. 
But photo-cells had defects; two cells of the 
same metal hardly ever had the same sensibility, 
the sensibility was not constant, the photo current 
was not strictly proportional to the intensity of 
the exciting light, and all the cells suffered from 
fatigue. In their studies of the “ Variations in 
Tungsten Filament Vacuum Lamps by Photo-Electric 
Photometry,” Dr. N. R. Campbell and Miss M. K. 
Freeth did not observe any consistent difference in 
the luminous efficiency of drawn tungsten wires 
prepared by different methods. Such wires might 
differ by 3 parts in 1,000 in successive lengths, and 
the variations were not completely correlated with 
variations in the resistance per unit length and in 
the diameter, but might be due partly to differences 
in the cross section and shape, or to the lack of 
uniformity of a filament along its length. Glass 
bulbs also differed in their absorption and might 
cause 2 per cent. differences in efficiency estimates, 
though appearing similar by visual inspection. 
Single crystal wires prepared by the Pintsch process 
(the wire is drawn through a short furnace consisting 
of a tungsten spiral), had an efficiency about one per 
cent. greater than drawn wires at 2,300 deg. K. 
This difference was ascribed to a difference in the 
temperature coefficient. Owing to the cooling 
effects of the wire ends, equal mean colour tempera- 
tures did not imply equal maximum temperatures 
in wires of different lengths, but temperature esti- 
mates by colour-matching were more accurate in 
efficiency tests than temperature estimates by 
resistance changes. 

Mr. B. P. Dudding and Mr. G. T. Winch, also 
of the Wembley Research Department of the 
G.E.C., dealt with “ Electric Incandescent Gas-filled 
Substandards.” Prior to 1914, Mr. Winch stated, 
international agreement had been reached on 
vacuum lamp standards operating at about 2,300 
deg. K. and 1-5 watts per mean horizontal candle. 
Since then commercial vacuum lamps had operated 
at 2,400 deg. K., which seemed to be the limit 
for vacuum substandards, whilst gas-filled lamps 





had been raised up to 3,000 deg. K. Early attempts 


to make gas-filled substandards for 2,500 deg K. had 
failed because stability of the coiled form of filament 
for such lamps was only possible in large sizes of 
wire (carrying 5 amperes or so) and the elimination 
of changes in the electrical characteristics demanded 
spot-welding of the short lengths of filament at 
both ends, which introduced difficulties in construc- 
tion. The defects became pronounced in small-size 
lamps (20 candle-power). Recently, however, they 
had succeeded in constructing small coiled-filament 
lamps suitable for substandards, though their 
transport required special precautions. 

. W. Barnett, of the National Physical 
Laboratory, followed with “Notes on Electric 
Incandescent Substandards and the Maintenance 
of the Unit of Candle-Power.’’ The paper went 
back to early carbon lamps, and did not give 
many figures as regards inter-comparisons made 
from 1924 to 1926 in America, France, Germany and 
Great Britain. During the discussion of these 
papers suggestions were made by Dr. J. T. 
MacGregor-Morris and others as to the suppression 
of convection currents in gas-filled lamps by means 
of baffles (to produce spiral currents) or long 
tubes. Dr. Rennick recommended tungsten strips 
as low-volt standards, but Mr. Walsh pointed out 
that the temperature drop at the ends of the short 
strip would be too great. In reference to the 
somewhat historical character of Mr. Barnett’s 
report, Mr. Walsh reminded the meeting that the 
international agreement of 1909, confirmed in 1921, 
-was based upon the carbon lamp. 

The paper on “Colour Correction for Integrat- 
ing Photometers,” by Mr. R. C. Fox, of the 
Cosmos Lamp Works, near Enfield, concerned the 
white paint used for the inner coating of photo- 
meters. Any slight coloration of the zinc oxide, 
magnesia, &c.. or of the oil used in its preparation, 
was exaggerated by repeated reflections, and 
became a source of errors especially in comparisons 
of lamps of different colours. Barium sulphate 
Mr. Fox considered best, but it was difficult to mix. 
He recommended zinc oxide prepared according to 
the specification of the Bureau of Standards. The 
mixture consisted of a cellulose lacquer (100 parts 
by weight of denatured alcohol, 15 of camphor, 10 
of celluloid), and a paint (1 part of zinc oxide, 4 of 
the lacquer, 1 of denatured alcohol). The alcohol 
was methylated spirit deprived of its water (which 
would precipitate the camphor) by quicklime. 
Seven coats of the paint were applied by spraying. 
Unfortunately the paint had to be thinned by 
means of turpentine which gave a yellowish 
tint to the white: this, Mr. Fox showed, could 
be suppressed by placing a blue glass just outside 
the photometer window. Mr. Walsh remarked, 
during the discussion, that the yellowish tint 
increased with age, and that the blue glass affected 
the spectroscopic tests. Mr. Guild had found 
magnesia quite satisfactory, but would like to do 
away with the screen inside the cube or sphere. 

Mr. Leon Gaster reviewed, in a paper on 
“ Tiluminating Engineering in Relation to Optics,” 
some of the new problems which this branch of 
optics had now to face. 


POLARIMETER Lamps. Liaut ABSORPTION 


By Guwass. 


Two papers, to some extent allied to those dealt 
with above, were taken in the Physical Chemistry 
Theatre on the morning of the 14th inst. The 
first of these, by Dr. P. Corlett Austin, dealt 
with “Light Sources for Use in Polarimetry,” 
a subject on which, Mr. Twyman subsequently 
pointed out, very little had been done in_ this 
country. It did not appear to interest the Sugar 
Research Association, although slight differences 1n 
polarimeter scales involved large sums in sugar 
duties. The technical point of interest concerned 
the difficulties in the manufacture of suitable light 
sources. The sodium line, Dr. Austin explained, 
was still used although as a doublet it was unsuit- 
able. Flame spectra were weak and enclosed arc 
spectra preferable. The enclosed mercury arc, with 
its green and blue lines, had been supplemented 
by the cadmium arc, which gave a very good pair 
of lines, green and red, but the fused cadmium 
was liable to stick to the quartz tube which broke. 
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the cadmium with 2 per cent. of the very rare metal 
gallium, which lowered the melting point of cadmium 
(321 deg. C.). The open metallic arcs used consisted 
of electrodes of the metal. The lithium spectrum, 
which was very convenient because it gave two 
widely separated lines, a red and a blue, was pro- 
duced by introducing lithium carbonate into holes 
drilled into electrodes of silver which were fixed at 
right angles to one another. 

The apparatus for the “‘ Determination of Extinc- 
tion Coefficients of Light in the Visible Spectrum,” 
which Mr. W. D. Haigh, of the British Instrument 
Research Association described, was a modification 
of apparatus designed by Mr. G. M. B. Dobson, 
of Oxford. It consisted of two neutral wedges, a 
colour filter, a photo-electric cell and a Lindemann 
electrometer ; one of the vertical wedges was fixed 
while the other could be raised. The cells were of 
two types ; the Clarendon cells, filled with gas at low 
pressure which was partly ionised by the light, were 
more sensitive than the highly-evacuated cells of 
the General Electric Company and had proved pre- 
ferable. It is noteworthy that the two types of 
cells, containing potassium, rubidium or caesium, 
were found to be in good accord. The tests so far 
made showed that British glasses were superior 
to foreign glasses for transmission in the blue and 
violet, but not in other parts of the spectrum. 


Light AND Sounp. SPEAKING FIs. 


An interesting paper taken at the meeting in 
the Chemistry Theatre on the morhing of the 15th 
inst.. was that by Professor A. O. Rankine, whose 
experiments on the transmission of speech by light 
we illustrated on page 531 of our issue of April 27, 
1923. His paper was entitled ‘‘ Optical Problems 
Relating to Speaking Films.” Dr. Rankine pointed 
out that E. Ruhmer, in his experiments of 1901, 
aimed at producing a picture and speech on the 
same film, and had suggested that the fluctuations 
of arc intensity due to the sound should, by a cylin- 
drical lens, be recorded as a fine line across the 
width of the film. Thus he had anticipated much 
more than he was credited with, but Dr. Rankine’s 
objection to this and later arrangements was that in 
the reproduction of speech the variable light emission 
from the are, or a microphonically-controlled lamp, 
did not arise solely from changes in intrinsic 
brilliancy ; the size and shape of the luminous area 
changed also, whilst in the lamp used for reproduc- 
tion they remained constant. Thus it was a 
mistake to illuminate the film with an image of the 
source, unless the latter responded solely to acoustic 
action by brilliancy changes. That difficulty could 
be overcome by the use of a slit which received 
uninterrupted illumination from the source as a 
whole, if all the light penetrating the slit was 
ultimately focused on the film, forming an image of 
the slit itself. Dr. Rankine’s optical arrangement 
consisted of : source ; lensI; a wide slitimmediately 
behind it ; lens II (in the plane of the image of the 
source) ; and film (in the plane of the image of the 
slit). Every point of the slit image then received 
illumination from every point of the source, and 
the sound records would be sharply defined even 
for high-frequency vibrations at high film speeds. 
A similar arrangement was used for reproduction. 
A wide slit, of about 3 mm., had advantages over the 
usual very fine slits ; but, Dr. Rankine added, that 
Mr. Elwell, in the new optical system of the British 
Phonofilm Company, used a very fine slit of 0-002 in. 
(0-05 mm.) and an arrangement in which the image 
of only a portion of the slit appeared on the film. 

A paper actually taken at a meeting on the morn- 
ing of the 14th inst., but which may conveniently 
be mentioned here, was that entitled “The Optical 
Analysis of Sound.” In this, Dr. E. E. Fournier 
d’Albe described a modification of the Helmholtz 
resonator as used by A. G. Webster. On the top 
of the resonator cylinder is mounted a small reed 
of mica bearing a mirror. Twenty-four of these 
resonators, each responding to one note only, are 
sunk into a plate. A narrow beam of light falls 
on the mirrors, and the light is reflected on to a 
Screen, a spectrogram of speech being obtained 
by moving a film at right angles to the line of 
spots. When a syren disc with concentric per- 
forations is moved over such a record and the 
intermittent beam is concentrated on a selenium cell, 


the sound can be reproduced by the aid of a tele- 
phone. Dr. d’Albe mentioned that the necessary 
selectivity of the reed was easily obtained for notes 
above the middle C, because the pitch resonator 
overtones varied at rates entirely different from the 
reed overtones ; below C the response was not so 
distinctly limited to the fundamental note. 


PorRTABLE PHOTOMETERS, Suips’ LANTERNS 
AND SEARCHLIGHTS. 


Other aspects of photometry problems were 
dealt with at the meeting held in the afternoon of 
the 15th inst., in the Physical Chemistry Theatre. 
The first three papers were contributions from 
the National Physical Laboratory, the last two 
being from the Admiralty and the War Office. Mr. 
A. K. Taylor outlined, in his “‘ Notes on Portable 
Illumination Photometers”, the technical clauses 
of the British Standard Specification for these 
instruments, probably the only specification of 
this kind so far in existence. It covers range 
A for indoor (factories, &c.) work, and B for ex- 
ternal illumination (street lighting). Mr. Taylor 
expressed a preference for observing the comparison 
surface through an aperture in the test surface 
(instead of the opposite practice), and for working 
on the inverse square law, without the use of 
shutters and of special switches, as he desired to 
have conditions constunt before reading. He re- 
commended test surfaces of white matt (pot opal) 
glass, and glass wedges rather than gelatin filters 
for reduction. Using a Lummer-Brodhun contrast 
type of head, without reflection from the bulb, 
the lamp taking about 0-25 ampere at 3 volts, 
measured by the Schofield bridge control method, 
the overall error of the measurements should be 
less than 5 per cent. 

Dr. E. H. Rayner reviewed the work done by 
the National Physical Laboratory for the Board 
of Trade on “ The Performance and Design of the 
Optical System of Ships’ Navigation Lanterns.” 
According to the international regulations, side- 
lights, green and red, should be visible at 2 miles, 
and masthead lights at 5 miles. One of the 
most important factors was the distribution of 
the light in the vertical plane so as to main- 
tain equal visibility when the lantern was 
tilted. The design of the lenses was largely 
dependent upon the source of light, generally, 
apart from electric lamps, an oil lamp of not 
more than 16 candles. More powerful lamps 
produced too much heat and cracked the chimneys 
of the burners. The Board required straight wicks, 
1} in. wide, not the single or double annular wicks 
largely used in other countries. Dr. Rayner -gave 
particulars of the study of the lens systems, which 
they had built up of separate parts, a central belt 
and dioptric rings, symmetrical or not. He 
also referred to some 250 test sets of light and 
dark red and green glasses, made by Messrs. 
Chance and polished by Messrs. Barr and Stroud. 
Mr. F. E. Smith, during the discussion, 
asked whether it would not be possible to make 
these lenses, like those of railway signal lamps, 
with their steps inside, so that the outer side, 
on which dust and spray settled, could easily be 
cleaned, but Mr. W. M. Hampton, of Messrs. 
Chance, did not think that would be possible with 
the three-part moulds in use, in which a central 
plunger, afterwards to be withdrawn, forced the 
fused glass into the recesses of the mould. 

The paper of Mr. J. W. T. Walsh, on “The 
Photometry of Projection Apparatus,” showed 
that, in a parabolic reflector and in a lighthouse 
lens, the illumination at a point depended upon 
the area of the mirror which appeared to flash up 
when viewed from that point. The whole mirror 
would flash up in that sense only for points beyond 
a certain minimum distance from the mirror, 
and Mr. Walsh showed how that distance, outside 
which the inverse square law became applicable, 
could be determined for any size of projection 
apparatus designed to give a beam of minimum 
divergence. Theoretically, accurate measurements 
could only be made over a limited range of angles, 
which was much less than the total divergence of 
the beam ; practically sufficient accuracy could be 
obtained over the major part of the beam. 





A very wide range of similar and cognate problems 





was covered by the paper of Mr. S. Harcombe, 
on “Iilumination Measurements of Projected 
Beams.” Mr. Harcombe gave a very brief account 
of searchlight observations, and deductions based 
on them, made from H.M.S. Vernon, partly 
across Stokes Bay, to two stations, 2,828 ft. and 
6,760 ft. distant. The observations covered candle 
power at centre of beam, average candle power, 
colour, and atmospheric absorption, made with the 
aid of Lummer-Brodhun heads and spectrophoto- 
meters, the source of light being arc lamps of various 
colours. In reply to questions asked during the 
discussion, Mr. Harcombe stated that the beams 
were too unsteady for photo-electric work and the 
colour absorption was deduced from comparative 
observations at the two stations. 

Lieut.-Colonel C. H. Silvester Evans, R.E., 
finally described the laboratory method of ‘‘ Measur- 
ing the Total Luminous Flux in a Projected Beam 
of Low Divergence,” which he and Lieut. H. C. 
Gibson, R.E., have been using for five years. The 
shape of the beam of a projector of say 90 cm. 
aperture, with a 170 ampere arc light of 75,000 
candles average, he explained, would have to be 
determined in the open, and photometry measure- 
ments undisturbed by atmospheric absorption would 
require a laboratory 300 metres long. Hence a 
secondary reflector, also a paraboloid, was fixed 10 to 
15 metres from the first to focus the beam on to the 
test surface, a cylindrical vessel of copper or alumin- 
ium covered with zinc oxide and water-cooled by a 
thermo-syphon from a 30 gallon tank. From this 
surface the beam passed along a tube through a 
sector and filters on to the Lummer-Brodhun 
photometer head. Remarkably consistent results 
had been obtained, and recalibration by means of a 
Pointolite lamp was only required when the test 
surface or the secondary reflector had to be renewed. 


SuRVEYING INSTRUMENTS AND METHODS. 


The meetings held in the Chemistry Theatre, on 
Friday, the 16th inst., were devoted almost entirely to 
the discussion of subjects of interest to the surveyor. 
The first paper taken was by Mr. G. H. Carruthers, 
and described work carried out at the Admiralty 
Research Laboratory on “ Artificial Horizons,” which 
are required for use with the prismatic astrolabe, 
which the Admiralty are now adopting for precision 
work. A common form of artificial horizon consists 
of a pool of mercury, from which the image of the 
star observed is reflected into the surveying instru- 
ment. This plan suffers from the drawback that 
the surface of the mercury is liable to be disturbed 
by vibration. To eliminate the trouble thus arising, 
the plan has at times been adopted of floating a glass 
plate on the mercury. This kills the tremors, and 
it has been assumed that the glass floats truly level. 
The experiments of Mr. Carruthers show that this 
is far from being the case, and that the error may 
amount to as much as 2 deg. Apparently, the tilt 
is due to local differences in the surface tension, 
between the glass and the mercury, which, unless 
the glass is chemically clean, varies from point to 
point of the glass. On the other hand, Mr. Carru- 
thers found that the surface of a pool of mercury, 
even if only 1 mm. thick, was, in the absence of 
vibration, truly level. The experiments were made 
by means of an interferometer. It was stated at the 
meeting that viscous liquids had been tried in the 
hope that in a thin layer of them, tremors would be 
damped out by the viscosity of the fluid, but the 
results were most unsatisfactory. 

A paper on “Spirit Levels ’’ was read by Messrs. S. 
Weston and V.Towns. They stated, that if a 2 mm. 
division were to correspond to a tilt of 20 seconds 
of arc, the radius of the bubble tube would be 69 ft., 
and in very delicate levels the radius was as much 
as 1,500 ft. So long as the sensitiveness required 
did not exceed 2 mm. motion of the bubble per 
10 seconds of arc, the tube could be fixed on with 
plaster of Paris, but with very sensitive levels, it 
was advisable to mount the tube on a three-point 
support, one of which was a differential screw. 
The paper described this method as applied to the 
Watts precision level, as illustrated in ENGINEERING, 
June 12, 1925, page 732. At one time, alcohol 
was used for filling the tube, but it had a high 
viscosity, and ether was now preferred. 

A very long bubble, it was said, would oscillate, 
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whilst a very short one would be sluggish. With 
the Watts instrument (described loc. cit. supra), the 
bubble length remained accurately constant in spite 
of extreme changes of temperature. The introduc- 
tion of this new device had made it unnecessary to 
observe both ends of the bubble. The standard 
pattern of phial for the constant-length bubble 
has an elliptic cross section, but it was stated that 
tubes with circular-section could also be used. 

The Watts instrument was self-adjusting. The 
bubble could be turned over from one side of the 
telescope to the other, through 180 deg., and the 
mean of the observations taken was always exactly 
the true level. This held good even when the instru- 
ment was thrown purposely out of adjustment, but 
the instrument, as sent out by the makers, was 
adjusted so that both readings were identical. The 
bubble was viewed from the eye-end of the instru- 
ment without change of position on the part of the 
observer. Stress was laid on the necessity of 
protecting all levels from local variations of tem- 
perature. Sensitiveness, it was said, was not the 
only quality demanded in bubble tubes. Those used 
for artillery purposes were required to come to rest 
quickly, and to resist shock. For many purposes, 
circular levels were convenient. They were now used 
largely for ‘* rough setting ”’ a level, the final adjust- 
ment being subsequently given by the tilting screw, 
now always supplied to precision levels. 

Reference was made during the meeting to a 
certain hypnotic influence which German instru- 
ment makers were said to have exercised on users 
in pre-war days. The belief was then widespread 
that German level tubes were much the best. The 
Instruments Research Association have, however, 
compared a pre-war tube of first-class German 
make with the tubes supplied at the same date 
by Messrs. Watts, and the latter proved to be 
very much superior, being almost perfect, whilst 
there were marked irregularities in the German 
tube. 

It was also stated that the method used by the 
United States Geodetic Survey for shielding the 
bubble tube against local temperature variations 
had also been adopted in Canada. It proved 
quite satisfactory so long as the surveys were 
made along the railway routes. The instrument 
was, however, far too heavy to be serviceable in 
most of the geodetic surveys now in progress. 

Major E. 0. Henrici also contributed a paper 
on * Levelling Instruments,” in which he spoke 
highly of the instrument by Cooke, Troughton 
and Simms, which was described in our issue of 
June 3, 1921, page 680, and also of the Watts 
self-adjusting level with its constant-length bubble. 
The old Y and dumpy levels, he said, had the 
line of collimation fixed permanently perpendicu- 
lar to the vertical axis of the instrument. 
This plan was advantageous on paper, but in 
the field the preference was now given to in- 
struments provided with a tilting screw. The 
introduction of internal focusing had been very 
advantageous from the mechanical standpoint. 
The telescope was in one piece, and it was easy 
to ensure that the change of focus did not alter 
the line of collimation. The bubble tube, he 
stated, was best lighted from below. The first 
modern improvement in the method of reading 
the bubble was due to Zeiss, who fitted an ocular 
by means of which both ends of the bubble could 
be viewed simultaneously from the eyepiece end 
of the instrument. This could probably not be 
improved on, if both ends of the bubble were to 
be viewed. The Watts system of viewing one end 
only was perhaps not so delicate, but with the 
exception of the Zeiss arrangement it was superior 
to any other. The Zeiss provision for checking 
adjustment was complicated, whereas the Watts 
system of swinging the bubble tube to the other 
side of the telescope was simple and exact. 
Precision levelling staffs were now necessary, and 
were being supplied with the divisions cut into 
the wood and filled up. For special purposes 
invarsteel was being used, since wood might be 
affected by moisture. Major Henrici deprecated 
the system of “swinging the staff” practised by 
some surveyors, and stated that with suitable 
equipment there was no difficulty whatever in 
holding the staff plumb, 


The parallel plate micrometer, he said, had been 
found very useful in this country, where long sights 
were impossible. It consists simply of a plate of 
glass swung on hinges and mounted just behind the 
object glass. By swinging this out of the vertical, 
the line of collimation was lowered parallel to 
itself, and the division mark view could thus be 
brought into exact coincidence with the cross hair. 
By this means, readings could be taken direct to 
reno Of a ft., and by subdivision to a fourth of 
this quantity. In America and India, where long 
sights were the rule, the device had not found 
favour, but it worked well in this country where 
staff distances were generally small. 

Captain McCall stated that in Canada the internal 
focusing system was not liked, as the loss of light 
due to the additional lens was said to reduce the 
length of the working day by from 1 to 1} hours. 
The constant-length bubble would be very useful 
there in winter. He said also that the Canadian 
testing department had found that all bubble 
phials seemed to suffer a secular change, probably 
due to imperfect annealing. In South Africa, the 
Watts constant-length bubble had been found 
most satisfactory. In both countries the demand 
was that labour should be reduced to a minimum, 
and this involved the adoption of the very best 
instruments. 

The perversity of makers in giving their levels 
a black instead of a white finish, which would 
diminish the absorption of radiation was the 
subject of much comment. 


(To be continued.) 
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Legislation and Statistics 1825 to 
1924. By H. Raynar Witson. London: The 
Raynar Wilson Company, 96, Hurlingham-road, 
S.W.6. [Price 6s.] 

THE public alarm at the supposed dangers attend- 
ing travel in the early days of railways is reflected 
in the popular literature of the middle nineteenth 
century. Mr. Pickwick, in describing to the famous 
Club the risks to which the proposed excursion 
would subject him and his companions, states that 
‘boilers are bursting everywhere”; and the plot 
of one of Mrs. Henry Wood’s novels turns upon a 
railway accident due to the colour-blindness of an 
engine-driver. 

Such illustrations, really only indicate that the 
non-technical Press had, probably through want of 
precise information, failed to realise the true scale 
of railway traffic and had therefore very greatly 
exaggerated the risks. There are still people who 
appear to think that the safety of the passenger 
is secondary, in the eyes of railway companies, to 
satisfactory receipts and that the risks of rail travel 
are high. Mr. Wilson’s book should prove a whole- 
some corrective of such ideas, and its data should be 
of great service to any writer who may seek, in a 
popular manner, to reassure the public. 

To the serious student of railway matters, the 
work will make an appeal on account of its com- 
prehensiveness. Nowhere else can be found gathered 
together, analysed, and discussed, the statistics and 
accounts of accidents and their prevention from 
1825 to 1924. 

The opening chapter is of a rather general nature, 
but in reading it, it is pleasant to note Mr. Wilson’s 
sincere appreciation of the sterling work of the 
humbler ranks of railwaymen. In Chapter II 
we get an excellent account of railway legislation 
beginning with the Select Committee on Railway 
Communication, appointed April, 1839. The early 
relations of the Board of Trade to the Railway 
companies are succinctly described and illustrated 
by quotations from Acts of Parliament and Com- 
mittee reports and evidence. In connection with 
the latter, Brunel’s remarks on the qualifications 
of enginemen are little short of amazing. To give 
a specimen: ‘It is impossible that a man that 
indulges in reading should make a good engine- 
driver ; it requires a species of machine, an intelli- 
gent man, an honest man, a sober man, a steady 
man, but I would much rather not have a thinking 
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a view to-day ; nevertheless it appeared to be worth 
while to look up the statistics with a view to seeing 
whether the spread of education has really had the 
dire results which were feared. In Table VIII, 
Mr. Wilson gives an exhaustive analysis of the 
2707 accidents of all kinds inquired into between 
1875 and 1924 inclusive. Of these, 642 are specifically 
stated to have been due to the fault of the engine- 
driver during the first 25 years, 1875-99. For the 
second 25 years, 1900-24, they were less than a 
third as many—208, to be precise. No doubt other 
causes were at work to contribute to this reduc- 
tion, but a comparatively uneducated generation of 
men would be driving up to the “eighties.” As 
safety appliances were not highly developed in those 
days, the “non-thinking”’ engineman advocated 
by Brunel was really much less suitable than he 
would be to-day with a greater number of automatic 
appliances around him. 

To say nothing of its record of dates and facts, this 
chapter makes interesting reading as it illustrates 
the effect of a serious railway accident in compelling 
attention to matters, which, up till then, had been 
treated apathetically, and also, the stimulation of 
general interest by the publication of accident re- 
ports, which, up till 1871, was only done annually 
and briefly. A clear description of modern procedure 
in an accident enquiry is given, in conclusion. 

In Chapter III we find an explanation of the 
nine tables contained in it, together with one of the 
two charts prefacing the book. One table gives 
figures of the nature of accident reports from 1851 
to 1924, inclusive. Table II is a more detailed treat- 
ment of the same thing, but for the years 1921 to 1924 
inclusive, the headings being those of the present 
railway companies. In these years the G.W. Railway 
Company seems to hold the record for the fewest 
accidents. Table III is an analysis of the nature of 
accidents in which passengers and servants have 
been killed from 1850 to 1924 inclusive. Table VIII, 
the most elaborate, has already been referred to. 
Table IX is a geographical and dated list of all 
accidents in which passengers have been killed, 
from 1825 to 1924 inclusive. Compared with the 
enormous development in the volume of traffic, 
modern accidents are not numerous ; in fact, taken 
altogether, the list is a surprisingly small one. We 
notice a typographical slip in the spelling of Aisgill 
which will doubtless be corrected in the future. 

An excellent feature of the book is an alphabetical 
synopsis and index of the first three chapters ; 
we have found this most useful more than once for 
locating a particular paragraph readily. 

Mr. Wilson’s book will no doubt become a 
standard work on railway accidents. As a signal 
engineer he has left his mark on railway signalling, 
and it is not suggesting too much to state that 
probably but for his excellent work in this important 
branch of safety appliances the roll of accidents he 
has recorded might have been larger. 


Il Cemento Armato nelle Costruzioni Civili ed Industriali. 
By Inc. Luret Sanraretta. Vol. I. Subject Matter. 
Vol. II. Plates. Milano. Ulrico Hoepli. [Price 125 
lire.] 

A sHORT retrospect contained in volume i of this 

work states that reinforced concrete was not viewed 

at first with much favour in Italy as a material to 
be used in any class of structure, since excellent 
kinds of stone, together with lime and puzzolana, 
were to be found in abundance in the country. 
Although the Monier patents, dating from 1870, 
are generally considered as the starting-point of 
reinforced concrete constructions, Italy only com- 
menced comparatively recently to make use of 
this material on an extensive scale. The war had 
the effect of convincing her of the great economic 
advantages which reinforced concrete possessed over 
iron and stecl for a large variety of buildings, and, 
during the last eight or ten years, she has greatly 
developed its use. Evidence of this is afforded by 
vol. ii, consisting of 64 folded plates, giving detailed 
tracings which illustrate a large number of reinforced- 
concrete buildings, these including factories, acid 
works, foundries, warehouses, shipbuilding and other 
sheds, hangars, roofs, offices, churches, theatres and 
silos. All these buildings are described, and are also 
further illustrated in the third section of the first 
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practical character and will be appreciated by all 
who are interested in the use of this material. 

The first section of Volume i enters fully into the 
theory of reinforced concrete and gives calculations 
and formule dealing with compression, flexion, 
torsional and other stresses of all detail structural 
parts. The adhesion between the reinforcement and 
the concrete is said to vary from 20 to 48 k. per square 
centimetre, (280 to 680 lb. per square inch) of the 
reinforcement. The coefficients of thermal expansion 
for both the reinforcement and the concrete are 
practically the same. The coefficient of linear ex- 
pansion of iron, between — 5° and + 25° C., varies 
from 13 to 14 thousandths of a millimetre per degree. 
That of cement concrete has been found to average 
13 thousandths of a millimetre. The new Italian 
regulations for reinforced concrete specify that a 
coefficient of 12 thousandths of a millimetre shall 
be taken in calculating the effect of temperature 
changes on linear expansion. 

Among the various points quoted in favour of 
reinforced concrete is the claim that the reinforce- 
ment is not subject to oxidation, but remains 
intact indefinitely. Moreover, a slight rust on the 
iron or steel bars previous to their use is not 
regarded by the author as detrimental, and the 
bars, when well surrounded with concrete, are stated 
to lose this slight rust in course of time. The author 
repeats in several passages his conviction regarding 
the complete immunity of the reinforcement to 
oxidation, provided, of course, that the concrete 
remain undamaged and the protection it affords be 
not impaired by physical action or the action of 
acids, salts and other substances. The disadvantages 
of the material are pointed out, and attention is 
directed to their relative insignificance. Remedies 
to the faults are also discussed. For instance, a 
reinforced-concrete building is resonant; this is due 
to its monolithic construction and can generally be 
eliminated by using insulating material, such, for 
example, as a thin layer of slag on floors Heat 
transmission may be high, as in the case of too thin 
outside walls or of floors forming terraces, but this 
inconvenience can be remedied by the provision of 
intervening air or other spaces. Vibrations are also 
acause of complaint ; they are due to the monolithic 
construction, but the only buildings in which vibra- 
tions occur to any marked extent are those which 
contain engines in motion. Its heavy weight, for 
reinforced concrete weighs about 2,400 to 2,500 k. 
per cubic metre (155 Ib. per cubic foot), is offset by 
its strength, so that dimensions can generally be 
reduced, while, on the other hand, the weight of 
reinforced concrete can be taken advantage of in 
some instances to reduce the vibration effect. As 
regards difficulty of adaptation in the event of modi- 
fications becoming necessary to an existing building, 
or due to changes in processes of manufacture, this 
objection can only actually apply in very special 
cases. With regard to permeability, this varies 
with the leanness or richness of the mixtures. 

Among the physical actions to which reinforced 
concrete may be exposed, the author mentions fire, 
adding that the fire risk is practically negligible. 
The action of frost and low temperatures is only 
to be feared during construction and before the 
material is properly dry. The author also dis- 
cusses the effect of temperature and of electrolytic 
action. In regard to the latter, a recent Italian 
regulation prescribes that, in electric railway work, 
the rails must be insulated from reinforced-concrete 
bridge members. After dealing in detail with the 
etlect which chemical agents have upon the ma- 
terial, and also with the action of sea and other 
water, the book gives illustrated descriptions of 
the processes followed in preparing concrete. The 
latest rules and regulations drawn up by the 
Italian Ministry of Public Works governing the 
use of reinforced concrete are also dealt with. 
Che laying of foundations, the building of floors, 
staircases, walls, roofs, &c., are then considered 
from both the theoretical and the practical stand- 
points. 

The book we have thus briefly reviewed affords 
proof, if such were needed now-a-days, that the 
building of reinforced-concrete structures has long 
passed the experimental stage. From start to finish, 
the work is now usually carried out with the utmost 
care, so that very few accidents occur. 





Ing. Luigi Santarella’s work is an excellent one 
from every aspect. It appears to us to be so com- 
plete a guide and reference book for designers and 
contractors that we hardly like to express regret 
at the absence of detailed examples of reinforced- 
concrete bridges. As it is, the author has selected 
a large number of typical structures out of number- 
less examples. These, as we have said, are illus- 
trated in 64 plates, the first volume containing over 
800 pages of descriptive matter. 








LETTERS TO THE EDITOR. 


THE STATUS OF NAVAL ENGINEERS. 


To tHe Eprror or ENGINEERING. 

Sir,—The leading articles on Naval Engineers in 
ENGINEERING, of March 19 and April 2, hit the right 
nail on the head, and, so far as logic is concerned, there 
is little left unsaid by corporate bodies of engineers, by 
leaders in The Times, or by individuals, on behalf of 
the rescinding of the remarkable Admiralty Order 3241, 
demilitarising Naval Engineers. 

The problem is how to induce the Admiralty to alter 
their ruling, which, like the laws of the Medes and 
Persians, will not be done without a higher authority. 

If the Board of Admiralty are not convinced of their 
breach of faith to Naval Engineers, which, of course, 
includes the whole rank and file, there is no remedy 
constitutionally—as M.P.’s are all at sea on the ques- 
tion, and have not grasped the main bearings of the 
case—but for the Naval Engineer to carry on loyally 
and, wait for a change of Board or Government. It is 
not the first time in naval history that the naval 
officer has had to sit down in the interests of discipline 
and for the good of the Service, showing his worth 
by force of example. The searchlight of The Times 
has done great service in enlightening public opinion, 
and weight on the side of right and justice must tell 
before long. I consider it a healthy sign that, with the 
exception of one letter in The Times, viz., from Admiral 
Sir W. Hall, M.P., there has been no independent 
service opinion supporting the Admiralty. 

In conclusion, I may say, for what it is worth, that, 
speaking as an officer who has had ten years’ inde- 
pendent command of ships in peace and war, I would 
have had no hesitation, in action, assuming experienced 
deck officers had been killed or disabled, in turning over 
command, if I had to do so from disablement, to the 
Senior Naval Engineer, but I cannot imagine any C.O., 
however hard pressed in an emergency, delegating 
executive authority to a Warrant Telegraphist. 

I am, Sir, yours faithfully, 
A. P. Davinson, Rear-Admiral (retd.). 
Virginstowe, April 15, 1926. 





To tHe Eprror or ENGINEERING. 

Str,—I have read with interest the editorial on 
“The Naval Engineer” and the ‘“ Debate on the 
Naval Engineer,” in your issues of March 19 and April 2, 
respectively. 

I am sorry that so petty a dispute should divide, 
in however small degree, so splendid a service, more 
particularly as I was under the impression that some- 
thing of a satisfactory agreement was likely to be 
reached. 

By intent or otherwise, the debate was given the 
appearance of triviality by frequent reference to the 
purple stripe, which, as I understand the subject, 
mattered only in so far as it was regarded as a badge 
of inferiority. Whatever might have been the position 
of the engineer officer half a century ago, there is no 
case for its continuance in these days. On modern 
ships of war the increased use of machinery, and the high 
degree of technical skill and efficiency demanded, have 
raised the importance of the engineer officer immeasur- 
ably, until he is quite as important as officers concerned 
with gunnery, navigation and tactics. 

I cannot believe that artificial, and in these days 
negligible distinctions, such as social stratum from 
which naval officers are recruited, can be a serious 
factor in not allowing the engineer officer to proceed 
to executive rank. 

Yours faithfully, 
Cuas G. Ammon (M.P. North Camberwell). 
House of Commons, April 21, 1926. 








THE HIGH-EFFICIENCY OIL ENGINE. 
To tHE Eprror or ENGINEERING. 

Str,—Mr. Chorlton’s paper on the high-efficiency oil 
engine, read before the Institution of Mechanical Engi- 
neers, and published recently in your journal (see 
page 409, ante) draws special attention to the use of 
high-compression ratios as a means of increasing the 
thermal efficiency of internal-combustion engines, It 





happens that a set of trials recently conducted at the 
Air Ministry Laboratory is of particular interest in this 
connection, and permission has been given to com- 
municate the results obtained. The trials were made 
on a Ricardo variable-compression engine using a 
petrol for which detonation occurred at the low value 
of 4-9 to 1 for the compression ratio. Successively 
increasing additions of tetra-ethyl-lead to the fuel 
enabled the compression ratio to be carried by steps 
to the comparatively high value of 7-35 to l. The 
trials were carried out at an engine speed of 1,500 
r.p.m., a set ignition advance of 30 deg., and at a 
constant rate of petrol consumption. The essential 
figures for the results of the trial are as follows :— 


B.M.E.P. Highest 


Ib. /sq. Useful 
Fuel Used. in. Compression 

Ratio. 
Petrol... se Ms oe acs Naa 4-9 
Petrol, 0-05 p.c. tetra-ethyl-lead .... 126 5-3 
a» Orn * fa. be ge 5:7 
» 0-15 ae ri ee! 6-3 
» 0-2 ss os oe Se ee 

», 0-25 9 6 4s 140-5 =6-75 

» O-3 re Sy ge) et eee 7-00 

» 0-35 * ea” les 143 7-15 

” 0-4 ” . ” 144 7-35 


Referring to the figures the remarkable effect of 
very small additions to the fuel of tetra-ethyl-lead in 
delaying detonation is shown in a very striking way. 

The increase of indicated thermal efficiency can be 
deduced from the increase of brake mean effective 
pressure by making the usual, but probably somewhat 
incorrect, assumption, that the mechanical losses are 
independent of load. However, on this usual basis, 
and with a mechanical efficiency of 85 per cent. for 
the engine, the I.M.E.P. at 4-9 to 1 compression ratio 
is B.M.E.P. plus losses = 122 plus 18 = 140. The 
losses, represented by 18, remaining constant, the 
I.M.E.P. at a compression ratio of 7 to 1 would be 
142 plus 18 = 160, representing an incréase of indicated 
160 
140 © 

Air standard efficiencies may be used for compara- 
tive values of possible efficiencies, and on this basis 
an increase of compression ratio from 5 to 1 to 7 to 1 
gives an increase in thermal efficiency of 143 per cent., 
which is remarkably near the increase realised in 
practice in the Ricardo engine. 

Yours faithfully, 
R. O. Kine (Captain). 

Air Ministry Laboratory, 

Imperial College of Science, 8.W.7. 
April 17, 1926. 


thermal efficiency of = 14-3 per cent. 








ComMMERCIAL Motor Users’ AssocraTion.—The annual 
luncheon of the Commercial Motor Users’ Association 
(Inc.) was held at the Savoy Hotel on Thursday, the 15th 
inst. The Chair was taken by Mr. E. 8. Shrapnell- 
Smith, the President of the Association. In replying to 
the toast of “‘His Majesty’s Ministers,” proposed by 
Mr. G. Munro, the Secretary of State for Home Affairs 
dealt mainly with the coal situation, and made a strong 
appeal for self-sacrifice, both to the owners and men. 
The other speakers were Sir Eric Geddes, Viscount 
Burnham, and the Chairman. Sir Eric Geddes spoke 
on the question of the Road Fund, and after dealing with 
the history of the fund at some length, stated that he 
could not believe that the Government would interfere 
with it until the pledges entered into on the security of 
the fund, amounting to some 36,000,000/., had been made 
good. The Chairman also referred to the possible raid 
on the fund, and said that if the accumulated money 
were raided, the Government would risk the respect of 
the local authorities throughout the country. 


TeNpDERS.—The South African Railways and Harbours 
Board is calling for tenders for the supply and delivery 
of two locomotive boilers, class ‘‘ 8—F,’’ with smoke- 
boxes, &c. Tenders should reach Johannesburg not 
later than noon on June 3, 1926.—An electric light 
company in Brisbane, Australia, is inviting tenders, to be 
presented by August 27, 1926, for two water-tube boilers 
and accessories.—The authorities of the town of Petrus 
Steyn, O.F.S., South Africa, are considering schemes for 
providing the municipality with water and electric light. 
Manufacturers interested are advised to instruct their 
local representatives to get in touch with the matter, with 
the object of tendering for the plant and machinery 
required, when the proper time comes.—The Victorian 
Government Railways Commissioners are inviting tenders 
for the supply and delivery of one high-speed radial 
drilling machine, including all necessary equipment. 
Sealed tenders must be presented at Melbourne, Australia, 
before 11 a.m., on June 16, 1926. Local representation 
is essential—The Indian Stores Department is calling 
for tenders for a steam boiler, economiser, &c., for the 
Poona Water Works. Tenders are due to be received 
in Simla on June 14, 1926. Further particulars regarding 
any of the above tenders or inquiries may be obtained 
from the Department of Overseas Trade, 35, Old Queen- 
street, London, 8,W, 1. 
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LABOUR NOTES. 


Last week’s national joint conference in London on 
the engineering wages question did not succeed in 
arriving at any agreement, and the trade unions decided 
almost immediately to allow their district organisations 
to press locally the full unconditional demand for a 
wages increase of 20s. per week. In the national 
conference, Sir Allan Smith, speaking for the Engineer- 
ing and Allied Employers’ National Federation, made 
the following offer :— 

“The employers are prepared to mortage the future 
of the industry by an increase of 2s. 6d. per week on the 
existing war bonus of 10s., to take effect on June 1, 
1926, provided that the unions agree that during the 
application of the extra 2s. 6d. bonus— 

““(1) Where the overtime and nightshift agreement 
applies: (a) Nightshift—Time and quarter shall be 
paid for hours worked. (b) Overtime on Nightshift.— 
Time and half shall be paid for hours worked. (c) Over- 
time on Dayshift.—Time and quarter shall be paid for 
the first two hours worked and time and half thereafter 
for hours worked until the commencement of the 
following dayshift. 

“*(2) The position and prospects of the industry 
shall be reviewed in March, 1927. 

**(3) A small Joint Committee shall be set up forth- 
with for the purpose of exploring and reporting on the 
future policy to be adopted in regard to fluctuations in 
wages. 

‘““ The employers express the hope that the members 
of the unions will respond to the proposal now made 
and by the adoption and extensions of systems of pay- 
ment by results, wherever practicable, and by all other 
means co-operate in securing an increase in the rate of 
output and thereby contribute to the much desired 
and necessary revival in the industry.” 





After considering these proposals, the trade union 
representatives submitted the following reply :— 
“In view of the fact that the employers’ proposals 
mean less payment for overtime and nightshift and 
involve an actual reduction in wages to sections of 
workmen, and as the employers stated definitely that 
no advance will be conceded unless the conditions 
attached to their proposals are accepted, the unions 
are unable to accept the proposals or continue negotia- 
tions on such a basis.” 





To that, Sir Allan Smith made the following reply :— 

“The employers profoundly regret that the repre- 
sentatives of the trade unions have not only declined 
to proceed with the negotiations on the basis of the 
proposals submitted by the employers, but have 
refused to submit these proposals to their members for 
consideration. The extra bonus proposed involves 
the industry in a direct increase in the wages load of 
at least three and one-quarter millions sterling over a 
period of twelve months and a further indirect increase 
of about an equal amount. The employers are con- 
vinced that to impose a yet further additional burden 
on the industry at the present time would not only 
seriously affect its financial stability but would, in 
addition, have the effect of increasing the amount of 
unemployment. If the industry is to recover, it must 
be by mutual co-operation of both parties and it is, 
therefore, regrettable that the unions cannot see their 
way to bear some portion of the burden. 

“The proposals would afford an increase of the full 
2s. 6d. in the earnings of at least 95 per cent. of the 
men emplo The accommodation proposed in the 
case of nightshift men would enable the employers to 
employ men on nightshift in many cases where the 
present high rate makes it impossible. It has been 
definitely stated by the employers that it is not intended 
that the overtime and nightshift agreement should be 
abrogated, but should be temporarily modified so as to 
provide some alleviation of the risk undertaken by the 
employers in the offer of the extra bonus made at a 
time when the condition of the industry does not 
warrant it. 

“The employers hope that on reflection the repre- 
sentatives of the unions will agree to recommend the 
proposals to their members in the interests of their 
membership and the industry as a whole. The em- 
ployers are prepared, if necessary, to review the situa- 
tion at an earlier date than that proposed, if this will 
facilitate matters.” 

The trade unions adhered to their resolution, and the 
conference came to an end. 





The first of the districts to move in the matter is 
London, where a meeting of the engineering trades 
joint committee decided on Monday to take a local 
ballot on the question of the 20s. per week demand. 
The votes are returnable on May 31, and if they are in 
favour of a strike, as is highly probable, non-federated 
as well as federated firms, are to be formally asked for 


page, actual or threatened, the rejoinder of the federated 
employers will be, almost certainly, a national lock-out. 





Tue Monthly Report of the United Society of Boiler- 
makers and Iron and Steel Shipbuilders states that at 
the end of March 23,381 members were “ signing the 
books,” as compared with 23,041 at the end of 
February. The expenses for March were 96,5661. 4s. 8d. ; 
in February they were 94,9341. 8s. 4d. 





Members of the Boilermakers’ Society are to vote at 
the May monthly meetings of their branches for or 
against a proposed Committee of Shipbuilding Trades 
representative of their own organisation, the Amal- 
gamated Society of Woodworkers, the Shipconstructors 
and Shipwrights’ Association, the United Plumbers 
and Domestic Engineers, the Electrical Trades Union, 
and the National Society of Painters. According to the 
rules, in all matters affecting the mutual interests of the 
Societies named, the object of joint action shall include 
(a) alterations to working hours and conditions; (6) 
general fluctuations of wages; (c) organisation, inclu- 
ding questions of non-members and members in arrears 
and ; (d) yard and shop conditions common to all. All 
future applications by Societies for inclusion in the 
joint movement are to be dealt with by the full execu- 
tives. The officers are to consist of a chairman, a vice- 
chairman, and a secretary, elected by the Committee, 
and the chairman and the secretary are to act as con- 
veners of meetings with power to call a full conference, 
when it is desirable to hold one. Expenses incurred by 
representatives attending meetings or conferences are 
to be paid from their own Society’s funds, and room 
rent, printing, postage and other incidental expenses 
are to be equally borne by the Societies involved. 
Any member of the Committee, or any deputation, 
appointed by it to act on its behalf are to be paid their 
expenses by the Committee in accordance with the 
scale—except when all the unions are represented on a 
deputation. 





In recommending members to vote in favour of the 
scheme, the executive council state that as the Engi- 
neering and Shipbuilding Trades Federation—with 
which the unions covered by the new proposals are not 
connected—is carrying on negotiations as representative 
of the shipbuilding trade unions, it is felt to be necessary 
that the principal shipbuilding trade unions outside of 
the Federation shall make their positions clear to their 
own members and to others concerned. The under- 
standing is that the joint committee shall, in the mean- 
time, be limited in its functions, and that its business 
shall be chiefly of a consultative character. The 
expenses are to be limited to outlays called for by 
attendances at meetings, and administration costs, 
and each union is to retain complete authority and 
responsibility for its own trade questions. ‘‘ We 
believe,” it is added, ‘ that this Committee of Ship- 
building Trades will be mutually helpful to the unions 
concerned.” 





According to the Ministry of Labour Gazette, employ- 
ment, on the whole, showed a further improvement 
during March. Among the 11,892,000 workpeople 
insured against unemployment under the Unemploy- 
ment Insurance Acts in Great Britain and Northern 
Ireland, the percentage unemployed at March 22 
was 9-8, as compared with 10-5 at February 22, and 
11-1 at March 23, 1925. Among the members of those 
trade unions from which returns were received, the 
percentage unemployed was 10-1 at the end of March, 
1926, compared with 10-4 at the end of February 
and with 9-0 at the end of March, 1925. Employment 
was good, on the whole, with brickmakers, with skilled 
operatives in the building trades, and in most sections 
of the printing trades; it was fairly good in some 
branches of the metal and clothing trades, in the 
furnishing trades, and with coachbuilders and mill- 
sawyers. In coal mining it was still slack, and in iron 
and steel manufacture, shipbuilding, and marine 
engineering it continued bad. Among the principal 
industries, the improvement during March was most 
marked in building and public works contracting and 
in the clothing trades; but minor improvements were 
also recorded in many other industries, including 
iron and steel, brick, pottery, woollen and worsted, 
silk, and linen manufacture. 





There was little movement in rates of wages in 
March. In the industries for which statistics are 
regularly compiled by the Ministry of Labour, the 
changes in rates of wages reported to have come into 
operation during the month, resulted in an aggregate 
increase of nearly 4,000/. in the weekly full-time wages 
of nearly 47,000 workpeople, and in a reduction of 
1,125/. in the wages of 19,000 workpeople. The 
principal groups whose wages were increased were 
about 20,000 workpeople employed in the non-trading 





the increase. Much may happen, of course, between 
now and the end of May, but,if there is a local stop- 


services of local authorities in Lancashire and Cheshire, 


and upwards of 10,000 workers in paper mills. In the 
first-mentioned group, a bonus of 90 per cent. on 
basis rates was increased, under the operation of a 
cost of living sliding scale, to 95 per cent. In the 
papermaking industry increases were granted, under 
a decision of the Industrial Court, of $d. per hour jn 
the minimum rates of the lower-paid adult male shift. 
workers, and of §d. per hour in those of women and of 
the lower-paid adult male day workers. Other bodies 
of workpeople whose wages were increased included 
coal miners in the Radstock district, and iron puddlers 
and millmen in the North of England. 





The groups of workpeople whose wages were reduced 
included iron ore miners and blast furnace workers in 
Cumberland, bakers at Liverpool, and the employees 
of local authorities in the East Midlands. During 
the first three months of 1926 the changes reported to 
the department, in the industries for which statistics 
have been compiled, have resulted in net increases 
amounting to 12,350/. in the weekly full-time wages 
of 123,000 workpeople, and in net reductions of 
15,7501. in those of 260,000 workpeople. In the corre- 
sponding period of 1925 there were net increases of 
over 68,0601. in the weekly full-time wages of 725,000 
workpeople, and net reductions of 27,000. in those of 
nearly 600,000 workpeople. 





The number of trade disputes involving stoppages of 
work reported to the Ministry of Labour as beginning 
in March was 35. In addition, 28 disputes, which 
began before March, were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in March (including workpeople 
thrown out of work at the establishments where the 
disputes occurred, but not themselves parties to the 
disputes) was about 37,000. The estimated aggregate 
duration of all disputes during March was about 
460,000 working days. These figures compare with 
totals of approximately 22,000 workpeople involved and 
366,000 days lost in the previous month. 





When this issue of ENGINEERING went to press no 
official news was available as to what had transpired 
at Thursday’s conference in London between represen- 
tatives of the Mining Association and representatives 
of the Miners’ Federation. On Wednesday, the Prime 
Minister saw the coal-owners and received from them, 
it is understood, the draft proposals for a new wages 
agreement. Copies of the proposals were also placed in 
the hands of the executive of the Miners’ Federation, 
who discussed them clause by clause in the course 
cf the day. Nothing was known outside official 
circles as to the character of the proposals ; but before 
yesterday’s joint conference opened the prospect of 
agreement was regarded as not at all hopeful. 





The Ministry of Labour states that on April 12, 
1926, the number of unemployed persons on the regis- 
ters of Employment Exchanges in Great Britain was 
1,024,400 of whom 833,800 were males and 190,600 
females. On April 5, 1926, the number was 1,049,786, 
of whom 844,724 were males and 205,062 females, and 
on April 13, 1925, it was 1,204,770, of whom 958,374 
were males and 245,396 females. Of the 1,024,400 
persons idle on April 12, 1926, 196,800 were temporarily 
stopped and 70,500 normally in casual employment. 
The corresponding figures in the return for April 4, 
1926, are 238,636 and 71,386. 





Wiretess Equipment oF THE Arrsuip “ Norce 1.”—A 
particularly complete wireless equipment has been fitted 
on the airship “ Norge I,” in which Captain Amundsen 
is about to attempt to fly over the North Pole. The equip- 
ment, all of which was supplied by Marconi’s Wireless 
Telegraph Co., Limited, comprises a 500-watt trans- 
mitting set for continuous wave and tonic train signalling 
on wave-lengths ranging from 550 to 1,500 metres. A 
combined high-tension and low-tension direct-current 
generator, driven by an airscrew, supplies a current of 
133 milliamperes at 3,000 volts for the plate circuits of 
the transmitting valves and a current of 14 amperes at 
14 volts for charging the accumulators for filament 
lighting. A trailing aerial, 300 ft. in length, will be used 
both for transmitting and receiving. Special Marcon! 
receiving apparatus is used, both for direction finding and 
for ordinary reception, the aerial for the former consisting 
of two loops attached diagonally on to the fabric of the 
airship outer cover. A Marconi short-wave receiver, 
with a wave-length range of 10 to 100 metres, 15 also 
carried, and will be used for receiving messages from 
Point Barrow where a short-wave transmitter is located. 
Some difficulty, we understand, was experienced in 
installing the necessary apparatus in the wireless —_ 
owing to the very limited space available and to t 
necessity for reducing the total weight to a nine. 
The installation, however, was thoroughly tested in = 
course of the airship’s recent journey from Rome 





Pulham and found to function quite satisfactorily. 
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ARTESIAN BORE FOR WATER PRESSURE RELIEF. 


MESSRS. LE GRAND, SUTCLIFF AND GELL, LIMITED, ENGINEERS, SOUTHALL, MIDDLESEX. 
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ARTESIAN BORE FOR WATER 
PRESSURE RELIEF. 


At the time of the inauguration of the shaft-sinking 
operations for the new Betteshanger colliery of the 
Kent coalfield, we mentioned, in our issue of May 23, 
1924, on page 677, that water was likely to be encoun- 
tered in large quantities in the course of the work, this 
fact having been indicated by a borehole sunk prior 
to the commencement of the shaft-sinking. Two shafts, 
22 ft. in diameter, it may be remembered, are to be 
sunk to a total depth of 866 yards, and mining opera- 
tions will be commenced when the third seam, which is 
3 ft. 10 in. in thickness, is reached at a depth of 716 
yards. It was known that the pressure of the water in 
the greensand at a depth of 890 ft. below the surface 
was about 300 lb. per square inch, and to relieve this 
pressure locally, so as to prevent the water from 
bursting into the shaft, it was decided to drive an 
artesian bore into the greensand and thus permit the 
water to escape. The colliery owners, Messrs. Pearson 
and Dorman Long, Limited, entrusted the operation 
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of tapping the greensand to Messrs. Le Grand, Sutcliff 
and Gell, Limited, Southall, Middlesex, and the 
arrangements adopted by the latter firm for the purpose 
are illustrated in Figs. 1 to 4 annexed. 

From the section of the shaft and artesian bore given 
in Fig. 1, it will be seen that solid chalk extends from 
the surface to a depth of 762 ft., the chalk being followed 
by a bed of gault clay, 127 ft. in thickness, the green- 
sand lying below this with a layer of conglomerate, 
about 18 in. in thickness, between the gault and 
the greensand. The well was bored from a heading 
driven horizontally for a distance of about 30 ft. 
from the side of the shaft near the bottom of the 
chalk bed, at a depth of 750 ft. below the surface, 
and one of Messrs. Le Grand, Sutcliff and Gell’s 
standard percussion boring rigs, with some special 
modifications to be referred to later, was set up in the 
heading, as shown in Fig. 1. A steam engine, worked 
by compressed air, was used for operating the boring 
tool. The bore was driven to a total depth of 147 ft. 
from the floor of the heading, the upper portion being 
lined with 5 in. tubes, and the lower part with 4 in. 
tubes, the latter being securely bedded on to the layer 
of conglomerate immediately overlying the greensand. 
When in position, the tubes were grouted in with cement 
to prevent the water from passing up outside them, 
and to control the flow through the tubes, the special 
chamber, illustrated in Fig. 2, was attached to the 
upper end of the 5 in. casing. The chamber was pro- 
vided, as shown, with a 5 in. gate valve at the bottom 
and a gland at the top through which passed the rods 
carrying the boring tool. Details of this gland are 
given in Figs. 3 and 4. Flush-jointed tubes, 2 in. in 
diameter externally, were used as boring rods for the 
later stages of the work in place of the standard solid 
rods of square section normally employed for the 
purpose, so that a watertight joint could be made by 
the gland. 


With the arrangements adopted, it was therefore 
possible, after striking the water, to raise the boring 
tool into the chamber, close the lower valve, take off 
the gland, and remove the tool. The 2 in. valve shown 
on the left of Fig. 2, was provided for the purpose of 
relieving the pressure on the gland, but events proved 
that this valve might, with advantage, have been 
larger, as the gland was seriously damaged by the 
pressure in conjunction with a quantity of sand 
exceeding all expectations. Actually, on breaking 
through the conglomerate, sand came up with great 
force, about 160 tons being ejected in the first rush. 
which, however, was rapidly got under control. The 
total quantity of sand dealt with before the water 
cleared was over 500 tons, and this had, of course, to 
be taken to the top of the shaft in skips. The work was 
finally completed by making a permanent pipe connec- 
tion to the upper 5 in. valve, and the outlet thus pro- 
vided will serve to prevent the pressure from accumu- 
lating, since the water percolates through the greensand 
comparatively slowly. It will thus be possible to 
continue the shaft-sinking operations through the 
Folkestone and Sandgate beds to the coal measures 
beneath. 








MODERN DEVELOPMENT OF 
PAPER-MILL PLANT.* 
By W. Worsy Beaumont and Lesiiz N. Bort. 


Tat paper-making is one of the oldest manufactur- 
ing industries may afford an explanation of the fact 
that there has been more room for improvement in 
some of its methods and economics of its conduct, than 
in the more modern manufacturing industries. 

In Spain there was a paper-making trade in the 
twelfth century, and in France in the thirteenth 
century. In England there was a paper-mill at Hertford 
owned by John Tate, where good paper was made in 
1496, and another at Dartford, Kent, in 1558, and it 
was at Dartford that the first endless paper-making 
machine was made. This was invented by Louis 
Robert, who was in the mills of Francois Didot at 
Essones, and to him a patent was granted in 1799, 
together with 8,000 francs for encouragement. This 
machine was made in the works of Halls at Dartford, 
the patent having been ceded to Didot who, with John 
Gamble, took out an English patent in 1801. In 
1804, this patent was ceded to Messrs. Fourdrinier. 
A machine made at Halls’ works was installed in 1803 
at St. Neots, largely due to Bryan Donkin, aided by 
Fourdrinier. There was a considerable trade in the 
manufacture of coarse kinds of paper early in the 
eighteenth century, and, in 1713, one Thomas Watson 
introduced some foreign improvements. The cele- 
brated Whatman paper was being made in 1770 at 
Maidstone. The Excise and Customs duty on paper 
was considerable. On the coarse rough kinds made 
chiefly from old rope, the duty was 14d. per lb., and on 
the finer qualities 3d. per lb. In 1837, the duty was 
reduced to 14d. per lb. for all kinds, Excise and Customs. 
In 1859, there were 694 mills entered as paper mills 
in England, 79 in Scotland, and 70 in Ireland. Of 
these, 333 in England were working, 54 in Scotland, 
and 27 in Ireland. These were nearly all small as 
compared with the mills of to-day. At the present 
time the number of paper mills in England is about 
260, and of these a few are not working or are working 
at a loss, largely owing to fiscal difficulties, the total 
output being about 1,250,000 tons per year. 

Of the paper machine as it is now understood, that 
is, a machine for making paper in a continuous web, 
as invented in 1799, it is a very remarkable fact that 
the main features of the invention as conceived by 
Louis Robert and developed by Fourdrinier, Bryan 
Donkin, Tidcombe, and others, are still the essentials 
of the modern machine. It comprised an endless 
wire cloth forming the ‘‘ mould ” on to which the pre- 
pared pulp flowed to form the “ web” of r, an 
endless felt to which the paper passed in its wet state, 
rolls for carrying, pressing or “ couching” (from the 
French couche) the still wet sheet, and further rolls 
and cylinders for pressing and drying. The modern 
machine repeats the various processes in the same way, 
but on a larger scale and at much higher rates of pro- 
duction, and it is interesting to note the changes in 
detail that have been found necessary, and how the 
difficulties that arose as the art progressed, have been 
surmounted. Naturally, the larger machines required 
more power to drive them, the early mills driven by a 
water-wheel became steam-driven mills, and as the 
steam-engines grew in size the question of steam 
economy became of greater and greater importance. 
With a small low-pressure engine, steam supply to the 
drying cylinders was a comparatively simple matter, 
but when steam-engine economy demands a pressure 
of 150 to 200 lb. per square inch and drying cylinders 
3 lb. to 10 lb., the problem of supplying both engine 
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and drying cylinders from one set of boilers involves 
the adoption of new methods. In addition to the 
driving of the paper machine proper, the preparation 
of the pulp must be considered, and as the power 
required for this may frequently exceed the total 
power required for the paper machine and its auxi- 
liaries, it will be realised that the planning of the power 
service to a modern paper mill is a matter of primary 
importance. 

Referring to the diagram, Fig. 1, at the extreme right 
are the strainers A or knotters as they are more gener- 
ally called, the function of which is to free the pulp 
from any particles unsuitable for paper making. From 
the knotters, the pulp flows into the breast box B, and 
thence on to the wire which is carried at this point 
by the breast roll C, the amount of “ stuff’ passing 
determining the weight of the sheet to be produced. 
The wire D is an endless band of woven wire cloth, the 
meshes of which must be open enough to allow the super- 





fluous water to escape and yet fine enough to retain 
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strainer known as the ‘“‘ Jog Knotter”’ was a shallow 
vat or tray, the bottom of which consisted of grids 
or slotted plates through which the pulp passed. This 
vat was suspended in a second vat into which the 
stuff flowed. If the bottom of the inner vat was clear 
of the stuff, and there was a free fall from the under- 
side of the plates or grids to the level of the stuff in 
the outer vat, the fibres in the pulp would quickly 
choke up the slits and stop the flow. In fact, it may 
be said that the strainer would tend to separate the 
fibres from the water and commence making paper in 
the vat. The pulp may consist of, say, 98 to 99 per cent. 
water, so there is ample freedom for individual fibres 
to float into the correct position for egress, provided 
the rate of working is not forced. Strainers of this 
type in various forms are still largely used, and there 
are some paper makers who still hold that for long 
stuff, such as “ Rag”, they cannot be beaten. They 
are noisy, difficult to clean while working, and give 
a small output for the space occupied. In many 


Fig.1. DIAGRAM OF PAPER-MACHINE. 
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and the rugged simplicity of the actuating mechanism 
with its accompanying accessibility and the continuous 
washing of the drum slits is retained. The disadvantages 
of the Wandel type strainer are found in its noisy 
working, and the fact that any dirt fine enough to pass 
through the slits can pass with the screened stuff on 
to the wire. 

More modern rotary strainers have the flow of stuff 
in the reverse direction; that is, the unscreened stuff 
enters the vat and flows upward and sideways through 
the slits into the drum, leaving it through the trunnions, 
This arrangement allows dirt and strings to settle at 
the bottom of the vat, from which it is periodically 
removed. In these strainers it is necessary to provide 
a joint between the trunnions or drum ends and the 
vat, permitting rotation of the drum and yet preventing 
the mixing of the screened and unscreened stuff. These 
“ inward flow ” strainers may be designed and are made 
in various forms and methods of operation. 

Fig. 5 is an illustration of a strainer by Messrs, 














the fibre and “ filling’ carried with it. One of the | 
great difficulties that the pioneers in paper makng had | 
to overcome was in the weaving of the wire, and so | 
important a matter was it that one of the early machine- | 
makers, George Tidcombe, of Watford, took into | 
partnership one Strudwick, a wire-weaver, in order | 
that he should have his machine wires as perfect as | 
possible. Below the wire, near the end remote from | 
the breast box, or pulp receiving and distributing box, | 
are the vacuum boxes marked E in the diagram. | 
A considerable quantity of the water leaves the pulp | 
during its journey on the wire, and the purpose of the | 
vacuum box is to extract as much as possible of that 
still remaining. In fact, it is correct to speak of “‘ stuff” 
on the wire before it reaches the vacuum box and 
“‘ paper” after it has passed over it. After leaving | 
the vacuum box or boxes (modern machines are pro- | 
vided with more than one) the wire carries the paper | 
through the couch rolls F. The purpose of these is 
still further to dry or reduce the wetness of the paper, 
and by the moderate pressure exerted by the rolls, 
to consolidate and strengthen it so that it may be in 
fit condition to leave the wire, which at this point turns 
round the lower couch roll and travels back towards 
the breast roll. The paper here is sufficiently strong 
to support its own weight for a short span, and after 
leaving the wire meets the “ wet felt.” which supports 
it and carries it through the “first press rolls” G. | 
Leaving this, it travels forward on the felt and is after | 
a short distance transferred to a second felt and travell- | 
ing on this, passes through the second press rolls H. | 
It should be observed that the side of the paper which | 
was in contact with the felt in the first press is now in 
contact with the upper press roll, the object of this 
change being to give a similar surface to both sides of 
the sheet. At this stage a considerable part of the 
moisture content has been removed from the paper, 
and it has acquired considerable strength, so that a 
convenient gangway between the “ wet end” and the 
«dry end,” which is spanned by the paper, is frequently 
introduced here in order to give access to the back or 
gear side of the machine. 

The next process is that of drying, which is effected 
by passing the web over a number of steam-heated 
cylinders K, the paper being held in contact with them 
by felts, as shown in the diagram. The number of 
cylinders varies considerably according to the speed 
at which the paper is made and its substance, and in 
some cases the felts are omitted from some of the 
cylinders in order to allow the vapour given off from 
the web to escape freely. Before travelling over the 
final cylinders, the paper in some machines passes 
through a pair of smoothing rolls, the purpose of which | 
is to obliterate the marks of the felt which would | 
otherwise be seen on the surface. On leaving the | 
drying cylinders, the paper is taken to a stack of | 
calender rolls L, which may be said to complete the 
process of manufacture by burnishing and consolidating 
the surface. It is then wound in rolls ready for trans- 
port to other processes or to the printer. 

There is no portion of the plant in the machine house 
which is more important, or which has received more 
attention, than the strainer, and with good reason, 
because any defect in the pulp that has been allowed 
to pass from the strainer to the wire, cannot afterwards 
be corrected or eliminated. The earliest form of 
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Fig.Ja. DIAGRAM OF PAPER MACHINE. 
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cases they are being superseded by the more modern 
rotary strainer. 

Rotary strainers were brought into use in various 
forms between 1850 and 1870, but were not adopted 
generally until the advent of the Wandel strainer, 
a German invention, which may be said to be the 
forerunner of the modern rotary strainer. In all 
strainers there are two problems to solve: (1) To 
provide mechanism that will produce rapid vibration 
without undue wear of the moving parts; and (2) 
| to provide means for keeping the slits clean and unob- 
| structed. In Wandel’s strainer the plates are replaced 
| by a strainer drum, to which vibration is imparted 
| while at the same time a slow rotary movement is given 
jit. The stuff is delivered into the drum by pipes 
| through the trunnions. It passes through the slits 
|in the drum plates into the vat, and thence over the 
| sill into the delivery trough and so to the breast and 
to the machine. There have been many types of these 
| strainers made, but in general the principle is the same, 


Jas. Bertram and Son, a machine which has been 
working successfully for some years in this and other 
countries. The drum A does not vibrate, but rotates 
slowly with an intermittent motion imparted to it 
from the. ratchet gear B, the ratchet-wheel being 
keyed to one of the spider trunnions which carry the 
drum in the bearings CC. The stuff is admitted to the 
vat at the side and flows through the slits in the drum, 
discharging at both ends into the troughs DD, which 
are coupled together by a delivery box. A rubber or 
felt packing E prevents admixture of the strained and 
unstrained stuff. In order to keep the stuff in a state 
of agitation and assist its passage through the slits, @ 
pulsating cradle, or diaphragm F, is employed, which 
obtains its motion from the vertical movement of the 
yoke Y attached to the plunger G. To obviate stuffing: 
boxes where the ends of the yoke pass into the vat, 
flexible diaphragms are attached both to the vat and 
the vertical stems of the yoke which carry the cradle I’. 
The pulsating cradle F derives its movement from 4 
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crank” H, through a connecting rod I, which passes 
through a rocking-pin J, in the stem of the plunger G. 
The tail end of the connecting rod or rocking lever I 
is carried in a second rocking-pin K, which forms 
its fulcrum, and this is housed in a sliding trunk L. 
Means are provided for shifting the position of the 
fulcrum-pin K in relation to pin J, and thus varying 
the stroke or pulsation of the cradle F, A spring M, 
below the plunger G, serves as a cushion to relieve the 





This strainer (Fig. 6) is built either as an inward or 
outward-flow machine and follows closely on the lines 
of a Wandel, but dispenses with parts hitherto found 
necessary. The drum is furnished with trunnions as 
in the one first described, but, instead of resting in 
bearings on cradle arms, it is carried in what virtually 
forms a large roller bearing. The trunnions are fitted 
with wheels AA, both of which rest on other wheels 
BB on a shaft C. Inside the hub of each{wheel DD is 


Fig. 6. “TREMOR” STRAINER. 
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connecting rod of some weight and to keep the working 
surfaces in contact. The design enables the whole of 
the high-speed operating mechanism to be enclosed’ in 
an oil-bath, so that silent running and freedom from 
Wear are ensured. The machine is noteworthy in that 
it has the operating mechanism efficiently protected 
both from splashing of the stuff or water; at the same 
ume, it is properly lubricated without complicated 
oil-feed systems, and possesses a simple means of 
stroke variation which can be adjusted without stopping 
the machine or using a spanner. 
, Another well-known rotary strainer is known as 
The Tremor,” constructed by the Watford Engi- 
neering Works, Limited, a firm which has made a 
speciality of this class of machinery for many years. 








a pair of ball-bearings, and these form the straps of 
compound eccentrics. The shaft rotates at, say, 
500 r.p.m. and imparts as many impulses to the wheels 
BB, which are quite free to revolve independently of 
the shaft, and thence through the trunnion wheels AA 
to the drum. The gyration of the wheels BB includes 
a rotary motion in the trunnion wheels, and no other 
mechanism would be needed to provide for he rotation 
of the drum were it not that the tendency of the drum 
is to revolve faster than is necessary and with some 
irregularity. To ensure even turning, a slow-speed 
shaft is provided, having thereon two small pulleys EE, 
which are connected by belts to step-pulleys FF on the 
drum-carrying wheels AA, and by this means the rate 
of rotation of the drum is maintained at a set speed. 





The compound eccentrics afford a ready means of 
adjusting the rise and fall of the drum. It will be 
noted that the stuff is kept in a state of agitation by 
the movement of the drum itself, as in the earlier 
Wandel machines, and the makers claim that this 
method results in cleaner stuff than in those machines 
in which a diaphragm is used. 

On leaving the strainers the stuff flows into the 
breast-box, and thence to the wire of the machine, 
and it is on this that the transformation from pulp 
or stuff to paper commences, by the extraction of the 
superfluous water and by the “ felting ” of the indivi- 
dual fibres. To induce “felting” a rapid sideways 
reciprocating motion is given to the wire, and this is 
accomplished by pivoting the forward ends of the 
frames on which the rolls supporting the wire are 
carried, and rocking the whole rapidly backwards and 
forwards. The mechanism for this is called the 
“shake,” and must be capable of regulation so as to 
prevent too much water being dropped in the process, 
and yet leave sufficient to permit intermingling of the 
fibres. Regulation is also required for other reasons. 

With slow-speed machines, for which one strainer is 
sufficient, the design of the breast-box is a simple 
matter, but in modern high-speed machines, fed by 
six or eight strainers, and running at a speed of 600 ft. 
to 800 ft. of paper per minute, great care must be 
taken to obtain a flow of pulp from the box at a velocity 
as nearly equal as possible to that of the wire and 
flowing at an even depth across the whole width. The 
flow must not be so violent as to cause excessive rip- 
pling, or the formation of the sheet will be disturbed. 
If the velocity of the stuff exceeded that of the wire. 
it would make it difficult for the water to pass through 
the interstices, and the impetus of the flow would 
nullify the action of the “ shake,” so that the indi- 
vidual fibres would not interweave, but would arrange 
themselves in straight lines, thus diminishing the 
strength (widthwise) of the sheet. 

The breast-box has a dual function ; it must receive 
the output of several strainers from a common duct, 
and provide a transition stage whereat the flow changes 
to a wide even stream at a velocity equal to that of the 
wire. To effect this the outlet from the box is made 
level with the wire, and from the edge of the outlet 
a flexible apron overlaps the wire. Above the apron 
is the slice (sluice), which is made so that it may be 
raised or lowered, thus contracting or enlarging the 
outlet. If a small outlet is given (the flow to the 
box being constant) the stuff is damned up by the slice, 
and the velocity of egress is increased, while the con- 
verse occurs if the slice be raised. The head of pulp 
in the box varies considerably; on a_ high-speed 
machine it may be as great as 48 in., and some machine 
makers advocate a further advance on this figure. 
Another method of obtaining the required velocity is 
by raising the frame carrying the breast roll, together 
with the wire and its supporting rolls, so that the 
pulp flows downhill towards the vacuum boxes and 
couch roll. 

One of the most important considerations is that the 
stuff during its whole journey on the wire is parting 
with its watery constituent, and the effect of this 
must be to reduce the speed of the main body, first, 
because of the entraining action of the water passing 
through the wire, and, secondly, because of the 
increasing “‘stickiness’”’ of the stuff as the watery 
content diminishes. 

By whatever method initial velocity is imparted to 
the stuff at entry upon the wire, it is certain that at the 
commencement of its journey there is a difference of 
rate of travel between the stuff and the wire, as the 
rippling shows, and here is a problem : How to regulate 
the stuff so that the flow shall be at the correct speed 
to allow as much water as possible to escape and at the 
same time allow the stuff to remain limpid enough to 
permit the fibres sufficient freedom to “ felt”? under the 
influence of the shake. 

The term “ wire”’ is a very meagre description of one 
of the most important and, perhaps, the most delicate 
member of the whole machine, and one in which a vast 
amount of skill and craftsmanship is concentrated, 
although disguised by its simple appearance. In the 
early days of the paper machine the “ wires” were 
woven on hand looms, and like homespun wool fabric, 
the resulting cloth was loose and unequal, and this 
peculiarity, that gave long life to a textile fabric, 
ensured the speedy destruction to its metallic relative. 
The material was generally brass or, to be correct, an 
alloy of copper, and compared with modern wire work, 
soft and susceptible of deformation, so that when 
stretched on the machine, it was very liable to develop 
slack places or to run in puckers, and tearing was not 
infrequent. Many of the old machine men were experts 
at darning, and some of their repair work was so 
effective that the “‘ wire ’’ could be kept in service with 
little, if any, detriment to the “ sheet.” In modern 
practice phosphor-bronze wire is largely used, and 
nickel alloys have been tried, in the hope that their 
superior wearing quality would ensure longer life ; each 
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maker doubtless pins his faith on his own special alloy. 
The life of the wire is not a long one in high-speed 
news machines, possibly thirty days would be a fair 
average ; whereas on a slower speed machine making 
a better class of paper, three times this life is obtainable. 
The cost of such a wire, say 80 ft. by 230 in. wide, 
would be approximately 80/., and the scrap value, when 
its short, but active, life is finished, not more than 10/. 
Nevertheless, when it is remembered that such a wire 
has actually made more than 100 tons of news-print in 
twenty-four hours, it will be appreciated that the wire 
cost per pound of paper is less than the one-three 
hundredth part of a penny. Part of the deterioration 
is due to the action of chemicals employed in the 
preparation of the stuff, and part to the strain and 
friction to which the wire is necessarily subjected. 

Referring to Fig. 1, it will be seen that the wire D 
is driven by the lower couch roll Fl, and drives the 
whole of the supporting rolls Cl, C2, C3 (often called 
tube rolls), and the breast roll C and, in addition, the 
supporting and stenting rolls fl, f2, £3, below the frame 
members, so that a considerable total weight is revolv- 
ing. Obviously any steps that can be taken to reduce 
the friction of the bearings is desirable. Of course, 
the rolls must run truly: they must be as light as 
possible, but yet of sufficient strength to resist deflec- 
tion and—at high speeds—the action of centrifugal 
force. In addition, they must be balanced—in high- 
speed machines both statically and dynamically, 
so that their peripheral speed may coincide with 
that of the wire. The employment of ball bearings, 
especially those designed for self-alignment, would 
seem highly desirable, but although these would be 
quite satisfactory for ordinary running conditions, the 
difficulty of keeping up a sufficient coating of grease 
to prevent the water from the stuff—and from the hose- 
pipe of the machine-cleaner—attacking and pitting 
the polished steel surfaces, has prejudiced many 
machine makers against them. Opinions differ widely 
as to their use, and more than one well known firm 
has found it possible to provide proper protection so as 
to ensure a satisfactory length of service. The Lauren- 
tide machine, with a wire 166 in. wide travelling at 
1,000 ft. per minute, is running successfully with all its 
tube rolls carried in ball bearings. One leading maker 
of ball-bearings has been experimenting with stainless 
steel in order to overcome this difficulty, but the 
authors have not yet heard of any mill where they are in 
use, 

The vacuum boxes E, Fig. 1, are probably respon- 
sible for more damage to the wire than any other 
piece of mechanism in its circuit, and it seems amazing 
that so crude a piece of apparatus has existed for 
upwards of 100 years with so little change or improve- 
ment. Record of many ingenious devices designed 
either to supplant or modify the vacuum-box will be 
found in the files of the Patent Office, but most of 
them were still-born or prematurely deceased. As 
previously stated, the purpose of the vacuum-box is to 
remove as much as possible of the water that is left 
in the stuff after its passage on the wire. A vacuum 
is produced in the boxes either by a pump or an ejector, 
and as the wire passes over the top of the box it is 
deflected downward under the influence of the vacuum. 
The vacuum box may be made of metal or of wood, but 
almost invariably the top is faced with wood--mahogany 
for choice—and the friction between the wire and the 
wood is destructive to both. Attempts have been 
made from time to time to introduce rollers to take the 
place of the wood facings, but so far the results have 
not given satisfaction. 

Referring to Fig. 8, it will be seen that the suction- 
box is merely a long, narrow trough heavily built so 
as to avoid sagging at the centre, and having two false 
ends which are adjustable according to the width of 
paper being made. The top opening is generally 
divided by longitudinal bars so as to avoid a longer 
unsupported length of wire than is necessary, or a 
perforated top may be used. Whichever construction 
is used, the top surface of the box must be smooth, 
and out of wind in order that a vacuum-tight joint 
be made between the wire and the face. The suction 
pipe A is generally brought to the middle of the box, 
but in wide machines more than one opening is often 
used, so as to equalise the suction over the total 
surface. The cock B serves to regulate the vacuum 
by the admission of air. As early as the beginning of 
the last century more than one inventor devised a 
revolving shell, which carried the wire over the stationary 
box, with the intention of diminishing the wear on 
both box and wire. John Dickinson in 1811 applied 
the device, or an adaptation of it, to a mould machine, 
and in 1828 George Dickinson constructed a suction 
or vacuum roll, which was very similar to those in use 
to-day. 

After passing the vacuum boxes the character of the 
sheet shows a marked change, and at this point may be 
said to have become paper; in fact, the change in 
character is plainly shown by a clearly defined line 
across the web, as it moves over the vacuum box. The 
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next operation is performed by the couch rolls FF 
(Fig. 1), the purpose of which is to squeeze out as much 
water as possible, in the same way as a washerwoman 
passes a cloth through a wringer. The lower roll is 
generally made of cast-iron covered with brass, while 
the upper has a felt jacket. Formerly these were made 
of wood on metal centres. It should be observed that 
the upper roll is not directly above the lower, but lies 
nearer to the breast roll, the object being to meet the 
paper and squeeze out as much water as possible 
through the wire before it passes between the two 
rolls and receives the full pressure. The upper roll is 
carried in bearings in pivoted arms to which pressure 
is applied by a system of weights and levers, while 
the ends of the arms opposite to the roll bearings have 
screw-gear for adjusting the pressure and to swing the 
roll clear when changing the wire. In some modern 
machines—especially in the United States—the couch 
rolls are dispensed with and a suction roll used in their 
place. Fig. 10 shows the ‘“ Millspaugh ”’ roll, as made 
by Messrs. Bentley and Jackson. The rotating perfo- 
rated cylinder C is driven by the gear D, the inner 
surface making a tight joint with the packing on the 
edges and ends of the fixed trough E. The trough itself 
is clamped at the ends by bearings concentric with 
the cylinder, and provision is made to swivel the trough 
to such a position as to coincide with the are of the 
cylinder covered by the paper. The ends of the 
trough are movable so that they can be adjusted for 
different widths of paper, thus obviating wrapping the 
roll as in earlier models, when the deckels required 
moving for narrower work than the maximum for 
which the machine was built. Suction rolls can also 
be used as the bottom rolls of the first press, and the 
maker states that a greater output can be obtained 
from the machine either by the making of a thicker 
sheet or by speeding up the machine and making the 
same grade as before its introduction. 

In considering the advantage gained by the use of 
the suction roll as auxiliary to the suction-box, it 
must be remembered that in high-speed machines, 
running between 800 ft. and 1,000 ft. per minute, the 
time in which the stuff on the wire is exposed to the 
influence of the vacuum is exceedingly short. In a 
machine running at 800 ft. with eight boxes, the 
exposure is only half a second. Assuming the exposed 
surface of the boxes to be in all 80 in., to obtain a 
corresponding suction surface in a roll, the diameter 
would need to be, say, 100 in., as only one-quarter of 
the circumference can conveniently be utilised. The 
intensity of the vacuum required depends on the class 
of paper in course of manufacture, the wetness of the 
stuff, the state of the wire, clean or foul, the speed of 
the machine, and the idiosyncrasies of the paper- 
maker. It may range from } in. to as high as 12 in. 
of mercury, but a wide variation in running the same 
class of stuff generally indicates that something in the 
stuff or machine requires attention. The vacuum can 
be created in various ways—by steam-ejector, syphon 
discharge, or by plunger-pump; but modern practice 
appears to favour rotary pumps of the geared or drum 
type, as these are quiet in running, require little repair, 
and produce a steady vacuum. In old slow-running 
machines, the vacuum pumps were small and required 
little power to drive, but in a modern news machine 
making, say, 75 tons to 80 tons of dry paper every 
24 hours, the need is very different. It may be assumed 
that 20 per cent. to 30 per cent. of the water content of 
the stuff, as it flows on to the wire, may be removed at 
the suction-boxes or roll, so that with stuff having 
98 per cent. of water (some authorities take a higher 
percentage) the pump must be capable of dealing with 
7,000 to 10,000 gallons of water (at the lower output) 
per hour. The removal of the entrained air naturally 
requires more power than for the removal of the water. 
On a modern machine of the output above mentioned 
probably 70 h.p. to 75 h.p. would be required for the 
pump. 

It may be of interest at this point to quote some 
figures concerning the absolute dry weight of paper- 
forming fibre found in the stuff (or paper) at various 
stages of its progress through the machine, as illustrating 
the enormous quantity of water required for machine 
purposes only, that is neglecting the preparation of the 
stuff, and steam for drying and power. 


Per cent. 
Entering the wire’. ie ee: 1-23 
After couching 23-34 
»» first press 30-58 
»» second press 33-49 


»» third press .... ee B46 


», smoothing rolls 96-54 
», calenders ; ies 96-24 
», damping and reeling 93-19 


The couch rolls complete the wet end of the machine 
for, at this point, the “ making” is completed ; the 
stuff’ has become ‘“ paper” and the remainder of 
the progress through the machine is devoted to 
“ finishing.” 





(To be continued.) 
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DOPES AND DETONATION.* 
SECTION III.—SEALED-TUBE EXPERIMENTS, 


By Proressor H. L. Catrenpar, C.B.E., F.RS, 
Assisted by Captain R. O. Kine anv Fuicut 
LiEuTENANT C. J. Sims, D.F.C. 

(Continued from page 511.) 

22. Electric Heating Apparatus.—An essential point 
of the nuclear theory is the continued presence of some 
constituents of the fuel in the nuclear drops under the 
conditions of temperature and pressure which occur in 
the unburnt mixture during ignition. This point 
could be investigated most easily by heating the various 
fuels or dopes in sealed tubes with any desired admix- 
ture of other constituents, and observing the critica] 
temperature of the mixture, and any other points at 
which notable reaction or decomposition occurred. 
Since the usual methods of heating employing liquid 
or vapour baths, besides being slow and cumbrous, are 
attended with considerable risk when a tube happens 
to explode, a special form of electric heater was devised 
and used for the purpose. This (see Fig. 2) consisted 
of an external cylinder of thick copper, wound with 
an electric heating coil, insulated from the copper 
with mica, and disposed in such a manner as to give a 
uniform distribution of temperature throughout the 
length of the cylinder. A silver cylinder of similar 
thickness was fitted inside the copper, but insulated 
from it with a roll of thin mica, and was bored to a 
diameter of 8 mm. to fit the experimental tubes. 
These were made of clear quartz glass to minimise the 
risk of fracture, with an internal bore of 2mm. They 
were observed during heating with a micrometer 
microscope through narrow windows, 2 mm. wide, in 
the silver and copper cylinders. The temperature of 
the silver cylinder was indicated by a thermocouple, 
which was accurately calibrated by inserting a platinum 
thermometer in place of the experimental tube. It 
was easy to keep the temperature steady at any 
desired point up to 500 deg. or more, and to read its 
value to 1 in 1,000, which was sufficiently accurate for 
the purpose. The tubes were introduced through a 
hole in the cover of the copper cylinder, which was 
left open except for a plug of asbestos. When an 
explosion occurred in one of the quartz-glass tubes, the 
mica windows of the heater were blown out, but these 
were easily replaced, and no further damage was done. 
The observer was protected by a double screen of }-in. 
plate glass, the first plate of which was perforated on 
one occasion by a fragment, but the quantity of 
substance required for a test was so small, and the 
substances for the most part so harmless, that explosions 
were rare and seldom did more than excoriate the 
surface of the first plate. 

23. Tetra-Ethyl Lead, Pb (C,H;),—This was one of 
the first substances tested on account of its remarkable 
properties. A small quantity was sealed in a strong 
tube of quartz glass, 7 mm. in diameter, of 2 mm. bore 
and 65 mm. long, filling about one-third of the tube. 
Such tubes had been known to withstand a pressure of 
300 atmospheres at 400 deg. C. for long periods without 
rupture, and were considered capable of 500 atmo- 
spheres at 500 deg. C. The tube was heated gradually 
in the electric heater, taking careful note of the tem- 
perature with a thermocouple, and of the expansion, 
with a micrometer microscope focused on the surface of 
separation between the liquid and vapour. As the 
temperature approached the normal boiling point, a 
number of microscopic bubbles began to appear, 
increasing in numbers till they gave the liquid a frosted 
appearance. But nothing noteworthy happened until 
a temperature of 210 deg. C. was reached, when the 
meniscus gradually darkened, and began to boil 
gently, depositing a cloud of black particles, probably 
lead. Suddenly at 215 deg. C. the surface boiling 
became very violent, and spread downwards through 
the tube with great rapidity. Within less than a 
second the tube exploded in very small fragments. 
blowing out the mica windows of the heater, and 
peppering the ceiling with bits of quartz which des- 
cended in a gentle rain on the slate bench. 

The suddenness and violence of the explosion show 
that heat is evolved in considerable quantity in the 
decomposition of lead ethide, though no flash was 
observed and but little smoke. As a result of this 
experiment, it was thought at first that the action of the 
ethide in preventing detonation might be due to the 
dissipation of the nuclear drops by the sudden decom- 
position. But further experiments seem to negative 
this idea. It was also suggested that the ethide in 
decomposing might take fire and ignite the unburnt 
mixture simultaneously before the flame from the 
spark could reach it. But this would be perilously 
like a detonation, according to the prevailing theory. 
and the decomposition starting at 215 deg. might be 





* Investigation made at the Air Ministry Laboratory. 
Imperial College of Science and Technology, an 
published by permission of the Director of Scientit: 








Research, Air Ministry. 





oe a 


eat et at et eet 


ah iinet a eh oe. be abet a6 oh tte at Oe 


ees ae a ee eon Pe. ee ee ee ee a ee ee 





rs, 
1S 0 


int 


int 


id 





APRIL 23, 1926.] 


ENGINEERING. 


543 





expected to lead to pre-ignition rather than detonation, 
as in the case of carbon bisulphide with an ignition 
temperature of 275 deg. But since CS,, when diluted 
with an equal quantity of petrol, no longer pre-ignites, 
it seems unlikely that a tenth of 1 per cent. of ethide 
can suffice to start a flame, though it might easily 
suffice to delay ignition by coating the nuclear drops 
with lead before their ignition temperature was reached. 
For this reason, experiments were also made with 
mixtures of lead ethide with varidus fuels and petrol 
residues, to see the effect on the decomposition. 

A mixture of benzene with about one-third by 
weight of PbEt, began to decompose rapidly at the 
surface of the liquid at nearly the same temperature 
as the pure ethide under a pressure of about 17 atmo- 
spheres, with copious deposition of lead, which also 
gave a metallic mirror on the walls of the tube. Owing 
to the dilution, the decomposition was far less rapid 
than in the case of the pure ethide, but was complete 
in a few minutes with little rise of temperature. 

Similar mixtures of PbEt, with petrol residues, 
consisting chiefly of fractions boiling above 160 deg. C., 
showed very similar results to the benzene mixture. 
But the surface deposition of lead started at a some- 
what higher temperature than in the case of benzene 
(possibly owing to the lower pressure) and took longer 
to complete. 

A mixture with ethyl-ether in the same proportion 
did not begin to decompose appreciably until a tempera- 
ture of 235 deg. was reached, and then only showed a 
light yellow deposit with no separation of lead. The 
meniscus vanished at a temperature of 243 deg. C. 
(about 50 deg. higher than the critical point of ether) 
at a pressure of about 50 atmospheres. The tube soon 
became nearly opaque with boiling clouds of yellow 
precipitate probably consisting of PbO. This appears 
to explain Ricardo’s observation that excess of ether 
“kills this dope,” which has no effect in preventing 
detonation in rich ether mixtures. We may fairly 
conclude that the deposition of metailic lead is an 
essential point in the action of the dope. 

The mixture known as “ Ethyl fluid,’ which is said 
to be Pb(C,H;), + C.H,Br., showed profuse separa- 
tion of lead at the surface at the usual temperature. 
But the lead began to react violently with the bromine 
at a somewhat higher temperature, leaving a brown 
precipitate consisting probably of PbBr,. In practice, 
when used in the engine, the ethylene dibromide 
(B.P. 130 deg. C.) probably evaporates first, leaving 
the lead ethide concentrated in the nuclear drops, 
where it decomposes, depositing metallic lead, which is 
burnt to bromide at a later stage of the combustion 
when it has done its work. 

A tube containing equal volumes of lead ethide and 
water showed absorption of water by the ethide in a 
clear transparent layer nearly 2 mm. thick between 
the liquids. But before the liquids became completely 
miscible the ethide began to decompose, depositing a 
layer of metallic lead on the surface of the water, at a 
temperature of 193 deg. C., about 20 deg. below its 
usual decomposition-point. Apart from the formation 
of the lead pellicle on the water surface, the decom- 
position of the ethide was considerably retarded by 
the water it had absorbed. Meantime the lead pellicle 
had become so strong and thick that (when the ethide 
decomposed at the bottom of the tube) it was pushed 
up to the top and remained unbroken, carrying the 
water before it. The pellicle was probably formed, in 
part at least, by the decomposition of the lead ethide 
dissolved in the water, which remained perfectly clear 
throughout, depositing lead only at its surface. 

24. Nickel Carbonyl, Ni(CO),.—This substance is 
about half as effective as lead ethide in raising the 
H.U.C.R. of a petrol fuel. Thus, it was found that the 
addition of 0-5 per cent. by volume of Ni(CO), gave a 
rise of 38 per cent. in the H.U.C.R., equivalent to that 
given by the addition of 0-25 per cent. by volume of 
PbEt,. This inferiority is probably due to the very 
high volatility of the carbonyl, which has a boiling- 
point at 43 deg. C., so that it has much less tendency 
than lead ethide to become concentrated in the nuclear 
drops. On the other hand, the vapour decomposes 
teadily at 150 deg. C. and deposits nickel on any 
available surface, including the nuclear drops, so that 
it remains more effective than might be expected from 
its volatility. Experiment shows that the decompo- 
sition does not occur in the body of the vapour, but 
only where it comes in contact with a surface. Nickel 
carbonyl has a very low ignition-point, and is far 
more inflammable than lead ethide. Owing to the 
hardness of the nickel deposit, its effect in sticking up 
valve-stems, &c., would probably be much worse than 
that of lead, especially as a larger quantity is required. 
Its behaviour is instructive as an illustration of the 
probable mode of action of metallic dopes. 

When the nickel carbonyl was heated in a sealed 
tube, the liquid began to decompose in the neighbour- 
hood of the meniscus a little above 100 deg. C., 
depositing a film of nickel, which spread gradually 
throughout the tube, becoming opaque in the vapour 





region about 150 deg. C. By far the greater part of the 
liquid still remained unaltered, but the inner surface of 
the tube was coated with a metallic mirror, some of 
which could be detached by shaking as a coherent film. 
When set aside for a month at atmospheric temperature, 
most of the nickel re-dissolved, showing the action to 
be reversible. The same tube was subsequently heated 
to 260 deg. C. without bursting, when the whole of the 
liquid was vaporised, but the greater part still remained 
unaltered on cooling. There was no sudden decompo- 
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sition as in the case of lead ethide, but a static equili- 
brium at each temperature and pressure, as one would 
naturally expect, between the nickel carbonyl and the 
CO. This seems to dispose of the idea that the sudden 
decomposition of lead ethide is the essential feature in 
preventing detonation, whether it acts by dissipating 
the nuclear drops or by igniting them at a suitable 
temperature. The most striking common property 
of the two dopes is the deposition of metal on any 
surface at a temperature between 200 deg. and 250 deg. 
This would be very effective in checking detonation if 
the deposition were localised on the nuclear drops, 
but it is difficult to see how it could have any great 
influence on the process of inflammation if the active 





particles were evenly distributed throughout the whole 
mixture, of which they represent at most a proportion of 
one molecule in 100,000. 

Several other metallic compounds, readily soluble 
in petrol, are known to possess marked anti-detonating 
properties. It is probable that they act in a similar 
manner by the deposition of metallic films. The list 
might no doubt be greatly extended by further research, 
but it is not very likely that any of such compounds 
would surpass lead ethide in effect, or be more con- 
venient in practice. In proportion as they were 
effective, they would probably be liable to the same 
objections which impose such serious limitations on the 
use of lead ethide. It is, therefore, of interest to 
investigate further the possibilities of organic com- 
pounds, which require the addition of much larger 
quantities, but have a fuel value, are practically non- 
poisonous, and leave no deleterious deposits in/ the 
engine. 

25. Selection of Organic Substances for Test.—The 
selection was limited in the first instance by considera- 
tions of ready solubility in the fuel to be tested, and 
freedom from corrosive or injurious action on the 
engine, such as separating out at low temperatures, 
and blocking jets, or interfering with lubrication. 

In the light of the nuclear theory, it was also evident 
that any substance, to be effective as a dope, must 
have a fairly high boiling point, probably in the 
neighbourhood of 200 deg. C., in order ‘to become 
concentrated in the residual drops of fuel in the later 
stages of vaporisation. 

The first step in the process of selection was to 
choose, from a list of the substances commercially 
available, those having boiling points somewhere in the 
range required, and otherwise suitable. The second 
step was to determine the solubility in petrol and 
paraffin, since these data could not be found (except in 
a very few cases) in any works of reference. The neces- 
sary experiments for this purpose were carried out in the 
chemistry department of the Imperial College by 
permission of Professor Thorpe. 

About 30 common organic substances listed in Table 
VI Section IV (to follow) passed the required tests and 
were considered sufficiently typical and representative 
to serve for the verification of the proposed theory. 
The primary object of the investigation was to dis- 
cover the probable mode of action of such dopes as 
were already available, and did not include a general 
search for all possible substances which might happen 
to be effective. The chemical preparation and testing 
of other promising compounds would be a natural 
sequel, if the present results were found to indicate a 
sufficiently definite line of further research. 

26. Importance of the Critical Temperature.—The 
most important physical property of a substance in 
reference to the nuclear theory, is obviously the 
critical temperature, above which it cannot remain 
liquid in the pure state. The critical point is most 
easily determined by heating a suitable quantity of 
the liquid in a sealed tube under its own vapour- 
pressure, and observing the point at which the 
meniscus, or surface of separation between liquid and 
vapour, disappears, and the two states become com- 
pletely miscible. It does not necessarily follow that 
any substance having a high critical point will infect 
the nuclear drops in such a way as to retard detona- 
tion. If it is to be effective, it must also have an 
ignition point higher than the residual constituents of 
the fuel. Stearic acid, for instance, has a high critical 
point, but, according to Moore, it has a low ignition 
point, like paraffin wax, and could not be expected 
to raise the ignition point of the nuclear drops. It 
was found, however, that a high critical point was one 
of the essential conditions, unless the substance acted 
(like benzene) mainly by dilution of the whole fuel, 
in which case a large quantity was required. Phenol 
and cresol, with critical points in the neighbourhood 
of 220 deg. C., were found to be much more effective 
than toluene (320 deg.) or xylene (350 deg.), but are 
about on the borderline as regards critical temperature. 
Nothing with a critical point below 400 deg. C. could 
be expected to have much specific effect on the nuclear 
drops, unless it decomposed, like lead ethide, leaving 
a non-volatile residue of a suitable nature. 

27. The Aromatic Amines.—Some of these sub- 
stances are about ten times as effective as toluene 
in retarding detonation, and afford a good illustration 
of the importance of a high critical point. Midgley 
attributed their efficacy mainly to the nitrogen atom, 
but if this were the case we should expect a substance 
like phenyl hydrazine, with two nitrogen atoms, to 
be more effective than the amines in raising the 
H.U.C.R., whereas it was found to have the opposite 
effect to a remarkable degree. 

Aniline, C;H,NHe2, is the most familiar and stable 
substance in the amine class, but has the disadvantage of 
being sparingly soluble in paraffins. When quite dry it 
has a critical point.at 433 deg. C., but it has a strong 
tendency to absorb water, which lowers its critical 
point and reduces its solubility. When saturated 








544 


ENGINEERING. 


[APRIL 23, 1926 








with water at 15 deg. C. its critical point is lowered 
to 420 deg. C. When heated with an equal volume of 
water in a sealed tube, the two liquids become com- 
pletely miscible at 163 deg. C., and the mixture has 
a critical point at 360 deg. C., which s below the 
critical point of pure water (374 deg. C.). Apart from 
its sparing solubility, aniline is nearly as effective as 
any member of this group in raising the H.U.C.R. 

Menthyl aniline, C,H;NHCH,, has the advanvage of 
being slightly more effective than aniline, and of 
being completely miscible with paraffins at ordinary 
temperatures, with a freezing-point 50 deg. lower than 
aniline, so that it is very unlikely to separate out under 
any conditions. Its critical point is nearly the same 
as that of aniline, but shows a progressive rise with 
continued heating. 

Ethyl aniline, C;H;NHC,H,, is less than half as effec- 
tive as methyl aniline, though it has a boiling point 
20 deg. higher than aniline. The reason appears to 
be that its critical point is nearly 10 deg. lower than 
that of aniline, and shows a steady fall with con- 
tinued heating. It need hardly be said that changes 
which appear slow when the liquid is heated in bulk, 
would be extremely rapid in a microscopic drop. 
Diethyl aniline, with a still higher boiler point at 
216 deg. C., has a much lower critical point, starting at 
411 deg. and falling to 390 deg., and is quite without 
effect on the H.U.C.R. Dimethyl aniline, withYa 
critical point at 420 deg. C., falling to 409 deg., has 
just reached the limit, showing a slight positive effect, 
but less than phenol or cresol, with stable critical 
points at 420 deg. C. 

m-Toluidine behaves in a similar manner to methyl 
aniline in regard to its critical point, and also in its 
effect on the H.U.C.R., becoming relatively less effective 
for large admixtures at very high compression ratios. 
m-xylidine, with a higher critical point at 448 deg. C., 
is equally effective at low compression ratios, but is 
able to persist at higher temperatures, and shows no 
falling off up to the extreme limit of the variable- 
compression engine. 

Phenyl Hydrazine, C,H,N,, with a boiling point at 
243 deg. C., nearly 30 deg. higher than that of xylidine, 
appeared at first sight a promising substance according 
to Midgley’s view, but was found to be soluble only 
to the extent of 1-4 per cent. at 20 deg. C., and tended 
to precipitate. In spite of this disability it proved to 
be nearly as effective as aniline in the engine, but in 
the wrong direction. When heated in a sealed tube, 
instead of showing a high critical point, as might be 
expected, it exploded violently at 360 deg. C. This 
property may possibly explain its tendency to promote 
detonation, as the nitro compounds have a similar effect. 

These results for the H.U.C.R. and the critical 
points are summarised in Section IV, Table VI, under 
** Engine Experiments.” 

The above examples are sufficient to show that there 
is a close correspondence between the critical char- 
acteristics of the aromatic amines and their effective- 
ness in checking the onset of detonation. Since all 
have relatively high ignition points as compared with 
the paraffins, it was to be expected in the light of the 
nuclear theory that their efficacy would depend chiefly 
on their respective critical points, as appears to be the 
case. It was necessary in each case to determine 
the critical temperatures for the actual specimens 
of each substance used in the engine tests, since most 
of these substances are capable of existing in isomeric 
forms, which generally differ in properties, and are 
often difficult to separate. A few only of the required 
critical points could be found in existing tables, and 
these were somewhat doubtful owing to discrepancies 
between different observers, which may have been 
caused by errors of observation or by impurities in the 
specimens tested. 

It is unfortunate that the ignition temperatures of 
the fuels concerned cannot be determined with an 
approach to the same order of accuracy as is possible 
in the case of the critical points. It appears practically 
certain, however, that the critical points of the higher 
paraffins are much higher than their ignition points, 
so that nuclear drops would naturally tend to persist 
at such temperatures as would lead to self-ignition. 
In the case of a mixed fuel, such as petrol, the ultimate 
boiling point of the last drop to be distilled cannot 
be determined with certainty. The limiting critical 
point of the nuclear drops would be still more difficult 
to estimate. A rough attempt was made to arrive 
at a probable limit by collecting separately the frac- 
tions of typical No. 1 commercial petrols, boiling 
between 150 deg. and 160 deg. C., and comparing this 
with the residue left in the flask. The critical point 
of the penultimate fraction (150 deg. to 160 deg.) 
was found to be in the neighbourhood of 350 deg., 
and that of the residue varied from 375 deg. to 390 
deg. C., according to the nature of the fuel. The worst 
petrol, from the detonation standpoint, showed some 
bituminous matter in the residue. All the residues 
probably contained constituents with critical points 
at least as high as 420 deg. C., which would explain 
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why it is necessary for the dope to have a critical 
point at least as high as 420 deg., in order to have any 
effect in raising the ignition point by dilution of the 
nuclear drops. But a protective film of metal on the 
surface of each drop would be more effective and would 
require much less material. 

28. Properties of the Paraffins.—In the endeavour to 
obtain further light on the relevant properties of the 
higher paraffins, samples of the purest specimens 
commercially obtainable in sufficient quantity were 
tested in the engine for H.U.C.R. These ranged from 
octane to undecane, and were obtained from a large 
quantity of pure paraffin fuel, by selecting fractions 
distilling within a small range of temperature on 
either side of the reputed boiling points of the several 
substances named. It is notoriously difficult to 
separate the higher paraffins in the pure state owing 
to their chemical inactivity, the close similarity of 
all their properties, and the large number of possible 
isomers. There are only three isomers of the formula 
C;H,> (pentane), five of C;H,, (hexane), and seven of 
C,H,, (heptane), most of which can be separated and 
identified with a fair degree of certainty. But the 
number of possible isomers increases very rapidly 
beyond this point, from 18 possible varieties of octane 
to 802 of tridecane, so that it was not worth while 
for the present purpose to attempt further separation 
or analysis. From the point of view of the nuclear 
theory it was sufficient to accept the samples supplied 
as being exceptionally pure saturated paraffins of 
definite boiling points, freed from naphthenes, olefines 
or aromatics, and to determine their critical points for 
comparison with the engine tests. 

The Critical Temperatures of the normal paraffins 
up to octane have been determined with great care by 
Young. That of decane has also been determined 
once, but the value is somewhat uncertain. Those of 
nonane and undecane were unknown, but could be 
approximately inferred from the trend of the curve as 
plotted in Fig. 3, page 543. The experimental points 
joined by the dotted curve show the values found 
for the critical points of the samples of octane, nonane, 
decane and undecane tested in the engine. These 








were probably mixtures of several isomers having boiling 








points within a restricted range, and would probably 
have higher critical points than those of the pure 
normal paraffins, as appears from the results of the 
tests. In fact, it is quite possible that a normal paraffin 
at such temperatures would degenerate into a mixture 
of isomers. The residue left in the flask during the 
distillation of a No. 1 petrol, when the temperature of 
the distillate vapour reached 160 degs. C., had in some 
cases a critical point as high as that of undecane. We 
may fairly infer that No. 1 petrol contained a sufficient 
proportion of higher paraffins to persist in the form of 
nuclear drops at temperatures well above 400 degs. C., 
even without the assistance of carbon nuclei. 

The paraffin samples from hexane to undecane were 
also tested in a distillation apparatus. The greater 
part of each sample came over within two or three 
degrees above the proper boiling point of the normal 
paraffin, but the later fractions of octane, decane and 
undecane required a further rise of about 10 degs. in 
each case, as indicated on the boiling point curve. 
This would help to explain why the critical points 
were also too high. ; 

The Critical Pressures of the normal paraffins, as 
shown in Fig. 4 are not without significance, corres- 
ponding roughly on the average with the pressure at 
which detonation starts in an engine using petrol 
fuel. That of decane for instance, is only 20 atmos- 
pheres or 294 Ib. abs., less than a tenth of the critical 
pressure of water. The higher paraffins have lower 
critical pressures. This fact, combined with their 
high critical temperatures, helps to explain why they 
are able to persist much longer in the nuclear drops 
than toluene or xylene, which have lower critical 
temperatures than decane, but critical pressures twice 
as great. : 

The Latent Heats of the paraffins, as shown In the 
same figure, are also low as compared with other 
hydrocarbons, and diminish rapidly with increase of 
molecular weight. This makes it much easier to con- 
dense their vapours by compression as previously ex 
plained, especially for the higher members of the ser » 

The Specific Heat of the liquid paraffins, from pentan’ 
to hexadecane, have been measured at ordinary 
temperatures, but do not show any marked variation 
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with molecular weight, being all in the neighbourhood 
of 0-50 se far as can be ascertained from the somewhat 
conflicting experimental data. But they must all 
increase very rapidly with temperature as the critical 
point is approached, since the specific heats of all 
liquids become infinite at the critical point. The 
temperature-entropy diagrams for the higher paraffins 
are similar in character to that shown for pentane in 
Fig. 1 (page 510 ante). But the distance between the 
liquid line AC and the vapour line BC, diminishes with 
increase of molecular weight on account of the diminu- 
tion of the values of the latent heat and the increase of 
the critical temperature. The higher paraffins are thus 
somewhat easier than pentane to condense in isentropic 
compression. 

Experimental data for the specific hheats of the 
vapours are very scarce and conflicting, owing to the 
difficulty of the measurements. The values given in 
the following table are the ideal values of the specific 
heats at constant volume at low pressures, and have 
been deduced by a theoretical process from existing 
data of various kinds. It has been assumed that the 
variation of the specific heat with pressure follows a 
saw similar to that which is known to apply to other 
vapours, such as steam and CO,. It has also been 
assumed that the variation of the total heat of the 
saturated liquid, which is very considerable, follows 
the law which has been verified up to the critical point 
in the case of CO,, and with even greater accuracy 
for steam at similar pressures. It is probable that 
the values given in the following table may be 
applied with a fair degree of accuracy and consistency 
m calculating compression temperatures 01 pressures, 
although very few have actually been measured. 

Tasrr V.—Ideal Values of the Specific Heats of the 
Vapours C, at Constant Volume, and of the Ratio y of 
po sip Heats, for the Paraffins from Pentane to 

ridecane. 
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(To be continued.) 





TRraL Trip or THE S.S. “ Azanta.”—The Azania, a 
twin-screw steamer built to the order of the Crown 
Agents for the Colonies, by Messrs. Ferguson Brothers 
(Port Glasgow), Limited, under the supervision and 
‘rom the specifications of Messrs. Flannery, Baggallay, 
and Johnson, Limited, 9, Fenchurch-street, London, 

C.3, recently completed successful trials at sea. We 
gave a brief description of this vessel on page 124 of our 
issue of January 22, last. 
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VENTURI METERS FOR HYDRO- 
ELECTRIC POWER STATIONS. 


In recent Continental hydro-electric plants, the mea- 
surement of the rate of water flow is effected by means 
either of Venturi meters or of meters of the propeller 
type. The former have the advantage that they do not 
contain any moving parts, except in the recording 
instruments, but they unavoidably involve a small 
loss of head. Messrs. Siemens and Halske, of Berlin- 
Siemenstadt, who have constructed and installed the 
meters of many recent plants, and have also intro- 
duced the Venturi meter for the measurement of flow 
in both directions, claim that they recover from 85 per 
cent. to 90 per cent. of the head lost by suitable 
construction of the tubes. A section through a typical 
Venturi meter by the firm is given in Fig. 1, on the 
opposite page. The cylindrical inlet tube of the Venturi 
is provided with several rings of perforations com- 
municating directly with an annular chamber which 
is connected by a pipe with one side or limb of a 
differential pressure gauge. Internally the cylinder is 
diminished to form part of the short up-stream cone. 
The throat is of parabolic curvature and is inserted 
into the cylindrical tube in such a way that a second 
annular pressure chamber is formed. This commu- 
nicates with the interior of the throat through a single 
ring of larger holes. Another pipe leads from this 
chamber to the other limb of the gauge. Beyond 
the throat a further section of the tube opens out 
again to form the down-stream cone. The tube dia- 
meter has naturally to be adapted to the volume and 
velocity of the water to be dealt with; the usual 
velocity limits are 0:8 m. to 6 m. (2 ft. to 20 ft.) per 
second. The tube diameter may range from 25 mm. 
(1 in.) up to 3 m. (10 ft.) and more. The tube is 
usually of cast iron or cast steel and the throat is made 
of cast iron or of bronze. 

Very large tubes have been built up of ferro- 
concrete as shown in Figs, 2 and 3, which illustrate 
the construction of the 3,200 mm. Venturi tube 
put down by Messrs. Siemens and Halske in 1915 
for the Saugbrugsforeningen plant at Fredrikshald 
in Norway. About 1} million cub. m. of water 
pass daily through this meter at the rate of 18 
cub. m. (625 cub. ft.) per second. The meter is 
16 m. (524 ft.) long, and has been fixed about 
4 km. in front of a point at which the hydraulic 
main bifurcates, so that one meter serves two power 
stations. The pressure loss amounts to 0-13 m. (5 in.). 
The Venturi meter, finished in 1917, in the Toklev 
power station at Siljan, near Skien, in Telemarken 
has a diameter of 2,800 mm.; the average head of 
water is40 m. In the water power plant opened in 
the autumn of 1924 at Partenstein, in Upper Austria, 
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the Venturi meter had to be inserted into a length 
of 8 m. of wrought-iron main, of 2,400 mm. (nearly 
8 ft.) internal diameter, without any change in 
the external dimensions. As in some of the other 
cases referred to, the ferro-concrete tube lining is 
sheathed with Siemens-Martin steel. The meter is 
designed for a maximum rate of flow of 22-5 cub. m. 
(795 cub. ft.) per second, but fluctuations down to 
2-5 cub. m. must be allowed for. The completed 
plant will utilise a head of 183 m. (600 ft.) and 
will develop 38,000 h.p. The pipes connecting the 
Venturi tube with the differential gauge and recording 
instruments in the meter house, 350 m. higher up 
the hill down which the penstocks are taken, are 
laid inside a gas pipe in a wooden conduit which is 
lined with tarred paper and well lagged to keep out the 
frost. Indicating and recording are effected by both 
mechanical and electrical devices, the electric cable 
being partly buried in the ground. 

The differential gauge is explained by the diagram, 
Fig. 5. The limbs of the U-tube, which is filled 
with mercury, are arranged concentrically. The 
outer vessel, which has a long tubular stem, and 
the inner vessel communicate with one another through 
a vertical tube which is open at the bottom. When 
the outer vessel is connected with the high-pressure 
chamber of the Venturi meter and the inner vessel 
with the throat of the meter, the float in the inner 
vessel of the gauge will be raised and the toothed 
rack attached to the float, will turn the pinion of the 
indicating mechanism. The static pressure difference 
being proportional to the square root of the rate of flow, 
the outer vessel is formed inside into a rotation- 
paraboloid ; the scale divisions can, therefore, be made 
equal -over a considerable portion of the range. 
Mechanical recording devices are not generally re- 
commended when the distance between the Venturi 
tube and the meter house exceeds 200 m. (600 ft.). 

In the Baden Kraftwerk, recently opened near 
Forbach on the Murg in the Black Forest, the Venturi 
meter serves a double purpose. It is employed ,to 
record both the flow of the water to the turbines 
and the flow which takes place in the opposite 
direction through the same meter when the hydraulic 
accumulator of the plant is being charged. During 
periods of small current demand the spare energy is 
utilised for pumping water into a reservoir. The two 
modes of operations are distinguished as “ turbine 
driving” and “ pump driving.” The Venturi meter 
dimensions suitable for the turbine service are not 
suitable for dealing with the much smaller volumes 
of water which the pumps deliver, and the meter 
had, therefore, to be modified. The general conditions 
are as follows: The installation in the power house 
consisted originally of five generators, each of 5,000 
kv.-a., driven by turbines under a head of 160 m. 
(525 ft.). Two units of 28,000 horse-power were subse- 
quently added, driven by Pelton turbines, each having 
three wheels and six nozzles; further additions, alsc 
working under a head of 360 m. (1,180 ft.), are planned. 
The Venturi meter in question serves the second 
installation. Owing to the high water-pressure it was 
first intended to place the meter high up, near the 
intake, but owing to the danger of frost it was decided 
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to fix the meter near the power house, in spite of the 
pressure of 36 atmospheres. Since the meter has to 
record flow in two directions, the tube was designed 
quite symmetrically, on the lines indicated in Fig. 4, 
but with two high-pressure chambers, two cones of 
ferro-concrete, and one low-pressure chamber. When 
the turbines are working, the volume of water may 
fluctuate between 2 and 14 cub. m. (70 and nearly 
500 cub. ft.) per second ; while the pumps are operating 
it only varies between 0-5 and 3 cub. m. (18 and 
100 cub. ft.) per second. Measurements based directly 
upon the pressure differences, as observed in the 
Venturi meter, would not be sufficiently large for 
the control of the pumps. For these reasons the 
Venturi meter was combined with an intensifier nozzle, 
as shown in Fig. 4. 

This intensifier is itself a small independent Venturi 
meter, connected to the large meter in such a way that 
its inlet, when the pumps are working, is fed from what 
is the outlet for the turbine ser vice—this being the inlet 
side for the pump service—while its discharge side is 
connected to the throat of the large Venturi meter. The 
total pressure difference between the two sides of the 
large Venturi meter is therefore utilised between the 
two sides of the intensifier, in which the velocity of flow 
will be much larger than in the main tube. The actual 
velocity ratio has been determined by series of experi- 
ments made in the hydraulic laboratories of. the 
firm. The intensifier is a tube of 100 mm. (4 in.) 
internal diameter, joined by elbows a (Fig. 4) to the 
large tube; the two stop valves 6 are of the 
ordinary type. Between the right-hand valve 6 and 
the central portion is a section fitted with an expansion 
joint which has been added to allow for temperature 
fluctuations. Otherwise the intensifier is a Venturi 
meter of the type illustrated in Fig. 1, and has at c 
its gauge connections with the inlet chamber on the right 
and, on the left, with the throat of the intensifier. The 
measuring ranges made available by the addition of 
this fitting are: Forward (turbine driving), 1 : 7; 
reversed (pump driving), 1 : 6; total range (0-5 cub. m. 
to 14 cub. m.), 1 : 28. As soon as the water begins 
to flow through the meter, the static pressure will 
be higher at both the ends than at the throat. The 
instruments would, therefore, record the rates of flow 
independently of the direction in which the water is 
passing through the pipe, unless special arrangements 
were made. Thus the instruments calibrated for 
turbine driving would also record the pumping rate, 
and vice versa, In order to avoid complications and 
putting too heavy a duty on apparatus designed for the 
pump service, a change-over device has been inserted 
in the pipe connections. The valves 6 can, therefore, 
always be kept open without any risk to the differential 
manometer from a rush of mercury or other trouble. 
The change-over gear is placed in the switch-box, 
which contains two mechanical and two electrical tele- 
indicators and recording instruments, and also indi- 
cators of the water levels in the forebay and reservoir. 





THE HEENAN-FELL AIR BRAKE 
DYNAMOMETER. 

In its simplest form, an air brake consists merely 
of a pair of flat blades attached to the two ends of a 
radial arm, bolted at its centre to the engine coupling. 
The main objections to this form of brake are that the 
torque absorbed at any given speed is constant, and 
that a direct reading of the horse-power developed by 
the engine cannot be obtained. The torque absorbed 
can, of course, be varied by altering the size of the 
blades, or their distance from the centre of rotation, 
but either process involves stopping the engine. In 
addition to this objection, neither altering the size 
of the blades nor their radius offers a convenient means 
of varying the torque by a small increment. The 
horse-power absorbed at different speeds of rotation 
is usually determined by calibrating the brake on a 
dynamometer, or on a motor of which the efficiency 
is accurately known, but it is common knowledge 
that unless great care is taken in reproducing the 
atmospheric conditions under which the calibration 
was carried out, very appreciable errors may occur 
in the estimation of horse-power when the brake is 
transferred to an engine. In spite of these objec- 
tions, the fan brake is still frequently employed in 
engine-makers’ works for determining whether all of a 
batch of engines are capable of developing a given 
horse-power at normal running speed, the probable 
reasons for this practice being that a fan brake can be 
made up from scrap materials at a trifling cost, and that 
it is entirely self-contained. The alternative forms of 
dynamometer most commonly used are the water- 
resistance and electric-cradle types. Except in the 
smallest sizes, both these machines require bolting 
down to a suitable bed, and the water brake necessitates 
either a self-contained water circulating system or 
connections to the water main and waste pipe. The 
electric-cradle dynamometer involves a suitable 





absorption resistance, either of the grid or open-coil 
type, with its corresponding connections. 

These considerations, in combination with low cost, 
have led to developments of the air brake in which all 
the objections referred to have been overcome. A 
direct torque reading may be obtained by mounting 
the engine on a cradle which is free to rotate either 
about the crank axis, or in the case of rotary engines, 
about a second axis parallel to the crank. With this 
arrangement, the actual rotation of the whole engine, 
or of the crankshaft in the case of a rotary, is pre- 
vented by the introduction of an opposing torque, 
usually by means of a sliding weight on a torque @rm. 
The torque can then be readily measured, and an 
accurate determination of the horse-power developed 
is only a matter of simple calculation. The fan brake 
in conjunction with a cradle has been employed largely 
for aero-engine testing, particularly for engines of 
the rotary or radial types. In the case of air-cooled 
engines, the necessary air blast is obtained either by 
enclosing both engine and fan in an escargot, or alter- 
natively, by utilising an actual propeller for the fan. 
It will be appreciated that the employment of a torque 
carriage for the engine does not affect the constant 
torque-speed ratio, and the elimination of this defect 
offers somewhat greater difficulties. Control of this 
factor can be attained in the escargot arrangement 
by varying the size of the air orifice, either at entry 
or exit, and this method was employed by the late 
Professor Watson in some of his research work. Until 
recently, however, ng attempt appears to have been 
made to develop th: method on a commercial basis. 
An alternative arrangement consists in varying the 
blade angle, and as mechanism for performing this 
operation while the engine is running can be designed 
without any great difficulty, developments in this direc- 
tion are not unlikely in the future. 

Messrs. Heenan and Froude, of Worcester, who have 
probably had a wider experience in the design of dyna- 
mometers of various types than any other firm, have 
recently brought out a form of air-brake dynamo- 
meter in which the principle of varying the area of the 
air-outlet orifice to an enclosed fan chamber has been 
adopted. In this design, the casing is not in the form of 
an escargot, the fan forming the brake being con- 
structed as a centrifugal impeller, the blast from which 
is directed on to the engine cylinders. The engine 
is carried on a torque table which is pivoted upon link 
gear, so that it is free to oscillate about the axis of the 
crankshaft. The link gear is somewhat similar to that 
adopted on the maker’s well-known S and F type 
dynamometers, the table being connected through an 
extended lever arm to weighing apparatus. By means 
of the latter, the reactionary torque, and hence the 
horse-power, can be accurately measured. The fan is 
connected to the engine by a shaft fitted with a ball 
coupling, and is mounted on two ball bearings spaced 
a considerable distance apart. The casing surround- 
ing the fan is provided with a sliding tube, which is of 
sufficiently large diameter to pass over the. impeller. 
The inner end of this tube is fitted with a dished 
flange, while a similar flange, of opposite hand, is fixed 
permanently to the casing. The tube is moved axially 
by a nut and screw mechanism, which is operated 
through chain gearing by a handwheel mounted beside 
the engine-control board. The air is forced by the 
impeller, through the space between the two flanges, 
into an annular chamber surrounding the tube, and 
then passes through a cone forming part of the casing 
into a smaller cylindrical chamber. The latter is pro- 
vided with a honeycomb arrangement of tubes, in pass- 
ing through which any tendency of the air to whirl is 
corrected, thus ensuring that any torque variation due 
to this cause is eliminated. After passing through 
the honeycomb, the air is discharged directly upon the 
engine cylinders. 

The impeller can be entirely masked by the sliding 
tube, under which condition the resistance to rotation 
isa minimum ; but by withdrawing the tube, the resist- 
ance can be made sufficiently large to absorb the entire 
power of the engine over a wide range of speed. One 
of the advantages of the Heenan-Fell brake, which we 
have described, is that it is practically silent, and 
although this point is of no great importance in a test 
shop, where the engines are frequently run with open 
exhaust, any diminution of the total noise from a set 
is obviously an advantage. 








THE Propvuction or Pia-IRon AND STEEL.—From 
figures furnished by the National Federation of Iron 
and Steel Manufacturers, Caxton House (East), Tothill- 
street, Westminster, S.W.1, it appears that the produc- 
tion of pig iron during the month of March amounted 
to 568,500 tons, an increase of 66,500 tons over the 
February output. There were 151 furnaces in blast on 
March 31, an increase of five since March 1. The pro- 
duction of steel ingots and castings amounted to 784,100 
tons, an increase of more than 80,000 tons over the 
previous month and of nearly 100,000 tons over the 
March, 1925, figure. 








CATALOGUES. 


Dairy Appliances.—A catalogue of dairy machines, 
utensils, trucks, and other accessories for dairy work 
received from Messrs. Vipan and Headly, Leicester, is of 
interest in showing the large range of substantially 
made appliances manufactured for this industry, ‘ 


Lathes.—Two new catalogues, describing their 3}-in, 
lathe and their 5-in., 6-in., and 7-in. lathes, are to hand 
from Messrs. Drummond Brothers, Limited, Guildford, 
These lathes are equipped for a considerable variety of 
work, 


Propellers —Mr. N. W. Akimoff, of the Akimoff Pro. 
peller Company, Philadelphia, U.S.A., has sent us a 
copy of a short treatise on the working of the marine 
propeller, including sections on pitch and slip, the circu- 
lation theory and cavitation. 


Graphite.—Two of their periodical pamphlets contain. 
ing useful articles on the application of graphite to 
lubrication, gland packing, crucible making, paint, and 
other purposes, are to hand from the Joseph Dixon 
Crucible Company, Jersey City, U.S.A. 


Surveyors’ Levels——Messrs. Cooke, Troughton and 
Simms, Limited, 3, Broadway, Westminster, London, 
S.W.1, have sent us a descriptive catalogue of their 
surveyor’s level, which incorporates a number of time. 
saving devices. 


Motor-Car Worm Drive.—A catalogue of worm drives 
for motor-cars, containing an exhaustive discussion of 
the merits of worm gearing as compared with the 
spiral-bevel gears, has been issued by Messrs. David 
Brown and Sons (Huddersfield), Limited, Lockwood, 
Huddersfield. 


Machine Tools.—We have received from Messrs. Alfred 
Herbert, Limited, Coventry, a copy of a catalogue, 
containing illustrations of the machine shops of fifteen 
large engineering firms in which numbers of Messrs, 
Herbert’s repetition-work lathes and automatic machines 
are in use, 


Concrete.—A pamphlet with practical notes on the use 
of reinforced concrete in road work, dealing with the 
preparation of the subsoil, the mixing of the concrete 
and the arrangement of reinforcement, has come to hand 
from the British Reinforced Concrete Engineering 
Company, Limited, King’s Buildings, Smith-square, 
London, 8.W.1. 

Shipbuilding—We have received a pamphlet discus- 
sing the sphere of work for fruit-carrying ships and giving 
a list of twenty-two ships built by them for this trade, 
from Messrs. Swan, Hunter and Wigham Richardson, 
Limited, of Wallsend-on-Tyne. The tendency in this 
trade is to keep to comparatively small ships of medium 
speed—those built in 1925 being one of 2,670 tons and 
14} knots, and one of 1,585 tons and 114 knots. 


Electrical Machinery.—The two latest issues of the 
monthly review of their work issued by Messrs. British 
Brown, Boveri, Limited, Trafalgar House, Waterloo- 
place, London, S.W.1, contain descriptive articles on 
automatic control of pumping stations, motor coaches, 
shunting locomotives, electrical drives for rolling 
mills, &c. We have also received leaf catalogues illus- 
trating a 20,000 kw. turbo-alternator and a 375 hp. 
explosion-proof motor supplied to a South Wales colliery 
company. 


Machine €ools——Three catalogues of machine tools 
are to hand from the Butler Machine Tool Company, 
Limited, Halifax. The first deals with heavy puncher 
slotting machines, for gear cutting, crank-web slotting, 
and similar work, made in six standard sizes with strokes, 
of 10, 124, 15, 18 and 26 inches. The second catalogue 
deals with slotting machines for rapid cutting, and 
fitted with tilting heads, if desired, these being made 
in three standard sizes with cutting strokes of 6, 8 and 
10 in. The third catalogue describes a shaping machine of 
6 in. stroke, specially suitable for fine tool-room work, 
In all cases full illustrations are given with clear descrip- 
tive matter and dimension tables; details of special 
parts and fixtures are also included. 


Power Production by Oil Engines.—A catalogue of oil 
engines, with a preface contributing to the discussion 
on the cost of power, has been issued by Messrs. Black- 
fone & Co., Limited, Stamford. It is stated that current 
can be generated at the rate of eight units for 3d., : 
30 units per hour are required and the prices of ns 
and lubricating oil are those at present ruling. A specific 
case, which seems to have been carefully worked out, 
is given in detail. A Midland firm, purchasing a 
from a local power station at 1-5d. per unit, used 
586,000 units a year at a total cost of 3,662/. _ Messrs. 
Blackstone propose to instal heavy-oil engines to 
produce the current at a cost of 1,6531. per —— 
the cost including 5 per cent. interest on the capita 
expenditure and an allowance for depreciation. 





Tue InstiTuTE OF METALS: AUTUMN gaa cg — 
already announced in our issue of March 12, _ 
338, the autumn meeting of the Institute of - . 


will, this year, be held at Liége, Belgium, from Sep 
tember 1 tu 4. The autumn lecture we pe selne® 
on the evening of the first day, by Dr. W. Rosen abe 
F.R.S., and the mornings of September 2 and 3 4 i 
devoted to the reading and discussion of papers. i oe 
in the vicinity will be visited during the after ng oem 
these two days, and an all-day excursion ced Lig 
planned for September 4. Further details gn 
obtained from the Secretary, The Institute of “""™ 
36, Victoria-street, London, S.W.1. 
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THE ELASTICITY OF WIRES AND 
CABLES. 


By H. W. Swrrt, M.A., B.Sc. 


Apart from its scientific interest, the elasticity 
of wires and cables has received attention for its 
direct bearing on problems connected with elec- 
trical overhead work and aerial ropeways.* Various 
methods have been employed for the determination 
of the modulus, but, in the case at least of methods 
proposed as suitable for workshop use, the published 
results have not been encouraging, and no method 
has proved its worth sufficiently to become standard- 
ised. It is proposed here to compare critically 
the methods available and to give an account of 
tests made to determine the comparative accuracy 
and reliability of certain of them. 

The methods of measurement employed fall 
generally under three categories: 1. Extensometers 
of special type on short lengths. 2. Verniers on 
long vertical lengths. 3. Methods depending on 
the sag in a horizontal span. 

1. Extensometer Tests.—Tests on short lengths of 
wires and cables are not generally favoured by 
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destruction a slight error of alignment in the shackles 
will be immaterial. It is certainly not likely to 
affect readings on an extensometer if reasonable 
space is left between the shackles and points of 
attachment. It is true that the extensometers 
usually employed with wires are delicate by nature, 
and the roller type is regarded by some with scepti- 
cism, but accurate and reliable results have been 
obtained in this way,* and it is found that by the 
use of simple clips a heavier extensometer of the 
Goodman type is capable of giving results on 
wires as fine as 18 S.W.G. which are con- 
sistent and in good accord with values obtained 
by other methods. Tests on short lengths of 
wire have an advantage in that kinks are more 
easily avoided. 

2. Vernier Tests.—The use ofa vernier fixes a 
certain minimum length of specimen. Taking the 
elastic extension available (after elimination of 
kinks and coiling) as 0-001 of the length, the least 
length which is capable of giving an accuracy of 
1 per cent. with a vernier reading to 0-005 of an 
inch is 500 in. Erection therefore is not always 
convenient, particularly as steps must be taken to 
ensure a constant temperature, or to eliminate the 
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engineers. In the case of cables this prejudice is well 
founded. In the first place there is some practical 
difficulty in ensuring that the ends are cast truly in 
the caps, and a danger therefore that the component 
wires may be unequally stressed. Short lengths are 
unable to overcome this tendency by self-adjust- 
ment. In the second place there is a possibility 
that any twist induced by the stretching of the 
rope may cause distortion in the extensometer. 
Finally there is difficulty in fitting an extensometer 
to grip the wires in such a way that a representative 
stretch is registered without constraining their 
freedom of self-adjustment. 

Constraint due to capping is avoided to some 
extent by using as great a length as the testing 
machine will permit, and considerably greater than 
the length over which measurement is to be made. 
The difficulty of attaching an extensometer is not 
80 easily overcome. Perhaps the most suitable 
means of attachment is that devised by Professor 
Goodmant and shown in /Figs. 1 and la. The 
particular form illustrated is designed for ropes 
with six strands, and it has the advantage that 
each strand is gripped by a vee-shaped blade 
so that a mean value of the stretch is trans- 
mitted to the extensometer. At the same time 
contact is over such a narrow belt that constraint 
on the rope is reduced to a minimum, and the 
spherical ball bearing prevents any small twist 
in the rope or unequal extension of strands from 
distorting the extensometer. This form of clamp, 
fitted with extension clips to enable measurements 
to be made over a length of 20 in. with a 10-in. 
extensometer has been employed in the present 
Series of tests and, provided the angle of twist does 
not exceed a few degrees, is found to give reliable 
results, 

In testing wires by extensometer the difficulties 
of working on short lengths do not seem to be so 
great. Provided the test is not to be carried to 





wy W.B. Woodhouse, Journal I.E.E., xliv, page 817. B. 
} elbourn, Journal I.E.E., lvi, page 53. A.J. V. Umanski, 
nst.C.E., Sel. Foes 4488. 
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effects of its variation. It is worthy of note that 
an uncorrected change of 1 deg. C. will introduce an 
error of not less than 1 per cent. in the results. 
Temperature effects are conveniently eliminated by 
measuring extensions against a similar wire under 
constant load. A method of this type applied to 
a horizontal wire has been used, but this requires 
corrections for sag and changes in temperature. 
Owing to the inconvenience of applying heavy 
loads, cables and wire ropes of any but the lightest 
forms cannot well be treated by this method unless a 
special testing machine is available. 

3. Stretched Wire in Span.—When a wire is 
stretched across a horizontal span the sag changes 
more rapidly than the length of wire, and since the 
two are simply connected, measurement of changes 
in the sag affords a sensitive method of determining 
the extension. Across a span of 50 ft., for example, 
with a central sag of 10 in. under load the magnifica- 
tion is over 11 to 1. Under these conditions the 
sensitiveness required (0-00001 length) corresponds 
to a change of ;/,-in. in sag, which is easily read. If 
a vernier reading to 0-01 of an inch were employed, 
the length of span could theoretically be reduced to 
about 8 ft., but the dip would require careful cali- 
bration. 

Two methods have been proposed which employ 
this principle, both in connection with electrical 
conductors. Welbourn measures the central sag Z; 
of a wire in span L, then loads it with another 
wire bound to it and measures the sag (Z,) again. 
The modulus is found from the expression 


3L4 (2 — 3) 
(7, Zi 
64a (Zo2 — Zy2) 


= 


where w,, w, are the weights per unit length of 
loaded and unloaded wire. In this method no tem- 
perature correction is made, and no real assurance 
exists that the terminals do not deflect under the 
tension exerted by the wire being tested. Under 
the conditions of the experiments recorded a 
deflection of 0-01 of an inch in each support will 
cause errors in the resulting value of the modulus 
varying from 6 per cent. to 10 per cent, For 
reliable work, it is essential therefore that the 
slightest change of span shall be allowed for. 
Woodhouse realised this source of error in the 
method which is associated with his name. Two 
similar wires are stretched across a span (L = 2M) 
with the same central dip. The mid-point of one 





* Of. Engineering Standards Comm. Report No. 55, 
1911, Batson and fryde ‘*Mechanical Testing,’’ vol. i, 


page 135. 








is lifted into line with the ends and the sags are 
then read : 
Z, at the mid-point of the undisturbed wire. 
Z at the mid-point of each loop of the other. 
The modulus of elasticity is then given by : 
4 1 
_~3vMt &% Z 
8a.  Ze—4Ze 

The results recorded are not reassuring, showing, 
with a single wire, a discrepancy amounting to 
10 per cent. between tests. The chief disadvantage 
of this method lies in the inconvenience and difli- 
culty of determining accurately the dip at three 
separate points across the span. The value of the 
modulus depends upon the reading of (4Z-Z,). For 
tight wires this difference is small so that Z and Z, 
require accurate measurement. For slack wires, 
the difference is greater, but kinks and coiling tend 
to.make determinations of the modulus of little 
value. The accuracy of the method in application 
would be enhanced if measurements of the dip of 
both wires could be made at the same point. This 
could conveniently be done at quarter and three- 
quarter span. If Z, is the reading at each* of 
these points of the sag of the unsupported wire, 
then Z, = }Z, and the expression for E is modified 
accordingly. With this modification, it would still 
be necessary to take measurements at two separate 
points and to ensure that the three points of support 
were exactly collinear, so that the inconvenience is 
only partly removed. 

Loaded Wire in Span.—A method which does not 
suffer from these inconveniences in application and 
which enables the inherent sources of error to be 
allowed for in a fairly simple manner is as follows :— 

Let the wire or cable under test be fixed in hori- 
zontal span, clamped as rigidly as possible at the 
ends together with a second “ pilot ” wire of similar 
material, to which,it may well be soldered at the 
ends. The clamp may be drawn out to give any 
desired initial tension. A weight is suspended from 
the centre of the pilot wire, and this is unaltered 
during the test, so that any change in the dip of 
this wire signifies, and can be correlated with, a 
change in the effective length of the span. By 
making the central dip of this wire small enough, 
any desired sensitiveness can be attained. The 
wire or cable under test is loaded at the centre with 
a series of weights, and the corresponding dips at 
the centre of the main wire and pilot wire are 
measured. From these readings the stretch and 
tension in the main wire may be calculated, and the 
“chord” modulus between any two tensions 
deduced. 

Suppose, in the first instance, that the wires are 
under such tensions that their curvature and stifi- 
ness may be neglected. Then, if the sag under load 
at the centre of a span 2M (Fig. 2), is Z, the 
length of the wire will be 2 m, where 

= 22) 3, 
m=M (1 + sa) 

Denote the sag of the loaded pilot wire by Z, 
that of the test wire as Z, under an applied load 
W,, and Z, under load W,.. Then, provided the 
sag is small compared with the span and there is 
no change in M (i.e., Z, remains unaltered) the 
stretch in the main wire over half its length will be 
Z2—Z2 (,_ Ze 

2M (} m) 


E 





m2—- mM, = a 
2 M2 


The mean tension in the wire under test is given by 








p=. Vtwm m _ M(W+wm) ( an) 
ede Bina Alo! T-~ eye 2 Me 
nearly. 
Hence 
M Zz? We+wm Wi+wm)\ 
Me os 4 = pray 
doit: 5 (1+ am) ( Zp Zi ) 


where Z is a mean value between Z, and Z,. The 
J T; Te... 
chord modulus between tensions = and = is, 


therefore,t 





* The equality of the two readings of Ze affords a 
valuable check on the calibration. : 
+ The error involved in the use of the term 1 +32 
instead of the accurate expression sec3 @ where tan 0 =7 


is less than } per cent. provided Z is not greater than 5 
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To this result it may be necessary to apply correc- 
tions for lack of rigidity in the terminal clamps 
and under certain circumstances, for curvature and 
stiffness in the wire or cable. 

(a) If there is any change in the dip of the pilot 
wire from Z, to Z,) then the corresponding change 
in half-span will be 


2 
a (1 _ Zee ) (2 — 20" 





2 M2 2M 
= 20 (Zo — Zo) 
M 
for usual practical purposes. This correction may 


be applied to the stretch m, — m, so that the actual 
elongation of the piece under test becomes 





‘ m2 — Mm, — mo! — mg 


(b) If the curvature of the main wire or cable is 
appreciable, the stretch (m, — m,) is partly 
elastic and partly due to straightening. The differ- 
ence in length between arc and chord, assuming 
the curve to be parabolic, may be shown to be 


we m3 1 


24 —CCOTT? 
Hence, the true difference in value of the chords 
m w2m / 1 1 
—-—m = — T> — 7 See igen > poate 
Leis ot ae ae (a a} 


and the true value for the modulus F4 is 
. 2 we ma E 

Fo = E (2 + ea | 

For any given conditions, it is easy, therefore, to 
determine and if necessary, apply a correction for 
curvature. As a rule, it will be found, however, 
with spans of normal widths that the tension which 
is necessary to eliminate error due to kinks and 
coiling will bring this correction within the range 
of experimental! error. It is interesting to note 
that if a coil (of radius R) of wire is pulled straight 
out, the value of the modulus obtained will be low 


, E3 [2 ‘ : 
by the fraction aaah where T is the mean tension. 


For a steel wire 0-1 in. in diameter across a total 
span of 50 ft., this will be greater than the correction 
for curvature if the diameter of the coil is less than 
about 30 in. ‘ 

(c) Stiffness in the wire will affect the results to a 
different extent, according to the method adopted 
for holding the ends. 

If the ends are clamped horizontally, then the 
central sag under a horizontal tension Ty and applied 
load W will, in general, be : 


M tanh 


aM 
4 2 
Zesq, Wtem) 1-— _ 





aM 
2 
where 
ae = To 
EI 
ni a) iM». . 
For a wire => 38 usually large, and the value is 
nearly : 
Z = SW +m) (1 SS ) 
2 To aM 


The observed value of Z should, therefore, be cor- 
9 
rected by the fraction + 255 before use in the expres- 
sion for E. 
If the ends are held in such a manner that they 
are free to adjust themselves by rotation, then the 
corresponding expression for the dip will be: 


z= Fe (t- =) 
2 T, 


Lae w m2 
-~ ig am 


2To 
and the correction will normally be one-half of that 
for fixed ends. 

In either case the importance of the correction 





depends upon the value of ot and is greater with 
short stiff wires and low tensions. For a steel wire 
0-1 in. in diameter across a total span of 50 ft., the 


1 
value of aM exceeds 0-01 when the tension is less 


than 16 Ib., and if the ends are clamped horizontally 
the correction falls below 1 per cent. when the 
tension is about 60 Ib. 


(To be continued.) 





THE OPTICAL CONVENTION. 
(Concluded from page 536.) 


CONTINUING our account of the proceedings of this 
Convention, we must first complete our report of 
the meeting held in the Chemistry Theatre on the 
16th inst., the first part of which we dealt with in 
our last issue. 


SURVEYING INSTRUMENTS AND METHODS. 

A paper on “ Photographic Rectification’ was 
read by Lieut.-Col. M. N. Macleod, D.S.O., and 
described methods which had been worked out 
by the Air Ministry for reducing a photograph to a 
map. For this purpose a number of ingenious but 
very expensive machines, costing 5,000/. to 6,0001. 
each, had been devised on the Continent, but 
simpler methods and cheaper instruments were, 
he held, practicable, Theoretically, it was possible 
to adjust a photograph so that when projected on to 
a vertical screen by a lantern the photograph would 
be projected into its. corresponding map. In 
practice, however, this had proved very difficult, 
and it was found better, by a preliminary com- 
parison of the photograph with three of the 
accurately plotted control points, to determine the 
position and angle the photograph must occupy 
when projected. 

A very simple appliance had been made by the 
Air Ministry for this purpose, and had since been 
improved upon by Messrs. Barr and Stroud. 
The machine could be used even when the control 
points were not on the same level, and methods 
had also been worked out for mapping mountainous 
regions from aerial photographs. In this case two 
projecting lanterns were used, and coincidence of the 
plotted and projected points secured by a “ flicker ” 
method, the light from the two lanterns being inter- 
mitted alternately. When the adjustment was 
exact the flicker disappeared and the two projections 
of the same point coincided. In other cases 
stereoscopic vision was relied on, one lantern giving 
a red light and the other a green one. The screen 
was then viewed through corresponding red and 
green glasses. This method was specially useful 
where the recognition points were not of a sharply 
defined character. 

A “Surveying Stereoscope and Contour Plotter ” 
as made by Messrs. Adam Hilger, was described in a 
paper read by Mr. C. F. Smith. It consists of 
two telescopes mounted parallel to each other in 
such a way that the distance between the two optic 
axes is adjustable. Special attention has been given 
to mounting these in such a way as to secure the 
maximum of comfort for the observer. The two 
photographs to be stereoscopically combined are 
mounted on adjustable tables and are viewed 
through the telescopes and trains of reflectors and 
prisms. The tables can be tilted out of the hori- 
zontal through an angle of 5 degrees. They can be 
swung round 2 vertical axis, and traversed in the 
one case laterally, and in the other to or from the 
observer. 

A paper describing certain ‘“‘ Optical Methods of 
Distance Measurement”? was contributed by Mr. 
J. Martin Strang. In this it was pointed out that 
the range-finder attachment fitted to the Wild 
theodilite is identical in principle with an arrange- 
ment introduced by Messrs. Barr and Stroud 
nearly forty years ago. A description was also given 
of the Jeffcott direct-reading tacheometer as made 
by Messrs. Cooke, Troughton and Simms, Limited, 
and of the Szepessy instrument made by Messrs. 
E. R. Watts and Son. Both give directly the cor- 
rected horizontal distance of the staff. The author 
pointed out the difficulties attending the use of 
tacheometers in countries where a temperature or 
moisture gradient altered the refractivity of the 
air and thus made readings with a vertical staff 
unreliable. With a horizontal staff this source of 


error was less important. The author strongly 
advocated the short base range-finder of the Barr 





and Stroud type, which was very largely used in the 





Canada Topographical survey. It was extremely 
rapid in use, required a smaller operating crew, 
and could be used for longer ranges. It was, more. 
over, very useful in mine surveys, as the range of a 
light could be found with the greatest ease. In 
theory it was less accurate than the tacheometer, but 
this was in part compensated for by the fact that 
coincidences could be made with much greater 
accuracy than one line could be laid on another, 
One standard instrument used for filling-in purposes 
had an accuracy of $ a yard at 250 yards ranges, 
In Egypt it had been found that as great accuracy 
was attained in practice as with a tacheometer or 
plane table, although the distances measured ranged 
up to 2,000 metres. The range finder was of course, 
very much more rapid in working than either the 
plane table or the theodolite. 

At the afternoon meeting, Commander T. Y, 
Baker, R.N., read two papers on sextants, entitled 
respectively ‘“‘ The Classification of Sextants’’, and 
“Sextants ‘by Mass Production’. In the first of 
these he suggested a new classification for sextants, 
At the present two classes of certificates were issued 
by the N.P.L. In Class A a sextant was certified 
as having no error exceeding 40 seconds of are, 
whilst a class B certificate was given if the maxi- 
mum error exceeded 40 seconds but was under 2 
minutes. Practically the whole of the errors actually 
met with arose from a lack of coincidence of the 
centre of the pivot of the instrument with the centre 
of the scale. Under laboratory conditions the N.P.L. 
corrections could probably be relied on, but in work- 
ing conditions, where the sun might heat up one 
limb of the instrument, it was doubtful whether the 
errors tabulated by the N.P.L. had much significance. 
As matters stood to-day the limit of 40 seconds 
was, he considered, unnecessarily small so far as 
navigational requirements were concerned, which 
were satisfied by the class B instrument. He sug- 
gested therefore that a new form of certificate 
should be issued by the N.P.L. in which a sextant 
could be certified simply as ‘“‘suitable for navigational 
purposes.”” Were this done, he thought that the 
construction of the sextant might be simplified and 
its cost cheapened by a plan which was described in 
the second paper on “Sextants by Mass Produc- 
tion.”’ An instrument made on this, the authors’ 
system, by Messrs. E. R. Watts and Son was ex- 
hibited at the meeting. The principal changes from 
ordinary practice lay in making the arc separately 
from the limb ; in the use of metallic mirrors ; of 
a micrometer to replace the vernier; and in the 
abolition of the rising piece. 

By this rising piece the telescope of the sextant 
is raised or lowered relatively to the rim in order to 
take in more or less light from the horizon mirror. 
Commander Baker employs instead an elbowed 
telescope in which the object glass is about 1} in. 
out of line with the eye-piece, the light being 
brought to the latter through a prism. The telescope 
rests in a bearing at its eye-piece end, and the equiva- 
lent of the rising piece is secured by rotating the 
telescope in its bearing. With the system of manu- 
facture described, the error would, it was stated, 
not exceed 1 min. of arc, and the cost would be 
reduced so that the sextant could be retailed at 
about 7/. In the discussion, objection was taken 
to the term mass production, which was stated to 
be inapplicable to the instrument trade, as the 
market was strictly limited. Messrs. Hughes it 
was stated, sometimes put through as many 4s 
1,000 sextants in a batch, but this was not mass 
production. At present sextants could be purchased 
at as little as 81. 10s. 

Mr. T. F. Connolly then described ‘‘ A New 
Single-Reading Theodolite,” constructed by Messrs. 
E. R. Watts and Son. The instrument originated 
in a demand from India for a light and cheap 
theodolite reading by estimation to 75 deg. This 
was made and apparently had adequately met the 
requirements as was indicated by repeat orders. 
In this instrument both circles were read from 4 
single ocular. A description of the arrangement 
was published in 1923, In 1925 a German theodolite 
embodying the same idea was described in the 
Zeitschrift fiir Instrumentkunde. 

From the early Indian instruments one of greater 
precision had now been developed, the first of which, 
made by Messrs. Watts, was exhibited. This is an 
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exceedingly, compact instrument, with 4-in. circles 
and a “coudé” telescope, the line of sight being 
brought into the line of the bearings by means of a 
pentagonal prism. The main eyepiece was, there- 
fore, at the side of the instrument, and close by it 
was the eyepiece of the ocular by which the two 
circles were simultaneously read. The vertical 
circle was “‘ cupped” and graduated on the inside 
edge of the cup, whilst the horizontal circle was 
bevelled, and at the point of closest contact both 
circles had the same tangent plane. Hence both 
were simultaneously in focus in the ocular. The 
sub-division of the readings was effected by an 
adjustable graticule, and the author claimed that 
the accuracy was equivalent to that of the ordinary 
é-in. instrument reading to 20 seconds. The 
specimen shown was stated to be an experimental 
model, and the author described a-variant in which 
the circles would. be read through the eyepiece of 
the main telescope at the same time as the object 
was sighted. The one objection which might be 
urged was that since the circles were read in one 
position only in place of at two diametrically- 
opposite points, eccentric errors would not be 
eliminated. With modern instruments, however, 
centering errors were never as much as 20 seconds of 
are, and it was, the author held, no longer necessary 
to provide for them. In confirmation of this view, 
he noted that in some recent German designs no 
provision was made for taking the double readings. 
It was stated in the discussion that the War Office 
were also now accepting instruments which could 
be read in one position only. 

The “Aerial Sextants Designed by the Royal 
Aircraft Establishment ’’ were described in a paper 
by Mr. L. B. Booth. The author stated that 
it was impossible to use the horizon as a reference 
mark in aerial observations, since even when 
apparently definite, what was really seen was not 
the true horizon but the level of some cloud bank. 
The aerial sextent, therefore, embodied a level, 
the bubble of which was viewed at the same time 
as the sun or a star. In using this sextant it was 
not necessary to get the bubble central, but merely 
to see that it stood clear of the walls of the con- 
tainer. Means were provided for varying the 
size of the bubble as the need arose. For night 
observations the bubble was lighted by an electric 
lamp, an adjustable rheostat being fitted by which 
the brightness could be. varied. No high degree 
of accuracy was required, since a margin of 10 miles 
was generally sufficient for security. 


MICROMETER, MicroscoPEs, INTERFEROMETER, 
Tootine or CoLD GLASS. 


In the afternoon of the 16th inst., in the Physical 
Chemistry Theatre a series of not closely-related 
papers was read, the first was entitled “A New 
Measuring Micrometer,” and was contributed by 
Mr. J. H. Dowell, of the designing department of 
Messrs. Adam Hilger. It described an appliance 
which embodies a carriage with geometric bearings 
which, can be. released from the nut to line up 
to the specimen, an enclosed screw and slide, 
and a microscope adapted to take a wide range of 
objectives, for measuring up'to6in. The theoretical ; 
considerations on which it is based are partly the 
same as. those which entered into the design 
of the Twyman-Dowell screw-cutting lathe described 
on page 504 of our issue of April 10th. The par- 
ticular point in the micrometer design is to obviate 
errors caused by possible slight irregularities in 
the screw, carriage and slide. The bed, support- 
ing the main carriage and specimen table, is in- 
clined ; the screw is mounted in bearings fitted in 
the rectangular slot of the bed; the microscope 
consists of an outer tube carried by the fixed sup- 
port, and an inner sliding tube carrying the objective 
and eye-piece ; the rack works in a slot in the outer 
tube which can be raised! or lowered to accommo- 
date different objectives. 

The next paper was by Professor F. C. Pollard’s 
on ‘‘ An Eye-piece and Interchangeable. Nose- 
piece for Centring and Squaring-on Microscopic 
Objectives.” |‘ Professor Pollard explained that 
he fixed the objective in his “safety changer” 
by causing ‘six points to press against six surfaces 
on the end of* the tube;. springs and clamps 


instrument of the highest precision. 


tubes were generally elliptical instead of really 
circular. As regards the general construction he 
regretted that condenser, objective and eye-piece 
were often out of alignment, and that there were 
no means of checking the positions of the mechanical 
mountings. The special eye-piece which he had 
designed effected this checking. A short tube was 
inserted into the eyehole, cut off obliquely at 45 
deg., and closed by a film of celluloid; on this 
film was thrown, from a side tube, the image of a 
graticule consisting of a matt glass disc, the 
centre of which was covered by a disc of tinfoil, 
5 mm. in diameter, so that a fine ring of light, 
0-5 mm. in width, was seen on the film where it 
was easily centred. In Dr. F. W. Preston’s paper 
“The Tooling of Cold Glass,” it was stated that 
glass-working machinery remained primitive, the 
principles underlying the action of the machines 
having been but little investigated, and the 
scanty literature on abrasives being unreliable. 
Mr. H. W. Lee and the author had only been able 
to work out the simpler mechanical problems of 
lapping. Only fine abrasives seemed to be sharp, 
and not all of them broke down in use, which was 
essential for smoothing. Figuring was done by 
altering the stroke of the machine, but there was 
usually no provision for the equally necessary 
alteration of speed. 

The last paper taken at this meeting was by 
Mr. J. H. Dowell, and dealt with a ‘ Universal 
Lens Interferometer.”’ It stated that the well- 
known interferometer for testing camera lenses 
which Mr. F. Twyman brought out in 1918 
was available only for tests with an object at in- 
finite distance, and restricted the oblique angles 
at which telephoto-lenses could be tested. Mr. T. 
Smith, of the National Physical Laboratory, in 1924 
described an ingenious way of producing a finite 
object point by adding a negative lens and a teles- 
cope. The author then attempted to solve these 
problems mainly on mechanical lines by what he 
described, as a simple lever system, but what Mr. 
T. Smith called an instrument of great complexity. 
Considering, however, that the new interferometer 
is to test and to correct, both for axial and oblique 
rays, camera and process lenses, telephoto lenses 
and telescopic systems generally, that special 
means are provided for dealing with object glasses 
whose focus would otherwise be beyond the range 
of the instrument, and that it promises really to 
prove a universal lens interferometer, simplicity 
was not to be expected. A robust instrument 
was built, to the design of Mr. Smith, for 
the N.P.L. with the aid of a grant from the 
Department of Scientific and Industrial Research 
by Messrs. Hilger. Its main parts are a casting, 
a nodal slide and a Michelson interferometer. 
In order to ensure planeness of the bed and free- 
dom from vibration and distortion, the bed is 
suspended from the ceiling by chains and spiral 
springs, adjustable by screws, attached to the four 
corners of the main frame. This suspension is so 
elastic that, in spite of its size (12 ft. by 8 ft.) 
and weight (about 1 ton), the instrument kept 
steady in the. workshop when suspended from the 
counter shafting. 


Ark PHOTOGRAPHY. 


The last communication brought before the 
Convention on Saturday morning, the 17th inst., 
a paper on “ Air Photograph Apparatus,” by Mr. 
H. B. Stringer, described the latest camera designs 
and the photographic equipment in use by the 
Royal Air Force. It gave details and illustrations 
of the apparatus and indicated desirable improve- 
ments. The louvre shutter was a very promising 
novelty ; camera-aiming sights required develop- 
ment, and the field of view should embrace an 
angle of 100 deg. or 120 deg.; a wide-angle 
lens of 70 deg. working with an aperture of F. 4-5; 
and a fine-grain distortionless film were urgently 
required. A supplementary camera, designed to 
take one vertical and two oblique views at the 
same time, was now being developed into an 


LIGHTHOUSES. 
A number of lectures were given in the evenings 





should be avoided, and that could be done, although 





refer to one on “ Lighthouses and the Optical 
Apparatus Used in Them,” by Mr. J. R. Wharton, 
director of Messrs. Chance Brothers and Co., Limited. 
Mr. Wharton reviewed the history of lighthouses, 
from the Colossus of Rhodes and the Pharos of 
Alexandria up to the present time. The Pharos of 
Alexandria which was built about 220 B.c., lasted 
1,500 years. He referred to the Roman light 
towers, one of which is still standing in Dover 
Castle, and to more modern lighthouses such as the 
Tour de Cordouan of 1600, and British lighthouses 
built by the Trinity House Corporation (which 
reveived its first charter in 1514) about 1600 in 
Caister, Lowestoft and Dungeness. Winstanley’s 
first Eddystone lighthouse of 1696 was destroyed 
with its builder by a terrific storm in 1703 ; Rud- 
yard’s wooden tower was burnt down in 1755; 
Smeaton’s tower of 1759 stood for 120 years, but be- 
coming unsafe it was replaced by the actual fourth 
tower of Sir James Douglass in 1882. England had 
now about 1,000 lighthouses, and Scotland and Ire- 
land nearly 2,000. Fresnel broke up the solid lens 
into steps; but according to Thomas Stevenson, 
(1880), the optical work should contain a minimum 
number of glass agents, lenses and prisms, and no 
metallic reflectors. J. Hopkinson introduced group 
flashing in 1874. Mercury floats, instead of the roller 
bearings of Stevenson, for revolving lanterns, 
came in soon afterwards. The glass used by 
Messrs. Chance, the only firm which carried the 
whole manufacture of optical lighthouse apparatus 
right through, was a hard crown. The old wick 
burners were in 1905 superseded by incandescent 
oil burners. Electric arcs were not much liked 
in England, one of the reasons being that the rays 
were deficient in red and did not penetrate mists. 
But 4-kw. gas-filled lamps of 80 volts and 8,000 
candles were now supplied by the G.E.C. In 
the new guiding lights for aeroplanes the problems 
were more pronouncedly three dimensional. The 
beam from the lower portion of the system was 
made very strong and was sent upwards by 
refracting prisms, lest the airman lost his guiding 
light. In the three-tier light, however, just supplied 
to Farnborough, the top portion showed a fan beam 
from the horizontal to the vertical. 


ConcLUDING REMARKS. 


As regards the exhibition we have to content 
ourselves with saying that it was thoroughly 
representative. A good deal had been done to 
make the Catalogue of Optical and Scientific 
Instruments instructive and of lasting value. for 
future reference. That the volume of 319 pages 
became rather bulky for the visitor who wandered 
over the four floors of the Imperial College of 
Science and Technology was probably unavoidable. 
Practically the whole college had been placed at 
the disposal of the Convention. Few buildings 
could have given such ample facilities, as Mr. 
Thomas Smith, Sir Herbert Jackson and Mr. R. S. 
Whipple emphasised at the concluding meeting, 
when proposing votes of thanks to Sir Thomas 
Holland, Director of the College, and to Professor 
A.O. Rankine. The Secretary, Mr. Thomas Martin, 
announced that 543 members had joined the Con- 
vention, and that some 6,000 people had attended 
up till Friday evening. 





PERFORATED METALWORK.—The increasing use of 
the tubular types of radiator, for hot-water, steam, and 
gas, for both public and domestic purposes has created 
a demand for artistic guards to hide their somewhat un- 
sightly masses, and to prevent actual contact with their 
hot surfaces. Some recent examples of such guards, made 
by Messrs. G. A. Harvey and Co, (London) Limited, 
Woolwich-road, S.E.7, are excellent pieces of work. 
The plaited pattern, for instance, made of solid per- 
forated brass, has the effect of the dignified metal 
lattice work of the Chippendale period, the illusion of 
interlacing being very convincing. A pattern embody- 
ing @ conventional rose, the design being relieved by 
embossing, is also very attractive, while the panel effects 
obtained by the skilful arrangement of unstamped metal 
areas, with or without variations in pattern, should 
harmonise effectually with modern decorative schemes, 
Pipe guards and covers, ventilating grilles, and other 
smaller surfaces are equally well handled. The 3,000 
patterns and the sixteen different finishes available, 
should provide a very wide range of choice. Several 
very excellent examples are illustrated in a pamphlet 
which the firm has recently brought out, dealing with this 





during the Convention, from among which we may 





sphere of their work. 
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WATER POWER IN FRANCE. 


THE most important event in French waterpower 
circles during the year 1925, was undoubtedly 
the Grenoble International Hydro-Electric Exhibi- 
tion and Congress. As usually occurs when engi- 
neers and scientists meet in conference, some striking 
facts were brought to light at the meetings of the 
Congress. It was pointed out, for instance, that, 
although the harnessing of streams was first prac- 
tised in those countries in which coal was scarce, 
other nations, plentifully supplied with coal, had, 
of late years, shown a great desire to develop their 
water power resources. The United States and 
Germany, and in a lesser degree Great Britain, 
were quoted by Professor Blanchard as_ being 
typical examples of countries, rich in coal, possessing 
also important hydro-electric installations. The 
water power resources of Great Britain, although 
limited, have been utilised in several important 
directions. In Germany, upwards of 50 per cent. of 
the total hydro-electric energy available is now 
productive. The United States, in spite of her large 
petroleum and coal reserves, possesses hydraulic 
plants having a total capacity of 9 million horse- 
power. This state of affairs clearly demonstrates 
that, in certain regions at all events, there exists a 
close co-operation between steam and water-power 
plant engineers. In France, the linking up of 
hydro-electric and of thermal power stations has 
been effected in many districts, and, in a leading 
article contained in the “‘ Annuaire de la Houille 
Blanche Francaise,” for 1925-26, the statement 
is made that the future industrial welfare of the 
country depends on the continuation and amplifi- 
cation of this policy. 

This water-power year book, now in its ninth 
year of publication, is edited by Mr. A. Pawlowski 
and is issued by the Revue Générale de I’Electricité, 
Paris. Among other subjects, recent schemes for 
the electrification of French railways are dealt 
with in some detail, and an outline of what has 
been, and is being accomplished, will no doubt 
prove of interest to engineers in this country. The 
subject was briefiy touched upon in our issue of 
February 19, page 238. 

The Paris, Lyon, Mediterranée Company is 
undertaking the electrification of the line from 
Culoz to Modane, which contains the most difficult 
gradient on the French side of the Montcenis 
tunnel. The requisite energy will be drawn from 


completion, will operate under a head of 58 metres 
(190 ft.), and will have a maximum capacity of 
50,000 kw. 

The Compagnie des Chemins de Fer du Midi 
launched a scheme for the electrification of a portion 
of its lines in the Pyrennees region some years ago, 
but the execution of the programme has been re- 
tarded by the European war. Several hydro-electric 
power stations have nevertheless been in operation 
for some time. The oldest of these is that at La 
Cassagne, on the River Tet, in the Pyrénées-Orien- 
tales; in this plant four Pelton water turbines 
operating under a head of 420 m. (1,375 ft.) develop 
1,300 h.p. The La Cassagne station supplies 
current to the Villefranche-Bourg-Madame line, 56 
km. (some 35 miles) in length. Of more recent 
construction the Fontpedrouse plant is also on the 
Tet; it has a maximum capacity of 3,600 h.:p. 
This station supplies power to the Perpignan-Ville- 
franche section of the line, 47 km. (about 30 miles) 
in length. The Soulom installation, situated on 
the Gave de Pau and the Gave de Cauterets, has an 
average capacity of 10,000 h.p.; it was completed 
just before war broke out. The Eget plant, which 
was begun before the war, has now been finished ; 
the horse-power developed is approximately 35,000. 
The Soulom and the Eget power stations supply 
electric current to stretches of line, of a total length 
of 404 km. (250 miles) in the Toulouse, Lourdes, 
and Tarbes regions. With the object of complet- 
ing its electrification programme, the Midi Railway 
Company is developing the water-power resources 
of the Ossau valley in the Basses-Pyréneés. Three 
plants are being built in this district, that at 
Hourat was completed quite recently, and the two 
others are under construction ; the total capacity 
of this group of stations will be 130,000 h.p. Other 
works under consideration are the building of three 
installations on the Haute-Ariége river and the con- 
struction of a large reservoir at Pla des Aveillans 
on the Upper Tet. When the electrification schemes 
of the Midi company are completely carried out, 
the only stretch of road on which steam traction 
will be retained, apart from a few branch lines, 
will be the main line from Bordeaux to Cette. 

In commenting upon the 1925 issue of the Year 
Book, in an article which appeared on page 264 of 
our issue of February 27, 1925, we drew attention to 
an experimental plant which was being installed 
near Brest for the purpose of utilising tidal power. 
This, the Aberwracht scheme, is apparently still 





hydro-electric plants situated on the Alpine rivers, 
Arly, Doron de Beaufort, and Bonnant, in the 
Savoie. In order to ensure an adequate supply of 
water during the winter months, the lac de la 
Girotte situated on the upper reaches of the Doron 
is being prepared as a reservoir, and important 
works have been carried out in that locality. It is 
anticipated that the annual production of energy 
from this group of power stations will be in the 
neighbourhood of 250 million kw.-hours. 

The electrification programme of the Paris- 
Orleans Railway Company which has recently 
formed the subject of a paper read by M. Parodi 
before the British Section of the Sooiété des Ingé- 
nieurs Civils de France, and the Institution of 
Electrical Engineers, which was reproduced in our 
issue of February 26 and following numbers, was 
drawn up in 1920. It comprises several water-power 
installations in the Central Plateau region. The 
Coindre plant, which stands at the junction of the 
Grande and Petite Rhue rivers, will operate under 
a head of 120 metres (393 ft.) and will have a total 
capacity of 25,000 kw. The La Cellette power 
station, on the Chavanon, is also under construction 
and will, it is anticipated, have a capacity of 
40,000 kw. The head of water at La Cellette will 
vary from 42 to 80 metres (138 ft. to 262 ft.). 
The building of a further installation on the Haute 
Dordogne River, at Vernéjoux, will, it is stated, 


incomplete, as are the Guyotville (Algiers) and the 
Arguenon (St. Malo) plants, which were also men- 
tioned in our article of last year. From information 
contained in the present issue of the Year Book, 
it would seem that little progress has been made and 
that the various schemes put forward for harnessing 
tides are still in a preliminary state. 





EconoMICAL TRENCHING IN WET GrouND.—Apart 
from the material cost of timbering when a trench is 
to be cut in water-logged ground, the time required 
for this operation is apt to be a serious consideration. 
A successful experiment in trenching without timbering, 
where a pipe-line has to be laid in sandy soil in which 
water was reached about 3 ft. down, has recently been 
made in Indiana. -A series of small holes about 6 ft. 
apart, and rather deeper than the bottom of the required 
trench, were sunk 1 ft. from its edge along the whole 
length. Short iron pipes were inserted in these tem- 
porary sumps and connected by ordinary rubber hose | 
to a 4-in, pipe lying on the surface. The multiple suction | 
pipe thus formed was coupled to a motor-driven triplex 
pump with 7-in, diameter plungers and 10-in. stroke. 
This equipment was found to keep the trench perfectly 
dry for a length of 400 ft, 

THE PROTECTION OF UNDERGROUND WaATER.—The 
Council of the National Association of Water Users, 
Limited, has issued a statement, which is to the 
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THE GALILEO MEMORIAL SUN 
TOWER, FLORENCE. 
By C. Du Ricue Prewier, M.A., D.Sc., Ph.D., 
M.L.E.E. 

A Sun tower or astrophysical observatory has 
recently been erected on the classic hill of Arcetri, 
Florence, to the memory of Galileo Galilei. the 
immortal master of physical astronomy of the 
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effect that owners of property, who have their own 
water supply from wells, or any persons who contemplate 
sinking or extending wells, should study the Report by 
the Advisory Committee on Water Measures for the 





be undertaken shortly; a fall of approximately 
60 metres (197 ft.) will be provided, and the capacity | 
of the plant will be in the region of 60,000 kw. | 
Power will also be supplied by the Eguzon plant | 
on the Creuse, which is owned by the Union-| 
Hydro-Electrique, a company founded in June, | 
1921, one of the main objects of which is t¢ supply | 
electric current to the Paris-Orleans Railway. This | 
station, the construction of which is approaching | 





| Ministry of Health, as a preliminary to drafting a legisla- 


Protection of Underground Water, recently issued by the 


tive measure. This report is considered to be of a very 
far-reaching nature and is stated to be likely seriously to 
affect owners of wells, who are supplying water for 
ordinary domestic purposes, to business, and other 
premises. ‘The above-mentioned Association is keenly 
interested in the matter and is prepared to raise objections 
if such are rendered necessary. The secretary of the 
Association, Mr. W. Scott, M.R.S.I., 46, Cannon-street, 
London, E.C.4, will be glad to receive communications 
from those interested in the subject. 
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seventeenth century , (1664-1642)... The tower. 
which is unique in Europe, embodies the innovation, 
first introduced in 1908 in the two towers,of Mount 
Wilson, Pasadena, California,. of fixed vertical 
solar telescopes in preference to horizontal ones 
which solar rays are often vitiated by currents of 
convection near the soil, Modelled. on those two 
towers, which were founded by. Andrew Carnegie. 
the one of Arcetri is, both in its inception and 
carrying out at a cost of about 5,000/., mainly the 
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THE GALILEO MEMORIAL SUN TOWER, FLORENCE. 




















Fie. 3. GENERAL VIEW. ; Fie. 4. Tue Cortostar. 


| being serene. The important object of thus achiev- 
ing astrophysical co-operation on both sides of the 
Atlantic for the benefit of international science, 
enlisted the financial support of the W. E. Hale 
foundation, of the late Mr. J. W. Ellsworth, and 
of numerous other institutions and private donors in 
America and Italy. The Arcetri tower was in- 
| augurated in June, 1925, and has since then been 
| completing its mechanical and optical installation. 
Under Professor Abetti’s direction, the structural 
work and also the mechanical equipment were 
carried out by Italian firms, among whom was the 
Officine Galileo of Florence; while the optical 
instruments were supplied by the Zeiss Works of 
Jena, Germany, and the reticule of diffraction of 
100,000 lines was a specially valuable gift from the 
optical workshops of the Mount Wilson Towers. 
The Arcetri tower is situated on the villa and vine- 
clad hill of that name on the left side of the Arno 
valley, 400 ft. above the river at Florence or 600 ft. 
above sea level. Its position is indicated in Fig. } 
on page 550. It forms a conspicuous object in the 
locality hallowed by the memories of Galileo, by the 
famous Torre del Gallo on the crown of the hill, 
where he worked, and by his villa ‘‘ Gioiello”’ where 
he resided for the last ten years of his life, and 
died in 1642. Close to these, rises the cluster 
of scientific buildings of the Royal University of 
Florence, comprising the astronomical observatory, 
the physical institute, and the sun tower as the 
latest addition. 
The tower and its equipment constitute a remark- 
Fic. 5. Uprzr Mirror, Fie. 6. Dovustze-LensE OBJECTIVE. (te oy a tcamnger agar gmap) . oars 
i given in Fig. 2 on page 550, and a general view 
utcome of the efforts of Professors Antonio and | rising young Florentine scientist found a keen| in Fig. 3, above, is built of open iron work and 
‘iorgio Abetti, father and son, of whom the latter, | supporter of the ambitious plan similarly to utilise | reinforced concrete in braced sections. It measures 
now its director, was formerly a pupil of Professor | the favourable climatic and solar conditions of the |3 by 3 m. (10 by 10 ft.) at the top and 6 by 6m. 
George Hale, the designer and director of the| Arcetri hill, where solar observations can normally | (20 by 20 ft.) at the base, and is 35 m. (115 ft.) in 
Mount Wilson towers. It) wasin him that the| be conducted on 180 days of the year, 100 of these | total height, of which 25 m. (82 ft.) are above ground 
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Fig.8. DIAGRAM OF SPECTROGRAPH & SPECTROHELIOGRAPH. 
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Fig. 7. SpECTROGRAPH AND SPECTROHELIOGRAPH. 


and 10 m. (33 ft.) in the underground pit, the latter 
being 2-6 m. (8-5 ft.) in diameter with an opening 
of 1-5 m. (5 ft.). The dome or cupola, 4 m. (13-12 ft.) 
in diameter and 3 m. (10 ft.) in height, is double, the 
external section being movable with the wind, and 
electrically controlled for rotation. The larger of 
the two Mount Wilson trellis towers (20 and 50 m. 
or 66 and 164 ft. in height) has a double structure 
throughout for better protection against the high 
winds at its altitude in the Sierra of 5,600 ft.; at 


Arcetri, at only one-tenth of that altitude, the | 


of the thus constituted vertical telescope produces 
in the photographic apparatus of the base chamber 
an image of the sun’s disc of 100th, 7.e., of 18 cm. 
(7 in.) in diameter. 

In the base chamber, 6 m. by 6 m. (20 ft. by 20 ft.) 
and 4 m. (13-12 ft.) high, is mounted, 1-6 m. 
(3:8 ft.) above the floor on an iron ring, 1-5 m. 
(5 ft.) in diameter, immediately over ‘the opening 
of the pit and below the focal plane of the telescope, 
the apparatus of the spectrograph and the spectro- 





heliograph (Fig. 7, B of Fig. 2), an ingenious 


external protection could therefore be restricted to | combination which serves to produce in the former 
the cupola, the more so as the tower is not only | an image of the solar spectrum, and in the latter 
a reinforced structure, but is sheltered by surround- | a monochromatic image of the solar disc. This 


ing trees and shrubby vegetation. 

The tower and its equipment are composed of 
three parts: (1) the cupola, with the two reflecting 
solar mirrors ; (2) the tower proper, with the vertical 
telescope, whose ends are fixed respectively in an 
upper chamber below the cupola and in a lower 
chamber at the base; and (3) the pit, with the 
spectrographic and spectroheliographic apparatus. 
The tower and the principal component parts of the 
mechanical, electrical and optical equipment are 
shown in our illustrations Figs. 2 to 8. The out- 


standing features of the equipment and the sequence | 


of operations may be briefly described as follows : 
Of the two great mirrors 44 cm. (13-6 in.) in diameter 
and 15 em. (6 in.) thick, mounted in the cupola, the 
first or lower one (Fig. 4 and C in Fig. 2), called the 
coelostat, is controlled by clockwork gear which, 
together with an electric regulator, so adjusts it as 
to hold or follow the wun. By it a beam of solar 
rays is reflected to the upper mirror (Fig. 5 and 
D of Fig. 2) and thence vertically down to the upper 
and double-lense objective (Fig. 6 and A of Fig. 2) 


| combination greatly simplifies the arrangement of 
| two separate apparatus in use in the Mount Wilson 
towers. The combined apparatus consists of two 
parts, the upper in the base chamber, and the lower 
in the pit. The upper part is mounted on a circular, 
revolving, electrically-controlled platform, 1-5 m. 
(5 ft.) in diameter, which carries two slits or openings 
of 9 cm. (3-6 in.) each. Through the first of these, 
on the right, the solar rays pass from the focal plane 





| 





of the telescope to the lower part of the apparatus, 
which, located in the pit, comprises the following 
four instruments :—(Fig. 8, E of Fig. 2.) (1) a 
collimator lens, 15 cm. (6 in.) in diameter, which 
receives the telescope rays through the first slit 
(on the right) ; this passes them (2) to an adjustable 
mirror, 20 cm. ( 8 in.), which reflects them to (3) 
the adjustable reticule of diffraction, 10 cm. and 
11 em. (4 in. by 4:4 in.); from this the diffracted 
light: passess upwards through (4) a second objective 
lens, of the same diameter and focal length as the 
first, to the upper part of the apparatus, which 
produces either the solar spectrum, as a spectro- 


30 cm. (12 in.) in diameter, located in the chamber | graph, or the monochromatic solar disc, as a spectro- 
below the cupola. This objective admits of aj heliograph. The four instruments located in the 
vertical displacement of 2 m. (6-56 ft.), ¢..e, 1 m. | pit are mounted in a cage, which by an intermediate 


up or down, to adjust electrically the variations of 
the focal length caused by the solar heating of the 
optical parts. It transmits the rays through the 


| 


trellis frame is attached to and suspended irom the 
revolving platform of the upper part of the apparatus, 
and therefore rotates with the same. The upper 


double-walled, ventilated telescope tube, 1 m. | part of the platform admits of a horizontal displace- 


(3-28 ft.) in external diameter, to the focal plane 
18 m. (60 ft.) below, in the observation and operating 





ment of 17:5 em. (7 in.) for its adjustment to the 
solar image. The consecutive downward and 


chamber at the base. The focal length of 18m. | upward passage of the rays of light through the 
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successive instruments is shown in the diagram, 
Fig. 8. a” ad 

When the apparatus is used as a spectrograph, the 
photograph frame with a plate 36 cm. by 10 cm. 
(14-4 in. by 4 in.) is placed contiguously to the 
first slit (on the right), and the plate then records 
the solar spectrum from violet to red. When, on 
the other hand, the apparatus is used as a spectro- 
heliograph, the second slit (on the left) comes into 
operation by isolating one of the spectrum lines, 
e.g., the red line of ‘hydrogen, from the rays of 
light. By a complete, electrically-controlled reyolu- 
tion of 360 deg. of the platform and the combined 
upper and lower parts of the apparatus, a continuous 
image of that line, and with it, a monochromatic 
image of the suh’s disc, 18 em,/(7 in.) in diameter, 
is produced on the pi phic~plate placed on 
the top of the slit. Of the pit, 10 m. (33eft.) in total 
depth, only 5 m. (16-5 ft.) is at present utilised by 
the suspended framework and ‘cage, which carry 
the two objectives, the mirror, the reticle of 
diffraction, and accessories. It is, however, in- 
tended to utilise the additional available depth by 
placing the retioule of diffraction at the bottom of the 
pit, thereby imereasing the focal length of the 
objectives from 4 m. to 10 m., in order thus to 
obtain a considerable increase of dispersion and ® 
correspondingly larger solar image in the photo- 
graphic apparatus, ? 

The whole installation is controlled electrical!, 
and operated from the base chamber. The smal! 
motors of the different instruments and appliance. 
including that Of the retary external cupola, aggre- 
gate 8 h.p., or about 12 kw., supplied as three- 
phase current. by the Florence Corporation main. 
and, by a small ‘converter, transformed to ¢con- 
tinuous current, with suitable relays, to increase the 
pressure when required. To this is to be added 
a storage battery as a safety factor in case 0! 
failure or excessive v: tion of the three-phase 
current. Among the extremely delicate and com- 
plex mechanical parts of the equipment are notably 
the clockwork of the coelostat or principal mirror. 
and the numerous micrometric, electrically-con- 
trolled regulators of minute displacements of the 
instruments and apparatus. 

Under Professor G. Abetti’s direction, ‘the astro- 
physical observatory publishes periodically the 
results of its solar observations. In addition ‘0 





this standard work, researches are to’ be carried 
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on of the sun spots and protruberances ;\ of the 
circulation of metallic vapours on the sun spots ; 
of the determination of the polarity and intensity 
of the magnetic fields; of the formations of the 
craters which constitute the sun spots, and are held 
by Professor G. Hale to be of a hydro-dynamic 
rather than electro-magnetic character; of the 
varying velocities of the sun moving, not as a solid, 
but as a liquid and gaseous body ; and, lastly, of 
the reciprocal relations of solar and terrestrial 
phenomena. For the study of all these problems 
the Arcetri installation is admirably fitted, and has 
thus before it a vast field of fruitful investigation. 
In this connection it is interesting to note that, 
while for stellar observations lenses up to 1 m. 
(3-28 ft.) and reflecting mirrors up to 2:5 m. (8-2 ft.) 
are now employed, the essential requisites for solar 
observations are (1) not a flood of solar light, but 
single individual beams, reflected by mirrors and 
passing through objective lenses of medium diameter, 
and (2), in conjunction with these, a maximum of 
focal length to produce correspondingly large 
photographic images of the sun. 

It may be mentioned that Professor G. Abetti, 
F.R.A.S., formed part of the physical and astro- 
nomical section of De Filippi’s Italian Expedition 
of 1913-14 to Trans-himalaya, Karakoram and 
Chinese Turkestan, and that during the Great War 
he was a member of the Italian War Mission to the 
United States of America. 
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Draft and Capacity of Chimneys. By J. G. Mincte, C.E., 
M. Amer. 8.M.E. London; Combustion Publishing 
Corporation, Hampden House, 84, Kingsway, W.C.2. 
1925. [Price 16s. net.] 

Tuts book is an important contribution to the 

hitherto somewhat meagre literature on chimneys, 

and whether the author’s conclusions be adopted in 
entirety or not, his lucid treatment of the subject 
from first principles upwards and his orderly mar- 
shalling of available data, should give it a place in 
the working library of the boiler plant designer. 

Such defects as it has may be indicated at once. 

One, is that of very frequent repetition, sometimes 

whole paragraphs being reproduced over and over 

again. Sometimes it is true the matter reappears 
in the form of recapitulation. This is no doubt due 
to the original form in which the work was pub- 
lished, which was that of a serial article in Com- 
bustion. While the method has the advantage of 
refreshing the reader’s memory, it lengthens the 
work unduly and tends somewhat to over-emphasis. 

Most of the, otherwise admirable, diagrams have 

been reduced too much in scale, with the result 

that a considerable effort is required to read them. 

We have also noticed one or two incorrect captions 

and wrong references to formulae; otherwise 

the book is one which merits commendation. Every 
equation to the number of nearly three hundred, is 
numbered; and easy reference to them is thus 
possible whenever they are mentioned in the text. 

Again, every step in the development of the several 

arguments is illustrated by examples worked out in 

the utmost detail. There are numerous and complete 
tables, the value of many being increased by the 
values also being plotted in diagrammatic forni. 

Where formulae require the use of, say, the fifth 

power of numbers, a table giving these is provided, 

thus obviating reference to a separate book. Certain 
fundamental facts regarding physical units and 
laws are also succinctly stated. With all these aids, 
the man whose mathematics and physics may be 

a little rusty, has no excuse for failure to follow the 

reasoning from cover to cover. 

The author’s main thesis is that there is one 
correct size of chimney which is capable of 
working satisfactorily for one set of operating 
conditions, and he devotes his final chapters to 
establishing the right co-relation between height 
and diameter to ensure this, while throughout the 
book he gives sound advice as to the choice of 
proper values for the numerous factors involved in 
the calculations. The above statement is not so 
trite as it may sound ; engineers familiar. with the 
history of the subject will remember the disputes 
between the champions of height and those of 











area, and will also. recollect how, later, when the 
question of capacity began to be recognised, the 
empiric formule which were often all that were 
available, could not be reconciled among them- 
selves. Even with the full and essentially rational 
treatment given in this book the designer may be 
handicapped. In many large buildings the hand- 
ling of so important a part as the plant chimney, 
is inadequately and arbitrarily dealt with by the 
architect, while Municipal regulations frequently 
cut across the best planned scheme. We know 
of one case for example of a city plant in which 
the height of the chimney was reduced by some 
twenty-two per cent. and decorated with a four- 
dial clock in order to placate adjoining residents. 
The information given by Mr. Mingle will enable the 
designer to plan the next best substitute if his ideal 
is not attainable. 

One of the good features of the book is the evi- 
dence of the painstaking care taken over points 
which are usually barely noticed. An example 
of this is to be found in Chap. V. in which the effect 
of different proportions of cross section of flues 
(breechings) is carefully examined. In this chapter 
too, the point is worth notice that a badly placed 
damper, even when wide open, may cause the loss 
of as much as: 0-2 to 0-3 in. of water in the 
draught. On the question of loss of draught it is 
stated that the boilermaker, the ‘“‘ stoker”’ maker, 
and the economiser maker, will be able to provide 
the figure for the draught loss through the baffles, 
grate, and economiser respectively. This may be 
so in America, but we doubt if it is the case in 
this country. 

The discussion of boiler horse-power would 
scarcely appear to be necessary, for, in spite of 
the absurdities in some British boilermakers’ 
catalogues, it is now generally recognised that this 
rating is unreliable. In America however the 
convention of taking one boiler horse-power as 
equivalent to the evaporation of 34-5 lb. of water 
per hour from and at 212 deg. F. is very generally 
accepted. Mr. Mingle is a determined opponent 
of this practise and devotes a whole chapter 
(No. X) fortified with tables and diagrams, to its 
destruction. 

The American origin of the book is reflected also 
in, the sections dealing with the draught required 
for burning different kinds of coal, the names of 
which will be unfamiliar to many British engineers, 
Again, when dealing with the effect of altitude of 
location on draught, a list of American cities, with 
their respective altitudes is given. This is, however, 
quite useful enough, though indirectly, and the 
author is to be complimented on his handling of this 
point, hitherto commonly ignored or barely touched 
upon. Actually it may be of very real importance. 
Cases have been known of indents from foreign 
cities, situated practically up in the clouds, being 
based upon the ordinary sea-level values given in 
catalogues, with the result that quite inadequate 
plant was specified. With the comment that the 
index is well done we may conclude our remarks 
on a very good book, which may, however, , only 
prove of value to a relatively small circle of 
engineers. 


The English Brass and Copper Industries to 1800. By 
Henry Hamitron, M.A., D.Litt., with an Introduction 
by Stix Wiit1am Asutgy. London: Longmans, Green 
and Co., Limited. , [Price 18s. net.] 

THERE are certain types of mind which regard 

incursions into the past as academic, and conducive 

of no useful result so far as the present and future 
are concerned. Progress, however, and particularly 
the empiric progress of industry, and technology in 
the later Middle Ages and during the period known, 
in the late Arnold Toynbee’s descriptive phrase, as 
the Industrial Revolution, owes at least as much to 
a knowledge of what not to do, purchased painfully 
by experience, as to a knowledge of what should be 
done. There is, moreover, much to. be gained in 
other useful ways from a survey of past conditions 
in industry. The present volume, although unduly 
long, is a comprehensive and scholarly account of an 
exceedingly interesting phase of industrial evolution, 
the lessons. of which are far wider than the title 
implies. It affords, too, a- striking exemplification 
of the old adage that there is nothing new under 


the sun. We are plunged into a period of some 250 
years, ending in 1800, and with what might be 
anticipated to be a novel setting, only to find all the 
elements of the problems which to-day beset us, as 
though human nature was the only unchangeable 
factor in time. The growth of joint stock enterprise, 
as applied to manufacturing operations and as 
distinct from their earlier application to the trading 
enterprises of the guilds and of the great merchant 
adventurer companies which preceded this phase, 
was attended with all the difficulties and com- 
plexities with which modern industry is faced. 
Thus, in Dr. Hamilton’s pages we find again, the 
perennial battle between private interest and 
common weal; between free trade principles and 
protection; between legitimate enterprise and 
monopoly ;. and between reasonable combination 
for trade advantage and defence, and injurious 
agreements in restraint of trade. We see, too, the 
“company” growing, from small and profitable 
beginnings into an unwieldy undertaking with 
ramifications which cannot adequately be super- 
vised or controlled, with the impersonal and per- 
functory relations with its employees which to-day 
militate against the successful conduct of its affairs 
as they do, in Dr. Hamilton’s pages, relating to the 
sixteenth, seventeenth and eighteenth centuries. 
We find, too, the associations for buying in common. 
for the repartition of orders amongst the members, 
and for selling agencies which foreshadow the cartels 
of the later nineteenth century, and the federations 
and combinations which exist to-day, and the causes 
of the relative successes and the relative failures of 
these devices appear to have been the same, in the 
past, as those which operate at present. 

Dr. Hamilton has written a most interesting book 
and a worthy record of the period with which he 
deals. It might, without loss, have been sub- 
stantially shortened; over and over again the 
reader is brought up, suddenly, by the recurrence 
of some familiar phrase, and finds that he is reading 
a mere paraphrase or a fresh account, with varia- 
tions, of something he has already read a few pages 
back, or a chapter or two earlier. This constant 
repetition becomes a trifle wearisome at times, but 
otherwise the book is eminently readable and 
contains a very large amount of information which 
will. be of great value to the student of economic 
history. The appendices are admirable, and copious 
footnotes render the book a welcome and serious 
contribution to the reference library. 





Germany's Industrial Revival. By Sir Paitie Dawson, 
M.P., M.Inst.C.E., M.I.Mech.E., M.I.E.E. London: 
Williams and Norgate, Limited. [10s. 6d. net.] 

THE purpose of this work is to exhibit the ad- 

vantages with which German industry will face the 

impending competition for world markets. Its con- 
clusion is to propose the course most favourable to 
her and her competitors, Germany ‘“‘ must indeed 
capture the world’s markets” by means of cut- 
throat competition ; and the book’s purpose is to 
urge that, in mitigation of that competition or in 
substitution for it, “co-operation in some form 
or degree is surely possible—and undoubtedly is the 
one sensible solution.” 

Apart from the author’s distinction and varied 
experience with engineering manufacture and 
administration, he has special qualifications for 
discussing .his present subject. He received part 
of ‘his early education in Germany, and has “spent 
years at a stretch in the country.” As a member 
of the Disposals Board, as well as of the Industrial 
Group in the House of Commons and of the British 
Commonwealth Union, he has had constant occasion 
to visit all parts of Germany since early in 1919 
and to confer with leaders of finance, commerce, 
industry and labour, all of whom are said to have 
welcomed the investigations on which he and his 
companions were engaged in a frank and conciliatory 
manner. In this way and otherwise he has been 
able since the end of the war to collect systematically 
copious and intimate data regarding conditions in 
Germany. 

The subject is so complex, and the points of 
view from which necessarily it has had to be treated 
so various, that justice could, not be done to the 
author’s argument by attempting a full summary, 





which would indeed be the less useful because 
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the book is neither long nor difficult to read. It 
is perhaps most’ notable for the striking perspec- 
tive in which it exhibits facts that are known 
to most readers in a general way, without their 
actual significance being appreciated. So far, for 
instance, as altered circumstances allow, and to 
such extent as her intentions may not be modified 
by arrangements of the type that the author 
recommends, Germany is likely to use in the 
competition that lies ahead much the same methods 
as those on which her industrial position was 
built up. It is therefore important to realise what 
those methods are, and to recognise the extra- 
ordinary success that has attended them. As far 
back as 1851 Krupp’s exhibit of steel castings and 
forgings was notable in the Hyde Park exhibition, 
but the real start of modern German industry did 
not come till after the war of 1870. In 1875 Germany 
was producing not much more than a fourth as much 
coal as the United Kingdom, a little under a third 
as much pig-iron, and rather more than a third as 
much steel. The next forty years were a busy 
time for the United Kingdom, which by 1913 had 
just trebled her production of coal and increased 
her tonnage of pig-iron by nearly a half, and of 
steel over tenfold. Yet by the same date Germany 
had not only caught up her deficiency of 1875, 
but in coal had attained nearly the same output 
as the United Kingdom, and in pig-iron and in 
steel was producing nearly twice as much. In 
round figures she had increased her production of 
coal tenfold, of pig-iron sevenfold, and of steel 
sixteenfold, while her shipping had increased more 
than fivefold. 

German industrial enterprises did not attain 
these amazing results singlehanded. Their home 
market had been protected by tariffs. Their 
exports had been promoted by every resource of 
German diplomacy all over the world. Their banks 
had supported their works not so much in granting 
short loans as in providing capital, and with the 
growth of intimate common interests between 
banks and commercial manufacturing undertakings 
each came often to be represented on the manage- 
ment of the other. Banks would moreover take 
up large blocks of shares in the capital not only 
of their customers, but of enterprises that their 
customers promoted, with a view to orders and 
subsequent profits; and though ultimately these 
holdings would be unloaded on to the public at 
such profits as the demonstrated prosperity of the 
undertakings might warrant, the money for these 
operations would have been borrowed from British 
and other foreign banks at ordinary banking rates, 
and be paid off when the holdings and their profits 
came to be realised. Thus funds would usually 
be available for further extensions and enterprises, 
and German manufacturers would also be able 
to give credits in foreign countries far longer than 
most British firms could, or cared, to afford. 
Co-operative action for stabilising prices and other 
purposes was promoted by cartels, by interchange 
of share interests between concerns in the same 
or allied branches of manufacture, and by other 
means. In all countries, but particularly in the 
United Kingdom and the United States, individual 
Germans would seek employment at the lowest 
rates, so as to acquire a knowledge of their trade 
as carried out in the country in which they were 
working, and German works would respond far 
more readily than British to the requirements of 
each market as they came to know them. Finally, 
during the war, the Government preferred to 
encourage the development of sound existing 
concerns, without the considerable brake of an 
excess profits duty, rather than institute. great 
Government factories; so that at the end of the 
war the mechanism of production was already in 
the hands of those who would have to work it in 
peace. 

The ability of German banks to finance industry 
is doubtless less than it was before the war, though 
it may be questioned whether the full extent of 
their resources is known to the public, or a safe 
limit can be set to their aptitude for procuring 
support from financiers of other countries. In 
two respects, however, German industry to-day is 
far better off than could have been predicted. Its 


the national finance has been unexpectedly re- 
lieved of what is among the heaviest burdens of 
other lately belligerent countries. Both these 
results are mainly—the latter entirely—due to the 
depreciation of the exchange, which was not 
arrested till the end of 1923; and the figures given 
in this book present a vivid picture of the stages of 
the process. During the war the main powers of 
taxation were vested in the individual States, and 
the Government, though it must have known that 
the war ought to have been financed largely on 
tax revenue, did not care to take the political risk 
of seeking substantial powers of central taxation. 
It had therefore to finance the war almost entirely 
by loans; and as circumstances compelled these 
loans to be mainly internal, they were expressed 
and measured in the currency of the day, like the 
liabilities of industry for rent, interest, mortgage 
and taxes. As is now well known, the exchange 
value of this currency fell practically to zero, and 
except to the small extent of the residual value 
and such adjustments as were ultimately made, 
the State was relieved of its war debt, and industry 
of a large part of its capital liabilities: The funds 
of the banks, so far as they had been lent to industry 
and invested in plant and other concrete assets or 
in securities based on foreign currencies, had in 
effect been transferred to industry, and the war 
debt of the State had been wiped out. As Sir 
Philip Dawson points out, the depreciation of the 
mark had caused no loss of wealth, but merely 
an abrupt redistribution, under which, for in- 
stance, a. farmer could free himself from a 
mortgage of 1,000/. by selling a few pounds of 
butter. 

How far the extent of the effect of inflation on 
exchange was foreseen and used deliberately to 
enable the State to secure better terms of repara- 
tion need not here be discussed. A significant 
incident may, however, be quoted. On February 2, 
1923, the ratio of notes at face value to gold being 
then something over 2,000, the Reichstag passed 
without debate estimates to double the amount of 
the existing note circulation, and within a month 
that circulation had itself been nearly doubled. 
How rapidly the process went on after that does not 
appear on Sir Philip’s table, which stops at March 15. 
What, however, seems clear is that German industry 
was always on top of the fall. It had subscribed 
heavily to war loans, but had cleared out long before 
the great crash. The Siemens-Schuckert Company, 
for example, held in 1920-21 Government stocks to 
the face value of 113 millions of marks, something 
over 1 per million of the amount of the entire note 
circulation at the time; but not one million 
appeared on the balance sheet of the following 
year. And throughout the entire period of the 
continuous fall the funds of German industry 
were being poured into its equipment, on the 
machinery of which it remained busy to the end of 
1923. For long after the war, again, German in- 
dustry, like that’ of all other countries, suffered 
from reduced production ; but workers of all classes 
are now satisfied that their position cannot be 
mended or assured without hard work, and in spite 
of a legal eight-hours day have been supporting 
their industries with all the overtime that the work 
required. 

In these circumstances, which ultimately must 
place Germany at considerable advantage, Sir 
Philip puts forward his plea for co-ordinated action 
between the industries of this country and Germany, 
and by many instances illustrates how both of 
them may hope to earn more through such co- 
operation than either of them could. hope as the 
result of deadly competition. On both sides of the 
sea his facts and arguments will doubtless receive 
the consideration they deserve. A further reflec- 
tion of a more general order may perhaps be added, 
though indeed it is implied in the argument already 
described. To maintain, let alone to improve, the 


standard of life among workers in all countries is 
impossible unless the workers produce more wealth, 
and the industries find consumers for it who can 
give what is required in exchange. The develop- 
ment of markets to provide such consumers is a 
fruitful and profitable task, great enough to 
absorb all the energies of the industries that 





equipment has probably never been so good, and 


engage in it. 


THE NEW HYDRAULIC POWER 
STATION AT CARDIFF DOCKS. 


At the time when the Cardiff Docks were taken 
over by the Great Western Railway Company it 
was recognised that the provision of hydraulic 
power was totally inadequate to meet the ever. 
increasing demands. There were then some ten 
stations, the positions of which are indicated on the 
plan of the docks in Fig. 1. All of these were steam- 
driven stations and were of very limited capacity. 
When the problem was considered by Mr. C. B. 
Collett, the chief mechanical engineer of the railway 
company, it was decided to replace the many small 
stations by a few of much greater capacity, and so 
obtain centralised production and more economical 
working. Four stations were then decided upon, 
the positions of which are shown in the second plan 
Fig. 2. The first work consisted in converting the 
old steam-driven station, marked 3 in Fig. 2, into an 
electrically-operated station making use of high- 
speed centrifugal pumps. A careful survey of the 
building, which formerly contained the boilers and 
direct-acting steam-driven pumps, showed that by 
installing modern centrifugal pumps and electric - 
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driving the capacity of this single station could be 
raised from 300 gallons per minute to 3,200 gallons 
per minute at 800 lb. per square inch pressure. It 
was therefore decided to utilise the original building 
but, while the work of conversion was in progress, 
it was necessary to maintain a supply of hydraulic 
power from the old steam-driven plant. This, of 
course, added to the difficulty of the work, but it 
was pressed ahead in order that six of the original 
stations could be early shut down. The provision 
of suitable pumping plant in this station did not 
complete the activity, for a vast amount of work 
had to be done throughout the docks in the pro- 
vision of new intake culverts, the relaying of 
existing hydraulic mains and the provision of new 
ones. This work of conversion was carried out by 
the Great Western Railway Company and was suffi- 
ciently advanced for the new pumping plant to be 
put into service on March 23, 1925. Throughout 
the entire period of reconstruction the old plant had 
to be kept in service, and the provision of temporary 
steam plant was, of necessity, an essential feature 
of the work. The new pumps were supplied to the 
specification of Mr. C. B. Collett by The Pulsometer 
Engineering Company, Limited, of Reading, with 
the co-operation of The Metropolitan-Vickers 
Electrical Company, Limited, of Trafford Park, 
Manchester, in the provision of electrical equipment 
and of Electrical Control, Limited, of Reid-street, 
Bridgeton, Glasgow, for the high- and low-tension 
motor-control apparatus. ; 

The lay-out of the new station is shown in Figs. 3 
to 6 on Plate XLIV, and illustrations of the plant are 





given in Fig. 7 on the same plate and by Fig. 9 
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on this page, and by Figs. 10 and 11, on page 562. 
The water to be used is delivered into a well beside 
the station (see Figs. 3, 4 and'5), and is raised by two 
pumps, marked A and B in Fig. 4, to a supply tank, 
erected on ferro-concrete pillars outside the station. 
From this tank the water is taken to the main 
pumps, four in number, and its pressure is raised to 
800 Ib. per square inch before delivery to the 
hydraulic mains. These pumps are erected in 
parallel lines across the floor of the station, at the 
end of which there is a raised platform giving 
accommodation to the main switchgear, the auto- 
matic control gear, and the transformers from which 
current is taken for the low-lift pumps and also for 
station lighting and control circuits. 

The main pumps (see Fig. 7, Plate XLIV) are each 
capable of delivering 800 gallons per minute at a 
pressure of 800 lb. per square inch. These are each 
divided into two sections, which are erected at each 
end of the alternating-current motors of 650 h.p. 
which are used for driving them. Power is obtained 
for these motors from the Cardiff Corporation at 
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was used for testing the low-pressure part of the 


pumps. Accurate alignment of the cells is ensured 
through the provision of spigots and recesses cut 
in them. As each individual cell has feet, which 
rest upon the bedplate, little or no difficulty can 
be encountered in bringing the cells into proper 
relationship with each other when the pumps are 
being re-erected after examination. Dismantling is 
also simplified by the use of lugs on the cells for 
forcing them apart. 

The shafts are made from nickel steel and are 
protected by renewable rustless-steel sleeves where 
they pass through the stuffing-boxes. Support is 
provided for the shaft by bearings, which have 
housings made of cast-iron and split cast-iron 
renewable bushes, lined with white metal and 
secured by bolts to the end covers. Correct align- 
ment is at all times ensured by the introduction 
of a spigot fitting into a recess in the cover. The 
bearing housings are supported by brackets on 
the bedplate. The undersides of these brackets 
were planed at the same time as the feet on 
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6,600 volts three-phase and 50 cycles per second, 
and this high-pressure supply is applied directly to 
the motors. The speed of running is 1,470 r.p.m. 
Reference will be made later to the means adopted 
for their control. 

The underlying principle of a turbine pump, such 
as these, is similar to that of a centrifugal pump, 
except that the kinetic energy due to the velocity 
of the water is converted into potential energy or 
pressure energy by means of a diffuser fitted with 
guide blades. Each cell in the series gives a further 
rise in pressure as the water is passed through from 
one to the next. Into each cell the water enters 
at the eye of the impeller, which it leaves at a very 
high velocity, and is passed between stationary 
scroll-shaped blades in the diffuser. After leaving 
this, the water is conducted by a shaped passage 
into the eye of the next impeller and so on, stage by 
stage, until the delivery end is reached. 

The bedplate for each set is of a box section. 
Two rails are provided at the motor part of the 
bed, so that the motor may be racked out to give 
access to the inner ends of the pumps. Over- 
hauling is thus made possible from both ends, 
when the necessity arises. Each pump unit con- 
sists of a number of sections, stages or cells, 
held together by a series of long bolts, extending 
between the end covers, which form, respectively, 
the suction and delivery chambers. By this system 
of construction, any unseen leakage of water from 
cell to cell is completely eliminated. In addition 
to this, the method of building up the plant has 
many advantages when it is necessary to open up 
the pump for examination, as there is no difficulty 
in separating the various components. The cells 
and their end covers are made of cast-iron in the 
first or low-pressure unit, and of cast steel in the 
second or high-pressure unit. In the works tests, 
the casings of the high-pressure unit were subjected 
to a hydraulic pressure of 1,500 Ibs. per square 
inch, while a pressure of 700 Ibs. per square inch 





ENGINEERING 





ai 





Horse - Power 


Fia. 


the cells, after the pump was completely assembled 
and had its spindle in place. Rings serve for the 
lubrication of the shaft in the bearings, and there 
are oil-throwing rings on the shafts to prevent the 
creeping of the oil. To prevent any ingress of water 
to the bearings, they are kept well clear of the 
stuffing-boxes. Gunmetal neck bushes are fitted in 
the stuffing-boxes, the glands of which are made of 
cast-iron bored to remain always clear of the shaft. 
Water cooling is used for these stuffing-boxes. That 
on the suction side is exposed to the pressure of the 
first cell only, while that on the delivery side is 
subjected to the pressure existing in the suction 
chamber only. In the general view of the pumping 
station, Fig. 10, page 562, it will be seen that there 
is a series of pipes taken from the low-pressure end 
of the pump to the stuffing-box at the inlet end of 
the high-pressure unit. These are provided to 
ensure that the pressure on the gland is gradually 
reduced to that of the suction by a series of annular 
chambers connected to successive stages in the low- 
pressure pump, this being a feature of the pumps 
made by The Pulsometer Engineering Company. 
Actually the packings in the stuffing-boxes at the 
delivery ends of each unit are subjected to a 
pressure a little over that of the atmosphere, and 
on those at the suction end of the high-pressure 
unit, the pressure is only that due to the head of 
the open supply tank. 


On the main shaft, the separate impellers, which 











are made of special bronze and are accurately 
balanced, are secured by means of two keys. They 
have accurately shaped water passages, and their 
outer surfaces are machined in order that water 
friction may be reduced to a minimum. The 
diffuser rings are also made of special bronze and 
are of the full depth of the diffuser, so that high 
velocity water is only in contact with bronze parts, 
which can be easily renewed when necessary. 
The slip-rings and centre bushes are made of hard 
gunmetal. To take up the unbalanced axial thrust 
towards the suction ends, balance discs are pro- 
vided on the shafts within the casings at the delivery 
ends near the glands. The faces of the discs, at 
their outside edges, move quite close to the seats, 
which are fixed on the delivery covers. Water, 
under the pressure in the last cell of the particular 
pump unit under consideration, is passed into the 
space enclosed by the seat ring and the balance disc. 
This water passes out through the gap between the 
disc and the seat into the outer chamber, and is dis- 
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charged through an open pipe to the drain. Suffi- 
cient clearance is available between the spindle and 
the central bush in the delivery cover to permit the 
flow of all the water that is necessary into the 
balancing system. Changes in axial thrust are 
met by the altered clearance between the disc and 
seat, and though the movement is only very small 
it is sufficient to ensure the balancing of the axial 
thrust. No actual metallic contact is made by 
the disc, and consequently little or no wear takes 
place, except when gritty water is pumped. 
Actually this balance disc system constitutes a 
perfectly water-cooled thrust bearing. In the 
pumping plant at Cardiff, it was decided by the 
engineers of the Great Western Railway Company 
to obtain additional security against the effects of 
axial thrust by the provision of Michell thrust 
blocks which are placed outside the end bearings 
of the pumps. Curves of performance, showing 
the relationship of pressure and quantity of water 
delivered, the efficiency, or relationship of the water 
horse-power to the brake horse-power, and the 
power necessary for any delivery, are given in Fig. 8. 
From these graphs it will be appreciated that the 
pumps have a considerable useful range of service 
with efficiency, the highest value of which, 78 per 
cent., is attained when the delivery is approxi- 
mately the normal full-load value. 

As has already been mentioned, the water used 
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by the four main pumps is raised to an overhead 
tank by two pumps. These are of the centrifugal 
type and are installed on the lower floor at the end 
of the station (see Fig. 4, Plate XLIV). Each of 
these pumps, which are shown in Fig. 9, page 555, 
is driven directly by motors of 105 h.p., made by the 
Metropolitan-Vickers Electrical Company, Limited. 
These motors are similar in type to those of the 
main pumps, but are operated from the 220-volt 
3-phase supply, and run at 725r.p.m. The delivery 
obtainable from each of these Pulsometer pumps 
is 4,500 gallons of water per minute, against a total 
head of 42 ft. The casings and covers, which are 
made of cast iron, are provided with a branched pas- 
sage to conduct the water to the centre of the impeller. 

Where there is contact between the fixed and 
rotating parts of the pumps renewable gun-metal 
slip-rings have been introduced. The stuffing 
boxes are formed in the covers and are lined with 
gunmetal neck bushes, which are cooled and lubri- 
cated with water. They are sealed with water 
under pressure, which prevents the inflow of air 
when the pump is working with a great suction lift. 
The impellers are made of gunmetal and are of the 
double inlet, balanced and shrouded type. They 
are mounted on the steel main shaft, which is pro- 
vided with gunmetal liners where it passes through 
the stuffing boxes. Bearings for the shaft are 
carried by substantial brackets which extend from 
the pump casing at each side. These are liberally 
proportioned and have white metal liners and ring 
oiling, while there is provision made by rings to 
prevent the creeping of oil along the shaft. Facility 
for examination and overhauling is afforded by 
making the covers removable, without the necessity 
for disturbing the pipe connection. A leather 
link coupling provides a flexible connection between 
each pump and the shaft of its motor. 


(To be continued.) 





LABOUR NOTES. 


Ur till a late hour on Wednesday, the Prime Minister’s 
efforts to compose the differences of the coalowners 
and the coalminers had not succeeded in bringing the 
parties into line. A national delegate conference of 
the Miners’ Federation sat twice during the day to 
hear reports on the negotiations, but eventually had 
to adjourn until yesterday morning, without definite 
official news as to what was transpiring. The sub- 
committees of mine-owners and mine-workers met 
in the afternoon under the presidency of Mr. Baldwin, 
but practically no progress was made towards a settle- 
ment. Representative members of the Miners’ Federa- 
tion’s executive had a long interview with the Industrial 
Sub-Committee of the Trades Union Congress General 
Council in the course of which, it is understood, a 
draft report was considered for presentation to the 
special Trades Union Congress on the following day. 
In the draft, the wage offers, posted in the districts, 
were set forth in terms of actual money, and the 
expectation was that they would have the effect of 
rallying trade unionists generally to the support of the 
miners. In the evening Mr. Baldwin saw the sub- 
committees of coalowners and miners separately, and 
close upon midnight, it was stated that arrangements 
had been made for continuing the interviews on the 
following day. No official information was available 
as to the lines on which the negotiations were proceed- 
ing. Unofficially, however, the position was described 
as “critical but not hopeless.” 





In the light of what is happening, the decision of the 
engineering trade unions to press their demand for 
increased wages, locally instead of nationally, is 
beginning to look a little absurd. No fewer than 37 
local applications have been referred to next Central 
Conference, which is due te be held at York on May 14. 
They are all for 11. a week. 


Before the Railway Rates Tribunal on Tuesday, 
Mr. Morrison, counsel for the Labour Party, suggested 
that the proposed increase in workmen’s fares was an 
injustice to the poorer classes of travellers, and a 
violation of a pledge given to Parliament. Sir Ralph 
Wedgwood, chief general manager of the London and 
North Eastern Railway, said that Parliament itself had 
absolved the companies from the pledge. 





Industrial and Labour Information, the official 
organ of the International Labour Office, publishes 
a summary of an interesting report which was sub- 
mitted recently to a general meeting of the Union of 
French Metal Working and Mining Industries, by 


M. Lambert-Ribot, the general secretary of the union. 
It was pointed out, in the statement, that the rise in the 
cost of living continued during 1925, but in a much 
more decisive fashion, particularly towards the end of 
the year. The rise might generally be calculated at 
10 per cent. Account had been taken of the rise, in 
determining wages, to the fullest extent compatible 
with the efficiency of industry, but without attempting 
to establish any strict or automatic proportion. It 
was difficult, the reporter said, to give exact figures 
as to the rises in wages, which appeared to have varied 
according to districts and occupations between 5 and 
12 per cent. and to have considerably exceeded the 
maximum figures for 1920. 





M. Lambert-Ribot mentioned a Bill which the 
Government had introduced for the amicable settle- 
ment of collective labour disputes in industry, com- 
merce and agriculture, in accordance with recommen- 
dations made in November last by the Superior Labour 
Council. The measure proposed, he said, that before 
any stoppage of labour took place, there should be an 
attempt at conciliation, at the request of one of the 
parties, by the employers and workers concerned and 
their delegates. If the attempt failed there was to be 


of Labour or of the Prefect, after a strike or a lock- 


to arbitration. In the opinion of M. Lambert-Ribot, 


employers would be unable to refuse. 


tions, and that might give rise to unjustifiable hopes.” 





According to the Ministry of Labour Gazette, no 
general change in wages occurred in 1925 in the engi- 


tinplate workers in South Wales and’ Monmouthshire 


increase, usually of ld. per hour, in the wages of men 
in the optical-instrument making trade in London. 
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figure for the past four months averages 75 points above 
pre-war, and so allows of a reduction of 25 per cent, 
from the standard 2s. 6d. In 1922 and 1923, this sliding 
scale wages agreement was ignored, owing to the un- 
satisfactory state of the industry, and two reductions, 
each of 5 per cent., were made before the cost of living 
warranted them. One of the decreases was restored 
in 1924, and recently the men applied to have the other 
restored. Instead of conceding that claim, which 
would have meant an increase of 14d. an hour to workers 
in grade A, the employers proposed that the agreement 
should again be adhered to, and the offer was accepted 
on behalf of the men. 








A circular which has been sent to Trades and Labour 
Councils by the executive committee of the National 
Minority Movement urges these bodies to call ‘“ Con- 
ferences of Action for the purpose of setting up Councils 
of Action.” ‘* All working-class organisations should 
be invited,” the circular goes on to say, ‘‘ to participate, 
and the Councils of Action should include all industrial, 
political, co-operative and unemployed organisations, 
° The duties of the Councils of Action will be to 
mobilise every available worker and organisation to 
support the miners, if and when attacked, by arranging 


a further attempt at conciliation, either at the request | for commissariats, holding demonstrations, carrying 
of one of the parties or on the initiative of the Minister | on propaganda to counter thelies of the Press, mobilising 


the women to assist in the struggle, preventing black- 


out had been declared. Finally, if all attempts at} legging, &c. In short, to bring into action as many 
conciliation failed, there was to be an optional recourse | workers as possible for the purpose of safeguarding the 


working class against the determined attempt of the 


the Bill appeared to be more calculated to cause} employers to generally reduce our living standards. 
disputes than to solve them, since it was clear that any | Remember, if the miners lose the fight the trade unions 
claims of the workers would, in any undertaking, form | will be smashed one by one; therefore the executive 
the subject of a request for conciliation which the | committees of the metal unions should fight, when the 
‘“‘ Thus,” he | miners fight, for the 1/. increase, and not one transport 
added, ‘‘ the workers would be in a position to force | worker should move coal in the event of strike action 


their employers to successive interviews and negotia- | taking place.” 





The Ministry of Labour states that on April 19, 
1926, the number of unemployed persons on the registers 


of Employment Exchanges in Great Britain was 
neering or the shipbuilding industries.* The wages of P996,600, of whom 775,000 were men, 30,300 boys, 


158,700 women and 32,600 girls. On April 12, 1926, 


were reduced, under sliding scale, from 16} to 74 per|the number was 1,024,389, of whom 803,906 were 
cent. on standard rates, but certain of the lower-paid | men, 29,921 boys, 158,939 women, and 31,623 girls, 
workers received a special bonus, which more than] and on April 20, 1925, it was 1,202,671, of whom 
counterbalanced the sliding-scale reduction. Men em- | 922,682 were men, 36,252 boys, 211,588 women and 
ployed in the manufacture of light castings in England | 32,149 girls. Of the total number of unemployed 
and Scotland received a bonus of 3s. a week, and pipe} persons on April 19, 71,400 were 
fitters in the heating and domestic engineering trade} in casual employment.” The corresponding figure for 
received an increase of ld. per hour. There was an| the previous week is 70,481. 


id 


persons normally 





The Hours of Industrial Employment Bill, which 


Electric cable makers had their wages raised by] has been introduced by a number of members of the 
amounts equivalent to those by which their wages had | Labour Party, seeks to establish an eight hours’ work- 
been reduced in May, leaving their wages at the same | ing day in industrial undertakings, with a maximum 
level at the end of the year as at the beginning. There} of 48 hours per week. Where the working hours on 





was a reduction of 5 per cent. on the piece prices of 
railway wagon builders and repairers. 





The men who had been on strike at the Heavy 
Repair Depot of the Royal Army Service Corps at 
Feltham, returned to work on Monday, on terms agreed 
between the War Office and the trade unions. 


one day are less than eight, the work on other days of 
the week may be extended to nine hours, while in 
occupations where a succession of shifts is necessary 
the hours may be extended, provided that they do not 
on the average exceed 56. The payment of overtime 
is to be not less than 25 per cent. in excess of the time 
rate applicable during the normal working hour. 


made on February 16 to stand. (3) Fifteen soldiers to 
be put in at once in place of the 15 men who have left. 


officials of the trade unions with members involved 
pointed out that the terms were the best obtainable. 





Trades Union, the wages of workers in the electrical 
industry will be, from the end of the current week, 
increased by roughly $d. per hour. The new rates are : 


These rates are arrived at by a reversion to the pro- 
visions of the wage agreement ,made by the National 


Trades Union in September, 1921, under which wage 
variations are controlled by the cost-of-living figure of 
the Ministry of Labour. The agreement provided that 


every change of three points should justify a variation 
of 1 per cent. in the wage rate. The cost-of-living 








terms were as follows :—(1) Feltham to be recognised | The penalty for contravention of the proposals is not 
as a Military Establishment. (2) The 50 discharges | to exceed 201. 





The man in the street will, to say the least, not 


(4) The remainder of the men to be taken back; no| find it easy to agree with the London Midland and Scot- 
further discharges for purpose of introducing soldiers | tish Railway’s shopmen who object to the introduction 
to be made until six weeks from the time of resuming.| of short time and the dismissal of hands owing to 
(5) Thirty-five civilians to be discharged by July 31.| scarcity of work. The National Union of Railwaymen 
(6) The system of payment as notified to the trade | has been anxious for some time, it is true, to secure for 
unions in War Office letters of February 2 and 3, and|shopmen what other sections of its members already 
now in operation, to continue. (7) Outstanding ques- | have, viz., a guaranteed week. A guaranteed week for 
tions, other than the above, to be discussed after the} shopmen would obviously, however, place the railway 
resumption of work. The Strike Committee did not| companies, in respect of their workshops, at a grave 
recommend acceptance of the settlement, but the} economic disadvantage as compared with private 
concerns doing the same class of work, and that is 


a consideration which they cannot, especially in 
these trying times, afford to ignore. The craft unions 
As the result of an agreement between the National | are, it may be added, also supporting the shopmen in 
Federated Electrical Association and the Electrical | this claim, and, no doubt, they hope to make something 
of the precedent elsewhere—if they succeed in setting 
it up. Claims like the demand of the L.M.S. goods 
workers at St. Pancras for pay for the time lost during 
Grade A, 1s. 10}d. an hour ; grade B, 1s. 8}d. an hour;|the recent sympathetic “stay-in” strike cannot 
grade C, 1s. 63d. an hour; grade D, 1s. 54d. an hour.| honestly be regarded as good for Trade Unionism. 
They can rarely be effectively supported by responsible 
officials, and they, unquestionably, leave a very 


Federated Electrical Association and the Electrical | undesirable impression on the public mind. 





> . > 'E 
Venturr Meters For Hypro-ExLecrric Power 


e a. sf : \ 
— inpsiny rng yr apr a i arene Srations.—We wish to add to our article on this ag ig , 
wo el RN NN el ac tc Aah published on page 545 of last week’s issue, that Mr. C. }. 
paid to grade A, and, taking the average of four months, | Lidbetter, of West India House, 96, Leadenhall-strect, 


E.C.3, is the sole agent in this country, for the type of 
Siemens Venturi meters described. 
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Fie. 19. Eparne anp Jorntina Maocntne; Mussrs. J. Sagar AnD Co., LiMiTED. 


THE BUILDING TRADES EXHIBITION 
AT OLYMPIA. 
(Concluded from page 527.) 


We have previously referred to an increasing 
tendency to incorporate the motor as an integral 
part of woodworking machinery, and this practice 
is adopted in the case of the edging and jointing 
machine which we illustrate in Fig. 19, above. 
This machine was shown in action on the stand of 
Messrs. J. Sagar and Co., Limited, of 119-121, 
Finsbury-pavement, E.C.2, and was particularly 
noticeable for its rigid construction, and the neat 
design of the various feed motions. 

The main frame is a one-piece cored casting, with 
two rigid arms, of box form, supporting the saw 
head. The saw spindle is directly coupled to the 
motor, and is carried in three roller bearings. It is 
fitted with ball-thrust bearings in dust-proof 
housings. The arrangement of the vertical adjust- 
ment for the saw head, by means of a cross-spindle 
actuating vertical screws through bevel wheels, 
will be clear from the illustration. It may be 
mentioned, however, that the screws are provided 
with ball-thrust collars. The feeding mechanism 
consists of an endless chain, the upper surface of 
which can be seen in Fig. 19. The chain is fitted 
with a series of metal plates, serrated on the surface, 
which give a firm, continuous grip on the wood, 
and ensure that the latter is propelled through the 
machine in a straightline. These plates are 6} in. 
wide, and are accurately machined on the top, bot- 
tom, and sides. They are fixed to the chain by 
means of steel screws. The chain passes over 
sprocket wheels, with machine-cut teeth, at each 
end of the table, the shafts carrying the sprocket 
wheels revolving in phosphor-bronze bearings. The 
front shaft bracket can be adjusted in a horizontal 
direction by means of the screw and worm gear 
visible in the illustration. The chain is lubricated 
from an oil well, fitted underneath the front edge of 
the table. The oil is fed from the well on to the 
chain through tube connections, fitted with drip 
valves, Variations in the feed rate are obtained 





by means of a gear-box, which is mounted inside 
the main frame. The drive to the box is by belt 
from a pulley on the saw spindle, the gear-box 
shaft being fitted with fast and loose pulleys. 
The drive from the box to the feed sprocket shaft 
is by a chain, which can be seen inside the main 
frame in the figure. The gear wheels in the box 
are of nickel steel, and they are mounted on splined 
nickel-steel shafts. The gears run continuously in 
oil. Three feed speeds, of 60 ft., 100 ft. and 150 ft. 
per minute, are provided. The levers controlling 
the belt-striking and change-speed mechanisms are 
mounted at the feeding-in end of the machine, and 
can be seen in the illustration. 

The top-pressure mechanism over the feed chain 
consists of two rollers of 74 in. in diameter, with 
four smaller pressure rollers between them. The 
smaller rollers are mounted on each side of the saw. 
The large roller at the feeding-in end is driven by 
means of the flexible shaft shown, the remaining 
rollers running free. All the rollers are mounted 
on hinged horizontal arms, and are pressed down on 
to the work by spiral springs. In common with the 
saw, they are enclosed in a box casting carried on 
a double slide, which, as already explained, can be 
raised or lowered to suit different thicknesses of 
material. A graduated index-plate, visible in the 
figure, is provided for indicating the height of the 
rollers above the surface of the table. A hinged 
cover is fitted over the saw to facilitate replacement. 
A guard is provided in front of the feeding-in roller, 
consisting of a series of brass fingers carried on a 
suitable hinged bracket. The ends of the fingers 
automatically adjust themselves to the surface of 
the material. The guard can be seen clearly in the 
illustration. 

The table is made in two sections, mounted on the 
main frame at each side of the feed-chain gap, on 
the sides of which are fitted adjustable steel slides 
for the feed chain. The table is 5 ft. 3 in. long, and 
3 ft. 10 in. wide. There is room for material up to 
26 in. wide between the saw and the base of the 
overhanging bracket at the back edge of the table. 
An adjustable fence, which can be seen in the figure, 

















Fie. 20. Compinep CHAIN AND CHISEL 
Mortiser; Messrs. Guituret, Sons anp Co. 


moves on a slide bar attached to the front end of 
the table. The fence can be used in any position 
on either side of the saw, or can be removed to leave 
a clear table if required. The standard saw is 
15 in. in diameter, and will cut up to 4 in. deep. 
A jointing and topping device is provided, which is 
used on the saw while running. It consists of 
adjustable carborundum stones, one of which trues 
up the periphery of the saw while the others, 
mounted on each side of the saw, serve to joint 
the teeth sideways. The machine can be supplied 
with separate belt drive if preferred. 

Messrs. Sagar exhibited a number of other 
machines, in addition to the one described, including 
planing, sawing, tenoning and moulding machines. 

Tn our last issue, we described a tenoning machine 
and a chain mortiser manufactured by Messrs. 
Guilliet, Sons and Co., of 13a, Finsbury-square, E.C.2. 
The firm were also showing a number of other 
machines, including a high-speed planer and sur- 
facer, circular and band saws, and a combined 
chain and chisel mortiser. We illustrate the last 
of these machines in Fig. 20, above. The main 
frame is made up of a single stiff box casting, to 
which are fitted slides for both the table and tool 
heads. The work table is placed at a convenient 
height for the operator, and is fitted with the usual 
self-contained clamp for the work. It is provided 
with both longitudinal and cross-adjustments, and 
can also be raised and lowered as required. The 
longitudinal adjustment is effected by means of the 
large handwheel visible at the centre of the table, 
the motion being obtained by rack and pinion. The 
cross and vertical adjustments are operated by the 
two smaller handwheels, which can also be seen 
in the illustration. These two movements are 
operated by a screw and nut mechanism. 

Both heads are raised and lowered by a single 
lever, which is pivoted at the point of attachment 
to the spindle, so that it can be moved to the right 
or left to engage with the chisel or with the chain 
mortising head as required. It is held in one posi- 
tion or the other by the finger-operated catch, 
which can be seen in’ the figure. There is a 
common belt-drive to the two heads, the engage- 
ment with the one in use being entirely automatic. 
This is effected by means of a friction clutch on 
each head. The engaging mechanism for each 
clutch terminates in a lever arm carrying a roller. 
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The arms project beyond the face of the main 
casting, so that when one or other of the heads is 
brought down by pulling over the hand lever, the 
slide comes in contact with the roller and auto- 
matically engages the clutch. The belt is provided 
with a screw-operated tensioning device. Stops 
are fitted for regulating the length and depth of the 
mortise, and the chain cutter is fitted with a guard 
and chip breaker. These fittings can be seen in 
the illustration. All the spindles, and also the 
loose pulley, are mounted on ball bearings. The 
various gears are machine-cut, and the spindles 
are made of best quality steel, ground to size after 
leaving the lathe. A set of three bushes for the 
auger of the hollow chisel is supplied with the 
machine. 

We referred in an earlier part of our description 
of the Exhibition to the fact that there was a varied 
exhibit of concrete block and slab-making machinery. 
In addition to these exhibits, there were several 
machines shown for making standard bricks, both 
from ordinary clay, and from alternative materials 
such as clinker. Brick-making machinery has been 
in use for many years, but has undergone consider- 
able developments, the extent of which can be 
gauged from the machine which we illustrate in 
Fig. 21, annexed. This was shown by Messrs. J. 
Dawson Fawcett (Darlington), Limited, of the 
Haughton Engineering Works, Darlington, and is 
notable for the extremely strong manner in which 
it is built, a very necessary provision in view of the 
rough usage to which such machines are subjected. 
It is particularly designed for the manufacture of 
bricks from shales and fireclays, suitable for facing, 
engineering, and enamel bricks. 

Before entering the machine, the material is 
ground in a perforated pan, and after screening 
contains from 8 to 10 per cent. of moisture. It is 
delivered by an elevator into a receptacle at the 
top of the machine, from which it falls through 
a chute into a receiving box placed opposite to, 
and behind, the notched disc which can be 
seen in the illustration. The mouth of the 
receptacle and the chute can also be seen in 
the figure. Eight recesses, of dimensions slightly 
larger than the finished brick, are formed in the 
periphery of the disc, and in the first operation, 
the material is forced into one of these recesses by 
a horizontal ram. The ram is operated through a 
toggle motion from an eccentric on the main shaft, 
which carries the larger of the two spur wheels 
shown in the illustration. The pressure exerted 
by the ram on the material is between 30 and 40 cwt. 
During this process, the disc is, of course, 
stationary, but on the completion of the ram stroke, 
it is rotated through one-eighth of a revolution by 
the rachet gear shown on the end of the shaft carry- 
ing the disc. The bricks are thus carried in 
succession to the top of the disc, and while the 
ram is compressing one at the back, another is being 
pushed out of the mould at the top on to a table, 
which can be seen behind the vertical column in the 
figure. The ejecting mechanism can also be clearly 
seen, and it will be noticed that it is operated from 
the main shaft through a crank and toothed-quadrant 
motion. 

A train of bricks is formed on the table, and the 
travel of the ejector is arranged so that the brick 
on the extreme right is directly over a recess in the 
table. A second ram, moving in a vertical direction, 
now comes into operation on the brick, forcing it 
into the recess, or press box. The ram is operated 
by the toggle mechanism shown, which again takes 
its motion from the main shaft, and as the toggle 
passes slightly over the centre, the brick is subjected 
to two compressions, which are in the order of 3 tons. 
During the compression by the second ram, the 
brick is reduced, by about ,|, in. below its size on 
leaving the disc. The base of the press box 
is in the form of a rectangular piston, supported on 
stiff springs, and when the ram rises, these springs 
lift the brick about } in. A lifting lever operating 
on the underside of the piston, and driven through a 
rocking arm from a cam on the main shaft, next 
lifts the brick clear of the box. It is finally pushed 
to the right, ready for removal, by the adjacent 
brick on the left. The various operations on succes- 
sive bricks are all synchronised, and the whole 
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Fig. 21. 


and press box are oiled automatically, the mechanism 
for this purpose being shown at the top of the main 
frame in the illustration. It consists of a wheel, 
dipping in an oil trough, and driven from the main 
shaft by a belt. A series of projections on the 
inside of the wheel pick up the oil, and when the 
projections reach the top, the oil falls into suitable 
receivers, from which it is fed to the required points 
through piping. The disc is registered by a 
pawl in both directions, the forward check pawl 
being on a swinging arm, which also carries a roller. 
The latter is in contact with the rachet arm, as shown 
in the figure, and the pawl is lifted clear by this arm 
before the forward stroke commences. The power 
required for the machine is from 6 to 8 brake horse- 
power. 

Sand lime bricks are being extensively used as a 
substitute for clay bricks, and are frequently pre- 
ferred to the latter on account of their smooth 
surface, even shape, light colour, and superior 
crushing strength. We understand that the first 
machine used for the commercial production of this 
class of brick was made by Messrs. Herbert Alex- 
ander and Co., Limited, of 12, Broadway, Victoria- 
street, S.W.1. This firm, who exhibited a working 
model of one of their “ Hercules” presses for the 
manufacture of sand lime bricks, have erected a 
considerable number of these machines in England, 
and have also made large numbers for overseas 
markets. The ‘“ Hercules ’’ press is made in several 
sizes, the largest of which will produce over 1,500 
bricks per hour. The main element in the machine 
is a horizontal circular table, in which twelve moulds 
for the bricks are formed. The base of each mould 
is constituted by a rectangular piston. The table is 
revolved intermittently by means of a suitable 
crank mechanism, having a period of free motion. 
Each time, the table comes to rest, one of the moulds 
registers with an opening in the base of a pan con- 
taining the sand-lime. The latter is swept into the 
mould by a series of continually-revolving arms in 
the pan, the arms being of such a form that they 
force in the material under slight pressure. While 
one mould is filling, the piston of one of the others, 
which has already been filled, registers with the top 
of a vertical ram. The mould is covered by a fixed 





process is entirely automatic. Both the cylinder 











portion of the machine frame at this point, and on! 


“Duo” Stirr Piastic Brick Maxtna Macuine; Messrs. J. Dawson Fawcett 
(DaRLINGTON), LimITED. 


the ram being raised by means of a toggle mechanism, 
the piston is forced up and compresses the material. 
At the same instant, another of the moulds, in which 
the brick has already been compressed, registers 
with an ejector, which pushes the piston upwards 
until the brick is clear of the mould. The ejector 
is operated by means of an internal cam mechanism. 
It will thus be seen that the machine fills, presses, 
and ejects the material in three simultaneous opera- 
tions, and is entirely automatic. A suitable catch 
and brake are provided to register the table in the 
correct position. The machine is operated by belt 
on to a countershaft, fitted with fast-and-loose 
pulleys. From the countershaft the drive is taken 
through spur gearing on to a main shaft, from which 
the positioning gear for the table, the ram, and the 
ejector mechanism are operated. The machine 
requires 10-h.p. for its operation. 

Another brick-making machine, which differs 
from those already described in that the pressure 
is applied hydraulically, was shown on the stand 
of Messrs. Stothert and Pitt, Limited, of Bath. 
This machine, which we illustrate in Figs. 22 to 25, 
on page 559, is specially suited for making breeze 
concrete bricks, but can also be employed with 
other materials. The machine has an output of 
700 standard bricks, 9 in. by 44 in. by 3 in., per 
hour; but it is also suitable for making slabs 
18 in. long by 9 in. wide, of any depth up to 4} in. 
at the rate of 117 slabs per hour. By the use of 
special fitments the slabs can be tongued and 
grooved at the ends if desired. The simplicity of 
the machine will be evident from the illustrations, 
but it may be mentioned that it requires no accu- 
mulator, and that it can be erected in any con- 
venient position irrespective of an external water 
supply being available. 

There are two cast-iron carriages, with wheels 
running on a mild-steel track. Each carriage 
contains moulds for six bricks of standard size. 
as shown in plan in Fig. 22, and while one is being 
filled or discharged the other is pushed under the 
ram head ready for compressing the material. ‘The 
moulds are made with the sides bolted together. 
and the bottom of the box is heavily ribbed and 
made of sufficient strength to take the whole of 
the load while pressing. The division plates are 
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Fie. 25. 


Figs. 22 r0 25. Buoox anp Brick MouLprna MacwinE ; Messrs. SToTHeRT AND Pitt, LimItTep. 
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removable and can be placed in different positions 
to suit various sizes of bricks. On passing under 
the ram, projections on the underside of the carriage, 
visible in Fig. 24, come into contact with two short 
Tails on a cast-iron base, rigidly bolted to the 
table. The carriage is thus lifted slightly, so as to 
relieve the wheel axles from the duty of supporting 
the ram pressure. As will be clear from the illus- 
trations, the main ram, which is of cast iron and 
works in a cast-steel cylinder, is situated at the 
centre of the carriage track. It is 15 in. in diameter, 
and is capable of exerting a total pressure of from 
40 tons to 45 tons, with a 2-in. movement, the 
oil pressure being 600 lb. per square inch. At the 
top of the ram cylinder are fitted a pipe for filling, 
and another for allowing the air to escape. The 
supply of oil to the ram is obtained from a vertical 
cast-iron cylinder, shown in Fig. 24, behind the 
main ram. This cylinder, which is 3} in. in- 
ternal diameter by about 4 ft. long, is fitted with 
a piston attached to the end of a mild-steel 
vertical screw. The piston is moved down by rota- 
ting a nut through which the screw passes. The 
pressure exerted by the piston is about 2 tons, 
the thrust being taken at the top by a ball-thrust 
washer, and afterwards transmitted to a sleeve 
on the horizontal bevel wheel shown in Figs. 22, 24 
and 25. A housing is fitted over the ball bearing, 
which, in addition to protecting the race, takes the 
end thrust from the bevel whee]. The nut with which 
the vertical screw engages is formed in the bevel 
wheel referred to. This wheel engages with another 
on a horizontal shaft, which may be driven in either 
direction through a double internal-cone clutch. 
The latter engages with pulleys driven from the 
power source by open and crossed belts respectively. 
The main ram is returned to its original position, 








on releasing the pressure, by a powerful spring on 
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each side of the head. These springs¥are clearly 
visible in Fig. 24. The machine is started up 
by pulling down the inclined lever shown in front 
of the ram in the same figure, and the reverse is 
obtained automatically when any required pre- 
determined pressure has been reached. Again 
referring to Fig. 24, it will be observed that the 
vertical arm carrying the clutch cod-piece is fitted 
with a second horizontal arm terminating in a 
ball-shaped fork, which embraces a vertical rod 
moving with the piston. This rod carries adjustable 
collars, which come in contact with the ball-shaped 
fork and throw over the clutch at any desired 
int. 

At each end of the table hydraulic ejecting appar- 
atus is provided for removing the bricks from the 
moulds. It consists of mild steel plates which are 
pushed through slots in the bottom of the carriage, 
thus elevating the bricks to the level of the top, 
ready for removal to the block yard. The arrange- 
ment will be clear from Fig. 23. The oil supply 
for the ejector rams is obtained from the cylinder, 
and pressure is applied by simply turning on the 
cocks shown in Fig. 25. The whole of the plant is 
rigidly fixed to a mild steel structure, and where 
head room is a consideration, the machine can be 
supplied with the cylinder located in a pit below 
ground level. The total horse-power required to 
drive the machine is 8}, and the driving pulleys, 
of 15 in. diameter, are designed to run at 300 
r.p.m. 

Among the firms exhibiting woodworking ma- 
chinery of whom no mention has yet been made, 
were the Dominion Machinery Company, Limited, 
Messrs. Thomas White and Sons, Limited, and 
Messrs. Danckert’s Woodworking Machinery, Limi- 
ted. Of these, the Dominion Machinery Company, 
Limited, of Union-street South, Halifax, were 
showing the “ Super-Elliot ” woodworker, a com- 
bined chain and chisel mortiser, a new sanding 
machine, and a 30-in. band saw. We described the 
first of these machines in our issue of April 25, 
1924, page 553, in connection with the British 
Empire Exhibition. At that date, the machine 
was fitted with a 12-in. surfacer, but it can now be 
supplied with a 15-in. by 9-in. surfacer and thick- 
nesser. 

Messrs. Thomas White and Sons, Limited, of 
Paisley, exhibited a complete range of builders’ 
machines, of which the most recent productions 
were an automatic plane-iron grinding machine, 
an overhead belt sander, and an automatic mortising 
machine. Their high-speed planing machine, which 
we described in our issue of April 4, 1924, page 445, 
was also on the stand, but perhaps the most interest- 
ing machine shown was a direct-driven spindle- 
moulding machine. The motor, which can only be 
supplied for alternating current, is of 2} h.p. It 
is of the totally-enclosed squirrel-cage induction 
type, and is mounted vertically below the spindle, 
to which it is directly coupled. The spindle runs 
at 6,000 r.p.m., and is carefully balanced. It is 
made with loose ends to take French spindles, or 
alternatively, as a standard plain spindle to take 
collars and cutterblock. 

The principal exhibit on the stand of Messrs. 
Danckert’s Woodworking Machinery, Limited, of 
77a, Queen Victoria-street, E.C.4, was a new 
ll-in. by 5-in. six-cutter planing and moulding 
machine. It has two top and two bottom spindles, 
and gives a very fine finish at high rates of speed. 
The two finishing blocks are of the detachable 
type, and can be replaced by profile cutters. The 
horizontal blocks are fitted with lateral adjustment, 
and the side spindles with vertical adjustment. 
Other machines shown by the same firm were a 
combined chain and chisel mortiser, a universal 
woodworker which has been shown at previous 
exhibitions, a 16-in. jointing and surfacing machine, 
a spindle moulder, and various types of saws. 

Although we have devoted a considerable amount 
of space to a description of the Exhibition, there 
were a further number of interesting exhibits of 
which it has not been possible to make any mention. 
Several of these have been described in our columns 
in the past, such as a concrete mixer manufactured 
by Messrs. John Fowler and Co. (Leeds), Limited, 
which we dealt with in our issue of November 23, 
1923, page 644. The same firm also exhibited a 





Liversedge reinforcing machine, which ensures 
correct positioning and accurate spacing of the 
steel employed in the construction of reinforced- 
concrete roads. One of the advantages of the 
machine is that it enables plain drawn-steel wire 
or mild-steel rods of any section to be used. Both 
single and double reinforcement can be laid with the 
machine. The apparatus consists essentially of 
two compound girders, which grip the wires at 
both ends. One girder is fastened by holdfasts in 
the ground, while the other is pulled by the special 
machine to give the necessary tension in the wires. 

Amongst the other exhibits with which we have 
dealt previously may be mentioned the lead-burning 
equipment shown by Messrs. Allen-Liversidge, 
Limited, of Victoria Station House, Westminster, 
S.W.1, and the portable spraying plants exhibited 
by the Aerograph Company, Limited, of 43, Holborn 

Yiaduct, E.C.1. The former of these was described 
in our issue of September 18, 1925, page 365, and the 
latter in that of November 6, 1925, page 590. 

The exhibits of building materials, house fittings, 
special methods of construction, and so on, are 
outside our scope, as also are the examples of com- 
plete buildings in various materials. The latter 
included an all-steel house shown by Messrs. Alex- 
ander Stephen and Sons, Limited, the well-known 
firm of shipbuilders. The house was built on the 
principle of a ship’s deck-house, and was entirely 
a shipyard production, the labour employed being 
exclusively shipyard workers, with the exception of 
that for building the brickwork for the chimneys. 

The exhibition closed on Wednesday last, the 
28th inst., and the impression which we gathered 
from the various exhibitors was that it had been an 
unqualified success. 








BOOKS RECEIVED. 


Elementary Electrical Engineering. By O. R. RANDALL. 
London: Sir Isaac Pitman and Sons, Liited. [Price 
58, net.] 

Transactions of the Institution of Engineers. Australia. 
Vol. IV. 1923. Sydney: Offices of the Institution. 

Mines Department. Safety in Mines Research Board. 
Paper No. 20. The Electric Ignition of Firedamp: 
Alternating and Continuous Currents Compared. By 
R. V. WHEELER. London: His Majesty’s Stationery 
Office. [Price ls. net.] 

Elettrotechnica Pratica. By P. Giacomo LANINO. Milan: 
Ulrico Hoepli. [Price 28 lire.] 

Condutture, Apparecchi, Misuratori di Acqua Potabile. 
Manutenzione e Manovre. By Emo GurtRaLpIni. 
Milan: Ulrico Hoepli. [Price 24 lire.] 

Transactions of the Engineering Association of Malaya. 
Vol. IV. 1924. Kuala Lumpur: Offices of the Asso- 
ciation. 

Mathematics for Engineers. Part I. By W. N. Ross, 
B.Sc. Sixth edition, London: Chapman and Hall, 
Limited. [Price 10s. 6d. net.] 

United States Bureau of Standards. Circular No. 296. 
Research Associates at the Bureau of Standards. [Price 
10 cents.] No. 301. United States Government Master 
Specification for Ink, Drawing and Coloured Waterproof. 
[Price 5 cents.] No. 302. Shellac, Flake Orange. 
[Price 5cents.] Scientific Papers. No. 517. A Special 
Camera for Photographing Cylindrical Surfaces. By 
R. Davis. [Price 10 cents.] Technologic Papers. 
No. 307, Durability of Cement Drain Tile and Concrete 
in Alkali Soils, Fourth Progress Report (1923). By 
G. M. Wittrams and I, Furtone, [Price 20 cents.] 
Washington: Government Printing Office. 

Department of Scientific and Industrial Research. Build- 
ing Research. Technical Paper No. 1. The Stress 
Analysis of Bow Girders. By A. J. Surron Prpparp, 
D.Sc., and F, L, Barrow, M.Sc. London. His 
Majesty’s Stationery Office. [Price ls, 3d. net.] 

Photography. A Practical Manual of Photographic 
Surveying Methods. By ArtHuR Lovat Hiaarns, 
M.Sc. Cambridge: University Press. [Price 6s. 


net. ] 

Die Hochleistungs-Dieselmotoren. By M. SEILIGER. 
Berlin: Julius Springer. [Price 17-40 marks.] 
Der Massivbau (Stein, Beton und Eisenbetonbau). By 
RoBerT OTZEN. Berlin: Julius Springer. [Price 

37-50 marks.] 

Department of Overseas Trade. Report on the Finance, 
Trade and Production of Bolivia, October, 1925. By 
A. J. Hitz, London: His Majesty’s Stationery 
Office. [Price 6d. each.] 








ConTRACT.—Messrs. McKenzie and Holland (Australia) 
Proprietary, Limited, of Melbourne and Brisbane, 
representatives and licensees of The Westinghouse Brake 
and Saxby Signal Company, Limited, 82, York-road, 
London, N.1, have received an order from the New South 
Wales Government Railways for a further quantity of 
500 resonated impedance bonds. A total of 1,200 of these 
bonds have been ordered by this railway during the past 
ten months. 





NOTES FROM SOUTH YORKSHIRE, 


SHEFFIELD, Wednesday 


Iron and Steel.—Open-hearth steel production is 
maintained at an improved level, and there is a limited 
volume of activity in crucible steel, but the major part 
of the output is going into immediate consumption, 
forward business being largely neglected owing to the 
uncertainty regarding the coal crisis. This is reacting 
adversely against the buying of raw and semi-finished 
materials for steelmaking. Stocks of such materials are 
being kept as low as possible pending the advent of a 
more hopeful outlook. Similarly, labour unsettlement js 
responsible for considerable anxiety in the engineering 
and allied trades. Highly skilled craftsmen are intensely 
dissatisfied with the rates of wages governing their 
employment, as compared with those ruling in industries 
more or less sheltered from the effect of foreign com. 
petition. Having failed to secure redress nationally, they 
are pressing for local consideration. This also intro- 
duces a disturbing element which to some extent militates 
against the placing of forward business. Heavy engineer- 
ing presents few bright features. Foreign orders, being 
subject to exceptionally keen competition, show little 
or no profit, while the excess of productive capacity over 
current requirements in most of the iron and steel 
branches severely limits the number of works extensions 
that otherwise would call for new plant. Shipbuilding 
requirements are opening out very slowly, while the 
amount of armament work in hand leaves the greater 
part of specialised plant unemployed. A_ progressive 
branch is railway-carriage construction. Work embodying 
the most expert craftsmanship has produced repeat 
orders for the Far East. Toolmakers are doing good 
business with electrical engineers and mine and quarry 
owners, Foreign gold mining enterprises are calling for 
washing and dredging machinery and boring tools. 


South Yorkshire Coal Trade.—The rumoured advent 
of substantially increased house-coal prices has not 
materialised. Collieries are busier, and there is more 
activity prevailing at depots. Among householders, 
country and Metropolitan, there is no sign of panic buying, 
though orders are being placed with greater freedom. 
Inland deliveries of steam hards are being expedited for 
emergency purposes, and export sales are effected at 
slightly higher figures, as in the case of furnace and 
foundry coke. The demand for washed industrial fuel 
is now fully equal to the output. Collieries are asking 
higher rates, though officially prices are unchanged. 
Cobbles and nuts are also firmer. Quotations: Best 
branch handpicked, 31s. to 34s. ; Barnsley best Silkstone, 
28s. to 30s.; Derbyshire best brights, 26s. to 28s.; 
Derbyshire best house, 24s. to 25s.; Derbyshire best 
large nuts, 17s. to 20s.; Derbyshire best small nuts, 
12s. 6d. to 14s.; Yorkshire hards, 17s. to 19s. 6d. ; 
Derbyshire hards, 16s. to 19s.; rough slacks, 10s. to 
12s. 6d. ; nutty slacks, 7s. 6d. to 9s. ; smalls, 3s. 6d. to 6s. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Uncertainty as to whether the pits 
would be working next week has brought business on 
the coal market to an almost complete standstill. Most 
of the collieries are booked up with orders sufficient to 
absorb their outputs for this month. At the same time 
the demand has become extremely limited, as the majority 
of exporters had covered their immediate requirements. 
Practically the only business passing has been for small 
parcels to complete the loading of ships expected to sail 
by the end of the month, and for these oddments prices 
were more or less nominal on the basis of 26s. 6d. for 
best Admiralty large and 17s. 6d. for best steam smalls. 
A few tentative inquiries circulated for May, and colliery 
salesmen were ready to sell on the basis of 23s. 6d. for 
best large and 13s. 6d. for best smalls, but buyers’ ideas 
in regard to the latter were round lls. In connection 
with the inquiry of the Egyptian State Railways for 
150,000 metric tons of large coal, delivery at Alexandria 
over June, July, and August, the lowest tender of 31s. 5d. 
per ton c.i.f. was submitted by Messrs. Watts, Watts 
and Co., Limited, Cardiff, who hold the running contract 
for 200,000 tons at 28s. 9d. The offer, which has to 
remain open for ten days, has not yet been definitely 
accepted, though news is expected at any time of the com- 
pletion of the contract. Exports of coal as cargo from 
South Wales in the past week amounted to 519,740 tons, 
compared with 539,990 tons in the previous week and 
513,220 tons in the corresponding period of last year. 
Swansea was the only port to record an increase, the 
volume of business expanding from 60,020 tons to 
77,070 tons. At Cardiff, exports were lowered from 
323,470 tons to 302,170 tons; at Newport from 102,750 
tons to 89,080 tons; at Port Talbot from 48,600 tons to 
46,460 tons; and at Llanelly from 5,150 tons to 4,960 tons. 
Shipments to Argentine were raised from 71,600 tons to 
78,980 tons ; to Canada from 28,500 tons to 30,950 tons} 
to Egypt from 45,350 tons to 56,250 tons; to Greece 
from 5,100 tons to 20,840 tons ; and to Las Palmas from 
20,680 tons to 36,480 tons. On the other hand, those to 
Algeria were reduced from 22,820 tons to 11,600 tons; 
to Brazil from 29,350 tons to 22,900 tons ; to France Meo 
103,780 tons to 91,200 tons; and to Italy from 75,/4 
tons to 57,770 tons. 


Tron and Steel.—Exports of iron and steel goods were 
further increased in the past week to 20,940 tons, ea 
pared with 17,979 tons in the previous six days. T ore 
of tinplates and terneplates were raised from 9,504 oa 
to 9,764 tons, black plates and sheets from 670 aren 
4,667 tons, and other iron and steel goods from *,0- 
tons to 4,236 tons, but those of galvanised sheets were 
lowered from 5,482 tons to 2,274 tons. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Continued scarcity of 
Cleveland pig iron keeps up values. Transactions are on 
avery limited scale, but this is due to there being so little 
iron available for sale, by far the greater part of the make 
being consumed at producers’ steelworks. Customers, 
at the same time, are markedly disinclined to commit 
themselves at all extensively. Inquiries from abroad 
have shrunk to almost vanishing point. Thus sales are 
almost entirely confined to transactions to meet pressing 
home needs. No. 1 is in particularly short supply and 
is quoted 73s. 6d. to 748; No. 3, g.m.b., is 70s; No. 4, 
foundry, 69s,; and No. 4, forge, 68s. 6d. 'These figures 
are for home purposes, export prices being sixpence 
above the foregoing quotations. 


Hematite.— There is a plentiful supply of East-Coast 
hematite, but producers are somewhat less keen to 
book orders owing to the threatened suspension of fuel 
supply—an event that would result in the immediate 
closing down of furnaces—and consequently prices are 
not quite so weak as they have been. Stocks are now 
large, and are still steadily increasing. Both for home 
consumption and for shipment overseas, Nos. 1, 2 and 
3are 76s.; No. 1 is onsale at 76s. 6d. 


Foreign Ore.—Imported ore is practically unsaleable, 
users having supplies sufficient to cover their needs over 
the next month or two, with the result that they are off 
the market. Nominally, best rubio still stands at 
21s. 3d. c.i.f. Tees. 

Blast-Furnace Coke-—Durham blast-furnace coke is 
little sought after for local use, and with supply a good 
deal more than ample, values are barely upheld. Good 
medium qualities are put at 18s. to 18s. 6d. delivered here. 


Manufactured Iron and Steel_—The various branches of 
finished iron and steel present no new features of moment. 
In several departments production is heavy, and manu- 
facturers have fairly good contracts made, but in other 
branches conditions are far from satisfactory. Values, 
all round, however, are firm. Common iron bars are 
lll. 5s.; iron rivets, 121, 15s.; packing (parallel), 8J. ; 
packing (tapered), 117.; steel billets (soft), 72; steel 
billets (medium), 77. 10s. ; steel billets (hard), 81. 2s. 6d. ; 
steel ship, bridge, and tank plates, 7/. 12s. 6d.; steel 
angles, 71, 2s. 6d.; steel rivets, 12/. 10s.; steel joists, 
71, 2s, 6d.; heavy steel rails, 81. to 81. 5s. ; fish plates, 121. ; 
black sheets (No. 24 gauge), 101. 10s. to 11/.; and galvan- 
ised corrugated sheets (No. 24 gauge), 15/. 5s. to 151. 15s. 





THe Lare Mr. C. T. BATtcHELOR.—We regret to note 
the death of Mr. Cyril Talworth Batchelor, which took 
place suddenly on April 25 last, at The Terets, Lapworth, 
Warwickshire. The third son of the late Mr. J 
Batchelor, of Cardiff, Mr. C. T. Batchelor was born at 
Penarth, near Cardiff, in January, 1857. He received 
his early engineering training at Macclesfield under the 
late Mr. J. Hemingway. From 1874 onwards, he was 
chiefly occupied on the construction of railways. As 
assistant engineer to Messrs. Logan and Hemingway, he 
was employed on the building of the London and North 
Western Railway Company’s loop line at Guide Bridge, 
and the Tilton and Harboro’ branch of the Great 
Northern and the London and North Western Railway 
Companies’ joint lines. Subsequently, he was engaged 
on the construction of the West Dock and other works at 
Grimsby. Mr. Batchelor afterwards went to Brazil as 
district engineer of the Conde d’Eu Railway, and was 
employed for some years on the construction of a railroad, 
some 120 km, in length, in Parnahyba do Norte. An 
important work carried out by him was the recon- 
struction of a bridge, comprising five spans, each 22 m. 
in length, over the Rio Parnahyba. r. Batchelor was 
elected an associate member of the Institution of Civil 
Engineers on February 2, 1886. 





TenDERS.—The City Electric Light Company, Limited, 
Brisbane, Queensland, Australia, is calling for tenders, 
to be presented by August 27, 1926, for the supply, 
delivery, erection, and testing of one 12,500-kw. turbo- 
alternator.—The Antwerp Municipal Authorities are 
imviting tenders, to be presented by May 20, 1926, for 
the construction of two metal hangars at Quays Nos. 90 
and 91, of the Third Wet Dock.—The Egyptian Ministry 
of the Interior is calling for tenders, to be presented not 
later than June 1, 1926, for the carrying out of water- 
supply works at the town of Sennoures in the Fayoum.— 
The New Zealand Government Railway Department is 
inviting tenders for electric motors for the Hillside work- 
shops. The closing date is June 16, 1926.—The Public 
Works Department, Wellington, New Zealand, is calling 
for tenders, to be presented by July 20, 1926, for a phase 
transformer for the Mangahao electric power scheme, 
Section 184.—The Indian Stores Department is inviting 
tenders for the supply and delivery of oil-engine-driven 
generator plant for Nagpur Power Station. Tenders 
will be received in India until June 7, 1926.—The 
50g of municipal works at Batavia, Dutch East 
rong is calling for tenders, to be presented by June 21, 

926, for the supply of certain materials required in 
connection with the water-supply undertakings of the 
a eeity: These include cast-iron socket pipes, 
Sluice valves, yee. sore cocks, drawn-iron piping, 
pe lead, &c. Local representation is essential.—La 
“irection de l’Outillage of the Port of Antwerp, Belgium, 
re inviting tenders, to be presented by May 27, 1926, for 
pe Supply and erection of three electrically-operated 
cranes, each of 1,000 kg. capacity. Further particulars 
earding any of the above tenders may be obtained 
tom the Department of Overseas Trade, 35, Old Queen- 
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NOTES FROM THE NORTH. 


Guasaow, Wednesday. 


Scottish Steel Trade.—An unsettled feeling prevails in 
the steel trade of Scotland because of the coal situation, 
and the outcome of the present negotiations is anxiously 
awaited. A stoppage in the mining industry would have 
far-reaching results, but quite a few business men in 
this district are of opinion that a satisfactory arrange- 
ment will be evolved and the country saved from a 
stoppage. Meantime, the demand for steel material 
is poor, although some consumers are more inclined 
to place forward business even at the new prices. They 
consider that almost any settlement of the coal question 
will mean an increase in the costs of production, which 
also means that the tendency of steel will be upwards. 
The inquiry at the moment is slightly better, but actual 
bookings are not heavy. In the black-sheet trade, there 
has been a falling off in the amount of new tonnage, and 
some works are not nearly so busy as they were a few 
months ago. The demand for galvanised sorts for 
overseas is easier, chiefly because of unsettled conditions 
in some of the consuming countries. The following are 
the current prices :—Boiler plates, 11/. per ton; ship- 
plates, 77. 12s. 6d per ton; sections, 7/, 2s. 6d. per ton ; 
and sheets, under ¥ to } in., 8. 15s. to 91. 5s. per ton, 
all delivered at Glasgow stations. 


Malleable-Iron Trade.—The hand-to-mouth order of 
things which has existed in the malleable-iron trade of 
the West of Scotland during the past few months still 
prevails, and the outlook is not encouraging. Specifi- 
cations cannot be secured in sufficient number to ensure 
a full week’s running, as the demand is only of a day-to-day 
character. Work in the steel re-rolling departments is 
also exceedingly scarce and-competition is very keen. 
The current price of Crown bars is still called 111. 5s. 
per ton, delivered at Glasgow stations. 


Scottish Pig-Iron Trade.——In the Scottish pig-iron 
trade there has been no expansion of business during the 
past week, and it might almost be said that the demand 
is smaller. Inquiries from overseas are of small volume 
while there is little doing in the home market. The 
unsettled state of the mining industry is having an effect 
upon the pig-iron trade. Prices are weak and are quoted 
as follows :—Hematite, 76s. per ton, delivered at the 
steel works ; foundry iron, No. 1, 79s. to 81s. 6d. per ton ; 
and No. 3, 76s. to 78s. 6d. per ton, both on trucks at 
makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, April 24, only amounted to 668 tons. Of 
this total, 653 tons went overseas and 15 tons coastwise. 
For the corresponding week of last year, the figures were 
1,338 tons to foreign destinations, and 142} tons coastwise, 
making a total shipment of 1,480} tons. 


Shipbuilding.—An order has been secured by the Cale- 
donian Shipbuilding and Engineering Co., Limited, 
Dundee, to build and engine a steamer of 3,000 tons for 
the Yeoward Line, Limited, Liverpool. This vessel 
is for the passenger and fruit-carrying trade between 
Liverpool and the Canary Islands. The same builders 
have also received an order from the Limerick Steamship 
Co., Limited, Limerick, to build and engine a steamer. 
of 580 tons for the cattle trade between Liverpool and the 
Irish ports. Each of these vessels is to be fitted with 
reciprocating engines. The:works of Munro’s Shipbuild- 
ing, Repairing and Engineering Company, situated on 
the Island of Kerrera, at Oban, have been acquired by 
a Glasgow Company, of which Mr. D. R. Murray, Mavis- 
bank, is chairman of directors, The new company will 
make considerable alterations and extensions to the 
existing works, bringing them up to modern requirements. 
Two large slipways will be constructed for the docking 
and repairing of yachts, steamers and fishing craft up to 
500 tons measurement. It is also the intention of the 
new firm to build vessels of these types. During the 
past year two small motor yachts were built at the 
yard and a third one of the same type is now under 
construction. 


Locomotive Industry.—The quietness in the locomotive 
industry in this area was slightly relieved by the placing 
of some new contracts recently, but much unemployment 
still exists. The report that the North British Loco- 
motive Company, Limited, Springburn, Glasgow, has 
secured an order for 40 side-tank locomotives for the 
Egyptian State Railway, comes as welcome news. 
Many of the workers have been suspended for an indefinite 
period, and the works has only been running five days a 
week on a reduced staff, so that a number of those now 
idle will secure employment shortly. 





Tue Late Mr. Jonun Ruvussett.—The death is 
announced of Mr. John Russell, who, since 1877, has been 
in practice as a consulting engineer specialising in rail- 
way construction, with offices at 15, Victoria-street, West- 
minster. Mr. Russell, who was in his 75th year, died on 
Friday, April 23. He studied engineering at the Uni- 
versity of Glasgow and served a pupilage at the Worcester 
Engine Works prior to joining the staff in the office 
of his uncle, Mr. Edward Wilson, M.Inst.C.E, Later 
he was employed on the staff of the Taff-Bargoed Railway. 
He then returned to the service of Mr. Wilson, and was 
again given charge of the design and construction of 
many of the smaller railways, such as the Bewdley 
and Kidderminster and the Felixstowe lines. He 
designed the ironwork of Liverpool Street Railway 
Station, London. On his uncle’s death in 1877, he started 
practice on his own account. Amongst his many works 
may be mentioned the Belfast Central Railway and the 
Severn Bridge and Forest of Dean Railwa . Russell 





Street, London, 8.W.1. 


was a member of the Institution of Civil Saginseen. 


NOTICES OF MEETINGS. 





Tue INsTITUTION OF MECHANICAL ENGINEERS.—To- 
night, at 7 p.m., at Storey’s-gate, S.W.1. Informal 
Meeting. ‘‘ Marine Oil-Engines in Practice,” intro- 
duced by Mr. C. W. J. Tafis. Friday, May 7, at 6 p.m., 
Extra General Meeting. Fourth Report of the Marine 
Oil-Engine Trials Committee. 

Tue JuNIoR INSTITUTION OF ENGINEERS.—To-night, 
at 7.30 p.m., at the Royal United Service Institution, 
Whitehall, :S.W.1. Gustave Canet Memorial Lecture : 
‘* Air Transport,’’ by Air Vice-Marshal Sir W. Sefton 
Brancker, K.C.B. Dildo; May 7, at 7.30 p.m., at 
39, Victoria-street, S.W.1. Lecturette: ‘‘ Distortion in 
Wireless Reception,” by Mr. A. V. Ballhatchet. 

Tue Royat Instirution.—To-night, at 9 p.m., at 
Albemarle-street, W.1. ‘‘ Wireless in the Empire,’’ by 
Dr. W. H. Eccles. Saturday, May 1, at 5p.m. Annual 
Meeting. Thursday, May 6, at 5.15 p.m. Lecture: 
“The Imperfect Crystallisation of Common Things” 
(Lecture II), by Sir William Bragg. 

THE InstITUTE oF BRITISH FOUNDRYMEN: LANCA- 
SHIRE Brancu.—Saturday, May 1, at 4 p.m., at the 
College of Technology, Sackville-street, Manchester. 
‘* Refractories in the Foundry,” by Mr. H. V. Grundy 
and Mr. A. Phillips. 

THE Society or ENGINEERS.—Monday, May 3, at 
5 p.m., at the Science Museum, Exhibition-road, South 
Kensington, S.W.7. ‘‘ Landmarks in the History of 
Prime Movers,”’ by Mr. H. W. Dickinson, M.I.Mech.E. 

THe InstiruTIon oF ELectTRicaL ENGINEERS: 
WEsTERN CENTRE.—Monday, May 3, at 6 p.m., at the 
Chamber of Commerce, Cambrian-place, Swansea. 
“The All-Electric House,’’ by Professor 8. Parker Smith. 

Tue Royat Society or Arts.—Tuesday, May 4, at 
4.30 p.m., Dominion and Colonies Section. ‘‘ Nyasaland,” 
by Mr. C. Ponsonby. Wednesday, May 5, at 8 p.m., 
Ordinary Meeting. ‘‘ Radio: Its Past, Present and 
Future,” by Mr. C. F. Elwell, B.A. Friday, May 7, at 
4.30 P sa Indian Section. ‘‘The New Delhi,” by 
Mr. H. Baker, A.R.A. 

Tue InstiruTeE oF Marine ENGINEERS.—Tuesday, 
May 4, at 6.30 p.m., at 85-88, The Minories, Tower-hill, 
E.1. ‘‘ Steam Pipes for Super-High Pressure,”’ by Mr. J. 
A. Aiton. 

THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLtanD.—Tuesday, May 4, at 7.30 p.m., at 39, Elm- 
bank-crescent, Glasgow. ‘“‘'The Design of High-Speed 
Motor Boats,”’ by Mr. W. G. A. Perring. 

Tue InstituTION oF ELEcTRICAL ENGINEERS.—Wed~ 
nesday, May 5, at 6 p.m., at Savoy-place, Victoria- 
embankment, W.C.2. Wireless Section Meeting. ‘‘ On 
the Cause and Elimination of Night Errors in Radio 
Direction Finding,’’ by Dr. R. L. Smith-Rose, M.Sc., 
and Mr. R. H. Barfield, M.Sc. 

Tue INstTITUTION oF SANITARY ENGINEERS.—Wed- 
nesday, May 5, at 7 p.m., at Caxton Hall, Westminster, 
8.W.1. ‘‘Municipal Hygiene. Roads and Road Making, 
Collection and Disposal of Refuse,” by Mr. H. Morley 
Lawson. 

THe Iron anv Steet InstrrutTe.—Annual Meeting, 
Thursday, May 6, and Friday, May 7, at the Institution 
of Civil Engineers, Great George-street, S.W.1. Thurs- 
day, May 6,at 10a.m. Presentation of Bessemer Gold 
Medal to Sir Hugh Bell, Bt., C.B. Presidential Address 
by Sir W. Peter Rylands. Report on the ‘ Hetero- 
geneity of Steel Ingots,” by a Sub-Committee of 
Committee No. 5 of the Institute. ‘‘A Note on the 
Distribution of Silicates in Steel Ingots,’’ by Mr. J. H. 8. 
Dickenson. ‘‘Ghost Lines and Banded Structure of 
Rolled and Forged Mild Steels,”’ by Mr. J. H. Whiteley. 
At 2.30 p.m. ‘‘ Magnetic Changes in Iron and Steel 
below 400 deg. C.,”’ by Mr. W. H. Dearden and Professor 
C. Benedicks. At 7.30 p.m., Annual Dinner at the 
Connaught Rooms, Great Queen-street, W.C.2. Friday, 
May 7,at10a.m. ‘‘ Coal Blending,” by Mr. D. Brownlie. 
‘*Notes on the ‘Combustibility ’ of Coke and Direct 
Reduction in the Blast Furnace,’”’ by Mr. W. W. Hollings. 
‘* Effect of Mass in the Heat Treatment of Nickel Steel,” 
by Dr. W. Rosenhain, Mr. R. G. Batson and Mr. N, P. 
Tucker. ‘‘ Influence of Segregation on the Corrosion of 
Boiler Tubes,’”’ by Mr. G. R. Woodvine and Mr. A. L. 
Roberts. At 2.30 p.m., ‘‘ The Hardness of Carbon Steels 
at High Temperatures,” by Mr. I. G. Slater and Mr. T. H. 
Turner. ‘‘ The Hardening and Tempering of High-Speed 
Steel,’’ by Mr. A. R. Page. ‘“‘ The Effects of Arsenic on 
Steel,” by Mr. A. E. Cameron and Dr. G. B. Waterhouse. 
‘* Specific Resistance and Thermo-electromotive Potential 
of Some Steels differing in Carbon Content,’’ by Professor 
E. D. Campbell, and Mr. H. W. Moir. ‘The Ratio of 
the Tensile Strength of Steel to the Brinell Hardness 
Number,” by Dr. R. H. Greaves and Mr. J, A. Jones. 
‘*Deformation Lines in Large and Small Crystals of 
Ferrite,’ by Mr. H. O’Neill. ‘“‘The Relation between 
Space-Lattice Constant and Density of Iron-Nickel 
Alloys,” by Mr. A. Osawa. ‘‘ The Estimation of Phos- 
phorus in Steels containing Tungsten,” by Mr. T. E. 
Rooney and Dr. L. M. Clark. 

Tue InstTITUTION oF MUNICIPAL AND County EN- 
GINEERS.—Friday, May 7, at 11 a.m., at the Town 
Hall, Wakefield, ‘‘ Municipal Work in Wakefield,” by 
Mr. L. Ives. ‘‘ County Councils’ Proposals for Land 
Drainage in Colliery Districts,”” by Mr. G. C. Crowther. 
Various Visits. 

Tue Socrety or CHEMICAL INDUSTRY: CHEMICAL 
ENGINEERING Grovup.—Friday, May 7, at 6.30 p.m., at 
the Florence Restaurant, 56, MRupert-street, W.1. 
Annual General Meeting. 

THe Royat Sanirary InstitTuTE.—Friday, May 7, at 
7.30 p.m., at the Town Hall, Dover. Sessional Meeting. 





“Port Sanitary Administration,” by Mr. A. B. McMaster. 
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THE INDIAN BRIDGE RULES. 


In 1923 a set of rules for proportioning bridges for 
the 5-ft. 6-in. gauge lines was issued by the Indian 
Government. These rules were the outcome of a 
prolonged investigation by a committee of engineers 
appointed in 1917. This committee issued a 
series of five reports, the most striking feature of 
which was their superlatively academic character. 
There was not, we believe, a single reference in the 
whole series to the observed behaviour of bridges in 
service, and the reports might well convey the 
impression that bridges were built to provide 
exercises in stress analysis, rather than for purposes 
of traffic. Great insistence was laid on the impor- 
tance of secondary stresses and on the necessity 
of calculating these, but, though there are hundreds 
of bridges in India subject to such stresses, not a 
single case was mentioned in which experience had 
demonstrated that these secondary stresses were 
dangerous. 

With such antecedents, it is hardly surprising 
that the rules in question have given rise to con- 
siderable criticism. They were issued, as stated, 
in 1923, yet the very next year a sub-committee 
was appointed by the Railway Board, to advise on 
their amendment. This sub-committee has drawn 
up two interim reports, which, together with a 
reasoned criticism of the rules by the consulting 
engineers to the board, Messrs. Rendel, Palmer and 
Tritton, have now been published.* The sub- 
committee suggest some very important amend- 
ments, which for facility of comparison are printed 
in parallel columns with the existing rules. 

These rules, as already indicated, attached great 
importance to secondary stresses, which, it was 
insisted, should in future be as completely calcu- 
lated as the primary stresses. On this head, 
Messrs. Rendel, Palmer and Tritton observe that 
it is very easy to make a demand of this kind, but 
they suggest that it would hardly be proposed by 
anyone who really had worked out the secondary 
stresses in, say, a 150-ft. through span. The theory, 





* First and Second interim Reports of the Bridge Sub- 
Committee, 1925, on “ Impact’’, and “‘ Revision of the 
Bridge Rules,” ’ Office of the High Commissioner for 
India, 42, Grosvenor-gardens, 8.W.1. Price 5s. 


»| involved is excessive. 





no doubt, is simple, but the arithmetical labour 


In our view, it would be 
justified only by direct evidence that the existence 
of considerable secondary stresses had been proved 
by experience to endanger a structure, and to 
increase the cost of its maintenance. As matters 
stand the evidence is notoriously the reverse of this. 
Plate girders are statically indeterminate to a very 
high degree, and by one noted American engineer 
have been condemned as unscientific in consequence, 
yet no type of steel bridge gives less trouble in ser- 
vice. Similar considerations seem to be responsible 


560 | for the tendency displayed in America of late years 


to use riveted connections instead of pins. Pin joints 
simplify erection, but the experience of the main- 


1 | tenance engineer leads him to prefer the alternative 


type of construction. It is true that some American 
engineers are salving their consciences and quieting 
their qualms, as to the danger of secondary stresses, 
by arranging matters during erection so that under 
no load, secondary stresses exist equal and opposite 
to those which would normally be developed under 
full load, so that when the bridge is most heavily 
taxed the secondary stresses disappear. A similar 
procedure is recommended by Messrs. Rendel, 
Palmer and Tritton, who suggest that if this course 
be taken, the maximum stress of 8 tons per square 
inch, which is the limit fixed by the 1923 rules, 
might be raised to9 tons. The proposal is plausible, 


5| but whether it be really true that the strength of 


a bridge would be materially increased by the pro- 
cedure suggested, could only be proved by actual 
tests to destruction, or by prolonged experience 
with heavily loaded bridges. Our structural 
materials being what they are, local strains beyond 
the elastic limit would seem to be of small impor- 
tance, and negligible save possibly in the case of 
compression members. Even with these, the 
secondary stress would be important only if the 
resultant eccentricity of the load exceeded that 
which has normally to be provided for, owing to 
the impossibility of securing perfect homogeneity 
and symmetry. As Mr. James Christie showed 
many years ago, even in the case of a strut cut 
from a solid bar, the elastic axis hardly ever 
coincided with its geometric axis of symmetry 

It seems far from assured, therefore, that the 
determination or elimination of secondary stresses 
would justify the adoption of a smaller factor of 
safety. 

The sub-committee in their reports hold that 
“deformation stresses’? need not generally be 
calculated since such stresses being essentially 
redundant are automatically relieved, if excessive, 
by the plastic flow of the material. The 1923 rules 
however demand that all “‘ secondary stresses ”’ 
shall be calculated, and these are defined as equi- 
valent to deformation stresses. The sub-committee 
suggest that the difference between themselves and 
the proposers of these rules, may be most simply 
adjusted by re-defining the term “‘ secondary stress ”’ 
as stresses which arise when members subject to an 
axial stress are also ioaded transversely, as when 
cross girders are laid directly on one of the booms of a 
truss, or as the stresses which arise when an axial 
load is applied eccentrically to a bridge member. 
As a “‘ face saving ” device, the procedure suggested 
has undoubted merits, but it suffers from the 
defect that it conflicts with the hitherto generally 
accepted meaning of the term. 

Whilst as above stated the sub-committee hold 
that deformation stresses are generally unimportant, 
they are, nevetheless, opposed to the erection of 
structures with redundant bracing. It would be 
interesting to know the grounds of this objection. 
The service record of well-designed structures of this 
type is excellent, and the system was adopted for the 
Forth Bridge. A somewhat striking example of the 
endurance characteristic of the type, was provided 
during the war when the military engineers failed 
to wreck one of the vreat bridges over the Danube. 
This had a double system of bracing and survived 
treatment which would have ensured the collapse of a 
statically determinate structure. As matters stood 
the pursuing army had little difficulty in restoring 
the bridge to service. 

Some very illuminative remarks on the subject of 
impact are made by the sub-committee. The 
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impact factor has in the past been regarded in 
two entirely different ways. By some it has been 
employed as a simple method of providing for the 
fact, established by Wohler’s experiments, that a 
varying stress was more dangerous than a steady 
one, whilst others have regarded it as providing 
for the stresses due to the imperfect balance of 
locomotives. The sub-committee find that the 
observed impact factor, as recorded in India, agrees 
with the view that the difference in the deflection 
under moving and stationary load conditions is 
almost entirely accounted for by the latter factor. 
For the maximum effect the periodicity of the engine 
revolutions must synchronise with the natural 
periodicity of the bridge, but as Mr. L. E. Hopkins, 
the Railway Board’s Director of Civil Engineering, 
very justly points out, it is most irrational to 
determine impact factors with the type of loading 
making this a maximum, and then to augment by it 
the static load producing the greatest stress. In 
one case he mentions, the highest impact factor was 
observed when a goods engine was run light over a 
bridge. In that case, although the impact factor 
was large the total stress was small. Hence, if 
impact factors are to be used, their value should be 
determined under conditions in which the bridge is 
most heavily loaded. 

Some valuable observations on this head are also 
to be found in the note contributed by Messrs. 
Rendel, Palmer and Tritton, who point out that in 
all cases the observed deflection is less than the 
calculated one, the ratio of the two, in ten bridges 
tested in India, ranging from 0-75 to 0-87. In all 
these cases, therefore, a large impact factor was 
already provided for. Probably the defect of 
deflection is largely due to the strengthening effect 
of the floor, the importance of which in this con- 
nection was, we believe, first pointed out by the 
late M. Rabut. 

The impact factor recommended in the sub-com- 
mittee reports is 

ps ee 
L + 45 
where ¢ represents the percentage by which the 
live load is to be increased in order to allow for 
impact, and L is the length of the bridge in feet. 
This formula is said to give results in close agree- 
ment with that deduced from the lack of balance 
of the locomotive. The sub-committee suggest, 
however, that it may prove advisable to adopt four 
cylinder engines which can be perfectly balanced, 
in which case the impact might be reduced. Experi- 
ments in America are stated to show that, with 
electric locomotives, the impact effect is only one- 
third as much as with steam engines. This 
observation, whilst confirming the importance of 
balancing locomotives effectively, indicates pretty 
clearly that this lack of balance is not solely 
responsible for the greater deflection recorded with 
live loads, 

It is not only the Indian rules which are adversely 
criticised by Messrs. Rendel, Palmer and Tritton, 
but also those of the British Engineering Standards 
Association. These provide for a series of typical 
loadings, in which the load hauled is increased in 
proportion to the weight of the engine. As the 
consulting engineers point out, however, heavy loco- 
motives are employed to haul longer trains, rather 
than trains weighing more per foot run, and there is 
thus, no necessary connection between this and 
locomotive weights. If the B.E.S.A. rules be 
applied to India, they state that it would call in 
some cases for a wagon load of 40 tons per axle, 
which is manifestly absurd. 

The consulting engineers include in their note a 
statement of the procedurs now followed by British 
firms when dealing with an order for ten or more 
similar spans. The whole of the work is then done to 
jig, perfect interchangeability is secured and shop 
erection is largely eliminated. The cost is 15 per 
cent. less than if the ordinary procedure were fol- 
lowed and a better job is obtained. They point 
out that the adoption of standard spans for ordinary 
work would thus have great advantages. 

In another section of their note they deal with the 
question of the economical ratio of depth to span. 
With conditions as they are, it appears that in India 





is ,|, the span, whilst for ordinary trusses the 
corresponding figure is 4. Higher ratios would 
reduce the weight of steel, but increase the incidental 
expenses. Some interesting figures on bearing 
stresses are included in the reports of the sub- 
committee. Observations made on the old wrought- 
iron bridges of the Madras and Southern Maharatta 
Railway, indicate the existence of bearing stresses as 
high as 18°8 tons per sq. in., and there have been 
no loose rivets. 





LOW AND MEDIUM TEMPERATURE 
CARBONISATION. 


WHEN primeval forests and brushwood were 
fossilised into coal a vast variety of combustible 
substances were immobilised for future use. They 
were combined in trees and plants of many species 
and various ages, and the constituents differed from 
each other not so much in the elements they included 
as in the substances these elements formed. Some 
picture of the extent of these differences may be 
drawn by observing how imperfect a measure of 
the properties of different coals can be obtained 
from their ultimate or even their proximate analyses ; 
yet, generically, this immense heterogeneous collec- 
tion is known as coal, and until recently has been 
subject to few subdivisions in the methods of its 
use. For fifty years or more, coal has been known 
to contain the raw material of products much more 
valuable than itself, and a relatively small number 
of different classes of coals have been distinguished 
as suitable for particular purposes. Nevertheless, 
the large bulk of the coal raised has been used 
merely to generate heat and has been burnt in prac- 
tically the condition in which it came out of the 
earth. 

In what is perhaps the best known of his essays, 
Lamb describes how, after an accidental fire in a 
house and the martyrdom of the resident pig had 
caused certain ancient Chinamen to recognise 
the virtues of roast pork, greed and an undeveloped 
imagination led to a general practice of burning 
down houses in order to roast pigs. It may be said 
that, if the value of a house in those remote days 
may be compared with the potential value contained 
in a ton of coal at the present time, this original 
Chinese way of roasting pig was about as efficient 
as the modern practice of burning raw coal. The 
observation sounds true, and would not be easy to 
disprove, which is more than can be said for all the 
catchwords nowadays used in this connection. 
Let it be assumed, for the moment, to be true, 
a course for which there is no lack of modern 
instances. We are convicted thereby of burning 
our coal with an uncivilised extravagance, which 
grows more intolerable every year as coal grows 
more remote. The statement of the offence 
suggests at once the obvious remedy, and that is 
about as far as the public mind has got. Instead 
of burning coal raw, first extract from it its precious 
contents—its tar, its oil, its ammonia—and on the 
solid residue of the process, let our atmosphere 
live smoke-free ever after. 

Those who propound this simple solution of a great 
technical and economic problem, and even suggest 
it as an element in the permanent settlement of 
our coal difficulties that is to be made deliberately 
by the end of this month, would do well to think 
once again of the many complex and different 
bodies that go under the name of coal, and prepare 
their minds to believe that the solution is not so 
easy as it may seem at first sight. If the informa- 
tion with which their study of the subject has already 
provided them is not sufficient to make this clear, 
they may get some assistance by perusing a paper 
read last week by Mr. David Brownlie, before the 
South Wales Institute of Engineers, in which he 
deals in detail with one section only of the processes 
of low and medium temperature carbonisation, 
those, namely, that produce a hard, free-burning, 
smokeless fuel by means involving the mechanical 
compression or briquetting of the charge before 
or during carbonisation. There are, as he says, 
many other groups of methods of low temperature 
carbonisation which are—perhaps, maybe, is as much 
as can be safely said—equally extensive and impor- 





the most economical depth for ordinary plate girders 


tant, but the number is so large that to discuss all 





of them in one paper would be hopeless, and he 
prefers “‘to deal fully with one general principle 
at a time.” This treatment in water-tight com- 
partments would be unsatisfactory if it were allowed 
to disguise the fact that all the processes are dealing 
with more or less similar materials, not least similar 
in being very heterogeneous, and each process may 
throw some light on what goes on in carrying out 
another. At the present stage of knowledge, it is 
of the utmost importance to bear this possible 
interrelation of processes in mind, and Mr. Brownlie 
doubtless does not overlook it. Subject to this 
reservation, he has acted wisely in treating one 
group of processes with some fullness instead of 
attempting to describe all perfunctorily. The group 
he has chosen is certainly among the most interesting, 
and some particulars are given of early stages in its 
development that are not generally remembered. 
The aspect of the problem of low or medium 
temperature carbonisation which is at present most 
striking is the large number of different ways in 
which it is being attacked. Mr. Brownlie divides 
his group of processes roughly into three main 
classes. In the first class, coals that soften on 
heating are compressed mechanically during carbon- 
isation after they have reached the viscous condition. 
In addition to the several processes already known, 
including those of Crampton, H.M. Fuel Research 
Board’s first process, Naef, Parr and Olin, Smith 
(Carbocoal), Lang and Nielsen, Summers, and 
others, Mr. Brownlie describes the three recent 
German processes of Dobbelstein, Raffiloer, and 
Meguin, which are not so well known in this country. 
Each of these provides continuous carbonisation on 
the lines first worked out by Franz Fischer for 
single charges. The material is very small bitu- 
minous coal, which, while in its plastic condition, is 
pugged or otherwise mixed or rolled in the retort 
by mechanical means or centrifugal force into a 
continuous mass, to be delivered or extruded and 
sliced off when it has passed through the retort 
and the process is completed. The carbonisation 
takes from one to four hours according to the 
process and coal. In the second group are included 
the processes in which small coal is briquetted by 
the use of pitch or other externally produced binder. 
These begin as far back as 1799, and a large amount 
of experiment has been carried out in recent years, 
some of it with the object of utilising material 
that otherwise was waste. Processes of this type 
that have been worked on a considerable scale include 
the Smith Carbocoal and the Midland Coal Products. 
The Smith process (see ENGINEERING, vol. cxii, 
page 175) uses bituminous and semi-bituminous 
coal in continuous retorts, briquettes it with pitch, 
and carbonises the briquettes at a high temperature. 
The solid product, though it has only perhaps 3-6 
per cent. of volatile matter, is free-burning ; but it 
must be remembered that in the United States 
anthracite and closed grates are used. The Midland 
process has also been described in these columns 
(ENGINEERING, Dec. 18, 1925), and differs from 
the Carbocoal in using a high temperature only 
towards the end. The third group briquettes 
without the use of an externally produced binder. 
It includes a number that use high pressure in 
briquetting, notably the pure coal process of 
Sutcliffe and Evans, and the Leigh Smokeless Fuel, 
Limited. This process has been associated with 
some of the most important scientific work on the 
structure of coke, and is said to give a free-burning 
coke with only 1 to 2 per cent. of volatile matter. 
A new method, developed by Delkeskamp, of Berlin, 
has been devised primarily for using brown coal, but 
is said to be applicable with advantage to any carbon- 
aceous material, including colliery refuse and peat. It 
consists in wet-grinding some of the coal under pre- 
paration, or, alternatively, any other carbonaceous 
material, to a colloidal fineness and using it as a 
binder under the ordinary briquetting pressure of 
1 to 2 tons per square inch. The colloidal binder is 
said to penetrate more readily and intimately than 
other binders, and the temperature of exhaust steam 
is sufficient for the briquetting process. ‘The 
product is said to be free-burning, and unusually 
resistant to damp, and by using suitable blends the 
mechanical properties and chemical reactivity of 
the mass can be varied within very wide limits. 





It would be easy to elaborate the wide range of 
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methods that these processes cover, but enough has 
been said to show that, even within the restricted 
limits laid down by the author for his paper, the coal 
is treated in a great variety of ways, and in different 
processes has to pass through a large number of 
different states before it yields the final product. 
It may be that the object in view has been or may 
ultimately be attained by continuing to make, so 
to speak, scientific pot-shots at it. The inventors 
and the country will be much to be congratulated 
if this happens; but whether it does or not, the 
procedure seems a little too much of a gamble to be 
appropriate by itself to a matter of such grave 
economic importance. In the ordinary course of 
scientific investigation it would be desirable to 
know more than we do of the fundamental facts. 
It is known, for instance, that the pores or sponge 
formed when coke is made has an essential bearing on 
its chemical properties, the conditions under which 
it will burn, and its chemical reactivity. It seems 
to be quite time that a determined effort should be 
made to follow up the work of Beilby and others, to 
determine both the limits within which these 
qualities can be varied, and the processes by which 
specific variations can be made. The disposition to 
overstate the case for low-temperature carbonisation, 
and the demand for immediate methods of making it 
attain commercially the results which have been 
shown to be chemically possible, seem to carry with 
them a danger of losing the benefit altogether. The 
composition of one coal differs from another by more 
than the usual analyses show, and a process may be 
a useful and valuable solution of the problem of 
one seam and its waste, without being applicable in 
itself to wider problems. The efforts to start a 
low-temperature carbonisation industry have gone 
a considerable distance, but not the whole way that 
1s necessary before a final judgment can be passed 
on what is really possible. Their present chief 
need seems to be to correlate the results, scientific as 
well as practical, which have been obtained already. 





THE SwepisH InpustTRIEs Farr.—The Swedish Indus- 
tries Fair is to be held at Gothenburg from May 6 to 13 
next, in the exhibition building originally erected for the 
engineering section of the Gothenburg Exhibition, 
which took place a few years ago. It is claimed to be the 
largest timber structure in the world and has a floor 
Space of some 30,000 square metres. The Fair will be 
particularly comprehensive, and among the 28 main 
groups, sections will be devoted to iron and steel; 
machine tools; iron products, and small tools; metal 
products ; heating, lighting, and sanitary appliances ; 
electrical and wireless apparatus ; glassware and porce- 
lain ; building materials; rubber and leather goods ; 
Scientific instruments ; chemicals; and oil, paints, and 
eeenels. A separate department has been set aside 
hr new inventious and patents. A gas-appliances exhi- 
ition will be held in connection with the Fair. The offices 


of the fair are at Ostra Hamn 6 
Sieden, ; gatan, 18, Goteborg, 








THE WIRELESS TRANSMISSION OF 
PHOTOGRAPHS. 


AvttHoueH for several years past it has been 
possible, with suitable apparatus, to produce fairly 
good reproductions of photographs, documents, 
&c., at a distant point by means of line or wire- 
less telegraphy, very little progress appears to have 
been made until recently in the employment of any 
of the existing systems on a regular commercial 
scale. Whatever the reasons for this may be, it 
can hardly be doubted that a reliable service, if 
continuously available between, say, the United 
States and Europe, would be of considerable value 
to the Press for the transmission of news photo- 
graphs; to commercial and professional men for 
the transmission of facsimile, printed, written or 
tabulated matter, designs, &c.; and to the police 
authorities for the transmission of finger prints 
and other aids to the identification of criminals. 
Such a service, we understand, will shortly be 
inaugurated by Marconi’s Wireless Telegraph 
Company, Limited, working in conjunction with the 
Radio Corporation of America. Transmitting and 
receiving apparatus have already been installed in 
London, New York, and San Francisco, and matter 
of the class above referred to will be sent from 
London to the United States via the Carnarvon 
wireless station of the Marconi Company and the 
Riverhead station of the Radio Corporation on 
Long Island. A similar organisation on that side 
of the Atlantic will enable pictures or documents 
to be transmitted to, or collected from, various 
important centres throughout the United States 
and elsewhere. 

We do not propose to describe this organisation 
in detail, but a few particulars of the principles 
employed in the actual transmission and reception 
of pictures may be of interest to our readers. These 
we were able to gather from an inspection, on 
Monday last, of the apparatus installed at Radio 
House, Wilson-street, E.C.2, the Marconi Com- 
pany’s main telegraph office in London. The appa- 
ratus, which was then in use receiving a number 
of photographic portraits from New York, via 
Carnarvon, is the invention of Captain R. H. 
Ranger, of the Radio Corporation of America, 
the principal advantages claimed for it being that 
it is less affected by atmospherics than other 
systems, that it readily lends itself to repetition 
by relays, and that it can be used on the ordinary 
telegraph circuits in general use. These features 
are obviously of considerable importance in a 
commercial system which is required to operate 
over large areas. 

At the transmitting end, the photograph or docu- 
ment to be transmitted is copied photographically, 
either as a negative or a positive, on to a trans- 





curved surface of a horizontal glass cylinder visible 
in our illustration, which has been reproduced from 
a photograph of the transmitting apparatus in 
London. At one end of the cylinder is located a 
tungsten-are lamp which acts as a source of light, 
transmitting a beam of light through a system of 
lenses and then longitudinally through the axis of 
the cylinder on to a 90 deg. prism which reflects 
it radially outwards through the film. The latter 
is situated at the focus of the lens system, so that 
the light only passes through a small point of the 
film; the intensity of the issuing beam is thus 
dependent upon the density of the particular part 
of the image through which it has passed. By a 
further system of lenses and mirrors, the light, 
after traversing the film, is projected on to a 
light-sensitive cell passing through the small tube 
seen on the extreme right of the illustration, and as 
the optical system, including the prism located 
inside the cylinder, is moved backwards and for- 
wards in a direction parallel to the axis of the 
cylinder, the intensity of the light falling upon the 
cell will vary throughout each stroke in accordance 
with the light and shade of a narrow strip of the 
picture. The optical system is mounted on a 
travelling carriage operated by a motor controlled 
by a tuning fork, so that the movement of the 
carriage can be exactly synchronised with the 
moving part of the receiving apparatus which will 
be referred to later. After each stroke of the 
carriage, the cylinder is rotated through a small 
angle so that the light passes through a series of 
parallel strips-of the picture until the whole area 
has been traversed in this way. 

The light-sensitive cell employed is of the potas- 
sium-hydride type, made by the General Electric 
Company, of Schenectady. It is connected in series 
with a battery and a high resistance, and the differ- 
ences of potential across the latter, following the 
current fluctuations in the circuit caused by the 
variations in the resistance of the cell due to the 
effect of the light, are applied to the grid of a ther- 
mionic valve. The plate current for this valve is 
supplied from a condenser, the rate of discharge 
of which will, of course, depend upon the resistance 
of the valve, this, in turn, depending upon the 
potential of the grid. The arrangements are such 
that when the potential of the condenser falls to a 
certain value, owing to the flow of current through 
the valve, a relay operated by a second valve closes 
a circuit containing the high-tension battery and 
recharges the condenser, the relay opening again 
as soon as the condenser is fully charged. Thus, 
the relay opens and closes at intervals, the frequency 
and duration of which depend upon the resistance 
of the first valve. The movements of the relay are 
made to operate the sending key of the wireless 
transmitting apparatus in a similar manner to 
that employed for sending high-speed Morse signals, 
and the picture is transmitted as a series of dots 
and dashes. Short widely-spaced dots correspond 
to the light parts of the picture, and long closely- 
spaced dashes to the dark portions, the intermediate 
tones being represented by dots and dashes of 
various lengths and spacings. 

At the receiving end, ordinary apparatus suit- 
able for the reception of continuous-wave telegraphy 
by the heterodyne-beat method is installed, and the 
received signals, after rectification and amplifica- 
tion, are used to operate a syphon recorder. The 
latter is mounted on a travelling carriage operated 
by a tuning-fork controlled motor, so that it moves 
in exact synchronism with the movements of the 
carriage carrying the optical system at the trans- 
mitting end, and marks out a series of dots and dashes 
in ink on a roll of paper. At each stroke of the 
carriage, the paper is moved forward by an amount 
very slightly greater than the width of the lines 
formed by the pen of the syphon recorder, and the 
rows of dots and dashes, which thus appear closely 
side by side, eventually form the complete picture. 
We should, perhaps, mention that the amplifier at the 
receiving end includes a valve-controlled condenser 
similar to that at the transmitting end, its object 
being to overcome the inertia of the syphon recorder, 
and thus render the action of the latter more certain 
and rapid. 





Another point to which reference has not hitherto 
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been made, in order to avoid confusion, is that the 
optical system at the transmitting end and the 
syphon recorder at the receiving end are duplicated, 
so that two pictures can be transmitted simul- 
taneously, or the same picture can be transmitted 
in duplicate,,. The pictures transmitted, which may 
be of any size up to that of a photographic half- 
plate, are, of course, less perfect than are the half-tone 
reproductions of photographs printed in high-class 
periodicals, but portraits are easily recognisable and 
drawings or designs can be traced or otherwise 
copied to give exact reproductions cf the original. 
The transmission of a picture of quarter-plate size 
occupies about 15 minutes. 

Another class of apparatus for the transmission 
and reception of photographs, &c., the invention 
of Mr. Thorne Baker, has been developed by 
Messrs. W. Watson and Sons, Limited, 313, High 
Holborn, W.C. 1, who gave a demonstration of it 
in operation on Tuesday last at the Hotel Cecil. 
In this case, the apparatus, to which the registered 
trade name Izon has been applied, is of a simple 
and inexpensive character, so that it could easily 
be employed by the public for the reception of 
photographs, sketches and other similar material 
transmitted by a broadcasting station if such a 
service were inaugurated ; it is, however, equally 
suitable for private transmissions over a land line. 
Both transmitting and receiving instruments are 
essentially similar, each comprising a cylinder driven 
by a clockwork motor and a fine-pitch leading 
screw to traverse a transmitting or recording 
point along the cylinder. The general arrangement 
of both instruments, in fact, closely resembles 
the early phonographs employing records in the 
form of wax cylinders, although an important 
addition has been made to ensure synchron- 
ism between the two instruments. For this 
purpose the rotation of both cylinders is con- 
trolled by a pendulum which, when set swinging 
by hand, continues in motion throughout the 
period occupied in the transmission of the picture. 
An arm projecting radially from the cylinder 
engages with a catch controlled by an electro- 
magnet which is energised at each swing of the 
pendulum so that it releases the catch and allows 
the arm to pass. The speed of the clockwork 
driving mechanism is adjusted so that the arm is 
held for a small fraction of a second at each revo- 
lution and released almost instantaneously, and, 
as the lengths of the pendulums at the transmitting 
and receiving ends are equal, synchronism is 
secured in this way. 

The picture to be transmitted is printed photo- 
graphically as a negative on to a sheet of copper 
foil by the gum-bichromate process commonly 
employed in the production of half-tone printing 
blocks, but instead of using a cross-ruled screen, 
a screen ruled with parallel lines in one direction 
only is employed. The result is a picture formed 
of broad lines in the dark parts of the negative, 
and of narrow lines in the light parts, the inter- 
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mediate tones being made up of lines of intermediate 
thickness. The copper foil so prepared is wrapped 
round the cylinder of the transmitting instrument 
so that the lines in the image are parallel with the 
axis, and a steel point, moved longitudinally by 
the leading screw, is traversed along in contact with 
the prepared eurface as the cylinder rotates. An 
electrical circuit through the steel point and the 
cylinder is thus made and broken as thé point 
passes over the lines forming the picture, the 
hardened gum-bichromate emulsion acting as an 
insulator, so that contact is only made with the 
copper foil as the point passes over the spaces 
between the lines. The intermittent current thus 
produced can be passed over a land line to the 
receiving apparatus, or made to operate the keying 
system of a continuous-wave transmitter. In the 
latter case, a series of signals, each very short 
but varying in length with the light and shade 
of the picture, will be sent out. 

Such signals can be received on any valve 
receiving set capable of operating an ordinary 
loud speaker and emplying sufficient reaction to 
produce slight self oscillation. After detection, rec- 
tification and amplification, the signals are applied 
to the picture-receiving instrument, which, as 
previously stated, is generally similar to the trans- 
mitter. In the receiver, however, the copper foil 
is replaced by a sheet of moist paper treated with 
starch and potassium iodide which is wrapped round 
the cylinder, and the steel point of the transmitter 
is replaced by a fine platinum style, which travels 
over the paper as the cylinder rotates. The style 
is included in the plate circuit of the last valve 
of the wireless receiver, the circuit being completed 
through the moist paper and the cylinder. Sufficient 
negative bias must be applied to the grid of the 
valve to prevent any current from flowing except 
when a signal is actually received, i.e., when the 
steel point of the transmitter comes into contact 
with the copper foil on which the picture has been 
printed. When the current flows, however, a 
blue stain is produced on the paper by the iodine 
formed by the passage of the current, which must 
be of the order of 1 milliampere, and the succession 
of signals recorded in this way produces a series 
of dots forming a positive image of the negative 
at the transmitting end. The picture changes in 
colour to a brownish tint as the paper dries, but 
is reasonably permanent if not exposed to bright 
light. Very pleasing results, the novelty of which 
will doubtless appeal to a considerable section of 
the public, can certainly be produced in this way. 
The pictures, we may mention, measure about 
5 in. by 4 in. and the time occupied in the trans- 
mission is about six minutes. 





Royal AERONAUTICAL SocieTy.—At a meeting of 
the Council of the Royal Aeronautical Society, held 
on April 13 last, Air Vice-Marshal Sir Sefton Brancker, 





K.C.B., was elected President of the society. 


THE TAILLESS AEROPLANE. 


ALTHOUGH the number of accidents occurring to 
aeroplanesin flight dueto purely aerodynamic reasons 
is fortunately small, such as do happen usually 
result from loss of control while the machine is stalled. 
This occurs when the angle of incidence exceeds the 
critical value, ,usually about 18 deg., the lift at 
greater angles diminishing as the angle of incidence 
increases and the normal controls becoming ineffec- 
tive. A skilled pilot can get the machine out of a 
stall if he has sufficient head room, but when 
stalling occurs near the ground especially in bumpy 
weather, it usually results in a serious accident, 
since the time and height required to carry out the 
manceuvres necessary for a recovery are insufficient. 
Several inventors, from time to time, have endea- 
voured to get over this difficulty, and the problem 
has been recently tackled by Captain G. T. R. 
Hill, M.C., who gave a particularly interesting 
account of his work and the results he has obtained, 
in a paper read before the Royal Aeronautical 
Society on the 22nd instant. 


Captain Hill commenced his work some three - 


or four years ago with the idea that the centre 
of pressure of the wing must be stationary at all 
the attitudes required for a given speed range, and, 
to secure this, decided to employ a swept-back wing 
with the incidence washed out towards the tips. 
Movable extensions were to be provided at the 
wing tips for control purposes, these members 
functioning as ailerons and as elevators, respec- 
tively, when used independently or together. 
The wings were also intended to be tapered in 
plan mainly to reduce the chord of the con- 
trollers, but tapering also has the effect of reduc- 
ing the air damping and inertia about the longi- 
tudinal axis, as well as of reducing the structure 
weight from the fact that there is less bending 
moment on the wing truss atthe centre. It follows 
from the fact that the centre of pressure of the 
wing is stationary and coincident with the centre 
of gravity of the machine, that the position of the 
controllers for trim at any angle of incidence would 
be along wind, and there would be no force acting 
on them in straight flight. Their full angular 
range would thus be available for control purposes 
even when the main wing was stalled, since the 
controllers would not be stalled. To steer the 
machine, Captain Hill decided to use vertical 
surfaces, which may still be called rudders, mounted 
below the wing surface on each side near the extre- 
mities of the fixed part. : 

At this stage, viz., in the spring of 1923, his 
proposals, which were regarded as a natural develop- 
ment of the earlier tailless aeroplanes, of which 
that designed by Lieut. J. W. Dunne may be men- 
tioned in particular, were submitted for the cons!- 
deration of the Aeronautical Research Committee, 
but Capt. Hill decided himself to construct a light 
aeroplane on the lines indicated above, in order 
.o test out his theories under practical flying con- 
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ditions. The construction of a monoplane, with 
semi-cantilever bracing and having a very light 
loading, was commenced, and during the progress 
of the work model experiments were carried out 
at the Royal Aircraft Establishment, at the in- 
stance of the Aeronautical Research Committee. 
Certain modifications to the original design were 
made as a result of, these experiments, and the 
machine was eventually completed and tried, first as 
a glider, in December, 1924. Although carried out 
under unfavourable weather conditions, the gliding 
trials were considered satisfactory, and, with 
further assistance from the Air Ministry, a body 
was fitted, and a Bristol Cherub engine installed. 
The machine, as finally completed, is illus- 
trated in Figs. 1 to 4 on this and the opposite 
pages. The details of its design, which we pro- 
pose briefly to describe, are most clearly shown 
in Figs. 1 and 2, the former being a full front 
view and the latter a part side view. The 
two remaining illustrations show the machine 
in flight, and, of these, Fig. 3, which was taken 
with the machine almost overhead, illustrates 
the plan form of the wings most clearly. Fig. 4 
is a side view of the machine flying at a 
considerable angle of incidence. The area of 
the main plane is {223 sq. ft., and the overall 
Span is 45 ft., while that of the fixed part only is 
30 ft. The section used is based on that known as 
Airscrew 4, described in Reports and Memoranda 
No. 322, but, as a result of the model tests, the 
trailing edge was reflexed upwards at all points by 
0-015 chord, and the top camber was reduced 








somewhat towards the wing tips. The sweep 
back of the leading edge of the main plane is 31 deg. 
and that of the trailing edge 14 deg. The wash out 
of incidence is 3 deg. at the strut attachment, 
increasing by a further 3 deg. to the tip, and there 
is no dihedral angle. The controllers, which have 
an area of 55 sq. ft., are of the T.P.3 section, except 
near the extreme tips, which are reduced to thin 
edges, and lead balance weights, visible in Figs. 1 
and 2, are fitted on arms projecting forwards to 
secure a static balance. A variable gear ratio is 
employed between the pilot’s control stick and the 
controllers, to give a low ratio when flying at high 
speeds and vice versa. A spring trimming device 
is also fitted to give any desired force on the control 
stick within the range + 15 lb. or — 15 Ib., this 
device replacing the usual tail-adjusting gear. 

An air brake is formed by the operation of both 
rudders simultaneously, and this serves to give a 
gliding angle twice as steep as the normal. When 
both rudders are in use as an air brake, however, 
rudder control can still be obtained. The rudders, 
which are 13 sq. ft. in area, are operated by a 
rudder bar of the usual type, but a special handle is 
provided for controlling their use as an air brake. 
Other levers are used for operating the trimming 
gear and the ground brake, the latter acting on the 
rear wheel of the undercarriage. The two front 
wheels of the latter are mounted on a common 
axle, and two legs pass up from this through holes 
to the inside of the body, where they are anchored 
by shock-absorber cords. At the rear of the under- 
carriage is a single metal wheel mounted in a fork, 
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which is connected to the rudder bar for steering 
the machine on the ground. A locking device is 
also fitted to the wheel so that it can be 
used as a brake in landing, as previously stated. 
It may be mentioned that about one-third of 
the weight of the machine is carried on this 
wheel, as compared with about one-sixth of the 
weight carried by the tail skid of an ordinary 
aeroplane; the arrangement thus quickly brings 
the machine to rest after landing. The body of a 
tailless aeroplane car, of course, can be made of 
lighter construction than that of an ordinary 
machine, since, in the former, the body is not 
required to withstand heavy bending moments due 
to the tail plane and tail skid. In the Pterodacty]l, 
as Captain Hill has called his machine, the body 
provides accommodation for the pilot and one 
passenger, and it is built up with a special light 
balsa ply-wood, the weight of which is only half 
that of standard birch ply-wood. The engine 
drives a pusher screw at the after end of the body 
and the engine mounting consists of four steel 
tubes, with ball-and-socket end fittings braced with 
tie rods. The whole weight of the mounting is 
only 3} lb., but it has been found to be quite 
effective in all respects. 

Upwards of 20 flights have now been made with 
the machine, and some particulars of the results 
obtained will doubtless be of interest. The maxi- 
mum speed of the aeroplane near the ground has 
been accurately determined as 70 m.p.h. with 
a total load of 658 lb., the wing loading then 
amounting to 2-95 lb. per square foot, and the 
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horse-power loading to 20 lb. The minimum speed, 
as measured by the air-speed indicator, was between 
24 m.p.h. and 25 m.p.h., but an addition of about 
4} m.p.h. to this reading was found by wind channel 
tests to be necessary, bringing the actual minimum 
speed to about 29 m.p.h. This latter figure com- 
pares reasonably with the figure of 314 m.p.h. 
as calculated from the maximum lift coefficient 
measured on the model. By adjusting the spring 
trimming gear, the machine could be flown without 
touching the control stick at any speed, and was also 
found to be stable, both longitudinally and laterally, 
throughout its whole speed range. Owing to its 
light wing loading, however, it was rather sensitive 
to bumps, more particularly in the fore and aft 
direction, and one of the least satisfactory features 
noted in connection with the controls operated by 
the stick was the excessive amount of inertia 
existing in the system. This defect may, however, 
be reduced in later designs by lowering the gear 
ratio between the stick and the controllers, by 
reducing the area of the latter, and by reducing 
the inertia of the balance weight. Apart from 
the inertia effect, the fore and aft control was 
sensitive, powerful and reasonably light, and 
similar remarks apply to the lateral control. 

No definite stalling point was found, although 
there was a definite minimum speed; after this 
speed is reached, the more the control stick is pulled 
back the faster will the machine sink. Under these 
conditions, therefore, the machine may be said 
to be stalled, since the angle of incidence is greater 
than the critical angle. Good control, however, 
could still be obtained even in bumps, and it has 
been found possible to unstall without diving for 
the purpose of gaining speed. Lateral control, 
when stalled, is effective, but is sluggish owing 
to the low air speed, and the rudder control, under 
the same flight conditions, is quite adequate to 
maintain direction and to carry out gentle turns. 
With regard to the air brake it may be mentioned 
that when this is applied, the machine slows up 
and the nose must be put down to maintain the 
speed, but owing to the inherent stability of the 
aeroplane this will occur automatically if the control 
stick is not touched. With the air brake on, the 
machine glides comparatively steeply at about 
40 m.p.h., and it becomes a very simple matter 
to judge the approach toland. Landing is extremely 
easy, and the machine steers well when taxying on 
the ground. Some pitching is, however, experienced 
when running over rough ground, due to the short 
wheelbase, and the pilot feels this motion acutely 
owing to his position some distance in front of 
the wheels. In Captain Hill’s opinion, however, 
there is no danger from this cause. 

It still, of course, remains to be proved that the 
essential features incorporated in the design of 
Captain Hill’s tailless monoplane will prove equally 
satisfactory when applied to a more heavily-loaded 
machine of the biplane type, such as could be 
used for air transport. There is no obvious reason 
why this should not be the case, and any means 
of rendering flying safer and more reliable are 
certainly worthy of careful consideration. In any 
case it would appear that a light machine of the 
type described, when the few comparatively minor 
drawbacks above referred to have been eliminated, 
would be well suited to the requirements of the 
private user. 





NOTES. 
THE CENTENARY OF GRAMME, 

On April 6 occurred the centenary of the birth 
of Lénobe Théophile Gramme, one of those inventors 
whose name became a household word, but of whose 
life little is known. Born at Jehay-Bodigna, in 
Luttich, Belgium, Gramme was apparently brought 
up as a carpenter, but gained some scientific 
knowledge by attending lectures at Liége. Removing 
to Paris, he worked under Ruhmkorff and Disderi, 
and in 1871 took out a patent for a dynamo with a 
ring armature. This type of dynamo had already 
been invented by the Italian physicist, Antonio 
Pacinotte (1841-1912), but Gramme’s invention 
was an independent one. Dredge, in his “* Electrical 
Illumination,” accorded Gramme the honour of 
devising a practical generator yielding ‘‘ absolutely 
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continuous currents.’ One of Gramme’s machines 
was brought to England in 1873, and for a time was 
used for lighting the clock tower of the House of 
Commons, while five years later another was 
utilised for supplying current to the Jablochkoff 
** Candles,” set up in the Avenue de l’Opera, this 
being the first open space in Paris to be lighted by 
electricity. Gramme was honoured by the country 
of his adoption, being made a chevalier of the 
Legion of Honour and receiving the Volta prize of 
20,000 francs from the Paris Academy of Sciences. 
In 1898, when he was 72 years of age, a banquet was 
held in his honour, and he died in Paris, January 20, 
1901, at the age of 74. 


Luminous DISCHARGE THROUGH RARE GASES. 


The Royal Institution discourse, which Professor 
R. Whiddington, F.R.S., gave last Friday, was 
supplementary to his series of lectures on the 
passage of electricity through vacuum tubes, 
delivered in the same place a year ago and noticed 
on page 20 of our issue of July 3, 1925. Experi- 
menters, Dr. Whiddington said, often found it 
difficult to maintain the discharge current steady ; 
a telephone in circuit frequently gave a high note 
or a hiss, although the striated discharge did not 
reveal any discontinuity in the positive column 
when examined by a rotating mirror. But the 
rare gases showed variations in luminosity. In 
the demonstrations, vertical tubes, containing neon 
or argon, were used. The tube was encased, 
leaving only a vertical slot for the light to pass 
out and to fall on to a plane mirror mounted in 
front of the tube. When the mirror was slowly 
turned by hand about its vertical axis, single streaks 
of light were seen to pass down the tube, apparently 
from anode to cathode. When the mirror speed 
increased, the whole field showed parallel bands of 
the red neon light, as in the photograph of our 
article of last year; but the bands were wavy in 
their central portion, not straight as in that photo- 
graph. When the tube was excited by an alternat- 
ing current, instead of by a battery, the slope of the 
wave changed (vp or down) with every alternation, 
until the mirror speed was brought up to synchronism 
with the cycle; then the slope remained steady. 
Assuming the luminosity to be due to luminous 
particles, possibly of recombining ions, travelling 
down the tube, the bands should be parallel to the 
mirror axis, if the velocity of the particles were 
infinite, and they should become more and more 
inclined to the axis as their speed diminished. 
The inclination indeed increased, and the flash 
velocity decreased therefore, as more and more 
argon (measured by a gauge of the General Electric 
Company, illustrated in figure 17, page 342, ante), 
was admitted into a tube. Calculations showed 
that the speed of the luminous particles or 
flashes varied between 1 mile and 600 miles per 
second, which would be very small velocities for 
electrons. The tube potential had little effect on 
the flash velocity, and the Doppler effect, to be 
expected from particles rushing down the tube, had 
not been observed. Dr. Whiddington discussed 
various possible theories, laying stress also upon the 
space charge and the wall charge of the tube, and 
expressing preference for an atomic excitation 
(rather than ionisation) ; but he kad not found any 
satisfactory explanation. Some of his slides were 
very striking. Under certain conditions multiple 
flashes (several parallel band systems) were observed. 
Impure gases gave systems of intersecting flashes of 
different velocities, the speed being smaller in the 
heavy argon than in the light hydron it contained. 
The approach of a magnet to the tube intensified 
the wavy portion of the flashes. 





LAUNCH OF THE M.S, “ PecrEeN.’’—The single-screw 
oil-tank motorship Pecten was recently launched from 
the Jarrow shipyard of Messrs. Palmers’ Shipbuilding 
and Iron Company, Limited. She is being built to the 
order of Messrs, The Anglo-Saxon Petroleum Company, 
Limited, of London. The Pecten will carry a total 
deadweight of about 9,900 tons on a moderate draught, 
and her length is about 440 ft. Built under Lloyd’s 
special survey, to their highest class, for the carriage of 
“pate oo in bulk, she is constructed on the combined 
ongitudinal and transverse system of framing. The 
propelling machinery will consist of four-cycle, six- 
cylinder, double-acting Workspoor engines, constructed 
by Messrs. the North Eastern Marine Engineering 
Company, Limited, Wallsend. 
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THE LATE SIR HENRY MANCE. 


With Sir Henry Mance, C.I.E., LL.D., who died at 
Oxford on Wednesday, April 21, has passed away one 
of the very few surviving links with the pioneer days 
of cable telegraphy. He spent the most active quarter 
of a long life of 85 years in the Indo-European Tele. 
graph Department. 

Born at Brockley in 1840 and educated privately, 
Henry Christopher Mance joined the Persian Gulf 
Telegraph Department of the Indian Government in 
1863. A one-needle telegraph instrument had been 
worked by Gauss in 1853. Cooke and Wheatstone had 
introduced their needle telegraph in 1837 and Brett had 
connected Dover and Calais by a cable in 1850, but trans- 
Atlantic cable communication was only established 
in 1866. The department mentioned had constructed, 
and was controlling, the telegraph system between 
England and Karachi. The Persian Gulf system, 
of which Mance became superintendent within 3 years, 
comprised a land section extending 660 miles from 
Karachi to Jask, near the entrance to the Gulf of 
Ormus, and a cable section on to Bushir on the Gulf of 
Persia, and further, to Fao on the mouth of the Shat- 
el-Arab, linking up with the Mesopotamian telegraph 
section. 

The land line passed through the,desert coast dis- 
tricts of Baluchistan and Mekram in which Alexander 
the Great had lost three quarters of his army on his 
return from India, in 325 B.c. Mance found that the 
tribesmen had not lost their warlike spirit in the two 
thousand years intervening. By 1879 he was engineer 
and electrician of the section. The Mance method for 
an approximate localisation of a fault in a cable and 
of measuring the resistance of a cell is still in use, 
though young electricians may not remember the name 
of the originator. It is a simple Wheatstone bridge 
arrangement. The resistances of three arms are 
adjusted until the breaking or opening of the testing 
battery circuit between points 1 and 4 does not disturb 
the galvanometer across 2 and 3. By 1879, Mance, 
who was a member of the Institution of Civil Engineers, 
was engineer and electrician of his section as has been 
stated above ; he retired in 1885. 

While in India, Mance also developed the _helio- 
trop which Gauss had devised for the geodetic 
survey, into an effective signalling instrument, the 
heliograph. The government did not adopt the 
patented instrument offered, but General Roberts, to 
whom Mance sent several of his heliographs, found 
them most useful in the second Afghan war of 1876. 
For this and other services, also as Captain of the 
Sind Volunteers, Mance was created a C.LE., and 
was knighted on retiring. 

Returning to England, he became a prominent 
member of the Society of Telegraph LEnginecrs, 
though a very reserved man, was a president of the 
Institution of Electrical Engineers in 1897, was elected 
on the Board of the West African Telegraph Company, 
and went to live in Oxford, where he founded the 
Oxford Electric Company, of which he was a director 
for several years. He enjoyed good health; when his 
eyesight failed, he took up Braille and typewriting, 
although past 70. He married Miss Annie Sayer, a 
daughter of John Sayer and he leaves three sons, all 
engineers, and two daughters. 








THE HELE SHAW-BEACHAM  ELEC- 
TRO-HYDRAULIC STEERING GEAR. 


In our issue of October 16, 1925, on page 478, we 
illustrated a variable-stroke pump due to Dr. Hele- 
Shaw, F.R.S., and Mr. T. E. Beacham. This pump 
was developed from the original Hele-Shaw variable- 
stroke pump, the size of which was limited owing to 
the impossibility of getting ball races of large dimensions 
and of consistently uniform quality. It also suffered 
from the drawback that it was not quite silent in work- 
ing. By the re-arrangement of the components described 
in our previous article, both these objections have 
been removed, and we illustrate on the opposite page 
an electro-hydraulic steering gear in which the pressure 
is generated by the new form cf pump. The older 
form of the Hele-Shaw pump has been largely applied 
for the same purpose, and the flow from the pump 
being reversible, this property was made use of for 
reversing the motion of the rudder. In the arrangement 
we now illustrate, this reversal is secured in another 
way, a valve being used, which delivers the pressure 
oil to one or other of the hydraulic cylinders 
operating the rudder, the other cylinder or cylinders 
being simultaneously coupled up to the pump suction. 

The arrangement of the gear shown diagrammatically 
in Fig. 1, represents that suitable for large ocean-going 
steamers, whilst the views reproduced in Figs. 3 and 4 
are from photographs of a gear built for a 20-ton 
motor yacht. : 

Referring to Fig. 1, the top of the rudder stem 1s 
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represented at a, and there are, it will be seen, two lines 
of hydraulic cylinders, be and de. The corresponding 
crossheads are on opposite sides of the rudder head, 
so that the latter is subject solely to torque. Two 
electric motors and pumps are provided, which are 
lettered, respectively, f and g. In ordinary con- 
ditions, only one of these sets is used, the other being 
uncoupled and serving as a stand-by. The lever shown 
at h is connected at one end to the telemotor cable 
leading to the wheel, and at the other end is coupled 
°y the link shown to a crank on the rudder head. This 
crank operates the overtaking gear, which reduces 





4. 


to zero the pump stroke as the rudder moves over, 
and also closes the valve by which the supply of 
pressure oil to the hydraulic cylinders is controlled. 
A section through this valve is reproduced in Fig. 2, 
and shows the valve in its neutral position, to which 
the overtaking gear will always return it after each 
movement of the rudder. If the valve be moved from 
this neutral position to the left, the upper port shown 
on the left will be coupled up to the pump delivery, 
whilst the right-hand upper¥ port willy be simul- 
taneously connected up}with the pump suction. If, 
on the other hand, the valve be moved to the right, 
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the pressure oil will flow through the channel drilled 
axially along the valve, and thus get access to the 
right-hand upper port, whilst the left-hand port is 
simultaneously coupled up to the pump return. 

The lever A, Fig. 1, is pivoted on the valve rod, and 
the valve is accordingly moved in or out as A is swung 
in one direction or the other. Simultaneously with 
the motion of valve, the stroke-regulating gear of the 
pump is actuated by the lever 7, which is also pivoted 
to the valve spindle. 

The other end of this lever has a limited motion in the 
slot shown at k, and there is a second slot / on the other 
side of the centre about which i swings. If the valve 
rod be moved to the left, the end of the lever 7 is 
brought against the left-hand end of the slot at k, 
and, with this as afulcrum, the lever ¢ is swung counter- 
clockwise, and the stroke-regulating gear actuated, the 
pump then starting to deliver. If, on the other hand, the 
valve rod is moved to the right, the lever 1 comes into 
contact with the right-hand end of the slot at /, and, 
with this as a fulcrum, the lever is again given a counter- 
clockwise swing, and actuates the stroke-regulating 
gear exactly as before. It will be seen, therefore, that 
although the valve is moved in opposite directions, the 
rod. controlling the stoke-regulating gear is moved 
in the one direction only, and thus the delivery and 
suction ports of the pumps are never interchanged. 
as they are in the older pattern of Hele-Shaw electro- 
hydraulic gear. 

Over-pressure is guarded against by means of a safety 
valve of a somewhat special type, which we hope to 
illustrate in a future issue. 








THE MELBOURNE TECHNICAL ScHoot.—The 1926 
prospectus of the Melbourne Technical School, incor - 
porated as the Working Men’s College, has come to hand. 
The college, which was established in 1881, largely 
through the generosity of the :ate Hon. Francis Ormond, 
comprises a preparatory day school, senior day and even- 
ing technical schools, evening trade classes, and a 
correspondence department. Instruction is given in 
all branches of engineering, metallurgy and science, 
and also in such subjects as wool sorting, coach building, 
and printing. Terminal and final examinations are 
held in the science and trade subjects, and clase 
“ordinary ”’ and “‘ credit ”’ certificates are issued by the 
Department of Education. Expert’s certificates are 
granted upon completion of the prescribed courses of 
study. A large number of scholarships and prizes are 
available. The individual students enrolled at the 
college in 1925 numbered 4,352, an increase of 235 over 
the previous year, The teaching staff comprises some 
150 departmental. heads, instructors and examiners. 
The financial statistics for 1924 show that the total 
receipts were 48,610/., and the total expenditure 46,5661. 

Sramntess STEEL FoR VALvES.—In the course of a 
lecture on the properties and engineering uses of stain- 
less steel, delivered on April 14, last, before the Liverpool 
Engineering Society, Mr. R. Waddell stated that, for some 
reason which could not be explained, stainless steel 
would not slide on stainless steel, under pressure, without 
seizing. Such a combination as a slide valve and seat 
of stainless steel would not work. A valve for passing 
hot salt water on board the 8.8. Adriatic had given rise to 
difficulties. It was of the single metallic-dise type, with 
a guard attached by a central stud to the seat, the disc 
moving between the guard and the seat, All four parts, 
seat, stud, guard and disc, were first made of high- 
chromium, high-nickel steel. After only eight days’ 
service, the disc was so badly pitted as to be useless. 
It was replaced by one of the same material, but twice as 
thick, and, after 16 days’ service, this second disc was so 
pitted as to be useless, The valve seat, stud and guard 
were all, however, absolutely unaffected. A third dise 
was made of a straight chrome steel, containing 20 per 
cent: of chromium, and this disc, when last examined, 
had been in use for 44 months and was quite unattacked. 
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LETTERS TO THE EDITOR. 


THE DOUBLING OF THE UPPER 
SONE BRIDGE, INDIA. 


To THE EprTor oF ENGINEERING. 


Sir,—In writing on the above subject in your issues 
of March 26, to April 9, last, I much regret that I 
omitted the following statement : 

The new 100 ft. girders were designed and inspected 
by Messrs. Rendel, Palmer and Tritton, consulting 
engineers, Westminster, whose system of absolute 
interchangeability was adopted in the manufacture. 
This system was inaugurated by that firm during the 
war, and is used generally for Indian work where there 
are more than ten similar spans. 

Yours faithfully, 


London, April 19, 1926. H. C. MuaGeripGeE. 





THE COAL TRADE NEGOTIATIONS. 


To THE Eprtor oF ENGINEERING. 

Str,—Your leading article on the ‘Coal Trade 
Negotiations’? this week sums up the situation against 
the men. Nota word do,you say to remind your readers 
of the enormous sums of money taken out of the industry 
by way of dividends, one of the results of which has 
been to bring down upon the management the Royal 
Commission’s indictment for gross mismanagement, 
thereby letting the industry slip into a state of ineffi- 
ciency from the point of view of the higher control. 

You talk of the “cat and the skin,” but you are 
careful not to differentiate between the two, and carry 
the metaphor any further. Your statement that if 
the ‘workers agree to take less wages and work 
longer hours, they are making no concession to the 
employers,” would only be true if every other link 
in the chain of coal mining and distributing processes 
was doing its best work and operating at its highest 
efficiency. More than one Coal Commission has shown 
that this is very far from being the case. 

No, Sir, in setting out as a technical editor with 
impartial and detached point of view, to remove 
misconceptions from the minds of your sadly misled 
newspaper readers, you only show that you yourself 
have not yet got rid of the ancient and most fallacial 
of all misconceptions when you say “ In the last resort 
the only measure of the adequacy of wages is what is 
paid in other trades . ” Again, apparently, 
no thought for the fundamental proposition that “‘the 
husbandman that laboureth must be first partaker 
of the fruits,” and that the industry should proceed from 
that standpoint. It is argued, I believe from America, 
that prosperity brings high wages; and indeed I 
believe the Coal Commission advise that certain luxuries 
be provided for the miners when prosperity returns to 
British coal mining, but the British miner (like the Bri- 
tish workman after 50 years’ of education and enlighten- 
ment) is teaching the present generation of managers 
and directors of industry the essential elements of 
modern practical economics that high wages will 
bring prosperity. 

Necessity is the mother of invention, so a solid body 
of workers demanding high wages will drive the 
management to use its brains in bringing about 
efficiency, before asking flesh and blood to make any 
sacrifice to save them from the consequences of their 
own neglect and folly. You say further, “a low grade 
coal must cease to be worked, if asked to pay wages 
determined by a high grade coal,’’ but you say nothing, 
though you know quite well, that the men’s remedy 
for this is amalgamation. If the nation needs low grade 
coal, that is not sufficient reason for paying low grade 
wages, unless every ounce of brain power has, first 
of all, been utilised and put into the problem of making 
the winning of it pay, starting from the level of at 
least a decent, if not a generous, living wage. 

Why do all the technical journals load their leaders 
against the workman? Who knows better than the 
technical journalist that it is largely the lack of vision 
on the part of our captains of industry (so called) that 
engineering and allied industries are in so parlous a 
state. 

Ycurs faithfully, 
J.._GoupEr, M.I.Mech.E. 

102, Tyrwhitt-road, Brockley, S.E.4. 

April 19, 1926. 

{Our correspondent’s proposals are not altogether 
clear. To such extent as he suggests action, the 
measures he recommends would have to be applied 
deliberately, and some considerable time would have 
to elapse before their effect could be felt. Whatever 
be their virtues they could not avert the calamity to 
the mining industry with which our article was con- 
cerned. It may be, indeed, that Mr. Golder would 
suggest that miners’ wages should be subsidised at the 
public expense for the next few years. If this is the 
proposal, we cannot see on what system miners are 





to be favoured over engineers and shipyard hands, 
who already work longer hours for less money. It may 
be also that miners must be the first partakers of the 
fruits of their industry, but, when determining what 
those first fruits are, it will be well to remember that 
they already enjoy seven-eighths of the profits of the 
industry, when there are any. Our article was not 
‘against the workman,” but it was certainly against 
baseless enthusiasms which mislead the workers and 
delay settlement.—Eb. E.] 





ENGINEERING TRAINING AND 
EDUCATION. 


The Busk Studentship in Aeronautics.—Applications 
are requested for the Busk Studentship in Aeronautics 
for the year 1926-27. Established in memory of 
Edward Teshmaker Busk, who lost his life in 1914 
while flying an experimental aeroplane, the studentship 
is of a value of about 1501., and is tenable for one year 
from October 1. It is open to any man or woman 
of British birth and parentage, who has not attained 
the age of 25 years on October 1 next. The object of 
the studentship is to enable the holder to engage in 
research, or preparation for research, in aeronautics. 
Prominence is given to those branches of the subject, 
which were of special interest to Edward Busk. These 
include stability problems, meteorological questions 
bearing on flight, and the investigation of gusts ; 
they may be treated either experimentally or mathe- 
matically. The student will be expected to devote 
his whole time to research on a subject approved by 
the trustees, and, at the close of his studentship, 
to make to them, and to the University of Cambridge, 
a report on his work. He may be asked to deliver 
a lecture on the subject. With the permission of 
the trustees, the student may carry out his research 
either at home or abroad. Further particulars and 
forms of application for the studentship may be 
obtained from Professor B. Melvill Jones, Engineering 
Laboratory, Cambridge. The forms must be com- 
pleted and returned to Professor Jones not later than 
May 12, next. 





Blair Research Fellowships—Two Robert Blair 
fellowships, having each a value of 450/., are being 
offered by the London County Council to adult stu- 
dents of British nationality. These will enable the 
holders to go abroad for one year for advanced study 
or for research into scientific and manufacturing 
processes. Further particulars may be obtained from 
the Education Officer, The County Hall, Westminster 
Bridge, London, 8.E.1. 





Tue Late Mr. R. H. B. Neau.—The founder and 
managing director of the engineering and public-works 
contracting firm of Messrs. R. H. Neal and Co., Limited, 
Mr. Robert Henry Bennett Neal, died on Saturday, 
April 17, in his 59th year. He was educated at Bodmin, 
Cornwall, and served a pupilage with Messrs. Jenkins 
and Co., of London and Devonport. As contractors’ 
engineer he served with Messrs. George Shellabear and 
Son, in the construction of the Plymouth main drainage. 
He also took part in the construction of the Northam 
Drainage Works, North Devon, the Fish Quay extensions 
at Torquay, and the waterworks at Mansfield, Notts. 
In 1895 he started practice on his own account at 
Plymouth, and since then has constructed many civil 
engineering works for the Admiralty, the War Office, 
and various public authorities. Examples of his work 
are the Newlyn Harbour works, Gosport waterworks, 
Weston-super-Mare pier extension, H.M. Gunwharf 
reconstruction at Portsmouth, Leicester waterworks, 
and a jetty at Southampton. He was a Member of the 
Institution of Mechanical Engineers and an Associate 
Member of the Institution of Civil Engineers. 





LEEDS ASSOCIATION OF ENGINEERS.—In our issue of 
April 9, last, page 462, we reproduced a paper entitled 
“‘Pneumatic Tool Mechanisms,” by Mr. F. Hills, which 
by an unfortunate error, we stated, had been read before 
the Leeds Engineering Society. The paper was in fact a 
contribution to the proceedings of the Leeds Association of 
Engineers, and we take this opportunity of correcting our 
previous statement. 'The Leeds Association of Engineers 
was established in 1865 and is thus one of the oldest of the 
provincial engineering societies. It was founded to 
bring together engineers engaged in the direction and 
superintendence of works ; for promoting the exchange of 
opinions among them ; and, further, for granting pecu- 
niary assistance to such of its members as might require 
it. Among the financial advantages of membership, are 
a disablement grant of 1001., in case of accident, and a 
superannuation benefit of 12s. 6d. per week. During the 
1925-1926 session, which ended on April 29, last, seven 
lectures were delivered by various engineers. A number 
of meetings of a social character were also held. The 
diamond-jubilee dinner of the Association took place in 
December, last, Sir W. H. Ellis, G.B.E., President of the 
Institution of Civil Engineers, occupying the Chair. At 
the annual meeting, held on April 15, last, Mr. T. Cooke, 
A.M.I.Mech.E., was re-elected President for a second term 
of office. The Secretary of the Association is Mr. T. S 
Fraser, 23, Wesley-road, Armley, Leeds. 





MODERN DEVELOPMENT OF 
PAPER-MILL PLANT.* 


By W. Worsy Beaumont and Lestiz N. Burr. 
(Concluded from page 542.) 

AFTER leaving the couch rolls AA, Fig. 11, the paper 
is too weak to sustain its own weight for any distance, 
resembling wet blotting paper, and is, therefore, trans- 
ferred over a gap to a felt for its next stage and carried 
thereon through the first press BB. The press rolls 
are heavy plain rolls of cast-iron, sometimes brass 
covered, their purpose being to squeeze out as much 
water as possible and to consolidate the paper. As the 
felt is carrying the paper as it passes through the press, 
one face only is smoothed by the action of the rolls, 
the other side still retaining the marks of the wire and 
felt. To remove these a second press is required, but 
to present the opposite face to the smoothing action of 
the roll a second felt is introduced which transfers the 
paper backward through the rolls. In high-speed 
machines, a third or fourth press is introduced, and in 
some cases the lower roll of the first press has a vacuum 
roll in place of the ordinary plain roll. This last 
practice affords a dual advantage, as not only is the 
paper discouraged from sticking to the top roll, but the 
water is sucked rapidly through the felt, together with 
such fibre and filling as have parted from the paper, 
thus keeping the felt cleaner than when running under 
the older conditions. The duty that the felts are called 
upon to perform is somewhat arduous and their life is 
necessarily limited. They need to be sufficiently porous 
to absorb the water, free enough to relinquish it at the 
right time, yet to have a surface that will not mark 
the surface of the paper, and tough enough to resist 
the pressure of the rolls—perhaps as much as 6 or 7 tons. 

Starting at the left hand AA, Fig. 11, is the “ couch ” 
or, as more generally known, the couch rolls, around the 
lower of which the wire is indicated returning towards 
the breast roll. J is a lead roll supporting the wet- 
felt and travelling in the direction of the arrow. 
Between roll J and the couch roll is a gap across which 
the still weak, sodden, paper must pass unsupported 
until its weight is borne by the felt. The felt, and the 
paper on it, pass over guide-roll L, and through the rolls 
of the first press BB, and thence over guide-roll C, 
and at this point the duty of the wet felt as a paper- 
carrier ceases, the leading felt of the second press 
shown around roll Cl, taking over the work. Some- 
times a light roll is interposed between C and Cl, to 
reduce the gap. At C, the wet felt takes a downward 
course and commences its return journey via roll E 
and the stretching roll F. This roll serves the double 
purpose of tensioning and spreading. Reversing its 
direction, the felt next passes around roll G in order to 
form a loop around roll F, again reverses its direction and 
passes over the stenting roll H. This roll is mounted 
on a movable carriage, in order that any bias in the felt, 
and consequent tendency to move sideways, may be 
corrected. Leaving roll H, the felt next passes between 
two spray-pipes KK for washing, and, after that 
operation, between the squeezing rolls II, so that the 
superfluous water may be removed before resuming 
its normal duty at roll J. 

It is necessary that the paper be reversed before 
drying, in order that the face which has been in contact 
with the felt may be smoothed by the action of the 
press roll, and Fig. 13 shows how this is accomplished. 
The diagram has been taken from a drawing of a 
machine having three sets of press rolls, and the gear is 
applied to the last of these immediately before the 
paper passes to the drying cylinders. After leaving the 
second press BB, the paper travels in the direction of 
the arrow over roll C, and below (but not touching) a 
third felt XXX. Shortly before reaching roll D, it is 
lifted so as to pass upwards via rolls E and El, around 
which it turns so as to meet the felt XXX, which has 
also ascended via rolls P and Pl, and both felt and 
paper pass through the third press rolls F and Fl. The 
paper is in contact with the upper roll considerably 
longer than in the first or second presses, but leaves the 
felt as soon as it loses contact with the roll, the reason 
being that at this stage the paper has acquired sufficient 
strength to travel unaided and merely requires 
assistance while passing through the press. The 
remainder of the gear is similar to that used on the 
wet felt, but omits the washing and squeezing gear. 

Modern high-speed news-machines do not always 
reverse the paper, but run straight through to the 
dryers, depending for finish on the ensuing operations, 
apparently with sufficient success to make a readily 
saleable paper. The difference, however, between the 
two sides of a sheet of newsprint paper thus made is 
easily observable. Although jets of water are used, 
constantly playing on the felt during its return journey 
from the press rolls, the water being squeezed out by 
a pair of rolls (see I lin Fig. 11) before it again comes 
in contact with the web of paper, there is a disadvantage 
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in this method that although the spray may remove 
all;the dirt and portions of stuff, the felt suffers because 
it is subjected to double pressing, that of the wet press 
and, secondly, that of the squeezing rolls, A more 
recent development, which is working in many mills 
both in this country and abroad, is the Vickery con- 
ditioner and cleaner, which automatically cleans the 
felt while paper is being made, and at the same time 
restores or renovates the felts after their maltreatment 
by the presses, tension rolls and other gear. 

In some modern machines making paper requiring a 
good surface finish, a pair of rolls is introduced between 
the last press and the drying cylinders, the object of 
which is to close up the fibres of the paper, and incident- 
ally to strengthen it while yet wet, before coming in 


contact with the heated surface of the drying cylinders. 
The upper roll, around which the paper is led before 
passing between the two, is covered with rubber, the 


Fig./1 . DIAGRAM SHOWING COURSE OF “WET” FELT. 


they are bolted. Lagging is provided for the ends in 
order to reduce heat loss as much as possible. In 
White’s drying cylinder, Fig. 15, the bolts are dispensed 
with, the end-covers being spigoted on an internal 
flange, so that the trunnions are retained in a truly 
central position. The wall of the cylinder is carried 
beyond the flange, and in it are turned grooves, while 
the edge of the cover is similarly grooved. A space is 
left between the two grooves, into which a rust jointing 
composition is caulked, thus forming a solid metal ring, 
keying the cover to the cylinder. 

To ensure that all dryers travel at the same speed, 
they are geared together, and the cast gear-wheel of 
earlier days has, of course, been superseded by the 
modern machine-cut gear. The arrangement of a set 
of dryers varies according to the class of paper to be 
produced, It is usual to arrange the cylinders in two 





rows one above the other, but the set may be divided 
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Fig.13. REVERSAL OF PAPER 
AT THIRD PRESS. 
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Fig.17. DIAGRAM OF DRYING CYLINDERS. 
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lower roll being of,bronze, or of iron with a bronze 
casing. No felt is used, and if the rubber is of suitable 
quality and finish, all marks of the wire or felts are 
obliterated. Probably the action of the drying cylinders 
18 intensified as the smooth face of the paper permits 
more intimate contact with the heated metal. Natur- 
ally, these rolls would not be required in a machine 
making, say, newsprint, the surface finish of which is 
not important. 

In general appearance there is little change between 
the drying cylinders of to-day and those of forty years 
ago, except that they are of greater length and diameter, 
but in the construction, gearing, and auxiliaries con- 
siderable improvements have been effected. Cast-iron 
is still found the most suitable material for the cylinders, 
and the large castings now necessary are excellent 
Speciments of the ironfounder’s craft. The shell is 
bored, turned, and afterwards polished, so that no 
Spongy or porous metal can escape rejection. It must 
be truly balanced, and the thickness of the wall equal 
at all parts, so as to avoid uneven expansion under 
steam-pressure, and to ensure even heat flow. In 
early machines the internal surfaces were frequently 
Tough as they left the sand, and weights were attached 
‘o bring the cylinder in balance. This would be 
unsatisfactory at present-day speeds. The end-covers 
‘re cast with the trunnions and turned to fit an internal 





flange in the shell to which, in the majority of machines, 








into two or three sections. Steam supply to the 
cylinders may be from the boilers direct or through a 
reducing valve, but the most usual method is to 
utilise the exhaust from the engine or turbine, driving 
the mill or perhaps from the engine driving the machine, 
augmented if need be by ‘‘ make-up ”’ from the boilers. 
Fig. 17 diagrammatically shows the arrangement of 
the drying cylinders and their felts. There are 19 
drying cylinders, K, 4 ft. diameter, and four felt 
dryers, &, 30 in. diameter, serving the upper and lower 
felts. 

The course of the paper through the machine can 
be traced by the broken lines, while the felts are shown 
in full lines, together with their rolls, marked F.R. 
It will be noted that the paper, as it leaves the last 
press, passes over a lead roll and around two cylinders 
which are not provided with felts. The reason for this 
omission is that as the paper is still wet and the 
water must be driven off, the steam escapes more freely 
from the unclothed surface than if provided with a 
felt, and should the paper be of a class in which china 
clay or other filling is used, it is less likely to stick to 
the cylinder if free from the pressure of the felt. The 
drying cylinders are divided into three sets, with a separ- 
ate drive to each. Two sets are before the smoothing 
rolls, and one after them, so that the speed adjustment 
is a simple one. The design of the side framing is 


emarkably accessible. An ovoidal form given to the 
upper ring members provides ample room between the 
cylinders and the return felts, and at the same time 
allows the edge of the cylinders to stand clear for 
* leading-through”” purposes. Modern American 
practice favours a single stack of dryers with one long 
felt at the top and another at the bottom, although 
there are exceptions, as, for instance, where the dryers 
are divided into two stacks with a sizing machine 
between them. European ‘machine-builders, except, 
perhaps, in the case of newsprint machines, prefer to 
divide the dryers into sets, each set having a separate 
drive and separate top and bottom felts, with their 
own tensioning gear and dryers. By this construction 
the speed of the dryers can be adjusted to suit the 
shrinkage of the paper as it loses its moisture, and the 
felts, being comparatively short, are more easily 
adjusted for tension. The life of the felt is also 
improved, as the changes of condition, due to moisture, 
are less extreme, whereas in the single long felt each 
portion experiences the full range of moisture and 
temperature of the paper. Another reason for sectional 
drive is the increased facility in starting up the dryers 
from cold. 

The paper, on reaching the dryers, ‘still contains 
water, which must be evaporated before reeling. As 
an example of what this entails, we may take one 
of the high-speed newsprint machines made by Messrs. 
Chas. Walmsley and Co., Limited, which produces 
90 tons of finished paper each 24 hours, and runs at 
800 ft. per minute. This machine has 36 drying cylin- 
ders of 5 ft. diameter approximately 20 ft. wide. 
Not more than 0-625 of the total drying surface of 
the cylinders is in contact with the paper at any 
instant. The duty of the cylinders, then, is to 
evaporate 6:96 tons of water per hour, or 2-2 lb. per 
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one unit of surface of paper is in contact less than 
half a minute. From various tests that have been 
made on different machines, it appears that the © 
evaporative efficiency of a stack of drying cylinders 
is not satisfactory, from 3 Ib. to 4 Ib. of steam bei 
taken to dry 1 lb. of paper. Average practice woul 
probably show that from 30 per cent. to 40 per cent. 
of the steam heat supplied to the cylinders is lost in 
radiation or rejected in the condensate, and it is not 
easy to devise a method of diminishing the loss. Wide 
cylinders are naturally more economical than narrow 
cylinders of the same diameter, owing to surface 
radiation from the ends being the same in either case. 
The whole of the water vapour escaping from the paper 
is discharged into the machine-house, and should be 
removed as speedily as possible, not only because its 
presence retards the drying of the paper, but because 
any condensate of this vapour falling from the roof 
on to the paper in its course will leave spots in the 
finished sheet. Many machines have a roof or hood 
over the drying cylinders, from the apex of which 
ducts are led to exhausting fans, which draw off the 
moist air and discharge it outside the building. 

A very good system in the opinion of the authors is 
that of the Sturtevant Company, in which the object 
is two-fold, to free the building of vapour and to increase 
production. A further example of the trend of thought 
and invention on this subject is the system recently 
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patented by Mr. T. D. Nuttall, the object of which is 
to reduce the number of small cylinders, and increase 
the drying efficiency by the employment of large 
cylinders, fitted with hoods encircling a greater portion 
of the circumference. Hot air is forced into the hood, 
so as to play on the surface of the paper passing around 
the roll and leaving the hood by a suitably placed 
outlet. The Sturtevant method, is to discharge heated 
air from pipes placed in the pockets or adjacent to 
them. It was found by experiment that a straight- 
through blast of air did not clear away the vapour, 
and was troublesome to the machine operator, so that 
in place of one heavy discharge parallel to the axis of the 
cylinders, a number of jets were made to play on the 
paper from specially shaped nozzles formed in a pipe 
the end of which is closed. By this means the air is 
delivered exactly where required, and the minimum 
quantity used. The air is drawn through a steam- 
heater by a fan, generally driven by a steam-engine, 
the exhaust of which goes into the heater, and is forced 
through the main duct, discharging from the nozzles 
before mentioned. The temperature of air is regulated 
by the steam supply to the heater, or where there are 
wide variations in the temperature of the air supply, by 
adding to or lessening the number of coils, the ideal 
condition being that the heat of the air at the nozzles 
is sufficient to absorb any moisture and carry it away 
to the ventilators or suction ducts without any 
sweating on the roof or adjacent fixtures, In the 
United States considerable progress has been made 
recently with vacuum drying chambers, and the 
inventor, Mr. Ogden Minton, has succeeded in pro- 
ducing a mechanical sealing device which permits the 
popes to pass freely in and out of the chamber without 
oss of vacuum. ‘he seal of this michine is shown in 
Fig. 23. 

The final operation in the process is that of calender- 
ing, which completes the finished paper, although 
papers for special purposes may undergo further treat- 
ment according to the use for which they are intended, 
before they are ready for the market. The calender 
or the calender stack as it is sometimes called, consists 
of two side frames carrying bearings in which rotate 
a number of rolls between which the paper passes. 
The precise number depends on the finish desired and 
the speed at which the paper travels. The paper, as 
it leaves the drying cylinders, still bears the marks 
of the wire and the felts, and the purpose of the calender- 
ing is to eliminate these, and as far as possible give the 
sheet a similar appearance on both faces. In effecting 
this the thickness of the sheet is reduced and the 
strength increased. Power is delivered to the bottom 
roll, the remainder being friction driven. As a 
result the weight of all the rolls when operating is 
carried by the bottom roll in addition to any extra 
pressure which may be applied by the weights and 
levers. For this reason the bottom roll is crowned 
or cambered to compensate for any deflection caused 
by the load, and it may be necessary to perform the 
same operation on the upper rolls or on some of them, 
otherwise pinching at the edges of the web may occur. 
If the rolls be steam-heated, distortion is likely to 
happen from unequal expansion, and this may be 
counteracted by blowing cold air on to the parts 
affected. To keep the rolls clean and to remove any 
particles of paper dust or broke that might adhere 
to them “ doctors’? are fitted in most machines. 
These are knife or bevel edged plates, carried on a 
rigid bearer and inclined tangentially to the surface of 
the roll, and bearing, under light spring pressure, 
upon it. Conditions occasionally arise which prevent 
the perfectly true running of one or other roll, or its 
running in absolute parallelism with the others, or 
heat may cause distortion, or the roll may be lifted 
unequally at the ends. Hence constant attention is 
required to ensure that the doctor-blade bears equally, 
sufficiently close to remove any specks, but not hard 
enough to score the surface of the roll. It should be 
observed that, if one end of the roll be lifted higher 
than the other, the edge of the doctor-blade would 
need to follow a spiral curve to keep in contact with it. 
Vickery’s doctor is designed to overcome these diffi- 
culties and to obviate the necessity for constant atten- 
tion. It consists of a thin flexible steel blade, not 
positively fixed to a rigid support, but floating on a 
series of spring fingers, carried on the supporting bar. 
As the blade is flexible and attached to each finger 
separately it can conform to.any misalignment, and is 
not constrained by lack of freedom for expansion. 

After passing through the calenders, the process of 
paper manufacture is complete, that is the “ stuff” 
has become paper and the work of the ‘‘ machine ”’ is 
finished any additional treatment depending on the 
purpose for which the paper is intended, and may be 
looked upon as treatment rather than manufacture. 
As, however, the paper has to be transported whatever 
its ultimate destination, it must be ‘ reeled,” that is, 
wound up as tightly and smoothly as possible in order 
to occupy the minimum space and to avoid damage dur- 
ing transit. .There are many different types of ‘‘ reelers,” 





and space does not permit a description of many in- 
genious devices employed in them, all of which are 
directed to two main objects, namely, even reeling, 
and rapidity in changing from a full to empty reel. 
Reelers can be divided into two classes: those which 
are gear-driven and those in which the reel itself forms 
part of the driving gear, for short drum-reels. In the 
first named the reel spindle carries a pinion which 
can be dropped into mesh with a gear-wheel driven by 
belt, motor, or in the Fougner machine by a Pelton 
wheel. In the second class, the reel spindle is not 
driven. The whole length of the reel itself rests on a 
revolving drum which frictionally transmits its motion 
to the reel through the paper which is being reeled. 
As the paper must be wound under even tension, and 
is delivered from the paper machine at constant speed, 
it follows that, as the diameter of the reel increases, 
its revolutions must decrease. This decrease occurs 
automatically in the drum machines, but in the reel 
spindle driven type, a slipping clutch is interposed 
between the source of power and the gear-wheel with 
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which the spindle gear meshes. This slipping clutch 
allows the speed to vary, if the tension in the paper 
becomes excessive. In some cases the drive is by a 
slack belt, brought to the required tension by a roller 
running in a weighted pivoted arm. 

It must be remembered that the various sections of 
the machine have individual drives, and coned pulleys 
are used both on the driving and driven shafts. The 
reason for this disposition is that, although the units 
of which the machine is composed must run as a whole, 
the speed of any section may vary slightly from the 
section adjacent to it, in order to compensate for the 
shrinkage of the paper as it drives. The speed of the 
whole machine may need to be varied according to the 
class of paper being made, and a change of this character 
may again demand a different speed ratio in its units. 
As machines developed and the power required to drive 
them increased, the machine-builder was forced to 
devise improved methods. A 6-in: belt can easily be 
persuaded to creep up or down the coned face of a 
pulley, but when the power demand calls for a 12-in. 
belt, the movement is far from easy. Gearing was 
introduced so that the belt speed could be increased, 
and the required power transmitted by a narrow high- 
speed belt. The cone pulleys still required to be wide, 
and the space occupied by the driving gear was little 
less than that occupied by the other part of the machine. 
Some mills have a cellar below the machine room, and 
this is utilised to accommodate part of the gear with 
undoubted advantage and increased security for the 
operators. 

The use of electric motors for the machine drive has, 
without question, very many advantages over belt 
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or rope drives, provided the speed of the machine js 
sufficiently high to render complicated reduction gear 
unnecessary between the motors and the machine 
shafts. Even in machines of low speed it may be 
advantageous to substitute electric driving with a 
modern high-efficiency reduction gear, so as to secure 
the smoother running and ease of control. As very 
many of the largest and fastest modern machines are 
electrically driven, it seems hardly worth while to 
set out here the reasons for and against electric driving 
for machines of this class, especially as the qu:stion 
has been the subject of many other papers and 
debates, but it must be remembered that in many 
instances where electric driving has been adopted in 
displacement of apparently successful methods, the 
resulting commercial efficiency has been sufficiently 
high to outweigh heavier capital outlay and lower 
electro-mechanical efficiency. In other words, a 
higher cost per horse-power hour may result in bigger 
dividends. . 
One of the many advantages of electric driving is 
in the ease of control; speeds can be varied instan- 
taneously and from any point, so that it is unnecessary 
to place the motors close up to the machine or even 
in the main building; . they can be conveniently 
situated in an annexe, immune from moisture or 
dust, with an extension shaft, passing through the 
partition wall, transmitting the power by a single pair 
of gears at the machine. There are several systems 
specially designed for paper machine drives, namely. 
those of the General Electric of America, the Westing- 
house, the Harland, the B.T.H. and others. As the 
Harland is better known in this country and in Canada, 
it may be taken as typical of modern electrical practice 
illustrative of recent progress, and should, therefore, be 
briefly described. The. Harland electric drive (see 
ENGINEERING, vol. cx, page 637), is the inven- 
tion of Mr. F. C. Warburton, and has already 
been applied to machines 90 to 232 in. wide, running 
at speeds varying from 100 to 1,200 ft. per minute, 
and producing paper of as widely different character 
as ‘“‘ Kraft” and ‘“ Tissue.”” The motors driving the 
different sections of the machine are of the ordinary 
type of adjustable speed direct-current motor, wound 
according to the speed range desired, and may take 
their current from any power mains or from a motor 
generator. Referring to Fig. 32 it will be seen that 
each motor M has at its commutator end a small 
cone-pulley marked P, and at the driving end a gear 
pinion or a coupling to transmit the power to the 
machine section. At the back of the machine is a light 
shaft A driven either by a small adjustable speed 
motor (the speed of which must have a range equal 
to that required for the machine), or by the dryer 
section. This is the master shaft, and by it the speed 
of the whole machine is regulated. At a little distance 
from each section motor there is fixed on this shaft 
a bevel or spiral gear B, driving through a similar 
gear Bl, a cross-shaft C on the end of which is a 
gear-wheel D, forming the sun-wheel of a differential. 
In line with the shaft C, is a second shaft E carrying 
a second sun-wheel D2, meshing with two pinions 
F, Fl, which, with the sun-wheel D, complete the 
differential. At the opposite end of shaft E is a cone- 
pulley Pl similar to that on the motor, by which it 
is driven through a light belt G. The shafts E and 
C are revolving in opposite directions, but normally 
at the same speed and the casing H carrying the studs 
on which the pinions F, F1 are mounted, free to rotate, 
is free to revolve on the shaft C. Mounted on the 
casing H isa contact arm I carrying carbon brushes, 
which make contact with the segmental plates of a 
shunt regulating resistance placed in the field circuit 
of the motor M. As long as the shafts C and E 
maintain equal speed, there is no movement of the 
casing, and consequently no variation in the field 
circuit, but if for any reason the relation between the 
speed of the two shafts is disturbed, the casing com- 
mences to rotate, and the field current is increased or 
diminished until the speed of the motor M drives the 
shaft E at the same speed as shaft C, whereupon 
the movement of the casing stops. A belt shifting 
gear N actuated by a small hand wheel © on the 
front of the machine, moves the belt G to any 
required position, and retains it there until further 
change of speed is required. It should be noted that 
the belt G normally has no work to do except to over- 
come the frictional resistance of the ball-bearings 12 
which the shaft E runs, but to avoid any possibility 
of slip the belts are made amply large. Once the 
position of the belt is set, there can be no variation 
in the draws, the relation between the speed of the 
sections being maintained quite independently of any 
variation of load or of E.M.F. in the main circuit. 
As a rule the taper of the pulley is graded so as to give 
a speed range of 15 per cent. to 20 per cent. from the 
normal, but the increments of the range do not depend 
on the number of sections in the resistance. In prac- 
‘tice it is found that if the required speed is not attained 
by a definite position on one segment, but is greater, 
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Fie. 16. THe HEADSTOCK. 


AMERICAN AUTOMATIC TURNING 
MACHINES. 
By JosEpH Horner. 
(Continued from page 183.) 

The Reed-Prentice Lathes.—The ** production ”’ lathes, 
by the Reed-Prentice Company of Worcester, Mass., 
U.S.A., have front and back rests, as shown in Fig. 15, 
each carrying several tools. The bed is cast in so- 
called semi-steel, with four vee’d ways. The outer vees 
take the carriage, the inner the heads, the inner vees 
being sunk below the outer. A wide chip pan of pressed 
steel surrounds the bed. The capacities of the largest 
lathe are 24 in. between centres, and 12} in. swing over 
the carriage. The work done is turning—parallel and 
tapered—facing, recessing and boring. 

One of these machines is built with a pulley-driven 
headstock having a single speed only. The others 
have four speeds which are changed with gears. In 
other details all the machines are similar. The head- 
stock is either belt, or motor-driven. Gears are engaged 
by means of a disc clutch, with which a brake is com- 











Fig. 17. Tue Apron. 


say, than that given by No. 30, and less than that given 
by No. 31, then the contact arm will “ hover ” between 
the two and the resultant speed will be as required. 

It was stated above that the current from the section 
motors could be taken from any power mains or from 
@ motor generator, and this is so if the speed variation 
issmall. If, on the other hand, the mill requirements 
demand a wide variation of machine-speed, a variable- 
voltave generator or booster-set is employed, so that 
the E.M.F. of the main circuit may be varied, the 
application of sectional control being retained as 
before described. As before mentioned, the Harland 
8 a direct-current system, and, therefore, if the drive 
1s installed in a mill having already an alternating- 
current power service, a rotary converter or motor 
generator is necessary to supply the current required. 
The British Thomson-Houston Company, on the other 
hand, have designed special alternating-current motors 
for two or three-phase circuits, which enable a drive 








bined for instant stopping. The latter is controlled 
by means of a handle at the front of the headstock, 
to be seen in Fig. 16. Sliding gears, manipulated with 
two handles in front of the headstock, impart four 
speeds to herring-bone gears on the spindle. The gear 
shafts run in ball bearings, and the spindle journals in 
bronze bearings. Lubrication is on the splash system, 
and a sight feed oiler indicates the level of the oil. 
The massive character of the spindle may be gathered 
from some of the dimensions. In the machine with 
a swing of 10% in. over the carriage, the front bearing 
is 4 in. diameter by 64 in. long; the spindle nose is 
34 in. diameter, and a 1}-in. hole is bored through the 
spindle. In the machine with a 12}-in. swing over the 
carriage, the front bearing is 4}-in. diameter 64 in. long, 
the nose is 4 in. diameter, and the hole through the 
spindle is 1} in. diameter. 

The tailstock is provided with two movements— 
a quick withdrawal of the centre, and a fine adjust- 
ment. A cam path is cut in the barrel with a straight 
length which gives a long spindle traverse after which 
a cam lever working in a siot in the barrel comes into 
play, and results in %-in. spindle traverse for about 
90 deg. rotation of the cam lever. This provides for 
quick centring. A hand clamp locks the spindle when 
the lathe is running. Turning is done from the front 
carriage. and facing from a tool post swung at the rear, 
each being engaged independently. The feeds are 
derived from the headstock spindle through a train of 
gears connecting to the feed rod to be seen in Fig. 17. 
The apron can be fed in either direction by the move- 
ment of a lever, the direction of feed corresponding with 
that in which the lever is moved. This will be clear 
to be installed in those mills where it is desirable to | on reference to Fig. 17. The gear shafts are supported 
keep to a single system of power supply. Briefly, it | at both ends in a double-walled apron. Longitudinal 
is a variable-speed alternating-current commutator | and cross-feeds are automatically tripped, and stops 
motor having (normally) a shunt characteristic, and | for each ensure accurate results. 
the speed change is effected by brush movement.| The tool block for the cross feed is not mounted on 
The brushes are not merely moved round the com-| the bed, but is pivoted on a round bar supported 
mutator, but each motor has two sets of brushes on | between the head- and tailstocks. It is clamped to the 
the same commutator carried on separate rings, and | barin any required position, but the bar is free to. rotate 
the speed is varied by moving one bush ring clockwise | in its supports. An arm extends from the back of 
and the other anti-clockwise. | the block and carries a cam roll which fits into a swivel 
| cam block clamped to an angle-shaped bracket, the 
| latter being attached to the rear of the tool carriage. 

TrIats oF THE M.S. ‘‘ ArHELKING.’’—The twin-screw | The swivel cam block is pivoted on this rear bracket, 
motorship Athelking, briefly described on page 103 of | on which it can be swivelled to 30 deg. on either side 
our issue of January 22, last, ran successful trials off the |of the centre line. As the turning carriage moves 
fe gsc gy cay: Pass ne Wither Richoed, | longitudinally, the swivel cam block rotates the tool 
son, Limited, Wallsend-on-Tyne, and the dwners the | block with its bar towards the axis of the lathe. Various 


British Molasses Company. The main engines.are,of the | CTOSS movements are obtained by setting the swivel 


Neptune six-cylinder two-cycle single-acting type. jcam in different positions. Facing operations are 
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performed simultaneously, with those for turning from 
the front. Tools are finely adjusted by means of a worm 
and wheel, A standard feed box gives four feeds per 
revolution of spindle, effected through sliding gears 
operated by means of a handle in front of a closed box 
below the headstock, shown in Fig. 15. By the use of 
two compounding gears, three addition feeds can be 
obtained. 

An Automobile Axle Lathe.—A machine incorporating 
some of the unit elements of the previous lathes is a 
double-end centre-drive lathe, Figs. 18 and 19, for 
turning both ends of an automobile axle shaft simul- 
taneously. Central-driven axle turning lathes have long 
been used in locomotive shops, but it has been the 
practice to cut each journal with a single tool. In 
the design now referred to, batteries of tools are used 
in blocks at the front and rear. Straight taper and 
form-turning are done, as well as bevelled-facing, 
shoulderings and recesses, while the settings of the 
tools permit of working to close limits. In this 
machine the drive to the headstock is taken from a 
shaft occupying the centre of the bed, and driven from 
a pulley or a motor as in Fig. 18, at the right-hand 
end. The headstock, driven by double-helical gears, 
has a hollow steel spindle, with a 3}-in. hole, bell- 
mouthed at one end for convenience of inserting the 
work. A hand lever at the front of the head operates 
the driving gear, which is similar to that of the 
** production ” lathe. The drive is engaged by a disc 
clutch, and a brake arrests the motion instantly. 
The axle to be turned is held in jaw chucks, which 
are cam-operated and self-centring. There is one at 
each end of the headstock. The tails-stocks are of 
the cam quick-acting design already noticed, or of 
the ordinary hand wheel and screw type. The front 
rest and the back arm attachment are similar to 
those on the “ production” lathes, Each carries 
several tools, arranged to suit the shapes of the axle 
journals. The sections of the tools are }in. by 1} in. 

Tool Lay-out.—Figs. 20 to 23 illustrate tool 
arrangements of this lathe. These are in general 
similar to those used on the four-speed ‘“ production ” 
lathe, but modified to suit the special task of axle 
turning. Figs. 20 and 21 show the right-hand tool 
blocks, and Figs. 22 and 23 the left-hand block. 
These drawings correspond with the plan view given 
in Fig. 19. 

The two carriages are provided with independent 
longitudinal power feeds derived from the feed rod 
seen in Fig. 18, this drive being taken to the rack 
pinions through worm gears and clutches operated 
by hand levers at the front of the aprons. The feeds 
are engaged by hand or automatically, and are tripped 
by adjustable stops. The longitudinal movements 
derived from the rack and pinion drive are transmitted 
to the block through a bracket seen in Fig. 18, which 
is fitted to the tool block with a tongue thus permitting 
of some cross adjustment of the block. This is 
effected by means of the hand wheel seen in Figs. 18 
and 19, and outlined in Figs. 20 and 21, with its 
micrometer dial. In Figs. 20 and 21 the right-hand 
end of the axle is being turned by the use of both 
a front and a rear tool holder. Of the five tools at 
the front, three are turning parallel, and two turning 
tapers, the clamping screws for the latter sliding in 
slot holes. At the rear, three tools are shown cham- 
fering, while one is recessing. The tools are adjusted 
minutely by means of set screws behind, and are 
clamped by screws from above. The clamp plates 
are secured with bolts. 

The rear tool holder, operated as previously explained, 
and carried on a round bar, shown in outline in Fig. 21, 
having @ maximum cross movement of 4 in., performs 
its operations simultaneously with the longitudinal 
movements of the carriage. It should be noted 
that the plan view of the rear tool holder in Fig. 20 
is not a projection from Fig. 21, but is taken per- 
pendicularly to the tool face in Fig. 21. Figs. 22 and 
23, which should be compared with Fig. 19, show 
parallel turning and chamfering at the left hand, 
with two tools mounted on the front holder. 


(To be continued.) 





Ciuss 1926.—The annual publication, now in its 
84th edition, of ‘‘A List of English Clubs,’’ which is 
edited by Mr. E. C. Austen-Leigh, affords information 
in a clear and concise form relating to some 3,950 clubs 
in London, the provinces, the overseas Dominions, and 
Colonies, Included are also references to clubs in 
other parts of the world which are frequented by people 
of British nationality. In every case the name of the 
secretary is given, the addresses are clearly stated, 
subscriptions are specified, and there is also a statement 
of the objects for which the institution was founded. 
Provincial clubs are dealt with in the alphabetical order 
of their names, but there is also provided a classification 
under the names of the towns in which they are situated, 
This useful reference work is published by Messrs. 
Spottiswoode, Ballantyne and Co., Limited, of New 
Street-square, London, E.C.4, at a price of 78. 6d. net. 
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Fig. 18. Regp-Prentice AvToMOBILE AXLE LATHE. 





Fic. 19. Pran or Avtomosite Axte LatHEe SHowine Toor Sxt-vp. 


Retp’s CoLtigery GuIpE,—A new edition, for 1926, of 
their ‘‘Handy Guide and Directory,’’ to the coal 
industries of the North of England has been issued by 
Messrs. Andrew Reid and Co., Limited, Printing Court 
Buildings, Newcastle-on-Tyne. The publication has 
been compiled from official sources and contains much 
data, in a concise form, on the collieries of Northumber- 
land, Durham, Yorkshire, Cumberland and Westmore- 
land, Two large folding maps are included, the first 
is of the coalfields of Yorkshire and gives the location of 
collieries, boreholes, canals, railways, &c. The second 
map depicts the Northumberland and Durham coalfields. 
Among other information, lists of the names and addresses 
of colliery owners, agents, managers, engineers and 
inspectors of mines and particulars of associations and 
institutions connected with the coal trade in the North 
of England, are given. A large amount of space is 
devoted to the Coal Mines Act of 1911 and to the amend- 
ments and statutory rules and orders issued since the 
Act came into force. Tables of useful data, miscellaneous 
information, and formule, conclude the work, which is of 
handy pocket size and contains 250 pages ; the price is 
3s. 6d. net. 





LAUNCH OF THE M.S, “ Accra.’’—The luxuriously- 
equipped motor passenger liner Accra was recently 
launched from the East Yard, Belfast, of Messrs. Harland 
and Wolff, Limited. Built for Messrs. Elder Dempster 
and Co. Limited (British and African Steam Navigation 


Company), the vessel has a gross tonnage of about 9.200, 
a length of 468 ft. 9 in., a beam of 62 ft., and a depth of 
35 ft.: she is intended for the owners’ West African 
service. 'The Accra has a cruiser stern, and there are six 
decks and eight watertight compartments. The double 
bottom extends fore and aft and is arranged to carry oil 
fuel. Accommodation on a generous scale has been 
provided for nearly 500 passengers and crew. In 
addition, arrangements have been made for the con- 
veyance of troops and a large number of native passengers. 
Three 200-kw. Diesel-driven generators supply the 
current required for lighting, heating, and power through- 
out the vessel, and an emergency plant, consisting of one 
50-kw. Diesel-driven generator, is placed well above the 
margin line for use if, at any time, the main dynamos are 
out of action. The propelling machinery consists 0 
two Harland-Burmeister and Wain six-cylinder, four- 
cycle, double-acting Diesel engines, each engine having 
a normal rating of 3,750 h.p. Compressed air for fuel 
injection is provided from a three-stage air compressor 
mounted at the forward end of the engine and driven 
from an extension of the crankshaft. The engines have 
forced lubrication throughout ; oil is also used for piston 
cooling. The cylinder jackets and covers are cooled by 
means of fresh water. Mancruvring air at 25 atmospheres 
is stored in four steel reservoirs; these are charged by 
two two-stage, electrical!y-driven air compressors. 
One oil-fired vertical boiler is installed for generating 
steam for distilling, emergency, and other purposes. 
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DOPES AND DETONATION.* 


By Prorrssor H. L. Canuenpar, C.B.E., F.RS. 
Assisted by Caprary R. O. Kine anp FLIGHT 
LinuTENANT C. J. Sus, D.F.C, 


(Continued from page 545.) 


SECTION IV.—ENGINE EXPERIMENTS ON 
DETONATION. 


By Captain R. O. Kine and Flight-Lieut. C. J. Sms. 


Apparatus Used and its Arrangement.—Experiments 
on detonation under engine conditions were carried out 
on an E,35 type of Ricardo variable compression engine 
allocated to the laboratory for this work. A complete 
description of the special features of this research engine 
has been published in the technical Press, so need not 
be repeated. The single cylinder has a bore of 4} in. 
and the stroke is 8 in. These dimensions, together 
with the movable head containing the valves, permit 
the compression ratio to be varied continuously between 
the values of 3-8 to 1 and 7-9 to 1, without too extreme 
a modification of the combustion space. The movable 
head is of bronze and is fitted with two large inlet and 
three smaller exhaust valves. 

Mechanically the engine has been entirely satisfac- 
tory, and has not developed any looseness or perceptible 
wear after several months’ hard usage. The most 
important special feature is the mechanism provided for 
continuously varying the compression ratio, and this is 
so ruggedly made that it can be operated while the 
engine is running without showing any sign of distress. 
The behaviour of the engine with respect to heat flow 
from the cylinder at full power at the higher compression 
ratios has not been so satisfactory. The early occur- 
tence of pre-ignition gave considerable trouble, and on 
dismantling the engine, the appearance of the metal 
Separating two of the exhaust valves showed that this 
part of the head had been very much overheated. 
Pre-ignition troubles increased as the experimental 
work progressed until the bronze of the head failed 
completely between the exhaust valves. Subsequently 
an examination of the head showed that improper 
setting of the cores in the process of casting had pro- 
duced a malformation of the cooling water passageways 
sufficient to account for considerable overheating and 
consequently a great deal of pre-ignition trouble. 

Although no engine modifications were attempted, 
certain alterations were made to the auxiliary equip- 
nent to facilitate rapid changes of fuel and the mainte- 
nance of steady running conditions. The carburettor 
supplied with the engine was fitted with two new float 
chambers, fed from separate overhead fuel tanks. The 
heights of the float. chambers were adjusted to make the 
fuel level in each the same with respect to the car- 
burettor jet. Connections from the float chambers 
to the carburettor were arranged. so that the engine 
could be fed from either without’ being stopped for 
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the change-over. A drain system was fitted to pro- 
vide for conveniently washing out the float chambers 
and connections, between trials of different fuels. 
The carburettor as supplied was very sensitive to 
changes of speed, load and petrol level, and as these 
characteristics were not desirable for the work in hand, 
the alterations necessary for nearly automatic working 
were made. 

The electric dynamometer as received was arranged 
for separate excitation to ensure that the magnetisation 
of the fields was always sufficient to provide enough 
reaction to take any torque exerted by the engine. 
With full throttle running, this arrangement permitted 
a variation in engine speed of 5 to 10 r.p.m., in part due 
to variations of voltage of the available supply. The 
electrical arrangements were altered to make the 
dynamo self-excited, and engine speeds thereafter were 
extremely steady, no perceptible changes being indi- 
cated by the tachometer. The only disadvantage of 
this arrangement is that load must be increased 
carefully in order to allow field magnetisation time to 
build up as required. 

The arrangement provided for varying the tempera- 
ture of the jacket water was altered to be independent 
of the supply of heat from the engine cylinder. The 
feed to the cylinder jacket was taken from a small 
overhead tank supplied by a pump at floor level 
drawing from a larger tank also at floor level. The 
capacity of the pump was sufficient to provide the feed 
required for the cylinder jacket plus a steady overflow 
to the larger tank, and the cylinder jacket outflow 
discharged into the larger tank. The water in the 
large tank could be heated by a gas fire or cooled by 
running in tap water, any excess resulting going to 
waste by overflow to drain. This arrangement was 
satisfactory in service and enabled the jacket water to be 
kept at any desired temperature independently of the 
load on the engine. 

The ‘engine was set in such a position, and all 
auxiliary apparatus so arranged, that it was possible 
for a single observer to carry out complete trials. 

Method of Observation of Degree of Detonation.— 
Various methods of detecting detonation and of 
indicating its violence were discussed, on the supposi- 
tion that some instrumental method might be required 
for acurate measurements consistent over a number of 
observations. In practice it was found that the 
characteristic noise at a particular stage of the onset 
of detonation was so well defined that the unaided 
ear of the observer was the only instrument required. 
Repeated determinations-made in this way fell within 
a range of 0-05 on the compression ratio, and a low 
value for this being 5-0, the aural method of observa- 
tion gave an accuracy of better than 1 per cent. The 
aural method would not be satisfactory for determina- 
tion of the H.U.C.R. on an engine having a range of 
fixed settings for the compression ratio. With such 
an engine it would be necessary to measure the degree 
of detonation for at least two of the fixed settings, and 
extrapolate to find the compression ratio correspond- 
ing to no detonation. The bouncing pin method of 
Measurement was devised by Midgley end Boyd for 
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engine without means for continuous variation of the 
compression ratio. The great usefulness of the E.35 
engine arises from the fact that such methods of 
measurement are rendered unnecessary by the ease and 
accuracy with which the compression ratio can 
adjusted, while it is running under full power, to any 
value within the limits of the engine. 

The term Highest Useful Compression Ratio, for con- 
venience shortened to H.U.C.R.., is used to express the 
non-detonating quality of any particular fuel. It 
is not an exact expression, because when determined 
by an engine test it is affected by engine character- 
istics. The occurrence of detonation, considering fuel 
alone, is determined mainly by the temperature and 
pressure reached at the end. of the compression stroke, 
and in an engine these factors depend, not only on the 
compression ratio, but also on inlet temperature and 
volumetric efficiency, and the latter, in turn, depends 
on speed. The occurrence of detonation in an engine 
is also affected by the position and number of the 
ignition points, the time at which the spark passes, and 
the shape of the combustion space. However, the 
H.U.C.R. is a satisfactory comparative criterion for 
the non-detonating quality of fuels when determina- 
tions of it are made on the same engine, always with the 
same values for the variable factors, and the same 
method of fixing the value of the compression ratio, 
with reference to the occurrence of detonation. 

Experimental determinations of the H.U.C.R. 
referred to in this report were made on the E.35 
engine, running on full throttle at 1,500 r.p.m. 30 deg. 
ignition advance, two spark plugs diametrically 
opposite, cooling water outlet temperature at 60 deg. C., 
and heat input to carburettor 1,500 watts. These 
engine conditions will be referred to hereafter as 
standard. 

Observations were started in every case with the 
movable cylinder head set for a low value of the 
compression ratio, and conditions allowed to reach a 
steady state. The cylinder head was then moved down 
to increase the compression ratio, until the first slight 
regular pinking occurred, and then further until pinking 
became more pronounced at intervals. The value of 
the compression ratio reached at this second stage of 
the onset of detonation has been taken as,representing, 
for the purpose of this report, the H.U.C.R. value, for 
the fuels and mixtures dealt with. It has been found 
that determinations made in this way can be repeated 
to give quite accurate comparative values, even with 
long intervals between experiments. This value for 
the H.U.C.R., indicating a certain degree of detona- 
tion under standard conditions, is therefore somewhat 
higher: than the value which, for practical purposes, 
would be used for continuous running, and if the engine, 
when running at the corresponding compression ratio, 
were switched on to a non-detonating fuel, the load 
indicated ‘by the spring balance of the dynamometer 
would increase by 0-3 lb. approximately. It might 
appear that the H.U.C.R., determined by this, method 
of using a fixed ignition advance, was observed eta 
degree of detonation sufficient to cause a falling off in 
power; but, in reality, the degree of detonation was just 
sufficient to allow’ the engine power to increase, with 
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increase of compression ratio, but at a lower rate than 
would obtain with no detonation. 

The trials were carried out with a fixed setting of 
the ignition advance, because it was desired to save 
the time required to make the interdependent adjust- 
ments of compression ratio and ignition necessary to 
obtain the H.U.C.R. simultaneously with optimum 
power output. It is considered that a fixed ignition 
advance, used with the method described for deter- 
mining H.U.C.R., gives accurately comparable values 
with the advantage that a complete engine trial can 
be made on as small a quantity of fuel as 800 c.c. 

Lead Ethide. Standard Engine Conditions.—Lead 
ethide is not ordinarily obtainable in the pure state. 
The American “ethyl fluid,’ samples of which have 
been available at times, is a mixture by volumes of 
three parts lead ethide and two parts ethylene 
dibromide, as already mentioned in the introduction. 
Samples of pure lead ethide were made up by the 
Royal Aircraft Establishment for a series of engine 
trials, which were carried out under the conditions 
adopted as standard, using B.P. No. 1 fuel. A series 
of eight determinations of H.U.C.R. was made, 
beginning with the addition of 0-05 per cent. by 
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volume of lead ethide, and increasing the addition 
by like amounts to 0-40 per cent. The results of these 
trials are shown graphically by Fig. 5. The experi- 
mental values of the H.U.C.R. are given by the upper 
curve and percentage increases by the one below it. 
The concentration is shown both as a percentage 
addition and as a cubic centimetre per gallon addition. 
The addition of lead ethide to liquid fuel required to 
give a substantial increase in the H,U.C.R. value, is so 
minute that it can be made most easily on the basis 
of number of cubic centimetres added per gallon, and 
this has become the customary method of expressing 
the degree of concentration. 

The effect of the lead ethide on the interior parts 
of the engine was not observed, because trials were not 
continued for a length of time safticient for evidence 
of deleterious action to ..ccumulate. 

Referring to the curves, Fig. 5, it will be seen that 
the increase in H.U.C.R. obtainable is directly pro- 
portional to the lead ethide content of the fuel up to 
an addition of 0-2 per cent., or 9.c.c. per gallon. Greater 
additions give a slower rate of increase, and 0-4 per 
cent., or 18 c.c. per gallon, give 50 per cent., as against 
32 per cent. for half as much. Samples of the ethyl 
fluid imported from the U.S.A., became available 
later for engine trials. Results obtained are shown 
graphically by Fig. 6. At the time these trials were 
made the engine had been in continuous use for some 
weeks, and was showing a tendency to start pre-ignition 
at the higher compression ratios, and it will be noted 
that the observed values greater than 40 per cent. of 
increase of H.U.C.R. are somewhat irregular. It was 
found that higher values for H:U.C.R. could be reached 








when the engine was run for a few minutes at a low 
compression ratio between observations than when 
the compression ratio was progressively increased with 
increasing additions of ethyl fluid. 

It was expected that the effect of ethyl fluid 
would be found to be due solely to the lead ethide in 
the compound, experiments having shown that 
ethylene dibromide, the other constituent, has a 
negligible effect, but the trials do not quite confirm 
this expectation. Referring to Fig. 6, 0-3 per cent. 
addition of ethyl fluid gives an increase of 34 per cent.; 
in H.U.C.R., the equivalent addition of lead ethide 
would be three-fifths of 0-3 per cent.—that is, 0-18 
per cent.—and the increase of H.U.C.R. given by 
this addition was 29 per cent. Approximately the 
same proportionate differences occur over the whole 
range of the trials. The discrepancy is not great, and 
could be accounted for by the ethyl gas containing 
only a slightly greater proportion of lead ethide than 
the nominal 60 per cent. 

The ethyl fluid used in the experiments was obtained 
from the Ethyl Gas Corporation (E.G.C.), and the 
following is based on information supplied by the 
E.G.C. :— 
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* The amount of ‘ dope’ which should be aided to a 
gallon of petrol depends to a certain extent upon the 
grade of the fuel and the compression ratio of the 
engine, but the E.G.C. recommend using 5 c.c.m. of the 
dope to a gallon of ‘ aviation’ petrol (free of benzole) 
in aero-engines having a compression ratio of approxi- 
mately 5} to 1, and maintain that this ‘ doped ’ petrol 
will then possess about the same anti-knock qualities 
as a mixture of 60 per cent. aviation petrol and 40 per 
cent. commercial benzole. Actually, the U.S. Navy 
are employing a gasoline fuel containing about 10 c.c.m. 
dope per gallon for the high compression engines in 
the airship ‘ Shenandoah’ (compression ratio approx. 
6:1). 

It is interesting to examine the claims made in this 
statement in the light of the experimental results 
given above. A knowledge of the exact nature of the 
fuels used by the United States Air Service is not essen- 
tial for such an examination, because it has been found 
that the percentage increase of H.U.C.R., obtained by 
the addition of a given quantity of lead ethide, is 
very nearly independent of the original H.U.C.R. value 
of the fuel. 











Calculated H.U.C.R. 
| H.U.C.R. for for 10 c.c. per 
Fuel used. | fuel only. gallon addition of 

| Ethy! Gas. 

| 
Sample A vi - 5-8 7-3 
Sample B re ” 5-8 7:3 
Sample C 5-5 7-9 
Sample D 5-4 6-8 
Sample E 5:2 6-6 
Sample F be 4:9 6-2 
Sample G sf 4-8 6-1 





Taking the case of the aviation petrol referred 
to, it is stated that the addition of 5 c.c. per gallon of 
the ethyl fluid is equivalent for anti-detonation purposes 
to the use of a fuel mixture containing 60 per cent. 
of this petrol and 40 per cent. of commercial benzol. 
The curve for ethyl fluid, Fiz. 6, shows that for 5 c.c. 
per gallon, that is, 0-11 per cent. addition, an increase in 
H.U.C.R. of 15-5 per cent. was obtained, and the ex- 
perimental results for benzene, given later, have shown 
that the use of a mixture of 40 per cent. benzene and 
60 per cent. petrol gives an increase of 15 per cent. in 
H.U.C.R, The E.G.C. have on this comparison some- 
what understated the case for ethyl fluid. 

The second part of the quoted statement, to the effect 
that ‘“‘a gasoline fuel” containing 10 c.c. ethyl fluid 
per gallon is used in the 6 to 1 compression ratio engines 
of the “ Shenandoah ’’ can be verified by considering 
the increase of H.U.C.R. that would be made possible 





by the stated addition of ethyl fluid to some of the fuels 
in regular use in this country. The table in the 
preceding column, compiled from E. 35 engine trials, 
exhibits the necessary data. 

The E. 35 engine would run without detonation at a 
6 to 1 compression ratio on any of the fuels mentioned, 
with a 10 c.c. per gallon addition of ethyl fluid. An 
aero engine, even :f considerably more liable to deto. 
nation, would run very well on any of the fuels, with the 
possible exception of the two last mentioned. The 
conclusion reached is that the E.G.C. have again not 
overstated the case for ethyl gas. 

Lead Ethide and Ether.—The effect of ether in neu- 
tralising the detonation delaying action of lead ethide 
was observed by Ricardo and communicated to the 
Air Ministry, Report No. 617, November, 1923. 
Referring to Fig. 7, the broken lines show Ricardo’s 
results, and it will be seen that as the proportion of 
ether in the engine fuel is increased the effectiveness 
of the lead ethide diminishes until it becomes nil, 
when the proportion of ether is 50 per cent. by volume. 
Ricardo used a 0-1 per cent. addition of ethyl fluid, 
and his experiments have been repeated at the Air 
Ministry Laboratory, using the same _ percentage 
addition of pure lead ethide. The unbroken lines, 
Fig. 7, are plotted from the A.M.L. results. The higher 
values for the H.U.C.R. found at the A.M.L., are 
explained by the use of pure lead ethide without the 
ethylene dibromide constituent of the ethyl fluid 
used by Ricardo, and by differences in petrol and ether 
used in the respective experiments. However, sub- 
stantially the same result is arrived at by both sets 
of experiments. It appeared at first sight from these 
experiments that the lead ethide had no detonation- 
delaying effect on fuel mixtures containing as much as 
50 per cent. of ether, but later experiments have shown 
that this is true only for small additions of 0-1 per 
cent. and less. It has been necessary to arrive at 
this conclusion indirectly because direct observations 
of H.U.C.R. values cannot be made on the E. 35 
engine for petrol ether mixtures containing more than 
50 per cent. of ether, since with such mixtures detona- 
tion occurs at compression pressures below the lower 
limit of the engine. Hence the H.U.C.R. value of a 
petrol-ether mixture containing 70 per cent. of ether, 
was too low to be measured by the ine, but on 
the addition of 0-3 per cent. of lead ethide it was brought 
just within the range of the engine at 3-6. A further 
increase of the lead ethide addition to 0-4 per cent. 
raised the H.U.C.R. value for the same 30-70 petrol- 
ether mixture to 4-1. 


(To be continued.) 





THe Minine Institute oF Scortanp.—The forty- 
eighth annual report of the Council of the Mining Institute 
of Scotland shows that the number of members on the 
roll is at present 711, a net increase of 6 since April, 1925. 
A number of papers were placed before the members 
during the year, all of which, together with the discussions 
thereon, were published in the Transactions of the Insti- 
tute. Several interesting discussions also took place 
during the session. ‘The Norman Henderson prize was 
awarded to Mr. R. Kirkby for his paper on ‘‘ Some Uses of 
Hydraulic Stowing.”’ Visits were paid to the Newhattle 
Colliery of the Lothian Coal Company, Limited, and to 
the MacLaurin smokeless fuel plant at the Dalmarnock 
Gas Works of the Glasgow Corporation. The financial 
position of the Institute, as shown by the balance sheet, 

s being maintained in a sound and prosperous condition. 





Drrectory or Parer MAxkers.—tThe fiftieth annual 
issue of the Directory of Paper Makers of the United 
Kingdom, is now obtainable from the publishers, 
Messrs. Marchant Singer and Company, 47, St. Mary Axe, 
London, E.C.3. The book contains alphabetical lists 
of paper makers, enamellers, surfaces, gummers, &¢., 

aper makers’ representatives in London and the 
Brvinges, London wholesale stationers, and informa- 
tion of interest to those engaged in the paper industry. 
Complete lists of trade designations and watermarks 
form an important feature, and other sections, such as 
those dealing with paper trade customs, the sizes of paper 
and the standardisation of paper and boards will be 
found useful for reference purposes. The book has been 
carefully compiled; it contains some 270 pages and is 
well printed. The price is 5s. net, or post free 5s. 6d. 





Tue Iron anp Steet Instrrore: AuTUMN MEETING. 
—The autumn meeting of the Iron and Steel Institute 
will be held, by invitation of the directors and members 
of Jernkontoret (Swedish Ironmasters’ Association), in 
Stockholm on Thursday, Friday, and Saturday, August 
26, 27 and 28 next. A reception will be held in the 
House of Jernkontovet on the evening of August 26. 
and papers will be read and discussed on Friday and 
Saturday mornings, August 27 and 28. The industrial 
enterprises in Stockholm, and the ironworks and mines 
to the north and west of the city, will be visited in the 
afternoon of August 27, and on August 30 and 31; the 
return to Stockholm or Gothenburg will be made on 
Wednesday evening, September 1. Members are re- 
quested to notify the secretary, not later than May 15. 
next, whéther it is their intention to attend the mect- 
ing. Further particulars may be obtained from the 
Secretary of the Iron and Steel Institute, 28, Victoria- 
street, London, S.W.1. 
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HYDRO-MECHANICAL MARINE 
GEARING.* 
By James Ricuarpson, B.Sc. 

Tue completely proved success at sea of mechanical 
helical gearing, both of the single- and double-reduction 
types, associated with high-speed turbine machinery, 
gives rise to the question whether such a system could 
not also advantageously be applied to marine internal- 
combustion machinery. Admittedly, in the first 
instances where such a combination was attempted, 
the reason was more the necessity of combining a stan- 
dard high-speed Diesel unit with a low-speed and effi- 
cient propeller than the hope of securing any substantial 


Fig.1. 





nor the propeller run at their best speeds. With gearing, 
just as with turbine insta!lations, the speeds can 
arranged to give the maximum propulsive efficiency. 
With the increased speed of revolution of the Diesel 
engine, greater attention must be paid to the ques- 
tion of critical speeds. Since there is no solid con- 
nection between the engine shaft and the pinion, the 
question of torsional oscillations becomes more simple 
of solution, and more readily estimated, so that critical 
speeds can be avoided. Certainly, also, the same high 
piston speeds which are being adopted to-day, especially 
with slow-running long-stroke engines, are not advo- 
cated with the higher-speed types. The greater the 
frequency of the reversals of stress in the moving parts, 
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gain in efficiency in any direction. With steam turbines, 
the increased speeds of revolution possible with gearing 
makes higher efficiencies possible of attainment without 
any increase in the number of units, whereas with the 
internal-combustion prime mover there can be no gain 
in thermal efficiency of the engine, and the number of 
cylinder units generally will be augmented. The fuel 
consumption per brake horse-power hour is not in- 
creased to any appreciable extent with a quite con- 
siderable increase in revolutions, 
. ee of the speed rear of the Diesel 
es with gearing, as com with the usual speeds 
cmvoniated with direct-coupled sets, need cause no 
nes on the score of reliability. The tendency with 
“imost all reciprocating prime movers has been a 
gradual increase in s of revolution and of piston 
speeds, Hitherto, with motorships, a compromise 
‘as generally been struck: neither the main engine 
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——— g of the North-East Coast 
Institution of Engineers and Shipbuilders, Newcastle- 
upon-Tyne, Friday, April 9, Abridged. 
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the more urgent the advisability of keeping the piston 
speeds within normal limits. 

Multiplicity of parts has always been advanced as 
an argument against internal-combustion engines. 
The fewer units, of course, the better; but there can 
be no gainsaying the value of the development, past 
and present, from one to two, then to four, six and, to- 
day, towards eight-cylindered engines. Replacements 
when called for, are of small pieces. Overhaul times 
need not be increased, since most of the parts are 
each so much lighter and more easily handled. With 
a twin-six-cylindered geared set, the weight of the 
reciprocating masses is less than one-eighth of that of 
a directly-coupled six-cylinder engine of equal power. 
The greater the number of units, the less is the decrease 
in performance due to disablement of one or more 
units. In the case of the 13-knot M.S. Duisburg, 10-9 
knots, or 84 per cent. of the full speed, can be 
maintained with only one engine in commission. 

In the American geared ships, a flexible coupling of 
the well-known Bibby type was introduced between 
the engine and the pinion. In some of the German 





ships, a calculated degree of flexibility was introduced 


be | by means of a “‘ quill” drive between the engine and 


pinion. The provision of some flexible medium be- 
tween the engine and its pinion is desirable, especially 
because of the higher speeds of revolution of the main 
units. Unless some flexible means be introduced, the 
conditions under which the teeth of the gearing work 
cannot be reasonably regular, especially when two 
engines drive on one main gear wheel. The type of 
oil clutch, which it is proposed to desc ibe, gives all 
the advantagés of a perfectly flexible drive and 
confers, in addition, certain other quite important 
advantages. 

A sectional illustration of the hydro-mechanical 
gear is shown in Fig. 1. The engine room installation 
comprises two eight-cylinder four-stroke Diesel engines. 
which, by means of the hydro-mechanical gearing, 
drive a single propeller. The marine engine speed is 
210 r.p.m., and the mechanical gearing has a ratio of 
1 to 2-59. The hydraulic couplings for ahead running 
have a slip of 3 per cent., and the speed of the propeller, 
therefore, is 79 r.p.m. The main Diesel engines follow 
standard practice for crosshead engines, and are made 
on the M.A‘N. Vulcan system. The cylinder diameters 
are 25-2 in., and the stroke 27-6 in., the piston speed 
being 965 ft. per minute. The system, as shown in 
Fig. 1, comprises normal single helical single-reduction 
gearing, with an ahead and an astern clutch, suitable 
Michell thrust bearings for taking up the axial loads, 
and oil pumps for filling and emptying the system. 
The form of the clutches is that due to Dr. Féttinger, 
adapted for marine work by Dr. Bauer. There is 
no rigid connection between the engine shaft and the 
pinion ; actually there is a clearance of 1Omm. To the 
end of the engine shaft is rigidly bolted a hollow ribbed 
impeller A (Fig. 1), with a shroud B, which, together, 
can be said to take the place of the flywheel. Inside 
this shroud, a similar hollow ribbed impeller facing the 
engine impeller A, is bolted to the pinion of the 
single helical single-reduction gear. A single-helical 
design suffices since it can be arranged that the 
thrust due to the angle of the helix is practically 
balanced by the oil pressure in the coupling, equally 
for the ahead or astern direction of rotation. Any 
lack of balance of thrust is taken up by the Michell 
bearings shown at C. Michell bearings are shown 
also at| D to maintain the fore-and-aft position of 
the engine crankshaft, and to take any unbalanced 
end thrust from A and B (the driving impeller and 
its shroud). The driving impeller and its shroud 
can be made of cast-steel, or of cast-iron, the earlier 
constructions being of the former and the later of 
the latter material. Oil, on being circulated around 
this clutch, connects the engine to the mechanical 
gearing, similarly to a coil spring. The driven 
member is. drawn round by the driver in conse- 
quence of the resistance to shear of the lubricating 
oil stream. 

Astern running can equally well be arranged in a 
similar manner. The engine shaft E is extended through 
the hollow pinion F, and keyed into an end cone is a 
smaller impeller G. Oil, on being circulated through 
the vanes in this impeller, impinges on fixed vanes H 
in the gear casing, and passes to rotating vanes in 
impeller J bolted to the after end of pinion F. The 
angles of the vanes, in G, H and J, are such that action 
and reaction give a reversal of direction and the pinion 
is driven astern. In this way, manceuvring can be 
accomplished without controlling the main engines, en- 
tailing only the simple process of emptying one coupling 
and transferring the oil which forms the hydraulic 
medium to the other. ‘The ahead coupling is emptied 
by turning the ring K which, through the medium of 
rods and bell cranks, opens ports on the periphery 
of the impeller A. Centrifugal force rapidly empties 
the coupling. The coupling can be filled by pumping 
in the oil through ports M. The astera coupling is 
filled through ports in the guide vanes H. Emptying 
is controlled by valve O. The pump P serves to give 
pressure for the filling operation. This centrifugal 
pump is driven by gearing from the pinion shaft, and 
is only brought into action when connected to the 
bevel gearing by the small hydraulic clutch Q. Nor- 
mally, the small pump R suffices to ensure that the 
ahead coupling is fully charged with oil. The control 
shaft and valves for effecting the inlet: and outlet 
of the oil are driven electrically and arranged so that 
the operations take place simultaneously. In the latest 
ships, the M.S. Rhine and M.S. Ruhr, the arrange- 
ment for distributing the oil to the ahead or astern 
circuits has only one valve on each side. Also, the gear 
controlling the valves distributing the oil, is of the all- 
round type, driven by electric motors, and gives the 
advantage that no damage can be done by over- 
running the valves should the electric motor not be 
stopped at the correct point by the automatic appli- 
ances fitted for this purpose. 

Fifteen ‘seconds suffices to change the speed of the 
propeller from full speed astern to full speed ahead. 
The control of the oil to and from the clutches can 
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also be very readily carried out*by hand should ”any 
failure of the electrical gear occur. 

It can be stated that the losses can: be reduced to 
any degree desired, to a negligible minimum, provided 
that the dimensions of the coupling are made suffi- 
ciently large. A compromise, however, is desirable, 
and if the couplings are made of reasonable dimensions 
for the engines, say, for example, slightly larger in 
diameter than would be considered necessary for an 
ordinary marine flywheel, the efficiency will be of the 
order of 95 per cent., in which figure is included the 
loss incurred in all of the hydro-mechanical gear, in- 
cluding the helical reduction gearing. In this figure, 
account is also taken of the reduction in speed of revo- 
lution between the driving and driven side of the 
coupling, which is not greater than 3 per cent. This 
efficiency has been measured by exhaustive trials carried 
out under the supervision of Professor Préll, of Hanover. 
To eliminate errors as far as possible, the efficiency 
was measured by four different methods. The hydro- 
mechanical clutch was installed between a high-speed 
Diesel engine and a normal type of water brake, and 


Fig.3. 
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tions without any considerable alteration of slip or 
efficiency. If the power is increased by 50 per cent. 
the efficiency is only reduced by 1} per cent., and if 
the power be doubled the efficiency only drops 2} per 
cent., provided that the number of the revolutions of 
the primary shaft be not changed. When trans- 
mitting smaller powers than those for which the 
coupling is constructed, the efficiency is increased and 
can approximate even to 100 per cent. In other 
words, the efficiency can always be maintained if the 
coupling be made large enough. This figure concerns 
only the losses in the coupling, and not the constant 
losses in the mechanical gearing. __ 

A further point arising out of these trials is that any 
torsional oscillations in the Diesel engine or primary 
shaft are damped out entirely by the coupling. The 
diagrams (Fig. 2) illustrate some of the results obtained 
with the Geiger torsion recorder. In these graphs 
a represents a time interval of 0-4 second, b includes 
the torsional oscillations occurring during one revolu- 
tion, while c, d, and e are a single-acting, four-cycle 
Diesel engine, the hydraulic clutch, and the water 
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the}Diesel engine was indicated on the one side of the 
clutch and readings were taken from the power- 
absorbing water brake on the other. The Diesel engine 
was then replaced by an electric motor, and the brake 
by a dynamo, the current n to make up for the 
loss being measured. A further method adopted was 
the measurement of the efficiency from readings of 
two torsion meters, one fitted to the primary and the 
other to the secondary shaft. Finally, the efficiency 
was calculated from the small rise of temperature of 
the working fluid-lubricating oil. 

All these four methods proved the efficiency above- 
mentioned. Trials were carried out from powers of 
100 to 300 brake horse-power and from revolutions 
ranging from 150 r.p.m. to 320 r.p.m. The following 
conclusions were arrived at by Professor Préll from 
this series of trials: (1) The turning moment of the 
prime mover is transmitted without any loss to the 
secondary shaft. (2) The power transmitted is only 
diminished in the coupling in the ratio. of the numbers 
of revolutions of the secondary to the primary shaft. 
These amount to approximately 97 per cent. when the 
dimensions of the coupling are kept within normal 
limits. (3) In connection with the propulsion of ships, 
the powers transmitted by the clutch are proportionate 
to the third power of the! revolutions, so that the 
efficieney of the coupling remains constant for all 
speeds of the ship. (4) A coupling transmitting a 
certain power at a given number of primary revolutions 
with an efficiency of 97 per cent., can transmit a much 


higher power at the same number of primary revolu- | 
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brake respectively. T1 is the torsion-graph when 
the Diesel engine was running at one of the critical 
speeds of revolutions. T2 shows the equivalent 
torsion-graph records taken from the driven shafts, 
and exemplifies that the somewhat serious torsional 
oscillations have been completely damped out. T3 
and T4 similarly indicate the normal conditions. 

The following table gives readings taken from the 
M.S. Duisburg at sea, and confirms the loss of 3 per 
cent. :— 











No. of Engine | No. of Pinion 

Revolutions Revolutions = ox eaent 

per Minute. per Minute. — We 
190 185 2,570 | 97-5 
214 209-5 2,660 97-7 
215 209-8 2,780 97°55 
216 211 8,030 97-6 
197 191-2 3,420 97 
201 195-1 3,740 | 97-1 











As already seen, it is perfectly simple to arrange for 
reversing with an astern clutch. Only about 70 per cent. 
(74 per cent. in the case of the M.S. Duisburg) of the 
ahead power is. available astern, since to arrange for 
high efficiency astern is too cumbersome. When the 
M.S. Rendsburg was running trials, the ship went 
aground; the propeller was kept running full speed 
astern for over an hour to get the vessel off the bank. 
During this time, the lubricating oil coolers were found 





to be of ample capacity to’ keep the temperature of 
the oil supplied to the astern coupling at the normal 
value. Whether astern couplings or reversible engines 
are the better solution is, perhaps, a question to be 
decided on the particular merits of each case. Records 
which have been carefully made from the logs of 
ships during manceuvring periods indicate that the 
percentage of starts astern to the total number of starts 
is of the order of 12 per cent. Even when no astern 
coupling is provided it will be appreciated that during 
all stopping and starting of the ship ahead the main 
engines are kept running. For stop, the clutch is 
emptied. For slow running, the engine may be regu- 
lated in the usual way. Should dead slow be required, 
i.e., a speed of revolution of the propeller down to 
8 to 10 r.p.m., it can quite well be obtained by reducing 
the quantity of oil in the clutch and allowing extra 
slip to take place. 

Not only is this device a perfectly flexible coupling, 
but it permits of connecting and disconnecting the 
engine and its pinion in a matter of a few seconds. 
It is fortunate that the centrifugal force of the rotating 
oil serves to accelerate the emptying and the filling 
operations. Either or both engines can be disconnected 
from the propeller at will, so that adjustment can be 
made with the greatest ease, and can be tested with 
the engine running light, before oil is again intro- 
duced into the coupling and the drive taken up. 
In this way, the engines can always be warmed up run- 
ning light, prior to propelling the ship. The auxiliary 
equipment of compressors and storage receivers can 
be considerably reduced, since it will readily be con- 
ceded that the margin of safety adopted in determining 
the capacities of this expensive auxiliary plant, is 
governed more by the desirable provision against 
abnormal cold-starting difficulties and consequent 
excessive air consumption, than by any other con- 
siderations. It is quite possible, and in installations 
of other than very large powers is probably to be 
preferred, to use the same oil system for lubricating 
the main engine and gear case bearings, filling the 
clutches and also cooling the oil-engine pistons, especi- 
ally if four-stroke cycle engines be adopted. 

The simplicity of the manceuvring must be seen to 
be appreciated. The motorship Vulcan traded to many 
of the principal ports of the world, and in some of these 
ports demonstrations were given. Results obtained in 
manceuvring tests are shown in Fig. 3. The operations 
of manceuvring can best be compared with those of 
driving a motor-car. The engine will run idle at a 
speed which depends on the position of the fuel control 
lever. When it is desired to start the ship, as oil is 
introduced into the clutch the fuel control lever is 
advanced, and the engine picks up the drive with 
perfectly gradual acceleration. In those cases where 
an astern clutch is fitted, this procedure applies equally 
for ahead or astern. Due to the fact that acceleration 
of speed of revolution with this system is gradual, the 
actual efficiency of manceuvring the ship will be greater 
than with the use of directly-coupled Diesels. Aeration 
of the lubricating oil due to rapid emptying and filling 
of the clutches, for ahead and astern running, gave rise 
in the earlier ships, to a certain sluggishness, as evi- 
denced in the continuous records ¢° torque and r.p.m. 
in passing from half to full torque, when accelerating 
from zero to maximum speed. This has been quite 
overcome in later installations, by making additional 
provision in the way of larger oil tanks and vents. 

In the first large motorship (9,500 tons deadweight) 
fitted with this system, the figure of total fuel consump- 
tion per day of 14-7 tons for 13 knots laden is ex- 
tremely good, and it can only be explained by the 
assumption that, not only does the gain in propulsive 
efficiency due to the slow running propeller balance the 
losses in the clutches and the mechanical gearing, but 
that there is in addition quite a substantial saving. 
The advantages can then be summarised: (a) Smaller 
space required for machinery ; (5) less weight ; (c) flexi- 
bility in arranging for speeds of revolution of the pro- 
peller exactly to suit the hull design; (d) possibility 
of greater degree of standardization of the units of the 
Diesel engines; . (e) cold-starting difficulties greatly 
reduced ; (f) higher degree of reliability ; (g) for pas- 
senger ships the much-reduced head-room called fer is 
an important consideratidh; (h) the possibility of 
coupling two, three or four engines to one propeller 
and so reaching high powers without excessive cylinder 
sizes and reciprocating masses. j ; 

In respect of noise of operation of the main machinery, 
the geared drive compares more than favourably 
with other systems of internal-combustion machinery. 
Serious vibration cannot be caused by the fast-running 
Diesel engines such’as are proposed for passenger ships. 
The engine seatings can be made very rigid. The 
multi-cylinder engine use: can be perfectly balanced, so 
that bending moments on the hull will be a minimum. 
The main engines are so low that the upper decks are 
not weakened, as is the case with high directly-coupled 
engines, whilst the number of revolutions cannot coi- 
cide with the natural period of the ship. 
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MECHANICS OF THE ELECTRIC 
FIELD. 


Tue 17th Kelvin Lecture was delivered at the 
Institution of Electrical Engineers on Thursday, 
April 22, by Sir J. J. Thomson, O.M., F.R.S., and 
proved to be an address of extraordinary brilliancy. 
In it the lecturer described a model of the consti- 
tution of an electric field of force ; which would have 
the property that a spherical wave of light could 
only be propagated through it for a finite distance 
and would then be reflected back to the origin 
without loss of energy, whilst on the other hand a 
light quantum consisting of a loop of a line of force 
accompanied by electro-magnetic waves would 
proceed through space indefinitely. An explanation 
is provided by this model as to why there is no 
radiation from the revolving electrons in Bohr’s 
model of the atom. 

In his opening remarks Sir J. J. Thomson said 
that he had chosen for this lecture, in memory of 
Lord Kelvin, a subject, which, from the very begin- 
ning of Kelvin’s scientific career, had never long 
been absent from his thoughts. The development 
of certain ideas which were only in their infancy 
in Kelvin’s lifetime, had now shown us an entirely 
new aspect of the mechanism of the electric field 
of force. The researches in question had established 
the electric constitution of matter, the atoms being 
built up of electrons and positively electrified 
particles. They had told us the number and masses 
of these electrons and positively charged particles, 
and had in fact, given us almost a specification 
of the electric constitution of the atom. There was 
thus provided a new field for the application of 
the established electro-magnetic laws, and it had 
been hoped that we should thus, be able to deduce 
from this specification of the atoms their actual 
properties. That hope had not been wholly realised. 
The properties of matter thus deduced by no means 
wholly coincided with the actual properties of the 
atom. 

It was, of course, a tremendous extrapolation 
to proceed from the conditions in which laboratory 
experiments on electricity had been made to the 
conditions inside the atom. The distances and 
times involved were of an entirely different order, 
but the point remained, that if the ordinary laws of 
electricity and magnetism really represented the 
actual state of affairs, this extrapolation should have 
been warranted. According to these, the time 
variation of the magnetic induction was equal to the 
“curl” of the electric force, whilst the “curl ” of 
the magnetic force gave the current. The only 
physical quantity that appeared in these two funda- 
mental equations was the velocity of light, and the 
only apparent obstacle to indefinite extrapolation 
would be the existence of velocities approaching 
those of light. In that case the phenomena would not 
be in accord with the ordinary equations, but there 
was comprised in these no indication of any other 
physical constant than this. Modern physics 
had, however, established the existence of another 
universal constant, the A or action quantum of 
Planck. No provision for this was made in the 
ordinary laws of electro-magnetism, and we were 
thus driven to the necessity of examining the foun- 
dations of these laws. 

The point, the speaker wished to suggest, was that 
the ordinary laws of electro-magnetic dynamics, and 
possibly also of ordinary dynamics, merely repre- 
sented averages taken over a time which was finite, 
and that these laws became meaningless when we 
had to deal with time intervals less than that over 
which the average in question was taken. The 
oldest of the established laws of electricity was the 
inverse square law. According to this, if we had 
two charges each equal to e at two points A and B 
Tespectively, then between the two there was a 
continuous flow of momentum from A to B, and 
from B to A, along the straight line connecting the 
two. Therate at which momentum was communi- 


cated was represented bys where d denoted the 


distance between the two points. 

_ If we could refine our perceptions so as to detect 
infinitesimal times, no one had suggested that a 
Super-being thus equipped would be able to see any 
difference in the rate at which momentum was 


being communicated during successive intervals. 
In practice, however, all our time intervals were 
very large compared with the time periods charac- 
teristic of the atom. Hence, our experiments 
would give us just the same results whether the 
momentum were communicated continuously or 
by fits and starts. We had, therefore, no absolute 
proof of the continuity of this flow of momentum. 
Nevertheless, the idea of continuous action seemed 
simpler and more reasonable, and we ought not 
lightly, to look here for any modification of the 
laws of electric action. Nevertheless, the facts 
observed did raise the question whether this 
familiar idea of continuous flow was really simpler 
than that of the discontinuous communication of 
momentum. Was the former in fact, more consis- 
tent with physical experience? To take a simple 
case—that of the pressure of a gas on a piston. 
The engineer, quite legitimately, treated this as a 
continuous phenomenon, but the pressure was 
really due to the impact of myriads of molecules. 
Their hammer blows on the piston however, 
followed each other so quickly that it was impossible 
to distinguish one from the other. If, however, 
the pressure were reduced sufficiently (as could be 
done ideally at least) the interval between successive 
impacts would become comparable with the times 
we could observe, and the motion of the piston 
under the gas pressure would then be seen to be 
not really continuous, but to be built up of jerk 
after jerk, separated by intervals of rest. Moreover, 
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the effect on the piston would then be seen to be 
more or less arbitrary. It would be impossible to 
predict the number of impacts made ina given time 
interval, which under the conditions stated, would 
be governed by the laws of probability, and, for 
sufficiently small intervals of time, the force on the 
piston would thus be quite indeterminate. 

A being possessed of ultra-microscopic eyes, 
who watched what was going on at the surface of 
a body surrounded by a gas, would not get the idea 
of a continuous communication of momentum. 
His view would be that momentum was interchanged 
by the receipt of one bang after another. He would, 
therefore, found dynamics on the basis of momentum 
being communicated by successive impacts separated 
by finite times, rather than on the hypothesis of a 
perfectly continuous flow of momentum. 

If there were intermittence in the action of 
electric forces, some much finer structure than 
that of the atom, electron, or positive particle 
must exist, and the electron and the proton would 
then not be final terms. The electron would thus 
be much more than could be expressed by fixing its 
charge e and its mass m. It must, on this view, 
have connected with it some structure. 

For purposes of exposition (though he would not 
commit himself definitely) we might imagine the 
electron or the positive particle as surrounded by 
an atmosphere of very small hypothetical particles. 
We might assume these to be in rapid motion, and 
that their impacts against the electrons or positive 
charges produced the electric field. We might 
imagine these particles as knocking against the 
charges with a frequency which depended on the 
closeness of their packing, which might be dense 
near the charges and small when further away. 
On this view, if the atom were regarded as a 
planetary system, the electron and the positive 
charge must be nebular systems surrounded by an 
atmosphere of these hypothetical particles. 

How were the results of these impacts to be 
expressed ? Well, if A ¢ denoted a time small in 





comparison with a certain time T taken as the 


characteristic interval of the electric forces*, then 
since the probability of there being no impact in a 


x 
time ¢ was e 1 the chance of an impact during 
the very small time A?¢ would be 7 and the pro- 


bable momentum communicated in this time might 
be written as I. = If, however, the time were 
long compared with T, the momentum communi- 
cated would be the same as if the force were 
continuous in its action. The latter was therefore 
a limiting condition obtained by taking the time 
average of the momentum communicated by a 
very large number of impacts. For values of A ¢, 
which were small compared with T, very different 
results would be obtained. Thus, suppose an 
electron was projected horizontally through an 
electric field of force of which the resultant acted 
vertically downwards. On the classical theory its 
trajectory would be a parabola without doubt or 
ambiguity. With an intermittent field of force 
the problem was to fix, not the actual orbit, but 
rather what was not a possible orbit. There was 
always a chance that during some very small 
time, no impact would be made with the electron, 
and its path during this time would be the horizontal 
line AB of the annexed figure. There was also 
a chance that during the same interval the electron 
might receive an impact, and this impact might 
occur at any point between A and B. Hence both 
AOC and AQD were possible trajectories of which, 
in fact, an infinite number were possible during the 
very small interval of time in question. There was 
also a chance that the electron might receive in this 
small time interval two or more impacts, so that the 
trajectory became a broken line such as AOEF. 

These infinite varieties of trajectory might 
however, to borrow a term from the sporting press, 
be divided up into probables and possibles. In 
some cases the probability of a particular orbit 
was so minute that it might be disregarded. It was 
interesting to work out how these orbits changed 
as the total number of impacts increased, and how 
they gradually approached to the trajectory which 
would be produced by a steady force, which, when 
the time of observation was long, represented in 
fact, the most probable path of an electron subject 
to intermittent forces. 

It would be seen that, in a sense, the doctrine of 
the conservation of energy no longer held good 
when the time interval was taken sufficiently small. 
Thus in the annexed figure consider the alternative 
trajectories AOC and AQD. At C and at D the 
electron, having suffered in each case a single 
impact, had the same kinetic energy, but according 
to the classical theory, it should have more kinetic 
energy at D than at C, since its potential was less. 
Hence with the intermittent forces considered, the 
principal of the conservation of energy applied 
only to the time average. Some electrons would, 
in fact, get more than average energy, and others 
less, than if the principle held true. In this matter 
it was, however, difficult to avoid conveying @ 
wrong impression, and he did not mean to imply, 
in making the above statement, that energy was 
either created or destroyed. 

In the case of an electron moving through the 
hypothetical particles which he assumed to be 
responsible for the electric field of force. there was 
an interchange of energy between the electron and 
the particles. The latter thus succeeded in doing 
what many experimenters were now trying to do, 
viz., in tapping atomic energy. But the chance of 
their doing this was no greater than that of their 
parting with energy to the atom. 

The lecturer next proceeded to speak of associa- 
tions of atomic systems which arose without colli- 
sions with other atoms or the absorption of radiation. 

The negative ions in a gas afforded one example 
of this. These ions might be either electrons or a 
complex of a molecule and an electron. Such 
complexes were in a continual state of being broken 
up and re-formed. The process was found to be 
unaffected by changes in pressure or by radiation. 
It appeared, therefore, to be a spontaneous associa- 
tion due to some constitutional weakness. It might 








* Analogous to the mean free path of the molecule of 
agas. [Ep. Ene.] 
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be accounted for by considering the motion of an 
electron describing an elongated orbit round a 
positive particle. Were the field of force in which 
the electron moved continuous, then the energy of 
the electron would be the same whenever it returned 
to the same point of its orbit. From the new point 
of view now put forward, however, this would not 
necessarily be the case. The electron might suffer 
more impacts in passing from perihelion to aphelion 
than on the return journey, and might thus acquire 
temporarily more than its normal energy, and this 
gain might be enough to carry it completely away, 
thus dissociating the complex ion. In other cases 
an electron might strike an atom or positive particle. 
On the new view there was then, a finite chance 
that in this process it would take away more or 
less energy than it brought in, and hence if we 
started with a group of electrons having originally 
all the same energy, some might, in the way stated, 
acquire a sufficient surcharge to effect ionisations 
which the average would be unable to bring about. 

The difference between intermittent and con- 
tinuous forces was accentuated when the time of 
observation was very short. What, then, was 
likely to happen when we dealt with electric waves 
of a periodicity comparable with the time interval 
of an intermittent electric force? Would these 
waves be propagated if the time interval of the 
electric field were long compared with the period of 
the wave ? The answer was that in such conditions 
Maxwell’s equations no longer held good, and there 
was then no reason to suppose that such waves 
would be propagated away with the speed of light. 
What then occurred could be illustrated by means 
of Kelvin’s wriggler, or its equivalent, a stretched 
string loaded with equal balls set at equal intervals. 
The natural period of such a system was equal to 


a/. nl 
x tension” 


If the central ball of such a series were oscillated 
slowly, the motion was passed along the string 
from ball to ball, all of which were thus set in 
vibration, and were the string indefinitely long the 
wave set up would carry clean away the energy 
used to oscillate the central ball. 

If, however, the rapidity of the oscillation were 
increased until the frequency was greater than that 
natural to the loaded string, no wave would travel 
along the latter. The balls in the immediate 
neighbourhood of the central ball would be violently 
agitated, but the remoter ones would be unaffected. 
To make the analogy closer to what was involved in 
the case of light, we might imagine that the balls, 
instead of being equally spaced, were mounted so 
that the distance between them varied progres- 
sively with the distance of each pair from the 
central ball. With this kind of spacing the natural 
periodicity of each element of the train of balls 
might increase progressively, and thus, at some 
point of an indefinitely long string, the time period 
would always be longer than that of the oscillation 
communicated to the central ball. Wherever this 
occurred the wave would be reflected back instead 
of passing on into space, and the energy would thus 
be sent back to the origin, and the “radiation ” 
would therefore, in each case, be confined to a 
certain finite length of the string. 

This, the lecturer suggested, represented what 
occurred when we tried to generate electric waves 
by an electron or an atom. The time constant of 
the field of force would increase as the force got 
weaker. Hence when the field round a vibrating 
electron was intense, the time constant would be 
small, Maxwell’s equations would hold good and 
waves radiate out. As tiey did so, however, the 
electro-magnetic field got weaker and weaker, so 
that the time constant became comparable with 
that of the vibrator. The field then could no longer 
vibrate, and the energy would be reflected back. 
Thus immediately around the electron we would 
have electro-magnetic waves, but these could not 
radiate off into space. There would thus be no 
loss of energy, as the reflected waves would carry 
it all back to the electron. The same reasoning 
would apply to an electron revolving in an orbit, 
as the waves generated would be stopped and be 
sent back. 

On the ordinary view of electro-magnetic waves 





these were continuously propagated into space 
with an energy which diminished continuously per 
unit of volume as the wave spread out. On the 
new view this latter fact made continuous propaga- 
tion impossible because the time constant of the 
electric field ultimately became longer than the 
periodicity of the wave. 

From this point of view, it followed therefore 
that a corpuscular theory of light was unavoidable. 
The energy could only pass through space in the 
form of bundles and not as spherical waves. With 
the latter a time was bound to come when the 
energy per unit volume fell below a certain limit. 
and reflection then occurred. Spherical waves of 
long wave-length could get out farther than those 
of high-frequency, but in each case the energy 
would ultimately be returned to the source. Hence 
the propagation of light must be effected in bundles, 
which in the lecturer’s view, did consist of electric 
waves. These spread out from the loop of the line 
of force with which they were associated, but for 
the reasons stated could not get far away from it, 
and were then reflected back. Hence the light 
quantum consisted of a bundle of electric waves 
rigidly confined to a certain volume of space, 
bounded by a region in which they could not be 
propagated. 

He had alluded earlier in the lecture to the fact 
that if there were intermittency in the electric 
field, the structure involved must be much finer 
than that of the electron or proton, and he had sug- 
gested that these latter were surrounded by an 
atmosphere of small particles to which the impacts 
communicating momentum were due. The normal 
shape of the electron might naturally be taken as 
spherical and if the hypothetical atmosphere 
around it were disturbed it would vibrate, and a 
definite periodicity might thus be associated with 
the electron and with the isolated hydrogen atom. 

In conclusion the lecturer drew attention to the 
way in which the idea of continuity had been dis- 
lodged from position after position. We had dis- 
solved matter into molecules, molecules into atoms, 
atoms into electrons and positive charges, and for 
his own part he believed that there were other 
worlds for the doctrine of discontinuity to conquer, 
and amongst these were to be found the electric 
fields round positive particles. 





THE SHERMAN ISLAND DAM, 
NEW YORK. 
(Concluded from page 519.) 


THE work of constructing the main dam at 
Sherman Island on the Hudson River, was carried 
on in two cofferdams. The first of these to be built 
was illustrated in our previous articles, in Figs. 3 
and 4, page 516, and Plate XLIII, in our issue of 
the 23rd inst. While work was proceeding on this 
half of the river bed, the stream was allowed to 
flow down the remaining half of the channel on 
the southern side. Subsequently a cofferdam was 
built on the southern side, to complete the second 
half of the dam. The lower part of the up-stream 
face of the dam has been described as a vertical 
wall 13 ft. high (page 516, ante). Actually after 
the early stages of construction, the dam consisted 
of a structure of buttresses and decking, a num- 
ber of 10 ft. by 13 ft. 6 in. apertures being 
left in the up-stream face between the buttresses. 
These are shown in Fig. 7 (page 517, ante). When 
the southern cofferdam was built and brought into 
use, the stream was allowed to pass through these 
openings in the northern half of the structure. 
Details of the heel of the dam are given in Figs. 22 
to 24, annexed. The rectangular openings are 
shown in Figs. 23 and 24, while the plan, Fig. 22, 
shows the buttresses in which two sets of grooves 
were formed. As will be seen from the drawing, 
one set was utilised for stop logs inserted when the 
time came to close the dam, and the other set for a 
permanent concrete bulkhead 3 ft. thick, built in 
position behind the stop logs. The actual operation 
of placing the stop logs is illustrated in Fig. 57, 
page 581. This procedure was adopted in all bays 
but four, and the passage left for the stream was 
gradually reduced to these four openings and, in 
addition, 11 openings in the spillway dam. 





Figs. 25 to 37,‘Plate XLV, illustrate diagrammati- 
cally the arrangements made for the final closure, 
other details of the operation being illustrated by 
the views given in Figs. 58 to 60, on page 581. The 
plan, Fig. 25, shows the four bays of the main dam 
which were left open till the last, and the 11 openings 
in the spillway dam. Of the latter, seven were 
permanent sluice openings, the remaining four being 
openings, 9 ft. 6 in. wide, left specially for facilitating 
closing operations. The four openings in the main 
dam were finally closed by means of roller shutters, 
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and when these had been lowered into place concrete 
was filled in behind them by means of a 36-in. 
pipe, as shown in the small diagram, Fig. 27. 
Details of the roller shutters are given in Figs. 33 
to 37, while the two views, Figs. 58 and 59, on 
page 581, also afford an excellent idea of the general 
arrangements adopted. The shutters themselves 
consisted of 7} in. by 7} in, logs of dressed yellow 
pine. They were hinged together by three lengths 
of 1-in. plow-steel cable, one end of each cable 
being shackled to brackets let into the concrete 
above the opening, as shown in Figs. 33 to 36. 
the other end being fastened at the bottom of 
each shutter to a weighted cylinder. This was 
formed of a 36-in. steel pipe, filled with concrete 
and scrap iron. The wooden shutters had a length 
of 14 ft. 6 in. The weighted cylinders projected 
a further 9 in. out on either side, and to the 
ends flange plates were fitted. Round the pro- 
jecting ends of the cylinders, 1}-in. plow-steel cable 
was coiled. One end of this was fastened to the 
roller, the other was carried up over saddles, to 
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anchored winch tackle, as shown in the small diagram, 
Fig. 27. The shutters were let down by easing off 
this tackle. They ran on flanges of vertical 24-in. 
joists, embedded in the concrete, as indicated in 
Figs. 34 and 37. At the foot of the joists filling 
pieces of hardwood were inserted, as illustrated 
by Figs. 36 and 37, to complete the face joint. 
Heavy canvas was laid over the shutters on the 
up-stream face, and the timbers were carefully 
finished and slightly bevelled to secure as watertight 
a job as possible. The two views, Figs. 58 and 59, 
show, very clearly, the shutters, the saddles, cables 
for hoisting and lowering, &c. It will probably be 
remembered that shutters of this type are used on 
the Assouan Dam, for which they were devised 
by the late Sir Benjamin Baker. The Assouan 
shutters were illustrated in Sir Wilfrid Stoke’s paper 
read before the Institution of Civil Engineers in 
1902 (see Proc. Inst. C.E., clii, Plate IV). 

After trials, the final closing at Sherman Island 
was accomplished by lowering out all four shutters 
as quickly as possible one after another, after which 
a timber bulkhead was built against the down-stream 
face of the opening. When this was in place the 
whole of the interior space was filled with concrete, 
deposited, as already described, through the 36-in. 
pipes. The actual bulkhead thickness in the case 
of these four bays is, therefore, 11 ft., compared 
with the normal of 3 ft. bulkheads keyed into the 
structure in the other bays. Fig. 60 is a reproduc- 
tion of a view taken during the final concreting 
operations. The four filling pipes which may be 
seen in Figs. 58 and 59, are to be seen also in Fig. 
60. The concrete was mixed on the plant shown 
on the dam deck on the right, and passed out to be 
deposited. 

Figs. 30, 31 and 32, Plate XLV, illustrate the 5 ft. 
by 12 ft. permanent sluice openings in the spillway 
dam. We dealt with the timber gates for these in 
our last article and need not therefore revert to 
this subject. These sluices were left open during 
construction and, with the temporary openings, 
shown to their left in Figs. 25 and 26, took the 
whole flow of the stream after the closure of the 
main dam. The temporary openings, as already 
stated, were 9 ft. 6 in. wide. They were separated 
by piers of concrete. On the inner sides of the 
opening three sets of vertical key grooves were 
formed as shown in the larger scale details, Figs. 
28 and 29. At the up-stream face, sets of grooves 
were also provided for stop logs, and, after these had 
been placed in position, the openings in this section 
of the dam were concreted up, and the river flow 
* passed altogether through the sluices. 

On the north the main dam is completed by the 
canal headworks, regulating the supply to the power 
house. These works are illustrated in Figs. 38 to 
48, while Fig. 61 shows the structure from the down- 
stream side. The headworks consist of a short 
buttressed dam, extending between the main dam 
abutment and solid rock. The dam accommodates 
ten sluice gates, each opening being 9 ft. 6 in. 
wide by 20 ft. high. Details of the concrete work 
and reinforcement are shown in Figs. 38 to 43. 
The base is laid on solid rock and is keyed along 
the upstream side into the rock to a depth of 4 ft., 
over a length of 14 ft. 9 in.; for the remainder 
the concrete facing has only a thickness of 6 in. 
Sections of the buttresses are given in Figs. 41 
and 42, They are 2 ft. 6 in. thick, reinforced with 
}-in. vertical and horizontal rods. The buttresses 
are connected at the top by a deck supported by 
three beams and the curtain wall. In front of the 
latter are vertical grooves for the gates. The 
general arrangements of the gates and lifting gear 
are shown in Figs. 44 tc 46. The gates each consist 
of three panels of stee! frame, reinforced and filled 
with concrete. The lower sections have two eye-bars 
concreted into them, while the upper sections are 
arranged with lifting bars, as shown in Figs. 49 to 
51. A feature of these gates is that some 14} in. of 
play is allowed between the top sections, by means 
of slotted links connecting the two, as shown in 
Fig. 44. The links are shown in detail in Figs. 52 
and 53. The lower sections are closed tight together. 
On lifting, by means of the deck tackle, the top sec- 
tion is raised first, thus. allowing water to pass into 
the canal, and the pressure on the lower sections 
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Fie. 62. AssEMBLING SLUICE GATES. 


to be relieved, before they are moved. The upper 
sections are fitted, as shown, with two latches. 
On raising the gates these latches (shown in detail 
in Figs. 54 to 56) slip into pockets in the gate grooves. 
The top gate sections can be suspended in this way 
as long as may be necessary. For lowering, the 
latches are withdrawn by light lines carried to the 
deck above. 

Each gate weighs about 25 tons. The view given 
in Fig. 62 shows some of the sections in course of 
construction, with the frames and reinforcement in 
place, ready for concreting. 

Above the deck stands a gantry of lattice frame 
stanchions, between which, extend 18 in. joists, 
carrying 40 lb. rails. The gantry has a height of 
15 ft. 34 in. from deck to rail level. On the gantry is 
a 25-ton trolley arranged for hand or electric motor 
lift, and for hand travel. This is controlled from 
the deck level. Figs. 47 and 48 give details of the 
track girder, etc. The gates can be raised and held 
above the curtain wall level by slipping a support, 
made up of small joists and spacers, through the gap 
between the top and middle sections of the gates, and 
allowing it to rest on the deck as shown in Fig. 44. 

The canal extending between the head works 
and the intake dam was excavated for the first 150 
ft. in rock. For the remaining distance (3,650 ft.) 
it was excavated in sand and lined with concrete. 
The lining was 8 in. thick. The section had a 








bottom width of 32 ft. with side slopes of 1 on 1-6. 
The lining was iaid in rectangular slabs 16 ft. 
wide and 42 ft. long. For part of the length the 
slope on one side was replaced by steps, and struts 
were carried down to the bottom slab. These 
precautions were adopted in view of the fact that 
considerable hydrostatic pressure developed in the 
fine sand at this part. The intake dam was built 
on sand, no rock being found at an economical 
depth. The dam contains fifteen sluice openings 
through which water passes to the penstocks which 
we have already described briefly. The power house 
site was again sand, no rock being found. The 
site was actually in shallow water, and the wet 
sand caused much difficulty, which was accentuated 
by artesian pressure as excavation proceeded 
inside. The site was surrounded by two rows of 
steel piling, and the interior space divided up into 
rectangles about 41 ft. by 35 ft., by other rows. 
The excavation and concreting was done in care- 
fully planned order, to minimise risk of boils and 
to keep any which might develop under control. 
Further details of this section of the work may 
be found in a paper read by Mr. H. de B. Parsons 
before the American Society of Civil Engineers, and 
published in vol. Ixxxviii of the Transactions. 
We may state that for this paper, it was recently 
announced that Mr. Parsons had been awarded the 
Thomas Fitch Rowland Prize by that body. 
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THE TOTAL CARBON CONTENTS 
OF CAST IRON. 
By J. E. Hurst. 


PracticaAL foundrymen and metallurgists for | 
many years have been aware of the fact that the re- | 
duction in total carbon contents of cast iron is ac- | 
companied by an improvement in the mechanical 
strength properties. The difference between steel 
on the one hand, with its high strength and duc- | 
tility properties, and cast iron on the other hand, | 
with its low strength and absence of ductility, | 
js principally one of total carbon content. Whilst 
it is not inferred that the properties of steel and | 
cast iron vary in simple direct relation with the 
total carbon contents, it will be obvious that the 
reduction in total carbon contents of cast iron has | 
the effect of bringing its composition more nearly 
to that of steel. For this reason it would be expected 
that such a procedure would be accompanied by | 
some improvement in the mechanical properties. 

In the preparation of pig iron by smelting iron 
ore in the blast furnace, the conditions are invariably | 
such as to bring the molten metal into intimate 
contact with the carbonaceous gases and fuel. 
The molten metal produced under these con- 
ditions is saturated with carbon for the particular 
temperature and conditions of production. On) 
solidification such material almost invariably | 
contains the eutectic percentage of carbon for the 
particular composition. The ordinary method of | 
remelting pig iron, for foundry purposes in the | 
cupola, more or less duplicates the conditions in the 
blast furnace, and the intimate contact between | 
the metal and carbonaceous fuel is preserved. | 
Under these conditions the remelting of iron in| 
the cupola is accompanied by the same tendency | 
to saturation, and cupola-melted metal retains | 
eutectic characteristics. | 


This at once discloses | 
the outstanding difficulty, ever present in the minds 
of foundrymen, in the commercial production of 
low total carbon cast iron. This difficulty is the 
initial supply of raw material of a sufficiently low 


total carbon content, and the facility of remelting | 


this without increasing the total carbon content. 

In its early days, the so-called semi-steel, or steel- 
mixture iron, was considered to be a possible solu- 
tion of the above-mentioned difficulty. Many 
foundrymen imagined that the steel would act as 
a diluent and reduce, amongst other things, the | 
final percentage of total carbon in the mixture. | 
It has been repeatedly shown that such is not the | 
case, and that, during melting in the cupola, the | 
steel portion of the mixture absorbs a quota of car- 
bon corresponding with the equilibrium percentage | 
for the particular temperature and conditions of | 
working. The final semi-steel is generally of the | 
eutectic composition. Melting in air furnaces or | 
open-hearth furnaces has been adopted as a means | 
of securing low total-carbon content irons. The | 
adoption of this form of melting opens up several | 
ways of obtaining, with certainty, irons of low total | 
carbon. Unfortunately such methods of melting | 
are considerably more expensive than the ordinary | 
cupola melting. 

The effect of low total-carbon content on the | 
constitution of commercial foundry irons is deeper | 
than would be imagined at first sight and is deserving 
of closer consideration. In what follows the two 
principal constituents, carbon and silicon, have | 
been taken into consideration, utilising the ternary 
constitutional diagram of the iron-carbon-silicon 
alloys. This enables a moré complete conception 
to be obtained of the constitutional changes which 
occur, than would a consideration on the basis 
of binary alloys only. 

Cast iron normally produced under blast-furnace | 
conditions, is generally considered to be of eutectic | 
composition. The eutectic composition with respect | 
to silicon and carbon is indicated by the line DC, | 
Fig. 1 (Gontermann ternary projection of the| 
liquidus and solidus surfaces). The solidification | 
temperature of the alloys is indicated by the diagram 
Fig. 2. As eutectic alloys, these alloys represented | 
by the line DC, have a single solidification tempera- | 
ture, and foundry irons in the absence of much | 
phosphorus may be considered to have this single | 
solidification point, beyond which they are at once | 
transformed into the eutectic, which consists of the | 
Saturated solid solution, silico-austenite and the 
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carbide, silico-carbide. This method of solidification 
applies only to those alloys of entectic composition, 
represented by the line DC. Such alloys represent 
the usual product of the blast-furnace, in which, 
owing to the difficulty of retaining homogeneous 


| alloys of a carbon content in excess of the eutectic 


requirements, these (the eutectic requirements) 
correspond to the saturation requirements. In the 


| case of an iron containing 4 per cent. silicon, meeting 


with the eutectic or the saturation requirements, the 
amount of total carbon present is approximately 
3-05 per cent. This alloy is represented by the point 


| Pon the curve DC, Fig. 1, and in the diagram, Fig. 2. 


The diagram, Fig. 2, represents the vertical sections 
through the ternary model of several series of vary- 
ing silicon-content alloys plotted on the same 
diagram for the sake of comparison. It will be 


| remarked that the solidus line E’ B’ occurs at a 
| slightly higher temperature than in the pure binary 


Fig.7. PROJECTION OF LIQUIDUS SURFACE 
OF TERNARY IRON-CARBON-SILICON ALLOYS. 
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alloy, EB, and also that the composition of the satu- 
rated solid solution portion EK’ is altered with respect 
to the carbon, being reduced from 2 per cent. 
(point E) to 1-25 per cent. (point EK’). 

In order to follow the effect of the reduction in 
total carbon content, let us imagine the total 
carbon in this alloy P as being reduced to 2-0 per 
cent. The composition of this alloy, viz., 4-0 per 
cent. silicon and 2-0 per cent. carbon, is indicated 
by the point P2 in Fig. 1, and P’2in Fig.2. A vastly 
different state of affairs now exists. Instead of the 
alloy having a single solidification point, it solidifies 
over a range of temperature P’2-, p’, Fig. 2. The 
upper limit of this range of temperature is higher 
than that of the eutectic or saturated alloy B. This 
alloy in solidifying, commences to deposit crystals 





| of the solid solution, the composition of which is 


obtained by drawing the horizontal co-ordinate at 
the particular temperature, until it intersects the 
solidus curve. The final composition of the solid 
solution in alloy P’2 is identical with that of P, but 
the proportion of solid solution present is con- 
siderably greater, at the expense of the eutectic 
constituent. The amount of solid solution present 
may be roughly taken as proportional to the differ- 
ence between the total carbon content of the 
eutectic and the total carbon of the alloy. In the 
diagram (Fig. 2), alloys of the composition repre- 
sented by the point B contain 50 per cent., and those 
of the composition E contain 100 per cent. solid solu- 
tion. Alloys of intermediate total carbon contents 
contain proportional amounts of solid solution. 

Alternatively, if we consider a series of alloys in 
which the total carbon is maintained constant and 
of lower than the eutectic value, and with varying 
quantities of silicon, such as those represented by 
the line SE, we find that the composition of the 
solid solution varies with the composition of the 
alloy, as also does the quantity of the solid solution 
present. The composition and amounts of solid 
solution and eutectic present in a few typical alloys 
on this line SE, are given in the Table above.’ 
These are based on the values obtained both by 
Gontermann and Honda. They clearly show the 
difference in constitution of the alloys as a result 
of the change in composition. The exact effect of 
these constitutional differences on the formation of 
graphite is not easy to predict. We may summarise 
the differences between low total carbon content 
alloys and normal irons of the eutectic character 
as follows :—(1) Solidification takes place over a 
tange of temperature ; (2) the temperature of the 
commencement of solidification is increased ; (3) the 
austenite solid solution is deposited first; (4) the 
amount of solid solution in the final alloy is in- 
creased. 

The continued deposition of the austenite solid 
solution, as the first constituent to solidify in low 
total-carbon alloys, will undoubtedly have some 
influence on the manner and character of the 
graphite formation. This may be vastly different 
from that in alloys of the eutectic type. In fact, 
it will be seen that. in some of the alloys in which 
the solid solution constitutes the major portion, 
the graphite must almost wholly originate 
from this constituent, and not the carbide. It is 
highly probable that the graphite originating from 
the solid solution is more nearly of the character 
of annealing carbon than that originating from the 
carbide. Graphite redeposited from the solid 
solution, after reheating samples of cast-iron to 
temperatures at which a portion of the graphite 
re-dissolves, is invariably of the character of anneal- 
ing carbon. We may assume that the greater the 
percentage of solid solution in the alloy, the greater 
will be the percentage of graphite in a form more 
closely allied to annealing carbon. This, taken 
together with the reduction in total quantity of 
graphitic carbon due to the reduced total carbon 
contents, will result in considerably improved 
mechanical properties. This is generally born out 
by experiment; tensile strengths of the order 
of 26 to 30 tons per square inch have been obtained 
on cast-iron, which fact is entirely traceable to the 
low total carbon content. 

It is necessary to refer here to the influence of 
the phosphide eutectic in foundry irons. This 
hard and brittle constituent exists round the origina 
crystal grain boundaries. In ordinary foundry 
irons, its weakening and embrittling effect is masked 
very largely by the overwhelming influence of the 
graphite. If by any method the effect of the 
graphite is minimised, then it may be expected 
that the influence of the phosphide constituent 
will become more and more dominant. The fullest 
advantage of the effect of low total-carbon content 
can only be obtained in low phosphorus irons or 
irons in which the phosphide constituent is absent. 

In view of the modern tendency to adopt 
low total-carbon content irons, it is necessary to 
add a final note on the estimation of total carbon 
in cast-iron. This is the most difficult constituent 
in cast-iron to estimate, with exactitude, by analyti- 
cal methods. There is no doubt that a lot of 
the confusion, and the difficulties of interpreting and 
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correlating results of various experiments, are due to 
inaccuracies in estimating the carbon contents. 
The difficulties in estimating this constituent largely 
arise in the sampling. The drilling of cast-iron 
produces a mass of coarse and fine drillings in which 
the graphite is concentrated in the fine portions. 
The method of dividing the total sample into fine 
and coarse portions by careful seiving and obtaining 
the ratio of coarse to fine portions, which ratio is 
maintained in all samples weighed out for analysis, 
is to be recommended. In all cases where it is 
possible, by far the most accurate and reliable 
method is to chill the sample as cast, and so obtain 
a sample containing all the carbon in the com- 
bined condition. This then eliminates all possi- 
bility of the loss of graphite in sampling. Unless 
such precautions are taken, there is a tendency for 
the results to be low, which often causes misleading 
conclusions to be drawn. 





MAGNESIUM OXYCHLORIDE 
CEMENTS. 


MaGnesium oxychloride cement was discovered 
in the latter half of last century by Stanislaus Sorel, 
who gave a description of the properties of the 
material in Comptes Rendus de V Académie des 
Sciences, of 1867. It is made by treating calcined 
magnesia with a concentrated aqueous solution of 
magnesium chloride; the mixture solidifies to a 
hard, white, marble-like mass. The exact mechanism 
of the reaction is still unknown; it is thought, 
however, that the cement consists of a solid solution, 
in which one or more of the complex magnesium 
oxychlorides are present, together with some free 
magnesia and magnesium chloride. In our issue 
of October 23, last, page 516, we refer to a Building 
Research Bulletin, issued by the Department of 
Scientific and Industrial Research, entitled ‘‘ Joint- 
less (Magnesium Oxychloride) Floors.” A pamphlet 
dealing with Sorel’s cement, but on somewhat dif- 
ferent lines, has recently been published by the United 
States Bureau of Mines.* The latter bulletin gives 
much detailed information regarding the production 
of cements from magnesite mined near Chewelah, 
Wash., and from Californian varieties of the mineral. 
This information was accumulated in the course of a 
joint investigation conducted by the Bureau of 
Mines and the Northwest Magnesite Company, at 
the laboratories of the University of California, 
during the years from 1919 to 1921. Prior to 1914 
American manufacturers derived their supplies of 
magnesite from Austria, and the sudden interruption 
of this import trade was responsible for the endeavour 
to develop the home resources of the material. The 
investigation in question is the outcome of early 
experiments made with American minerals during 
the war years. 

Plastic magnesia is the name given, in America, 
to the partially-burnt magnesite, which is employed 
in the manufacture of Sorel’s cement. The roasting 
of the raw mineral is conducted in such a way 
that only a portion of the carbon dioxide, originally 
present in the magnesium carbonate, is expelled. 
The “ dead-burnt ” product, in which all the carbon 
dioxide is driven off, by prolonged heating at a high 
temperature, is usually unsuitable for use in the 
manufacture of oxychloride cements. When the 
present research was first undertaken, it was com- 
monly believed that many of the American magne- 
sites would prove unsuitable for the making of 
plastic magnesia, on account of their high lime 
content. Lime in certain forms had been found to be 
an injurious ingredient in magnesian cements, and 
it was concluded that all magnesites containing 
calcium salts were useless for cement-making 
purposes. As the work progressed, however, it 
became fairly evident that, whereas free or uncom- 
bined lime (CaO) was objectionable, calcium car- 
bonate was an inert body, which had no injurious 
effect on oxychloride cements. When free lime is 
present, some of the magnesium chloride solution is 
expended in forming calcium chloride ; not only does 
this reaction produce a weakening of the solution, but 
the calcium chloride itself becomes an injurious 





* U.S. Bureau of Mines, Bulletin No. 236: Plastic 
Magnesia. By O. C. Ralston, R. P. Pike, and L. H. 


constituent. Experiments have shown that oxy- 
chloride cements can be made with solutions 
of calcium chloride; they set like the magnesium 
oxychloride cements but deteriorate rapidly, and 
after a very short time have little or no mechanical 
strength. On the other hand, the majority of 
magnesian cements improve with age. 

Specifications for flooring materials, issued by 
‘various authorities, have frequently stated that the 
maximum amount of lime allowable in Sorel’s cement 
is in the neighbourhood of from 3-5 to 4 per cent. 
The present researca shows that this limit should 
only apply to the uncombined lime, and not to the 
total lime present. On the other hand, although 
4 per cent. is the maximum amount of free lime 
permissible in the majority of cases, cements 
possessing good physical properties were obtained 
with various samples of Chewelah magnesite 
containing as much as 8 per cent. of uncombined 
lime. The crystalline form, and the constitution 
of the original mineral, probably have a bearing 
on the matter, but the whole question is worthy of 
further investigation. 

In order to determine the most favourable calcin- 
ing conditions for producing plastic magnesia from 
magnesite and dolomite, exhaustive tests were 
carried out on a variety of samples; a few experi- 
ments were also conducted on limestone and calcite 
for purposes of comparison. The rate at which the 
thermal decomposition of the minerals took place 
at different temperatures, was specially studied. 
The temperatures employed, in the case of the 
magnesites ranged between 500 deg. C. and 850 
deg. C.; higher temperatures were used for the 
calcium carbonate products. It was found that 
a magnesite containing calcium carbonate could be 
safely calcined at temperatures below 900 deg. C., 
without the liberation of free lime, provided the 
pressure of carbon dioxide was maintained at one 
atmosphere. It appears, therefore, that a high 
content of calcium carbonate in a magnesite does 
not render the mineral unsuitable for the preparation 
of plastic magnesia containing a low proportion of 
free lime. By suitably adjusting the calcining 
operation, the lime, originally present, either as 
the double carbonate of calcium and magnesium, 
or as the normal calcium carbonate, can be left in 
the calcined product as inert material. The 
maximum “safe” calcining temperature varies with 
the composition of the material ; in some cases it is 
as high as 850 deg. C., in other cases the temperature 
within the furnace should not exceed 750 deg. C. 
The temperature of 900 deg. C., mentioned above, 
marks the beginning of the thermal decomposition 
of calcite and limestone ; this decomposition be- 
comes vigorous at 950 deg. C. 

The recarbonation of the deleterious excess 
lime in burnt dolomite and magnesia appeared to 
possess possibilities. If the free lime content of a 
calcined material could be diminished by converting 
it to carbonate, it was thought that the product 
would yield satisfactory magnesian cements. This, 
therefore, formed the basis of an interesting series 
of experiments. A horizontal, electrically-heated 
tube furnace, having an internal diameter of 4 in. 
and a length of 5 ft., was employed ; the furnace 
could be rotated through a wide range of speeds. 
Carbon-dioxide gas, or mixtures of air and carbon 
dioxide were introduced at one end and allowed to 
escape from the other. The ends were plugged so 
that a batch of material could be placed in the 
furnace, heated to the necessary temperature, and 
then treated with the carbonating gases for any 
time desired. Temperatures in the neighbourhood 
of 300 deg. C. were found to be not high enough 
for the satisfactory recarbonation of the free 
lime ; moreover, some of the magnesia had a 
tendency to recarbonate at these temperatures. A 
temperature of 400 deg. C. was still too low, and 
the best results were obtained with furnace tem- 
peratures ranging from 500 deg. to 600 deg. C. 
At the latter temperatures the free lime absorbed 
the gas in an efficient manner, and, furthermore, 
fairly coarse material became carbonated as 
thoroughly as the finely ground product. With a 


gas efficiency of approximately 30 per cent., it was 
ascertained that the maximum amount of free 
lime retained in the treated samples was in the 
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gave very good results in the case of dolomites ; 
the tests on the magnesites were not very satis- 
factory. On the other hand, dolomite does not 
contain enough magnesia for the manufacture of 
flooring cements, which usually require some 40 
per cent. of MgO. The material, however, is quite 
suitable for use in the production of stucco. and. 
as it is pointed out that 80 per cent. of the plastic 
magnesia sold in the United States is used for 
making stucco, it appears that recarbonated 
calcined dolomite could satisfactorily supply most 
of this demand. Consequently, the use of calcined 
dolomite in the manufacture of magnesian mortars 
may well prove of commercial importance in the 
near future. 

Magnesian stucco has gained headway in compe- 
tition with cement stucco mainly because it makes a 
stronger, harder, and more elastic cement, which 
adheres firmly to wood surfaces. The material, 
however, has one disadvantage : it is not as weather- 
proof as cement stucco; and, for this reason, 
weatherproofing compounds are being tried. On 
the other hand, the structural firmness and density 
of the stucco are the characteristics which best 
ensure protection, and these depend mainly on the 
quality of the plastic magnesia used and the care 
with which it has been prepared. Judging from 
accumulated evidence, it appears that well-made 
magnesian stuccoes are resistant enough to weather- 
ing influences for all ordinary purposes. Magnesium 
oxychloride cement floors, if properly laid, are 
superior to any others cf like cost ; they are perma- 
nent, warm to the touch, elastic, fireproof, and fairly 
ornamental ; moreover, they can be laid over old 
or new wooden floors. The use of magnesian 
cements in the production of plasters for the 
interiors of buildings is a field which has as yet 
been little exploited. The material is, however, 
stated to be stronger and better than either lime 
or gypsum plaster. Although by no means a new 
material, the application on a large scale of magne- 
sian cement in building operations appears to be 
of somewhat recent introduction. The product 
evidently possesses many attractive properties, and 
the fact that scientific research has broadened the 
range of the raw materials available for its manufac- 
ture will, no doubt, have the effect of extending its 
sphere of utility. 
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Turbo-Blowers and Compressors. By W. J. KEaRTon, 
A.M.I.Mech.E. London: Sir Isaac Pitman and Sons, 
Limited. [Price 21s, net.] 

THE need for an English text-book on the turbo- 
compressor is of long standing, and Mr. Kearton’s 
treatise on the subject will be warmly welcomed. 
It is, of course, true that the theory of centrifugal 
pumps and compressors is even less complete than 
that of the turbine, so that makers of this class of 
machinery are dependent in an unusual degree on the 
use of certain purely empirical coefficients for esta)- 
lishing an agreement between the results of actual 
test and their theoretical deductions. These 
design coefficients, being the fruit of expensive 
experience or experiment, are apt to be treated as 
jealously guarded trade secrets. In the present 
unsatisfactory state of the hydromechanics of real 
fluids, the engineer, as in so many prior cases, has 
had, in fact, to skirmish ahead of the army of science 
and to get his results af best he may. If and when 
theory catches up with him, he will, judging from 
past experience, be sharply criticised for the 
irrational character of his procedure. In the mean- 
time he will, nevertheless, have satisfied the needs of 
his generation, which, had he waited for a complete 
and satisfactory theory, would have had to do 
without a very valuable class of machinery. 
Mr. Kearton’s book opens with a general descrip- 
tion of the turbo-compressor and with a useful 
and illuminative discussion of its relative merits, as 
compared with its reciprocating rival. The advan- 
tages of small diameters and of high speeds are 
clearly brought out, as are also the limitations, 
which arise from the fact that the turbo-compressor 
is essentially a large-unit machine, economical only 
when really large quantities of compressed air are 





region of 1 per cent. 


On the whole, the process 
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steadily lowered from year to year, and Mr. Kearton 
states that Messrs. Brown, Boveri and Co. make 
a compressor designed to take in as little as 1,765 
cub. ft. of air per minute and to raise it to a 
pressure of 6 or 7 atmospheres. The high pressure 
stages of this machine run at no less than 18,800 
r.p.m. 

‘The opening chapter is followed hy a very full 
and satisfactory discussion of the thermodynamic 
questions involved. In accordance with the modern 
trend in such matters, extensive and ingenious 
use is made of the temperature entropy diagram. 
Some of the old school will, however, still prefer other 
methods, holding that charts are more clumsy to 
handle than tables and slide rules. This, however, 
will always be a matter of individual taste, and the 
chart has certainly the advantage of providing a 
permanent and easily read graphic representation 
of the whole of an often complicated analysis. 

The hydrodynamics of the centrifugal compressor 
forms the subject of chapter III. The treatment 
follows that given in the ordinary text-book for the 
centrifugal pump, but modified so as to apply to 
a compressible fluid. At the present time no other 
procedure seems practicable ; but as has been indi- 
cated above, the results thus arrived at generally 
require correction by purely empirical coefficients, 
before they can be brought into agreement with 
actual experience. 

The discussion in the succeeding chapter on 
losses and efficiency, appears to be the least satis- 
factory section of the book. In part, this is un- 
doubtedly due to the unsatisfactory state of the 
only theory as yet available. Mathematical hydro- 
dynamics is as yet unable to deal with the main 
source of the high losses actually recorded. These 
arise from the fact that the stream lines of the 
fluid separate from the solid boundaries, and we 
thus get the surfaces of discontinuity discussed 
by Rayleigh and Helmholtz. Much attention is 
now being given to this subject by the aerodynamic 
investigators of all countries, and it is to be hoped 
that their labours will ere long result in some 
important advances. Mr. Kearton estimates the 
losses by surface friction in the impeller and diffuser 
on the basis of the Stanton-Pannell experiments on 
the friction of smooth cylindrical pipes. This 
appears to be a decidedly venturesome procedure, 
since experiment has definitely established the 
fact that the losses in diverging channels are often 
markedly greater than they would bein an equivalent 
length of parallel pipe. Some highly instructive 
experiments on this head, due to Professor A. H. 
Gibson, were described in ENGINEERING, February 
16, 1912, page 205. 

In the case of an air compressor there would 
seem, indeed, to be special reason for questioning 
the legitimacy of basing estimates of friction losses 
on pipe experiments. When an elastic fluid 
expands through a diverging channel there seems 
to be good reason for believing that the tendency to 
instability, and consequent high losses, is distinctly 
less than it would be were the fluid ap incompressible 
one such as water. Conversely, it seems reasonable 
to suspect that when a compressible fiuid rises in 
pressure as it passes along a diverging channel, the 
losses will be heavier than they would be in the 
case of water. 

It may, moreover, be added that there is some 
reason for doubting whether Reynolds’ number 
always constitutes a reliable basis for comparison 
where unstable conditions are likely to occur. 
In such transition phenomena very minute varia- 
tions in form or relative roughness seem at times 
to have disproportionately large effects. The 
hydraulic mean depth is used by Mr. Kearton 
as a basis for reducing his conduits to equivalent’ 
cylindrical pipes. No other procedure is practic- 
able at present, but in certain cases it may lead 
to very inaccurate conclusions. 

In partial explanation of the very high losses ex- 
perienced in the channels of compressing machinery, 
Mr. Kearton calls attention to an hypothesis put for- 
ward, in one of the many excellent technical articles 
published from time to time in the house-journal 
of Messrs, Brown Boveri and Co. Mr. Kearton’s 
Statement of this is somewhat condensed, but the 





point appears to be as follows: It is known, from 
theory, that a perfect fluid can not possibly be set , 


in rotation by any force applied to a vessel which 
it completely fills. Hence, if the space between 
two adjacent vanes of the impeller were closed at 
the inlet and delivery ends, and filled with a perfect 
fluid, and the impeller started up, this fluid would 
receive no absolute rotation in space, and must 
therefore have a relative rotation to the chamber 
containing it. It is assumed that something of this 
sort takes place with the actual fluid traversing an 
impeller, which has thus imposed on it a backward 
rotation relatively to the surface of the impeller 
disc. The discussion on disc friction is much more 
satisfactory, although no reference is made to 
Professor Kerr’s experiments, which are commonly 
held to have been particularly reliable. 

Leakage losses are discussed in some detail, 
but the type of labyrinth packing of which several 
illustrations are given, is an exceedingly bad one. 
The air is given a straight run from baffle to baffle. 
Exhaustive experiments made by a number of 
independent observers have shown that with such 
an arrangement the leakage is almost independent 
of the number of baffles used. The experiments 
made on this matter by Messrs. C. A. Parsons and 
Co., Limited, many years ago have been described 
in the ‘‘ Evolution of the Parsons’ Steam Turbine,” 
which was published in 1911. The author uses 
Professor Stodola’s formula for calculating the 
leakage, but Martin's formula is more reliable when 
the number of constrictions is small, and it also 
gives fairly accurate results even if the critical 
speed of efflux be reached at the last constric- 
tion. Experiment, it may be added, has shown 
that the “ coefficient of discharge ” for the ordinary 
type of labyrinth packing is about 0-78. 

A useful chapter is devoted to cooling systems. 
Here again empiricism of necessity rules almost 
supreme, since no reasonably satisfactory theory 
is as yet available for the discussion of the inter- 
change of heat between cooling tubes and a gas 
external to them. 

A very clear description is given of the curious 
phenomenon of surging and of the various devices 
introduced by different makers, to mitigate the 
nuisance. It was this trouble which was responsible 
for the common practice of curving backwards the 
vanes of an impeller. From every other stand- 
point the arrangement is objectionable. 

The head obtained with a given size of impeller is 
increased if the vanes are curved forward, and with 
radial vanes centrifugal stresses are most easily 
provided for. 

Surging seems to originate in the fact that at 
no delivery a centrifugal pump or compressor acts 
as a fairly effective hydraulic brake. Had we to 
deal with perfect fluids, the head attained at no 
discharge would be the same for a given impeller 
diameter, whatever the curvature of the vanes. 
With actual fluids, however, the compressor at no 
delivery constitutes, as stated, what is virtually 
an hydraulic brake. Fluid is flung from the 
periphery of the impeller into pockets represented 
by the guide blades, and from these it is flung 
back into the similar pockets constituted by the 
vanes of the impeller. When these are given a 
forward curvature they seem to be particularly 
effective in dissipating the energy of the fluid 
oscillating across the clearance space. Each par- 
ticle in the eddies formed has a velocity head, and 
this, by Bernoulli’s principle, is necessarily sub- 
tracted from the pressure head. At normal delivery 
this source of loss disappears, but with vanes 
either radial or having a forward curvature, the 
loss increases very rapidly as the delivery is reduced, 
and a point is ultimately reached at which the 
pressure and quantity pumped diminish together. 
Delivery then ceases entirely and will not recom- 
mence until the pressure in the discharge mains is 
reduced below the no-delivery limit, when the 
quantity passed takes an abrupt and sudden 
increase. The trend towards high speeds often 
makes the use of radial vanes imperative, and the 
consequent danger of surging troubles is met by 
fixing a throttle valve on the compressor inlet or by 
the use of movable diffuser vanes, which are operated 
by relays controlled by the pressure in the delivery 
mains. 

By throttling the inlet the density of the fluid in 
the impeller is reduced, and thus the speed through 





the impeller and the diffuser may be the same at a 
low delivery, as it is at a higher pressure in normal 
working. Kinematically, therefore, the conditions 
of flow are the same whatever be the pressure in the 
delivery pipe, and in this way surging troubles are 
eliminated. 

We are inclined to think that Mr. Kearton some- 
what over-emphasises the importance of synchro- 
nism. This term was introduced many years ago 
by Mr. Jude to describe the condition in which 
matters are adjusted, so that the fluid enters the 
impeller or diffuser in a direction which is accurately 
tangential to the vanes and division plates. Aero- 
nautical experiments, however, show that the 
angle of attack may vary through a very con- 
siderable range without the occurrence of these 
discontinuities in the flow, which are the true source 
of all the heaviest losses. In some of Prof. Rateau’s 
experiments on flat plates the total range of angle 
+ was nearly 20 deg. 

Two chapters are devoted to questions of strength 
and of critical speeds. A good selection of repre- 
sentative turbo-compressor plants of different makes 
is considered, and a special chapter is given on tests. 
An appendix deals with methods of metering air. The 
volumes to be dealt with are far too large to make 
practicable the use of positive meters. It is, there- 
fore, the invariable practice to deduce the flow from 
the pressure drop across some form of orifice. In 
Germany a carefully shaped nozzle is preferred, of 
which Mr. Kearton gives full particulars ; but there 
are very sound reasons for preferring the square- 
edged orifice recommended by Mr. J. L. Hodgson, 
since this form can be reproduced and measured 
with greater accuracy and ease than any other. 
Mr. Kearton reproduces some of Mr. Hodgson’s 
calibration curves for this type. As will be seen 
from the foregoing, the author has covered his 
chosen field very completely, and his treatise will 
undoubtedly long serve as a highly useful text-book 
and work of reference. 

The publishers’ part has been well done. There 
are over 150 excellently printed illustrations, of 
which a number take the form of folding plates. 





Grundbegriffe der Mechanischen Technologie der Meialle. 
By Geore Sacus. Leipzig. Akademische Verlags- 
gesellschaft. [Price 13°00 marks. ] 

Tus work is the second volume of a series dealing 
with the winning, treatment, and refining of metals, 
now in progress under the editorship of Professor 
Guertler. It is a good illustration of the complexity 
of the phenomena that, at least in theory, have to 
be taken into account in these eminently practical 
processes. The arts to which they belong are much 
older than the sciences by which it is now sought to 
explain and guide their operations, and had estab- 
lished important and valuable practices long before 
science had much to say about them. Quite natur- 
ally, therefore, those who were responsible for the 
undertakings that used these practices were slow 
to modify either their plant or their methods of 
operation to conform with results obtained in the 
much simpler and more controllable conditions of 
a laboratory, and for a long time the industrial and 
the scientific aspects of metallurgy remained largely 
separate. Of late years scientific results have been 
exerting an increasing influence on practice, but in 
the meantime both science and industry find them- 
selves encumbered with a multiplicity of accumu- 
lated observations, the mutual relation of which is 
at yet imperfectly known, though all of them seem 
to be parts, more or less essential, of the fundamental] 
technology of metal working. The present work 
is one of many attempts that have been made to 
indicate the relations which have been found to exist 
between recently-discovered phenomena, and to 
point out incidentally which of them remain as yet 
outside established theory. 

Even in the limited sphere denoted by the title of 
the work, the number of phenomena that might 
claim to be included is far too great to be admitted 
without confusion, and the contents consist mainly, 
though not exclusively, of such as bear on the laws 
of permanent changes of form exhibited by materials 
under stress. It has, of course, been impossible to 
keep strictly to this limitation, and in particular, 
account has been taken in various connections of 
elastic deformations. For the most part, however, 
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only those processes are included which appear to be 
fundamental and physically simple, and only those 
theories are discussed in detail which have already 
proved fertile or seem likely to become so. In the 
endeavour to keep as closely as possible to results 
which have been determined experimentally, no 
account has, moreover, been given of modern 
attempts to make plastic deformations amenable 
to mathematical treatment by means of simplifying 
assumptions, though, as the author remarks, pro- 
mising results have already been obtained by such 
methods. 

A vast mass of material remains, however, for 
treatment, and is discussed more or less indepen- 
dently in three principal sections. The first deals 
with stress and deformation. After a short account 
of the mechanical properties of molten metals— 
viscosity, surface-tension—and a statement of the 
chief facts of elasticity, this part deals with the 
relations between the impressed forces and the per- 
manent deformations they produce, treated as far 
as possible without regard to crystalline structure, 
which is discussed in the second and third parts. 
The second part deals with the behaviour of 
metallic crystals and crystalline aggregates in the 
light of modern investigations on single crystals. 
The third deals in more detail with the structure 
and mechanical properties of metals, considering 
pure metals and alloys, equilibrium diagrams and 
the essentials of heat treatment, &c. 

This short sur'ey of a comprehensive work 
would be misleading without the remark that the 
book exhibits carefull’ the sources of the obser- 
vations on which its statements are based. Its 

. purpose is to reconcile, sometimes with the help of 
original observations by the author, results which 
seem to be conflicting, and to exhibit the relation 
between those that are already consistent with each 
other. At no stage, however, does the exposition 
neglect the definition of the precise work which 
is in question, and this valuable practice is made 
the more useful by a good bibliography—some- 
what deficient, indeed in reference to English 
literature—and an excellent index. It would be 
difficult for a reader, who wishes to ascertain 
both the present general view of German techno- 
logists on the important subject of this book 
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and the points at which it is divergent or in- 
complete, to consult a volume more useful for 
his purpose. 


Concrete, Plain and Reinforced. (Vol. I.) By the late 
FREDERICK W. TaytLor, SANDFoRD E. THOMPSON 
and EpwArp SMULSKI, with a chapter by Henry C. 
Robbins. London: Messrs. Chapman and Hall. [Price 
40s. net.] 

Tue book under review is the first of three volumes 

comprising the fourth edition of this well-known 

work, the first edition of which was published in 

1905. The present issue has been entirely rewritten 

and, by reason of the extent of the subject matter, 

has been divided into three parts ; the first volume 
dealing with reinforced concrete design and construc- 
tion, the second with concrete materials and con- 
struction, and the third with special structures 
in reinforced concrete. When it is stated that the 
first volume consists of 969 pages, it will be realised 
that the authors have treated their subjects in a 
very thorough manner, and have spared no pains in 
the production of a most comprehensive treatise. 
The volume under notice commences with a brief 
reference to the materials of which concrete is made, 
and the methods employed in its mixing and placing, 
and to the various types of reinforcements. There 
follow very interesting and instructive descriptions 
and discussions with respect to various practical 
tests carried out on the several types of beams, slabs, 
columns, and flat slab construction usually met with 
in reinforced concrete structures. Chapters IV to 
VII inclusive, are devoted to the general theory 
and design of reinforced concrete as applied to 
beams of various types; columns longitudinally: 
and spirally reinforced, of plain concrete and of 
structural steel encased in concrete; flat slabs 
supported only by columns; and foundations. 

Chapter VI comprising 93 pages is exclusively 

devoted to flat slab construction, a type which has 

been extensively developed in America but is very 
little known in this country, although its employ- 
ment is eminently suited for factory and industrial 
buildings. 

The next chapter(IX), is devoted to piles and piling, 
descriptions being given of various types of timber, 
concrete and reinforced concrete piles and the 
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X to XVI inclusive, deal generally with the con- 
struction of buildings and their component parts, 
whilst chapter XVII (by Henry C. Robins) is 
devoted to the architectural treatment of the inside 
and outside of reinforced concrete buildings. 
The structural details of theatres and stands are 
next dealt with. A chapter is specially devoted}to 
the construction of industrial buildings, hotels, 
tenement houses, hospitals and schools. The design 
of chimneys and retaining walls has received very 
adequate attention, while the authors also give a 
series of useful tables and diagrams, with discussion 
upon their employment, and worked out examples 
in cases, where these will assist in the explanation of 
their use. 

A detailed review of this book would occupy 
more space than we can devote to it. It will 
suffice to remark that, although it deals exclusively 
with American practice and although American 
symbols and notation are used throughout, it forms 
a treatise which can usefully be studied by English 





readers, the several subjects being treated in the very 
thorough and efficient manner which one is accus- 
tomed to expect from American authors. 








4-8-2 TYPE LOCOMOTIVE FOR THE 


SOUTH AUSTRALIAN RAILWAYS. 
(Continued from page 492.) 

THE cylinders of the 4-8-2 type locomotives, built 
by Messrs. Sir W. G. Armstrong Whitworth and Co.., 
Limited, for the South Australian Railways are, as stated 
in our issue of the 16th inst., each cast with a half 
saddle, as is the usual American practice. They are 
illustrated in Figs. 13 to 18, above. Of these, Fig. 13 
shows a half longitudinal section through the valve 
chest and cylinder, and a half outside elevation. A 
cross section of one cylinder is given in Fig. 14 and an 
end elevation in Fig. 15. Fig. 16 is an elevation of the 
inner face of the half-saddle, and will be best understo: id 
by relating it to Figs. 17 and 18, the right hand side of 
the figure being actually the bottom of the casting. 
Fig. 17 is a horizontal section through the steam chest 
and exhaust passages, and Fig. 18 a plan showing the 
saddle face to which the smokebox is fitted. ; 
The cylinders are 26 in. in diameter inside the cast-iron” 
liners which are ?-in. thick, the ruling thickness of 





methods of driving or casting in place. Chapters 


the cylinder castings being 1}in. The liners are to" ed 
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in at 10-ton pressure, the cylinder castings being heated 
to about 120 deg. C., when they are being inserted. 
The valve liners are lin. thick. The valves are designed 
for inside admission, and for outside steam pipes from 
the smokebox, i.e., the branch pipes are taken through 
the side of the smokebox to a steam chest connection 
on the top of the cylinder casting. This arrangement 
is clearly shown in Fig. 9 page 498, ante. The front 
cylinder covers are of cast-iron, those at the back 
being of cast steel. The piston centres are of cast 
Steel, with an outer cast-iron ring, grooved for two 
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piston rings. The crossheads are of the alligator type 
with top and bottom bars. The shoes are solid with 
the crosshead and are lined with white metal. The 
slide bars are carried by lugs on the back cylinder 
covers, and an outside yoke castings fixed to the frames. 
The piston rods and valve spindles are fitted with 
United States, air-cooled, metallic packing. 

The piston valves, which are 14 in. in diameter are 
built up of cast steel bodies with bull rings and pistoa 
rings of cast iron. General arrangement drawings 
of the valve motion are given in Figs. 19, 20 and 21. 


AUSTRALIAN RAILWAYS. 
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The gear is of the Walschaert type driven from the 
crosshead and a return crank outside the main crank 
on the second pair of driving wheels. The valve 
spindle crosshead runs in guides forming part of the 
back steam chest covers. These are illustrated in Figs. 
30 to 32. The front steam chest covers are plain and of 
cast iron. Those at the back are of cast steel, and 
integral with them is a bracket which forms the lower 
part of the crosshead guides. The upper parts of 
the guides are bolted to the lower. They are of cast 
steel. Between them are inserted } in. steel liners. 
The valve motion girder is illustrated in Fig. 22 to 29. 
It is of cast steel of flange and web section as will be 
clear from Figs. 24 to 26, &c. Weight is reduced by 
cutting the metal away in the sides, compensation being 
provided by beadings round the openings. For the 
greater part of its length the girder consists of two 
sides only, but at the back end these are combined in 
a box form, which can be clearly made out in Figs. 22 
and 27. The girder is fixed at the front end to the 
yoke, above the top slide bars, and at the back end 
is supported by a stretcher extending between the 
frames and out on each side. Fig. 27 shows this support 
|in dotted lines. The girder forms the support for 
| the bearings for the rocking link, and for the reversing 
| shaft. Details of these bearings are given in Figs. 
28 and 29. Figs. 33 and 34 show the reversing link. 
This consists of a steel slotted link, with a bushed exten- 
sion for the connecting rod at the bottom end, and a 
carrier, formed of 1 in. steel plates bolted to each side 
of the link and provided with trunnions working in 
the bearings shown in Fig. 29. The link die block 
|is of steel case-hardened and is fitted with a case- 
hardened bush. The radius link and connecting rod 
|are fluted. The former has a rectangular tail at the 
| back working in a link shifter arranged with rectangular 
| guides. The shifter block works on trunnions in 
| bearings on the end of the reversing shaft. 
| The reversing gear is shown in Figs. 35 to 38. This 
|is the Franklin Precision air-operated gear. The 
| essential parts consist of a screw-gear and hand-wheel 
' of much the usual type, in the cab, coupled to a uni- 
| versal and telescopic shaft, a detail drawing of which 
|is given in Fig. 38. Between the other end of this 
| shaft and the weigh-bar shaft arm is the fixed air 
| cylinder, shown in section in Fig. 36. A part of this is 
| also shown in plan in Fig. 35, while one end is shown 
| in elevation in Fig. 37. The cylinder contains an air- 
| operated piston, the rod of which projects through one 
cover (shown to the right in Fig. 35). This rod is 
coupled to the weigh-bar arm, and the reversing shaft 
| is therefore operated on movement of the piston. The 
piston is under control of the valve shown at the end 
of the cylinder to the left in Fig. 36. The valve is 
moved by collars on a central spindle below it. This 
| spindle, for part of its length inside the cylinder, will 
| be seen to be screwed. The screwed part works in a 
| female thread in the piston. Supposing the valve to 
be in its central position for some particular position 
| of the piston, if the handwheel in the cab is revolved, 
|this movement, transmitted through the flexible 
shaft, will cause the screw to move further in or out 
|in the cylinder piston. This results in a movement 
| of the valve which causes ports to be uncovered, and 
pressure air is admitted to one end of the cylinder, 
while the other is opened to the exhaust. The piston 
consequently moves one way or the other according to 
which ports are uncovered, but in doing so takes the 
screwed spindle with it, and consequently the valve ; 
thus when the movement has proceeded far enough 
the ports are again closed, and no further movement 
takes place until the screw gear in the cab is adjusted 
to some fresh cut off. The valve can be moved at a 
greater rate than the piston is displaced, and any 
desired adjustment may be therefore readily made. 
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As soon as the screw ceases to revolve, the piston 
moves the valve and closes the ports. An indicator 
is provided on the screw gear in the cab. The screw 
can be locked by the catch shown in Fig. 35. Between 
movements of the screw, the piston remains stationary 
and holds the reversing gear in one position. Any 
adjustment of the cab gesr is at once responded to 
by the cylinder gear. Tne piston of the latter has 
a stroke of 19 in., while the control valve has a 
maximum movement of 1} in. The end of the 
screwed spindle which operates the valve is squared, 
and is free to slide lengthwise in a square hole in a 
short length of shaft to which the flexible shaft is 
coupled. This provides for the relative movement, 
which has to be allowed on account of the rotation of 
the screw in the piston body. No creep is possible 


with this gear, since any such movement would dis- 
place the valve and uncover ports which would admit 
air and counteract the tendency. 

The main rods and side rods of the engine are of I 
are fitted with bushes of 


section. The side rods 
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gunmetal lined with white metal. The big and little 
end brasses are capable of adjustment. The big end, 
of the strap type, is fitted with a screw wedge. 

The driving wheel centres are of cast steel with lead 
filled balance weights. The driving axles are straight, 
without shoulders, and are machined all over. As will 
be seen from Fig. 4, of our previous article, they are 
hollow-bored. The axle boxes are of cast steel with 
gunmetal bearings pressed in and lined with white 
metal. Gunmetal hub liners are also fitted and 
Franklin grease-box lubricators. The axle box guides 
are fitted with the American type of shoe on 
the front side, and on the back with the Franklin 
automatic adjusting wedge, which is illustrated in Figs. 
39 and 40. In this arrangement there is a floating 
wedge interposed between the axle box face and the 
adjusting wedge, the latter being backed by the 
frame pedestal finished to a taper of 1 in 12. The 
adjusting wedge is supported by a bolt on to which 
at its lower end is screwed a cap. The latter can be 
adjusted up or down the wedge bolt, and is carried 
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by springs enclosed in a pocket underneath the stay. 
Before leaving this part of our description we may 
add that lubrication of the cylinders and steam chest= 
is provided for by means of Detroit lubricators. 
Combined pressure relief and by-pass valves, and drain- 
cocks are fitted to the cylinders. 


(To be continued.) 





INSTITUTION OF NAVAL ARCHITECTS: SUMMER 
MEETING, BeLGrum.—The Council of the Institution ot! 
Naval Architects has accepted an invitation to hold a 
summer meeting in Belgium from June 21 to 27 nest. 
A detailed programme of the meeting is in course 0! 
preparation and will be forwarded to those members w ho 
signify their intention of being present. The provisional 
arrangements are as follows: June 21.—Proceed fron 
London to Brussels via Ostend. The following two days 
will be spent in Brussels ; an official reception will take 
place, and visits will be paid to the principal places 01 
interest in the capital. June 24.—Proceed to Antwer}). 
where the Burgomaster will receive the guests and # 
banquet will be held. On June 26 and 26, papers will 
be read and works and places of interest in Antwery 
and the neighbourhood will be visited. Members wi!) 
return on June 27, by special steamer, from Antwert} 
to London, via Zeebrugge and Dover. 
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Fie. 1. Boat rin CRADLE ON LauNcHING FRAME ON DECK. 
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Fie. 2. Boat in CRADLE IN Process or LOWERING. 


THE LIBANI BOAT-LAUNCHING 
GEAR. 


THe difficulty* which often attends the launching 
of ships’ boats when they are most needed, i.¢., when 
the vessel is damaged and perhaps has a bad list, or a 
heavy sea is running, has suggested many forms of 
boat-launching gear. Our attention has been drawn 
lately to a new system which possesses several unusual 
features and is illustrated in Figs. 1 and 2 herewith. 
This method of handling boats is known as the Libani 
system. It has been tried on the 8.S. Conte Biancamano, 
on which vessel the photographs reproduced above 
were taken. 

_ The first of the views, Fig. 1, shows a boat stowed 
inboard, and illustrates its relation to the frames which 
take the place of davits. These frames are stiffly 
Constructed, for the most part of channel iron, and are 
gusseted to the deck. Each consists of a fixed part, 
anda hinged portion, of cantilever design, which projects, 
When in use, over the side of the vessel. They are 





shown thus extended in Fig. 2, but in Fig. 1 the hinged 
parts are folded inwards flush with the ship’s side for 
convenience in berthing the ship. The cantilevers 
can be swung out either by hand, or automatically 
when launching takes place. 

The boat lies in a cradle having a roller at each end, 
well above its centre of gravity, and running upon a 
track formed by the top member of the frame. These 
two rollers carry the whole weight of the cradle and the 
boat, and it is this weight, acting on an inclined plane, 
that ensures the outboard traverse required for launch- 
ing. The roller track is inclined downwards and out- 
wards at an angle of 25 deg. to the horizontal, so that 
there is a constant launching force, for any particular 
angle of heel, in all positions of the ship up to a heeling 
angle of 25 deg. from the vertical on the opposite side. 
Even then, the effort needed to move the boat to the 
outboard position would be small. The launching force 
is controlled in two ways. Referring to Fig. 1, a stop, 
operated by a lever handle, will be noticed in front of 
the roller. The stem of the lever is hinged and the 








hinged part: is lifted over a bracket, to hold it in the 
locked position. The second control is obtained by 
the lowering gear. This consists of a pair of steel 
ropes. One end of each of these is attached to one of 
the cradle rollers, the other being wound round a drum 
fitted with a hydraulic brake. The lashings between 
the cradle and deck, visible in Fig. 1, are, of course, 
merely to steady the cradle in a seaway and are 
removed before launching. 

Before describing the latter operation, the hydraulic 
brake may be considered. As already stated, the wire 
rope attached to the cradle roller is wound upon a 
drum. The shaft of this drum is prolonged at one 
end into the brake cylinder, through an ordinary 
stuffing box. Inside the cylinder, however, it has a 
thread cut on it, upon which thread the “‘ piston ” is 
screwed like a nut. The piston, packed so as to 
be watertight, is prevented from rotating by means of 
lugs which engage in grooves running along the cylinder 
bore. The ends of the cylinder are connected with 
one another by a pipe with a control cock in it, and 
the whole is filled with a non-freezing mixture of 
glycerine and water. When the control cock is shut 
and there is no communication between the two ends 
of the cylinder; the piston is locked in position. 
This prevents the screw and drum from rotating. 
The opening of the cock permits the transfer of liquid 
from one end of the cylinder to the other, so that the 
drum shaft is then free to revolve, because movement 
of the piston is possible. The amount of the opening 
given to the cock determines the speed of rotation. 
The other end of the drum shaft is connected to an 
electric motor for hoisting purposes. 

The operation of launching is carried out as follows : 
The steadying stays having been cast off, and the roller 
stops released, the cradle begins to move outboard under 
the control of the hydraulic brake, operated by a 
single person on deck, or, by means of a flexible pipe, 
from the boat itself. By the time it has reached the 
end of the cantilever brackets the cradle is hanging 
over the water, and, from this position, lowering takes 
place. This is also regulated by the brake. Experi- 
ments have shown that the maximum safe lowering 
speed is at the rate of 6°5 ft. per second, so that the 
descent from the boat deck of a modern liner, or from 
a height of about 65 ft., can be accomplished in 
10 seconds. The cradle is provided with a strong 
wooden fender, which protects the boat from injury 
against the ship’s side during descent. 

On reaching the water, the further descent of the 
cradle can be accelerated by reducing the brake 
resistance, so that it sinks rapidly out of the way of 
the boat, which floats out of it. There is thus no 
unhooking or disengaging of gear from the boat, and, 
if the vessel is down by the head, for instance, there is 
no need to have to try to adjust the falls, as the boat 
finds its own level as soon as it touches the water, 
independently of the cradle. 

Not the least interesting feature of the system is 
that if the ship should have to be abandoned quickly, 
and there is not time to man all the boats, those that 
are left on the vessel will float off when it sinks, and will 
thus be available for persons who may be in the water. 
In this connection it may be noted that the illustrations 
show the boat cover lashed to the cradle. For the 
system to be taken full advantage of, the boat should, 
clearly, be free at all times, and the cover should, 
therefore, be made fast to the boat itself and not to any 
extraneous part. It is quite possible, however, that, 
with vessels having a low freeboard, the boats would 
need to be made fast to the cradle in some way during 
heavy weather. 

As stated above, the brake drum is provided with a 
hoisting motor for lifting the boat on board. A 
hand-operated winch can be fitted in lieu of this if 
preferred. The boat is provided with swivel hooks 
fore and aft. These engage with the cradle ropes, 
which are of steel, when the boat is steered into position, 
and the cradle, therefore, when lifted, picks up the boat 
automatically. 

The frames can be made to accommodate two boats 
side by side, and it is stated that the system permits 
of larger boats than are usual being handled. This 
would, of course, reduce the number of individual 
boats necessary to provide for a full ship’s complement 
of passengers and crew, with a resultant decrease of 
weight and cost. 








Tue Late Mr. Greorce Picktes.—Mr. George Pickles, 
who, we regret to state, died suddenly at Tis home, 
Mytholm Hall, Hebden Bridge, Yorks., on May 2, last, 
was probably the oldest sawmill engineer in this country. 
Mr. Pickles was governing director of Messrs. John Pickles 
& Son (Engineers) Limited, Hebden Bridge, and was 
actively engaged in his work on the day before his death. 
He was the son of the founder of the firm, Mr. John 
Pickles, and was born in 1849. He had over 60 years’ 
practical experience in designing all classes of sawmill 
and woodworking machinery. Mr. Pickles is survived by 
his wife and seven children, three of his sons being directors 
of Messrs. John Pickles and Son. 
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ANNUAL CONVENTION OF THE 
AMERICAN CONCRETE INSTITUTE. 


THE twenty-second annual convention of the 
American Concrete Institute was held in Chicago 
from February 23 to 26, inclusive. This Institute, 
which has its headquarters at 2970, West Grand Boule- 
vard, Detroit, U.S.A., has a membership of over 1,700, 
and its proceedings are increased in value by the fact that 
these members do not consist of one class or group. 
They are contributed to by architects, engineers, cement 
manufacturers, machine makers and similar practising 
members, as well as by research workers and professors. 


THe STRENGTH OF CONCRETE. 


A paper entitled ‘‘ New Experiences in Concrete 
Control,” by Mr. John G. Ahlers, stated that the water- 
ratio theory was accepted as holding good in practice. 
This theory had been the subject of over 100,000 tests 
at the Structural Materials Research Laboratory and 
was defined as follows: ‘‘ For given materials and 
conditions of manipulation, the strength of concrete 
is determined by the ratio of the volume of mixing 
water to the volume of cement (water-ratio) as long as 
workable conditions are maintained.” The formula 
ay . _ 14,000 
employed was S =——~, 





where S = compressive 


strength of concrete at 28 days, in lb. per square inch, 
and x = water ratio. With a water ratio of 1-00 
[74 (U.S.) gallons of water per sack of cement] the 
strength at 28 days, under average conditions and 
with standard curing, should be about 2,000 Ib. per 
square inch. In six large contracts, a curve was plotted 
on the above formula, and used to check the results of 
actual tests as the work proceeded. As a 28-day 
period was too Jong for ordinary working conditions, 
another formula had been suggested by the Bureau 
of Standards. This gave the relation between the 
strength, ascertained by compression tests, at 7 days 
and that at 28 days. This relation is S,,—S, + 30 //S, 
These two formule were used for strength. The ques- 
tion of economy only was involved in the proportions of 
aggregates to cement. A specification based on the 
methods adopted proposed that the strength at 28 days 
should be laid down as 1,500 Ib. per square inch for 
non-bearing walls, curtain walls, etc.; 2,000 lb. per 
square inch for structural members, beams, girders, 
etc.; and 2,500 Ib. per square inch for columns. 
The preliminary test cylinders were to be made with 3 
different water ratios, 7 cylinders ofeach. The strength 
was to be calculated from these tests. Among variables 
caused by working, or field, conditions, was variation in 
water-ratio due to incorrect measurement. The cement 
bags might vary in weight, due to loss or other causes, 
and the measuring tank might be incorrectly used. To 
guard against these contingencies, the author advocated 
the use of a concrete strength regulator. This was an 
automatic weighing machine, one pan holding cement 
and the other water. The length of arm was adjusted 
to give the desired water-ratio. The cement was filled 
in first, and then the water run into the other pan. 
When a balance was obtained the water supply was 
cut off automatically. Other variables which required 
careful watching were, moisture on the aggregates, 
and change in their grading; differences in cement ; 
and variations in test cylinders. Under this last 
head, special care had to be taken in making, curing, 
and capping the cylinders, and to avoid large pieces 
of aggregate near the surface. Cylinders 8 in. dia. 
by 16 in. long were recommended instead of the more 
commonly used 6 in. dia. by 12 in. long. By following 
the water ratio method, the results obtained were dis- 
tinctly more uniform than those previously reported 
by the author working under other conditions. 

Another paper on the same subject was presented 
by Mr. W. 8S. Hindman, Columbus, Ohio; it was 
entitled “ Control of Concrete Mixtures on University 
of Pittsburgh Stadium.”’ The stadium is situated on 
a hillside. Part of the seats are placed in an excavation, 
and those on the opposite part are carried on a frame- 
work, the highest point on this side being 105 ft. 
The overall dimensions are 791 ft. by 617 ft. The 
form is not that of a straight-sided oval, but the arena, 
with its concentric rows of seats, is laid out in a shape 
resembling, in plan, a quatrefoil having two opposite 
sides very much flattened. The dimensions of the 
arena are 563 ft. by 343 ft. The seating accommo- 
dation, with the single deck at present provided, is 
65,000. The design makes provision for the future 
addition of another deck, which would increase the 
accommodation to 95,000, and the greatest height 
to 135 ft. Approximately 20,000 cub. yards of concrete, 
2,300 tons of structural steel, and 1,000 tons of 
reinforcing steel were used in the structure. About 
one-half of the seats were poured directly on the 
ground. Bad effects from settlement were guarded 
against by the provision of concrete piers, which, 
owing to adjacent coal workings, had to be taken 


had a fireproof protection of 2 ft. of granulated furnace 
slag. The concrete was intended to be of a compressive 
strength of 2,500 lb. for the deck, and 2,000 lb. for 
the remainder, but, owing to the delay involved in 
using a single mixing plant for two classes of concrete, 
the 2,500 lb. mix was more generally used. To 
ensure uniformity in strength when supervising the 
contractors, a small laboratory was established on the 
site. Tests made in this laboratory showed the effect 
of different quantities of water in the concrete. For 
instance, nearly 3,000 lb. was obtained with a 3-in. 
slump and only 1,900 lb. with a 7}-in. slump. A sand 
inundator was used to ensure as much uniformity as 
possible in measuring the sand. Moisture to the extent 
of 3 per cent. to 8 per cent. added to dry sand will 
cause it to expand 25 per cent. to 30 per cent. in 
volume, while thorough saturation makes little change. 
The inundator was a container with an adjustable 
bottom, provided with a mechanical shaker. Rather 
more water than was required to saturate the sand 
was poured into the container, and the sand added 
until the inundator was filled, the surplus water 
having run over the top. Test cylinders were made 
from the concrete as soon as it left the mixer, and 
these, after standing 24 hours, were matured in damp 
sand. A marked variation in strength in the test 
cylinders, due to fluctuations in the temperature, 
was noticed, and, for field testing, it was recommended 
that the temperature of the storage space should be 
kept at about 70 deg. F., care being also taken to 
secure uniformity of manufacture. 

Mr. Herbert J. Gilkey, University of Colorado, 
contributed a paper on “ The Effect of Varied Curing 
Conditions upon the Compressive Strength of Mortars 
and Concretes.”” From the results of: between 600 and 
700 compressive strength tests, the author had prepared 
a diagram by means of which, it was claimed, the relative 
compressive strengths of mortars and concretes could 
be predicted at any age and for any combination of wet 
and dry storage. Concrete should be kept moist 
as long as possible after being poured. If dry at 7 days, 
the strength would be only 65 to 70 per cent. of the 
standard 28-day specimen in the same condition. If 
dried at 14 days, 88 per cent. of this strength would be 
developed. Intermittent wetting or sprinkling was 
not as effective as consistently applied moisture. 
When concrete was once dry, gain in strength, that is, 
curing, practically ceases, though a slight increase 
might take place on subsequent application of moisture. 
Early drying was very detrimental to concrete unless 
moisture were provided later, when it might very 
slowly gain strength. If kept dry, the strength would 
remain at that corresponding with the original drying 
period, i.e., five or six days. Concrete moist-cured 
would eventually develop a strength of from one and a 
half to three times the 28-day strength of that dry- 
cured, if both were in the same condition at the time of 
test. The apparent anomaly of a concrete moist- 
cured, but tested dry, showing greater strength than the 
same concrete tested wet, was due to a mechanical 
hardening. Moist storage was more essential to a 
concrete with a high water content than to that with a 
lower one. The same curing methods probably pro- 
duced similar results in concretes differing in cement 
content, but this point required further investigation. 
There was no essential difference in the effects of curing 
between concretes and mortars, though the latter 
appeared to have high percentage fluctuations of 
strength, etc. 

Damage from too rapid drying was to be more seri- 
ously apprehended from small masses of concrete than 
from large ones. Probably leaving shuttering in place 
for longer periods than usual might conduce to more 
thorough curing, though much evaporation often took 
place from the upper surfaces. Probably also, due 
to the fact that precautions were not usually taken to 
supply plenty of moisture for curing, the concrete in 
buildings was much weaker than was indicated by 
tests on properly moist-cured samples. The rate of 
evaporation was always slower than that of absorption. 
As long as moisture was present, autogenous healing 
could take place, but it ceased when concrete dried out. 
A report on the ‘‘ Effect of Lime on Concrete Pro- 
ducts” was presented by Mr. Paul C. Cunnick, Rock 
Island Arsenal, Rock Island, Ill. This described four 
sets of experiments which were carried out at the 
laboratory, two being on blocks made by different manu- 
facturers under ordinary working conditions, but with 
special care in the measurement of materials, and two 
others on specimens made in the laboratory itself. 
The use of lime gave a lighter grey colour to the con- 
crete surface, and made the external texture finer, 
while the interior, on fracture, exhibited a denser 
material. The 28-day strength test was made with 
three different mixes of concrete, both with the admix- 
ture of slaked lime and quicklime putty. The average 
28-day strength, taking a concrete without lime 
as 100 per cent., was increased to 130, 141, and 161 per 
cent., respectively, in the three mixes of 1 : 6, 1 : 7, and 


cement. With 22} lb. of quicklime putty per sack, 
the corresponding figures were 129, 135, and 141 per 
cent. From graphs of the results obtained, it appeared 
that the 28-day strength was greatest when 40 lb. of 
slaked lime per sack, or when 22} Ib. of quicklime 
putty, were used, the strength. falling off after those 
points had been reached. These figures showed also that, 
with poorer mixes, the effect of the lime in increasing 
compressive strength was greater. A sufficient number 
of blocks were cast to enable crushing tests to be made 
at different ages, ranging from one month to five years, 
So far, only 28-day, 3-month, and 6-month results were 
available. The tests showed that, with all percentages 
of lime, there was an increase of strength at 6 months 
over that at 28 days. Two sets of tests were made for 
absorption. The first were by the standard method 
of immersion for 24 hours, and showed that with all 
three mixes and with both quicklime and slaked lime, 
absorption was increased by the use of lime though the 
totals were still within the specified limit. The second 
set of experiments was based on the fact that, in build- 
ings constructed of these blocks, water seldom 
came into contact with more than one face. Containers 
12 in. deep, were attached to one face of the blocks 
under test, and a water-tight joint was made. The 
results by this method showed that absorption was 
not increased by the use of lime. These tests also 
gave evidence of the depth to which dampness pene- 
trated, as this was visible on the sides of the specimens. 
As the lime content was increased, the depth of dampness 
penetration was decreased. A measurement of perme- 
ability was further made possible by using the container 
method. This type of test showed that 60 per cent. of 
the specimens without lime permitted a visible and mea- 
surable flow of water through them. With 20 per cent. 
of lime, permeability was apparently stopped. 


ConcrRETE Roap MAKING. 


Mr. J. L. Harrison, Highway Engineer, United 
States Bureau of Public Roads, contributed a paper 
entitled ‘“* Efficiency in the Supervision of the Con- 
struction of Concrete Road Surfacing.” This laid 
stress upon the fact that an essential to success in 
supervision was not only a thorough knowledge of 
everyday practice, but a firm conviction that that 
practice could probably be improved. If the output 
of twenty or thirty mixers were examined, it would 
be found that many of them were turning out only 
just above half what they should be, and some even less 
than half. Investigation showed a possible output per 
mixer of 48 batches per hour, i.e., the mixers had 
a 75-second cycle. That was not easy to obtain with 
existing types of machine, but was possible. With some 
alteration in design, he thought, a 60-batch-per-hour 
machine could be produced. Proper instruction given 
to the operators would result in improvement, a 
reduction of losses varying from 16 per cent. to 
2 per cent. of the working day having been thus 
effected in some instances. Laying concrete pave- 
ment was a manufacturing process, and the rate of 
production of the article was the determining factor 
in the speed of the work. In this case it was the 
mixer that controlled the material output, and all 
subordinate operations should be co-related with it. 
The synchronisation required in loading the material, 
&c., had to be exact; too high speeds caused con- 
gestion and invited accidents. Operations must be 
performed simultaneously where possible. Mechanical 
troubles and breakdowns should be guarded against. 
A machine which lost 5 per cent. of its possible working 
time should be considered too expensive to employ 
on modern contracts. There should be an adequate, 
but not excessive, number of accessories to the mixer 
plant, such as trucks. In one plant studied, truck 
operation efficiency was only between 70 and 75 per 
cent., but was corrected to work at 98 per cent. To 
avoid loss in this direction, a 10 per cent. excess truck 
supply should be taken as the minimum. Delay was 
often caused by an inadequate supply of water to the 
mixer. A 3-in. pipe was the smallest that should be 
employed. , 
Time might be lost by delay in the preparation of 
the subgrade, and in finishing the surface. The general 
method suggested by the author to increase the rate 
of progress on a current contract was first to ascertain 
where the losses of time occured. On one of the 
contracts of which details were given in the paper, 
as an example, a month was required to develop a 
rate considered even fairly satisfactory. a 

A ioint paper on ‘Concrete Pavement Design 
was submitted by Mr. L. W. Teller, and Mr. J. T. 
Pauls, of the Bureau of Public Roads. This paper was 
concerned with road surfaces, not with sidewalks, as 
its title might suggest to British readers. The authors 
stated that the sub-grade had an important influence, 
and a primary requirement was good drainage. Heavy 
clays were unstable, but dry sands satisfactory. Ther« 
were roads in Florida in which a loose dry sand 
carried a brick surface simply by confining the sand 
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due to temperature changes commenced as soon as the 
concrete set. The difference in length of one mile of 
pavement in summer and winter might be 2 ft. Proper 
curing, which developed the resistance of the concrete 
to bending and direct tension, should be carefully 
carried out. Observations had shown that, during 
the day, the edges of a surface might curl downwards, 
setting up pressures as high as 6 lb. per square inch on 
the subgrade, while during the night the corners might 
completely leave the subgrade, rising about 0-2 in. 
The division of the surface into a greater number of 
units by construction joints was a remedial measure. 
The stresses set up by vehicular traffic should be 
studied. The reversal of stresses caused by the 
passage of thousands of wheels in twenty-four hours 
might set up serious fatigue in the concrete. The 
effect of impact should be minimised by smooth 
surfaces. As the maximum load with wheeled traffic 
might occur at any point, the pavement should be 
designed for uniform strength. The most modern 
view, arrived at from theory, experiments, and actual 
road tests, was that the type of pavement with thick- 
ened edge was the most economical for maximum 
strength. Uniform strength was obtained when the 
thickness of the central portion of the pavement was 
about seven-tenths that of the edges, provided a suit- 
able centre joint were laid down. The minimum width 
of pavement for two-way traffic was 18 ft. Steel 
reinforcement might cause more cracking than would 
occur in a plain pavement constructed under the same 
conditions of support and load. When properly 
used, steel reinforcement was beneficial. Better results 
would be obtained, for the same weight of steel, if 
smaller rods, more closely spaced, were used. The 
use of steel in continuous bond for long distances and 
along the edges of slabs should be discouraged. Crack- 
ing in concrete pavements would almost inevitably 
occur. The function of steel reinforcement was not to 
try to prevent it, but rather to limit its effects so that 
the strength of the structure as a whole would be 
maintained. 

Another joint paper on a subject connected with 
concrete roads was that entitled ‘‘ Transverse Testing 
of Concrete,’ by Mr. H. F. Clemmer, of the 
Solvay Process Company, and Mr. Fred Burggraf, 
of the Illinois Highway Division. In this paper, the 
authors said that research in road-making had demon- 
strated that the pavement must be regarded as a loaded 
platform rather than as a mere covering surface. 
There was a great want of information as to the exact 
relation between transverse and compressive strength 
though there were ample data regarding the latter. 
The ordinary methods of testing for compressive 
strength were unreliable, due to want of uniformity in 
application of the load, variation in methods and 
application of capping, and impossibility of eliminating 
lateral friction under load. Tests on 700 road cores 
with capping, showed 20-8 per cent. greater compressive 
strength than 700 similar tests with sawed ends. Again, 
the average difference between maximum and minimum 
compressive strength was found to be 72 per cent., 
as against a similar average difference of 3-7 per 
cent. in transverse strength. The authors con- 
sidered that transverse testing was both more reliable 
and certainly more economically carried out in 
field work. The relation between transverse and 
compressive strengths was ascertained to be that the 
former was 16-98 per cent. of the latter. This was 
the average of 500 tests on 1: 2:3} concrete with 
varying fine and coarse aggregates. The average 
transverse strength was 490 lb. per square inch, the 
average compressive strength 2,859 lb. per square inch. 
The method of testing adopted in the field was by 
subjecting a slab of concrete, about 6 in. by 6 in. by 
24 in. to simple bending by a gradually applied load. 
The slab was bolted to any convenient structure, 
80 as to overhang by about half its length. To this 
unsupported end was bolted a V-shaped lever, the 
two ends fitting the specimen and the apex carrying the 
bucket, or other receptacle, for the load. The latter 
might be water, shot, dry sand or any other free- 
running material. The transverse strength was 
calculated from the breaking load, the length of the 
lever and the cross section of the specimen. This 
arrangement had proved of value in ascertaining 
whether a completed road was sufficiently cured to be 
opened to traffic, and its use, together with accelerated 
curing by means of an admixture of calcium chloride, 
had enabled roads in Illinois to be used in as short a 
time as 96 hours after laying. 


THE PROTECTION OF CONCRETE. 


Professor Alfred H. White, University of Michigan, 
and Professor John H. Bateman, Louisiana State 
University, contributed a joint paper on “‘ Soaps as 
Integral Waterproofing for Concrete,” in which they 
stated that the action of soap in waterproofing concrete 
Was due to its interference with capillary action. On 
this account, a very small amount of fatty acid as soap, 
if finely divided and properly distributed in the mixer, 





was sufficient. Ordinary concrete, well made and 
thoroughly cured, developed, in course of time and in 
part, a colloidal state. Wetting the surface caused 
swelling of the colloid and blocking of the pores, so that 
penetration was arrested at a comparatively shallow 
depth. Fresh concrete with a soap admixture would 
be more resistant to water at an earlier date, and the 
colloid, when developed, would be assisted by the 
soap. Concrete rapidly dried, i.e., imperfectly cured, 
had not adequate colloid to keep out water. The 
compressive strength of concrete was not affected by 
the use of soap, provided the quantity was not excessive. 
Concrete containing soap took longer to cure than plain 
concrete and must be kept damp continuously after 
pouring until the desired strength was reached. 
Shrinkage on drying would not be lessened by the use 
of soap, which could not, moreover, prevent the 
penetration of water through cracks. The amount 
of soap could be as small as 0-05 per cent. of the weight 
of concrete while retaining its effectiveness, but it was 
important that it should not contain air. 

A committee report was presented on “Destructive 
Agents and Protective Treatments.’ This cited the 
disintegration of an arch over a spillway with an adja- 
cent wall, due to porous concrete caused by the use of 
unduly wet mix. There was no evidence of decomposi- 
tion of the aggregate. A second instance, that of a large 
dam with 15 years of service, also showed disintegration 
of the spillway, due to excess of water in the mix, 
together with too lean a concrete. In another case, a 
very heavy wall showed disintegration after eight 
years’ service from the same two causes, aggravated 
by the use of crushed stone which broke down when 
exposed to the atmosphere. An appendix to this report, 
by Mr. Maxwell M. Upson, dealt with the disintegration 
of concrete caissons standing in sea water under a 
pier. The breakdown, in this case, was attributed to the 
use of too fine a sand, which, it was stated, was not 
advisable for structures in salt water. The repair was 
effected by removing the concrete from the damaged 
surface by means of pneumatic tools and sandblasting 
it. Cement was then sprayed on, mixed with coarse 
sharp sand, to make up to the original outline. In a 
second appendix by Mr. B. C. Collier, a warning was 
given against the use of limestone aggregates, such as 
magnesitic and shaley limestones, as these were very apt 
to decompose. The fact that, in reinforced-concrete 
structures, the steel was often placed so that the concrete 
could not be poured without having to use a wet mix, 
was adversely commented on. 

A paper contributed by Professor W. K. Platt, 
Purdue University, under the title of ‘‘ Extensibility of 
Concrete,” described experiments on the capacity of 
concrete to withstand extension without the appearance 
of fissures on the surface. The extensibility before fis- 
suring of plain 1 : 2: 3 concrete, properly cured, is, the 
author states, only 0-010 per cent. At this point the 
fissures aré microscopic, but become visible when 
painted over with oil. Without this process, the fissures 
become visible to the unaided eye at 0-018 per cent. 
extension ; defective curing, however, can reduce this 
to 0-015 per cent. Mortar extends about 0-02 per 
cent. A light fabric or mesh reinforcement retards the 
development of visible fissures but not that of micro- 
scopic ones. Concrete, free to move, will shrink to the 
extent of 0-05 per cent. upon drying. Reinforcement 
may reduce this to 0-025 per cent. 

Other subjects taken at the meeting included 
specifications for concrete slabs, for the purchase of 
concrete aggregates and the testing of standard building 
units. 





TuckER TUMBLER SwItTcHES.—A new design of 
tun:bler switch, having exceptional load-breaking 
properties, has recently been placed upon the market 
by Messrs. J. H. Tucker and Co., Limited, Kings-road, 
Tyseley, Birmingham, who have sent us samples for 
inspection. The switches are made in two sizes having 
normal capacities of 5 amperes and 15 amperes, 
respectively, at 250 volts. The smaller size has, how- 
ever, been shown to be capable of breaking 33 amperes 
at 250 volts, and 5 amperes at 525 volis. The mechanism 
provides for a quick make as well as a quick break, 
but is positive in action and controllable throughout 
its entire stroke by the movement of the “dolly.” 
An exceptionally long break is provided, and the movable 
contacts work in two segmental grooves formed in the 
porcelain base with a wide ridge of porcelain between 
them. The 15-ampere switch is of generally similar 
design to the smaller size, but, in the former, a block 
of steatite and a strip of mica are inserted between 
the moving contacts and the contact arm, giving a 
very high degree of insulation. Both switches are of 
excellent workmanship in all respects, and they operate 
smoothly and comparatively quietly, As an indication 
of their durability, it may be mentioned that two 
switches controlling a load of 5 amperes at 250 volts 
were opened and closed 6,000 times at the rate of 
10 operations per minute, both being found in good 
condition at the end of the test. They are made in 
the surface, semi-recessed, and flush patterns, and of 
the single-way and two-way types. Single-way switches 
are also supplied combined with plug sockets, 





ROYAL METEOROLOGICAL SOCIETY. 


At the usual monthly meeting of this Society, held 
on Wednesday, April 21, at the Society’s rooms, 
49, Cromwell-road, South Kensington, with Sir Gilbert 
T. Walker, President, in the chair, a paper entitled 
“The Driest and Wettest Years at Individual Stations 
in the British Isles, 1868-1924,” was read by Mr. J. 
Glasspoole. This stated that, for some 250 long-period 
stations distributed over the British Isles, data of the 
driest and wettest years had been collected. For Cam- 
den-square (London) the average annual rainfall was 
24-47 in.; the driest year, 1921, had 14-60 in. or 
60 per cent. of the average, and the wettest year 
1903 38-10 in. or 156 per cent. of the average. The 
years 1887 and 1921 were the driest years in the 
series 1868 to 1924, over 40 per cent. and 31 per cent. 
of the British Isles, respectively, and the years 1872 
and 1903 were the wettest years, over 49 per cent. and 
19 per cent. of the whole British Isles, respectively. 

The second paper was entitled, “‘ The Meteorological 
Conditions during the Glaciation of the Present Tropics, 
being some Remarks on the Climatological Basis 
of Wegener’s Theory of Continental Drift,’ and was 
read by Mr. C. E. P. Brooks. It pointed out that the 
reconstruction of permo-carboniferous geography 
given by Wegener as part of his theory of continental 
drift, showed a large continent formed by the union 
of South America, Africa, India, Australia and 
Antarctica, surrounding the South Pole and bearing 
extensive ice-sheets, while the equator passed through 
Europe and the United States. A number of recent 
researches had shown, however, that in the latter 
country also there were a number of powerful glaciers 
extending to sea-level. Thus there were the same 
climatic objections to Wegener’s reconstruction as to 
that based on the present positions of the continents. 
The reconstruction of the upper carboniferous given 
by Th. Arldt (Handbuch der Palwojeographie) was 
accordingly taken as a basis, and the probable 
distribution of warm and of cold ocean currents and 
of winds was discussed. It was shown that a warm 
current would traverse the region of the coal-meuasures, 
and that the occurrence of the American glaciation 
was also readily explicable owing to the neighbourhood 
of an arm of the Arctic Ocean, while under certain 
assumptions even the glaciation of the tropics might 
not be a vital objection. 

Mr. Brooks also read a paper on “ The Variation 
of Pressure from Month to Month in the Region of the 
British Isles.” This stated that a chart of the deviation 
of means of pressure from normal in any month 
usually showed “centres” of maximum excess or 
maximum deficit. The changes in the positions of 
these centres from one month to the next have been 
studied on nearly 500 monthly charts of pressure 
deviations. It was found that centres of excess of 
pressure tended to move along fairly well-defined 
tracks. A statistical investigation showed that, in the 
majority of instances, the movement took place from 
west to east. The main track ran from Alaska south- 
eastward to the centre of the United States, then 
eastward to the Azores, north-eastward to the British 
Isles or Scandinavia, and again eastward to Northern 
Russia or the Kara Sea. The whole journey would 
take about six months, though no single centre was 
found which persisted long enough to make the whole 
journey from Alaska to Russia. Centres of deficit 
were somewhat more variable in their movements, but 
also tended to move from west to east. 





THE PURITY OF OXYGEN FOR 
METAL CUTTING. 


On Wednesday, April 14, the concluding meeting 
of the session of the British Acetylene and Welding 
Association was held at the Old Colony Club, London, 
under the chairmanship of Mr. Henry E. Baker, when 
Mr. C. R. Houseman, chemist of the British Oxygen 
Company, Limited, read a paper on “ Modern Develop- 
ments in Oxygen Production from the Air.” The 
significance of the paper was made clear in the. 
course of the discussion, when it was contended that 
oxygen was one of the very few industrial products 
that had not increased in price throughout the period 
of the European War or since. Increased demand 
there certainly had been, but the principal factor in 
enabling this condition to be maintained was con- 
tinuous improvement in plant, the product to-day 
being of greater purity than it was in pre-war times, 
This is of importance because, in metal cutting, the 
quality of the work depends very largely on the 
approximation to absolute purity of the gas. Three 
years ago, said the author in the course of his 
paper, cutting experiments had been made on 2-in. 
steel plates with oxygen of 98-5 per cent. and 99 per 
cent. purity, when it was found that the increase in 
the actual oxygen content of the gas by 0-5 per cent, 
had a most marked effect on the vsrk produced by its 





THE 


CONSTRUCTED BY MESSRS. 
































ENGINEERING. 


LITTLEJACK 


PENNEY AND PORTER 


(ENGINEERS), 


(May 21, 192 


6. 


PULLING JACK. 


LIMITED, LINOOLN. 











“ENGINEERING 





'. 
# 
r 

7 
¢ 





Fie. 6. 


use. This point has also been brought out in investi- 
gations made in America, a full account of which 
appeared in our issue of July 3, 1925, page 28. It was, 
Mr. Houseman said, desirable to use the lowest pressure 
possible in cutting, from the standpoints of quality of 
work and speed, and this could only be the case when 
the gas was of the greatest purity. This effect in 
cutting metal was due to the fact that the impurities 
in the oxygen were inert gases, the proportions of which 
were continuously increased as they passed further 
through the metal. No appreciable difference in effect 
was found in welding metals with gas of 98-5 per cent. 
or 99 per cent. purity. 








Tenpers.—The Railway Department of New Zealand 
is calling for tenders, to be presented by September 30, 
1926, for the erection of new railway car and wagon 
workshops at Otahuhu. The work consists generally 
of the supply and erection of 13 steel-framed buildings 
and two crane gantries. Further particulars regarding 
the above tender may be obtained from the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1. 





THE LITTLEJACK PULLING JACK. 


In all works the necessity occasionally arises of 
moving heavy articles in awkward positions where no 
regular appliances exist for this purpose, and these 
operations are ustally carried out with the aid of 
rollers, jacks, or pulley blocks. In such cases, much 
time can frequently be saved by the employment of a 
pulling jack, and we illustrate typical applications of 
this tool in Figs. 5 to 7, above. The jack which 
is shown in use in these figures is manufactured by 
Messrs. Penney and Porter (Engineers), Limited, of 
Lincoln, under the name of the “ Littlejack.” It is 
made in a number of models to deal with different 
loads and types of work, the particular model illus- 
trated being a general purpose tool. It can be used 
for lifting loads, in the manner shown in Fig. 5, up to 
about 1 ton. 

The construction of the pulling jack is shown in 
Figs. 1 to 4, from which it will be seen that it is of 
very simple design. The jack is anchored to any 
convenient point, such as the column shown in Fig. 6, 
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by means of the anchor chain seen on the right in 
Fig. 4. A pulling chain, attached to the article to be 
moved, is then passed under the chain roller which 
can be seen on the left in Fig. 2, and over the chain 
wheel visible in the same figure. The chain wheel, 
which is shown in section in Fig. 4, is keyed to a shaft 
carrying a drum. The latter is fitted wit han internal 
toothed wheel, shown in Fig. 1, which engages with a 
pinion mounted on a spindle parallel with, and above, 
the chain-wheel spindle. The operating handle fits 
in a socket which is mounted concentrically with the 
pinion, and a spring-loaded pawl on the socket engages 
with a ratchet wheel mounted on the pinion shaft. 
It is evident that when the handle is given a recipro- 
cating movement the chain will be drawn through the 
jack, and the load thus applied to the work. A second 
pawl engages with the ratchet wheel on its lower side, 
as shown in Figs. 1 and 3, and this pawl serves to take 
up the load on the return stroke of the handle. 

The tool is fitted with a brake band operating on the 
outside of the drum. The brake is employed in 
lowering the work when the jack is used as a hoist. 
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To bring the brake into action, the pawl on the handle 
socket is pulled out by hand, and, after giving it a 
quarter-turn, a pin engages with a slot and prevents 
it re-engaging with the ratchet wheel. The handle is 
then pulled over to the extreme right, in which position 
& projection on the socket engages with the non- 
return pawl and throws it clear of the ratchet wheel, 
as shown in Fig. 3. The chain wheel will now be free, 
with the exception of the brake, and the load may be 
lowered at any desired speed. 

_ When using a single chain, the mechanical advantage 
is about 45 to 1, but this may be increased to 90 to 1 
by using a double chain. The machine gives a con- 
tnuous pull, limited only by the length of chain, and 
it is interesting to note, as an indication of the capacity 
of the jack, that it is possible for one man to pull on 
the level five fully loaded railway wagons of a gross 
weight of over 72 tons. 


Mat ENGINEs. 


LONDON COUNTY COUNCIL FIRE- 
FLOAT ‘“ BETA III.’’ 


WE illustrate in Figs. 1 to 10 on the present page 
and on page 596, the new motor firefloat Beta III, 
which Messrs. Merryweather and Sons, Limited, 
Greenwich, have supplied to the London County 
Council Fire Service, as stated in our brief note on 
page 23 ante, in which we gave a few parti- 
culars of the tests to which the boat had been 
subjected. 

The Beta III has a length overall of 70 ft.; her 
breadth is 13 ft. 6 in., and her extreme draught 
3 ft.9in. The vessel has been built throughout under 
Lloyd’s special survey, class 100 Al for firefloats, and 
also to the Board of Trade requirements. 

The hull plating is of mild steel, galvanised through- 





out, and riveted to a flat plate keel, the framing con- 

















CLUTCH AND REVERSING GEAR FOR PROPELLER SHAFT. 


sisting of steel angles spaced 18 in. apart. Special 
attention has been given to the engine and pump seating, 
which rests on longitudinal bearers firmly connected to 
the floors and carried over the whole length of the 
engine-room, with gussets fore and aft of the engine- 
room bulkheads. 

The boat is shown in the view, Fig. 7, page 596. She 
has a raised upper deck amidships, of teak, and on this 
are the engine-room skylights, the monitor and other 
pump connections. She is divided by four watertight 
bulkheads into five compartments, these being the 
forepeak, the store room—containing wide hose racks, 
monitor nozzles and other fittings, the fuel main 
reserve tank and a locker—the engine-room, which is 
27 ft. in length, the cabin, and the after peak. The 
fore and after peak are used for storage. The cabin 
contains two berths in the form of seat lockers, two 
folding tables to accommodate eight men, a boiler 
supplying hot water to radiators throughout the vessel, 
and a stove, while an enclosed lavatory is located at 
the after end. Access to the cabin is by a companion 
ladder from the after deck. All steelwork in the cabin 
is painted with cork paint. 

The machinery, which propels the boat and also 
operates the pumps, consists of two separate, port and 
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starboard, sets of six-cylinder petrol-paraftin engines 
which are illustrated in Figs. 1, 2 and 5, each driving 
a propeller or, alternatively, a pump. The cooling- 
water circulation is ensured by centrifugal pumps 
driven by the main engines and the water is dis- 
charged overboard after passing through the cylinder 
jackets and a jacket on the exhaust pipe. There are 
two independent sets of ignition gear, one employing 
magnetos and the other coils and accumulators. The 
engines start at once on petrol and run on that fuel for 
the first five minutes ; they then maintain full power on 
paraffin, each being capable of developing 110 brake 
horse-power at 500 r.p.m. Fig. 6 illustrates the rever- 
sing gear between the engines and the propellers. The 
main reserve fuel tank located, as already stated, in the 
store room forward, is of sufficient capacity to run the 
engines under full load for 24 hours, There are two 
service fuel tanks, each having a capacity of 60 gallons, 
in the engine-room. A semi-rotary hand pump, also 
located in the engine-room, serves to draw the fuel from 
the main reserve tank to make up the supply in the 
engine room service tanks. All the fuel pipes are of 
annealed seamless copper. A portable semi-rotary 
hand pump, mounted on a stand and provided with a 
15-ft. length of flexible suction hose, fitted with a brass 
suction piece and gauze strainer easily removable for 
cleaning purposes, and also with a similar length of 
discharge hose, is used for filiing the reserve fuel tank 
through openings in the deck forward from drums or 
from tanks on shore. This hose is of suitable make for 
the pumping of paraftin. 

A lubricating-oil tank having a capacity of 25 gallons, 
fitted with a draw-oft cock and provided with a save- 
all, is located in the engine-room ; this tank is filled 
through an opening in the raised deck amidships. 

The auxiliary machinery includes two independent 
combined dynamo and air-compressor sets, shown in 
Figs. 1,2 and 8. Each set consists of a 14-h.p. three- 
cylinder paraffin engine, direct-coupled to a dynamo for 
lighting the boat and searchlight ; each engine is also 
arranged to drive, through a friction clutch, an air 
compressor for charging the receivers for starting the 
main engines. The compressed-air receivers are of 
sufficient total capacity to allow of 12 consecutive 
starts of the engines, without replenishing. Each 
dynamo and compressor set stands on an independent 
cast-iron bedplate in the engine-room, aft of the main 
engines and level with the cylinders of the latter, as 
shown in Fig. 1. 

The searchlight, 20 in. in diameter and of the 
Admiralty pattern, shown in Fig. 10, is mounted on 
the deck forward. It is fixed close to the deck level, 
but can be readily raised to its working position or, if 
necessary, carried ashore. 


The pump installation consists of two specially 
dosigenl: centrifugal pumps, one for each main engine 
and driven therefrom by expanding clutches and 
silent-chain gearing, the pump shafts running at 
880 r.p.m. The pumps are connected to the monitor 
(Fig. 9) or, alternatively, to two deck boxes on the 
raised deck amidships, each fitted with four separate 
delivery valves. The pumps are of gunmetal through- 
out, having gunmetal impellers and division plates, 
with shafts of manganese bronze; the latter run 
in ball bearings. The pumps take their supply from 
below the water-line through fullway gunmetal sluice 
valves and large gunmetal strainer boxes, provided 
with quickly detachable covers to give access to the 
interior for the removal of obstructive solid matter, 
the connections being so arranged that either or both 
pumps can take their supply from either the port or 
the starboard side. 

Branches are also taken to the deck level, where 
they are fitted with swivelling, screwed connections, 
for the attachment of flexible suction hose, to allow of 
the boat being used for salvage-pumping purposes, 
if necessary. 

A special arrangement of valves and connections 
on the suction and delivery branches allows of the 
pumps being driven in parallel for delivering large 
quantities at ordinary working pressures, or in series 
for maintaining maximum pressures. The pumps are 
capable of delivering 1,350 gallons per minute each at a 
pressure of 90 Ib. per square inch, and, at a delivery 
pressure of 50 1b., upwards cf 2,000 gallons per minute 
can be discharged. Delivery pressures up to 170 Ib. 
can be maintained by series operation. 

The boat is fitted with hand steering gear. The 
ship’s telegraph has, on the starboard side, a dial for 
transmitting to the engine-room the navigator’s orders, 
and, on the port side, a dial for the transmission to the 
engine-room of the orders given by the officer in charge 
relating to pumping when the boat is moored and on 
fire duty. Close to the telegraph are gauges indicating 
the working pressure of the pumps in service for the 
time being. 

The Beta III was taken over by the London 
County Council Fire Service following the very satis- 
factory trials mentioned in our note above referred to. 
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LAUNDRY Exursition.—The International Laundry 
and Allied Trades Exhibition, which was to have been 
held at the Royal Agricultural Hall, Islington, N.1, from 
May 10 to 18, will be opened to-day and will remain open 
until the 28th inst., including Whit Monday. The exhi- 
bition hours are from 11 a.m. to 9 p.m. Modern laundry 
plant and machinery, both hand- and power-operated, 
will be shown, and the latest hygienic and sanitary 
processes will be demonstrated. 


PreRSONAL.—Mr. Basil Johnson has been appointed 
managing director of Messrs. Rolls-Royce, Limited, 
14-15, Conduit-street, London, W.1, in place of the 
late Mr. Claude Johnson.—Mr. H. P. Lawson, lately a 
director of Messrs. Cole, Marchent and Morley, Limited, 
Bradford, has accepted the appointment of sales manager 
for Messrs. Hick, Hargreaves and Co., Limited, Bolton. 
—Messrs. W. Worby Beaumont and L. N. Burt have 
transferred their offices from 222, Strand, to 20, 
Essex-street, Strand, London, W.C.2.—The cffices of 
the Institute of Patentees have been removed from 
44, Great Russell-street, London, W.C.1., to 39, Victoria- 
street, Westminster, London, S.W.1.—Messrs. Harvie 
Corporation, Limited, Broadway Buildings, Westminster, 
London, S.W.1., have notified us that they have now 
organised their activities for the sale of machinery into 
a separate department. This will enable them to give 
prompt service for the pea rd of civil-engineering plant 
and general industrial machinery.—Messrs. Stothert and 
Pitt, Ltd., of Bath, have recently appointed Mr. C. W. 
Presland (late chief engineer of the Mitchell Conveyor 
and Transporter Company, Ltd.) to be sales engineer of 
their conveyor department with offices at 38, Victoria- 
street, London, S.W.1. Mr. J. Burns Bishop will continue 
as manager of the department at Bath.—Mr. C. Petersen 
has been appointed London district manager to Messrs. 
Metropolitan-Vickers Electrical Company, Limited, in 
succession to Mr. P. F. Crinks, who is now managing 
director of Messrs. Metro-Vick SuppliesCompany, Limited. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and St-el.—Resumption at steel and engineering 
works has been partial. Considerable numbers of opera- 
tives have yet to be absorbed. The fuel shortage, transport 
difficulties, and the state of order books jointly make it inad- 
visable for many of the heavy departments, particularly 
the steel furnaces, to re-start before the Whitsuntide 
holidays. Consequently, there is little movement in raw 
and semi-finished materials. Limited supplies are being 
furnished from stocks, blast furnaces, for the most part, 
standing idle. There is widespread speculation among 
makers and users of all classes of steel as to the probable 
effect on prices of the coal settlement, assuming agreement 
is reached. Any advance on current rates will find an 
immediate reflex in the selling price of manufactured goods. 
Current quotations show little variation from those of a 
month ago. They are as follow:—Hard basic billets, 
81. 12s. 6d.; soft basic billets, 71. ; West Coast hematites, 
4l. 5s.; East Coast hematites, 4/.; Lincolnshire No. 3 
foundry iron, 31. 7s. 6d.; Lincolnshire forge, 31. 5s. ; 
Derbyshire No, 3 foundry iron, 31. 7s.; Derbyshire forge, 
31. 5s.; bars, 111. 10s.; sheets, 141. 10s.—in each case per 
ton delivered at local works. The lighter trades have 
shown resource in resisting the werst effects of the crisis. 
Few works at any period entirely suspended production. 
Wherever possible, deliveries were maintained by road 
transport, which has proved an invaluable factor. Order 
books have suffered severely from the disturbance, but in 
some quarters greater optimism prevails as regards the 
future than has been evident for a long time. The view 
finds increasing support that the crisis has cleared the 
air for a beneficial period of uninterrupted production. 
Farm and garden tools represent a progressive line, and 
there is a steady demand for builders’ ironwork, quarrying 
tools, automobile steel and fittings, and railway-carriage 
equipment. The file trade expects to benefit when resump- 
tion at engineering works becomes more general. 


South Yorkshire Coal Trade.—Movements are all purely 
local under Emergency Regulations. Rationed supplies, 
while restricting industrial expansion, are in most cases 
proving ample for immediate needs. The necessity for 
further economy in domestic consumption is repeatedly 
stressed. Gas and electricity producing concerns maintain 
an adequate service for lighting and power purposes. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland pig- 
iron is on a very limited scale, both buyers and sellers 
holding off the market. Supply is none too plentiful, 
though the small stock held at the end of April has been 
appreciably increased by the output of two blast-furnaces 
which Messrs. Bolckow, Vaughan and Co. have managed to 
keep in operation throughout the strike. Offers to place 
orders roughly at figures ruling at the end of April 
have been turned down by makers, and half-a-crown above 
pre-strike prices is now being asked. Thus, for home 
consumption, No. 1 is 75s. to 76s.; No. 3 g.m.b., 72s. 6d. ; 
No. 4 foundry, 71s. 6d.; and No. 4 forge, 7ls.; while for 
shipment abroad 6d. above these figures is named. 


Hematite.—Producers of East Coast hematite, though 
hampered by rather heavy stocks, are taking quite a firm 
stand. In this branch also they are holding out for higher 
rates than were obtainable before the strike. Both for 
home consumption and for shipment abroad, Nos. 1, 2 
and 3 are put at 77s., and No. 1 is quoted 6d. above mixed 
numbers, 


Foreign Ore.—Sales of imported ore are not heard of 
but sellers adhere to 21s. 6d. c.i.f. Tees for best rubio. 


Blast-Furnace. Coke——No business is being done in 
blast-furnace coke. 


Manufactured Iron and Steel.—There are a few inquiries 
circulating for finished iron and steel, but actual sales are 
not easily arranged. Values tend upward, but are not 
quotably altered. Common iron bars are 11l. 5s.; steel 
ship plates, 7/. 12s. 6d.; steel smp angles, 7/. 2s. 6d.: 
heavy steel rails, 8/. to 81. 5s.; and galvanised corrugated 
sheets (No. 24 gauge), 151. 15s. to 161. 





THE INSTITUTION OF WATER ENGINEERS.—The thirty- 
first summer general meeting of the Institution of Water 
Engineers will be held in Manchester and the Lake 
District on June 9, 10, 11, and 12 next. The business 
meetings will take place in the Council Chamber, Town 
Hall, Manchester, on June 9 and 10, commencing at 
10 a.m. on each day. On Wednesday, June 9, the new 
president, Mr. Lewis Holme Lewis, M.Inst.C.E., 
M.1.Mech.E., will take the chair and will deliver his 
presidential address ; this will be followed by the reading 
and discussion of papers. On Thursday, June 10, the 
discussion of contributions will be resumed. The papers 
to be read and discussed are as follows :—‘‘ Manchester 
Waterworks,” by Mr. W. F. H. Creber ; ‘‘ Water-Supply 
Finance,” by Mr. A. W. Kenyon; and “‘ Some Metallurgical 
Problems of the Waterworks Engineer,” by Mr. W. FE. W. 
Millington. On Wednesday afternoon, Whitworth-street 
West pumping station, Lostock booster station, and 
Heaton Park service reservoir will be visited. On 
Thursday afternoon, members will proceed to Grasmere, 
and will spend the whole of Friday in the Lake District. 
The return to Manchester will be on Saturday morning, 
June 12. The annual dinner of the Institution will be 
held at the Midland Hotel, Manchester, at 7 p.m., OF 
June 9. The offices of the Institution are at Parliament 
Mansions, Victoria-street, London, 8.W. 1. 
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NOTES FROM THE NORTH. 


Guascow, Wednesday. 


"" State of Trade.—Trade throughout the country is in a 
very peculiar position at the present time. The events 
of the past fortnight have told their tale, and have left a 
mark on industry which will take many months, or 
perhaps years, to efface. Business of every description 
has suffered from the general strike, and recovery will 
be extremely slow. Some time must necessarily elapse 
before any estimate can be formed of the extent of our 
losses in overseas markets. ° In the coal trade alone these 
will be heavy, as there is no sign yet of an agreement 
being reached and a resumption of work vaking place in 
the mines. This is retarding business on all sides and 
isfcausing much hardship all round. Stocks of fuel 
are being conserved, and many works cannot continue 
in operation for any length of time, as stocks in the hands 
of sellers are not very heavy and a few weeks will see 
them nearly exhausted. A speedy settlement of the 
present dispute will require to be arranged soon or the 
consequences will be extremely serious for the trade of 
the whole country. 


Scottish Steel Trade.—In the steel trade of Scotland there 
is very little business being done this week. Consumers 
are not inclined to enter into engagements at the moment, 
and a mark-time policy is being pursued. A few orders 
for plates and sections have been booked, but the 
tonnage is small. Most of the works are idle pending a 
settlement of the coal dispute, but one steel works which 
has a good supply of fuel is expected to make a re-start 
on Monday of next week. In the black-sheet trade, 
business is practically at a standstill, as some reliable 
guarantee is wanted from the trades unions against 
future breaking of agreements. Prices are all nominally 
unchanged. 


Malleable-Iron Trade.—In the west of Scotland 
malleable-iron trade the conditions are not satisfactory. 
Works are still closed and operations are not likely to 
be resumed until the coal miners return towork. Inthe 
meantime, negotiations are proceeding with the trades 
union people for an assurance that the working agreement 
will be honoured in the future. Inquiries in the market 
are not of much consequence. Quotations have varied 
little or nothing since the month opened. 


Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade there are only some eleven blast furnaces now in 
operation. Before the general strike commenced, the 
two remaining furnaces in blast at the Shotts Iron Works 
were blown out—not damped down. Such a proceeding 
gave some indication of the outlook held by the manage- 
ment, and it is worth noting that the number of furnaces 
left in blast in Scotland at that time was then less than 
25 per cent. of the normal number. Business at the 
moment has ceased, but now that shipping has been 
re-opened a few delayed cargoes will be moved. In- 
quiries are limited. Prices are mostly a matter of 
arrangement. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending on Saturday, May 1, only amounted to 898 tons. 
Of that total, 785 tons went overseas and 113 tons 
coastwise. For the corresponding week of last year the 
figures were 551 tons to foreign destinations and 50 tons 
coastwise, making a total shipment of 601 tons. 

Shipbuilding.—The shipbuilding returns for the past 
month were not very heavy, and although rather better 
than for the previous month they only amounted to 
21 vessels of 37,204 tons. The details are as follow :— 

April. Four Months. 
Ves. Tons. Ves. Tons. 


The Clyde... aan .- 13 35,897 52 120,237 
The Forth _... ae oe SB 430 11 2,650 
The Tay ee oe <a. 200 «5 8,650 
The Dee and Moray Firth ... 3 677 5 1,639 


Totals... --- 21 37,204 73 133,176 
The total for the year to date is very poor. and the Clyde 
figures are only a trifle more than half the output for 
the corresponding four months of last year. Certainly the 
latter total was a record one, and this is only a very 
ordinary year; the output to date is the third lowest 
for quite a number of years back. Shipbuilders have had 
many difficulties to face, but when the present labour 
crisis is over there are prospects of a better output on 
account of the new tonnage booked during recent 
months. The number of orders for motor vessels which 
have been placed this year is remarkable ; out of fifteen 
contracts reported during the month of April no fewer 
than eight of these are for motor vessels of one kind or 
another. 





STEEL Pree Works aT STocKTON-ON-TEES.—The new 
steel-pipe works which the South Durham Steel and 
Iron Company, Limited, have had under construction 
at Stockton-on-Tees, during the past year, is now 
practically completed, and we are informed that manu- 
facturing operations are to commence shortly. The 
company have been successful in securing several import- 
ant contracts ; these include the supply of several miles 
of 42-in. steel pipes for the third instalment of the 
Vyrnwy Water Supply for the Liverpool Corporation, 
24-in., 30-in. and 40-in. steel water pipes for Manchester 
Corporation, and an important section of the steel piping 
required for the new undertaking of the Dublin Corpora- 
tion Water Works. All the pipes for these contracts 
will be subjected to the Talbot patent hydro-carbon 
lining process, to protect them from corrosion. The 
first section of the plant is capable of manufacturing 
pipes up to 30 ft. in length and up to 72 in. in diameter. 





NOTES FROM THE SOUTH-WEST. 


CarpirF, Wednesday. 


Resumption of Work.—A partial resumption of work was 
effected at Cardiff, Penarth and Barry on Monday, but 
it was not until to-day that a re-start was made at 
Newport, while the men are still out at Swansea and Port 
Talbot. At Cardiff, Penarth and Barry, only about 
a quarter of the normal docks staff have been re-started, 
chiefly those engaged in discharging work. Very few of 
those employed in coal shipping have been re-employed 
which is only to be expected in view of the stringent 
measures of the authorities to conserve supplies of coal 
in case of eventualities and the continuance tf the miners’ 
strike. The outside tugboatmen at Cardiff have not 
returned. The owners desired to put into immediate 
commission four of the twenty-eight tugs manned by 
men according to seniority. The men, however, contend 
that eight boats should be started manned by their own 
crews. The employers have, so far, not been able to 
concede this, and consequently the boats are still tied 
up. A dispute also arose between the pitwood dis- 
chargers and the employers regarding work on boats 
which had been left with part of their cargoes discharged. 
A compromise has, however, been effected, and work 
resumed this morning. At Newport the dockers remained 
out until this morning in sympathy with the Corporation 
tramwaymen, who are endeavouring to secure full 
re-instatement which is refused by the Corporation, who 
have guaranteed to retain the 78 vclunteers taken on 
during the strike. At Swansea and Port Talbot disputes 
have arisen between the different unions, but negotia- 
tions are proceeding for a resumption of work. It is 
certain that normal activity will not be restored until 
work is resumed by the miners, and as at least 50 per cent. 
of the men employed at the South Wales docks are 
engaged in coal shipping, itis obvious that there will be 
a considerable amount of unemployment during the 
period of the coal stoppage. 

The Coal Trade.—There is practically no business 
passing in the coal trade, as collieries and merchants are 
not allowed to deliver or ship a ton of coal without 
permission from the authorities. 'The Monmouthshire 
and South Wales Coalowners’ Association have, however, 
agreed to maximum prices per ton at standing point 
for various classes of coal for industrial purposes as 
given below. 

Cardiff and Monmouthshire Coals.—Large and cobbles 
25s. per ton; through, 20s.; nuts, 22s. 6d.; beans 
and peas 21s. 6d. ; and small and duff (all descriptions), 
15s. 

Swansea Steam and Bituminous Coals.—Large, 25s. per 
ton; cobbles and nuts, 27s. 6d. ; peas and beans, 22s. 6d. ; 
through, 20s.; Swansea dry smalls, 14s.; and Swansea 
bituminous smalls, 17s. 


Anthracite—The maximum prices of anthracite shall 
be the prices ruling on April 1 last. 





CIRCULATING-WATER SCREENS AT BARTON POWER 
SratTion.—We regret that in describing the screens for 
the circulating water at the Barton power station in our 
issue of March 19 last, we referred to one of the details in 
a manner which was rather misleading. On page 356, 
9 lines from the bottom of the first column, we stated that 
the travelling bands ran over rollers at the top and bottom 
of the frame, but the makers, Messrs. F. W. Brackett and 
Co., Limited, Hythe Bridge Ironworks, Colchester, 
inform us that one of the special features of their design 
is that there are no bearings in connection with the 
moving parts of the screens under water. Actually the 
travelling band is carried on chains which have rollers 
equally spaced throughout their length, and these rollers 
run round at the bottom of the frame on a steel path ; the 
only bearings required are those at the head of the screen 
well above the water level. We take this opportunity 
of correcting any wrong impression which may have 
been formed from the statement referred to, as the 
disadvantages of bearings running under water are 
well known, and their use is obviously to be avoided 
wherever possible. 

Tue INsTITUTION OF ENGINEERS-IN-CHARGE.—The 
26th annual dinner of the Institution of Engineers-in- 
Charge was held in the Holborn Restaurant on Friday, 
April 30. The President of the Institution, Engineer- 
Vice-Admiral Sir George G. Goodwin, K.C.B., occupied 
the Chair, and in the course of replies to the toasts of 
“The Institution ”’ and ‘‘ Our President,’’ commented on 
the duty of older engineers to pass on to their younger 
colleagues the fruits of their experience. On the subject 
of the status of naval engineers, to which reference had 
been made by other speakers, he expressed appreciaticn 
of the support of the technical societies, as the changes 
involved in the recent Admiralty Order meant more to the 
engineer officers than was generally realised. Mr. 
Loughnan Pendred, in submitting the toast of ‘‘ The 
Lord Mayor, the Sheriffs, and the Corporation of the 
City of London” also spoke on the subject of the 
status of naval engineers, expressing a hope that the civic 
authorities would unite with them in their disapproval of 
the recent changes. The Lord Mayor, Col. Bir W. R. 
Pryke, Kt., signified his agreement with Mr. Pendred on 
this latter point. The toast of ‘“‘ The Institution ’’ was 
proposed by Engineer-Vice-Admiral Sir Robert B. 
Dixon, K.C.B., who said that developments in land 
practice were always followed with great interest by their 
fellow engineers-in-charge at sea. The President of the 
Institution of Electrical Engineers, Mr. R. A. Chattock, 
replied to the toast of ‘‘ Our Guests’’ in the absence, 
from illness, of Mr.W. Reavell, President of the Institution 
of Mechanical Engineers. 





NOTICES OF MEETINGS. 





THE ASSOCIATION OF TEACHERS IN TECHNICAL 
InstiruTIons.—Annual Conference, Saturday, May 22, 
to Tuesday, May 25, at the Polytechnic, Regent-street, 
W.1. Monday, May 24, Presidential Address by Mr. A. E. 
Evans. 

THE InstTITUTION oF PETROLEUM TECHNOLOGISTS.— 
Tuesday, May 25, at 5.30 p.m. at the Royal Society 
of Arts, John-street, Adelphi, W.C.2.  ‘ Organic 
Theories of Oil Origin,” by Mr. E. Clark. 

Tue Royat Instirvution.—Thursday, May 27, at 
5.15 p.m., at Albemarle-street, W.1. Lecture: ‘‘ Corro- 
sion of Metals” (Lecture II), by Mr. U. R. Evans. 

Tue Institution or ELectricaL ENGINEERS.— 
Thursday, May 27, at 6 p.m., at Savoy-place, Victoria- 
embankment, W.C.2. Annual General Meeting. 


THE Royat AERONAUTICAL Socrery.—Thursday, 
May 27, at 6.30 p.m., at 7, Albemarle-street, W.1. 
Wilbur Wright Memorial Lecture: ‘‘Sustentation in 
Flight,’’ by Mr. F. W. Lanchester. 


THE Socrety or CHEMicaL INDUSTRY: CHEMICAL 
ENGINEERING Grovup.—Friday, May 28, at 6 p.m., at 
Abbey House, Victoria-street, S.W.1. Annuat General 
Meeting. 








THE IRon AanpD STEEL InstituTe.—The annual meeting 
of the Iron and Steel Institute, which was to have been 
held on May 6 and 7 last, but was postponed on 
account of the general strike, will now take place at the 
Institution of Civil Engineers, Great George-street, 
London, 8.W.1, on Thursday and Friday, June 3 and 4 
next, commencing at 10 a.m. each day. The annual 
dinner of the institute will be held in the Princes Room, 
Connaught Rooms, Great Queen-street, London, W.C.2, 
on June 3, at 7.30 p.m. 

THE INSTITUTION oF FuEL Economy ENGInEERS.—A 
Council meeting of the Institution of Fuel Economy 
Engineers was held at the Engineers’ Club, Coventry- 
street, on Friday, April 16. Among other details 
of business transacted was the election of a large number 
of new members. The Council is considering schemes for 
furthering the objects of the Institution. It is hoped 
to publish these later, together with a syllabus for the 
session 1926—27, which the qualifications of the members 
already enrolled should make attractive and practical. 
The Institution has now opened headquarters in London 
at 26, Victoria-street, S.W.1. Enquiries should be 
addressed to the secretary. 

British INDUSTRIES Farr, BIRMINGHAM, 1927.—The 
eighth British Industries Fair (Birmingham) will be held 
from February 21 to March 4, 1927, in the exhibition 
buildings adjoining the L.M. & S. Railway station, 
Castle Bromwich, Birmingham. The floor area, all of 
which is under one continuous roof, measures nearly 
200,000 sq. ft., and, as in 1926, the charge for space 
will be the reduced one of 3s. per square foot. The 
Fair is only open to British manufacturers, and the 
exhibits are divided into eleven representative groups, 
which cover all branghes of the engineering, metallurgical, 
mining, and building industries. Special facilities will 
be given to participators, visitors and intending buyers, 
and H.M. Government has again agreed to spend a 
sum of money not exceeding 25,000 J. for the purpose of 
publicity at home and abroad. The Fair is to be held 
under the auspices and with the support of the Board 
of Trade and the Birmingham City Council, and is 
being organised by the Birmingham Chamber of Com- 
merce. Further particulars may be obtained from the 
General Manager, British Industries Fair, Chamber of 
Commerce, Birmingham. Applications for space must 
be received in Birmingham, by December 31, 1926. 





SOLUBILITY OF AIR AND NATURAL GAS IN CRUDE O1L.— 
Oil rises in a well because the pressure of gas or water 
on the oil sand forces the oil up into any opening. When 
the gas in the sand is exhausted, the oil flow will cease, 
though there may be vast quantities of oil left below. 
Attention has therefore been drawn of late to means of 
checking the escape of gas and of producing oil under a 
back pressure. The gas available in oil sand may be in 
the gaseous state above the oil or dissolved in the oil. 
Air will also dissolve in crude oil, and it is of interest to 
investigate these solubilities and their effects on the oil. 
An investigation of this kind has been undertaken by 
the United States Bureau of Mines in conjunction with 
the University of Wyoming, in the Laramic field. It 
has been found (Reports of Investigations, Serial 
No. 2732, by D. B. Dow and L. P. Calkin) that kerosene 
and “ mineral seal oil” dissolve about 20 cub. ft. of air 
and 70 cub. ft. of natural gas per barrel under similar con- 
ditions, viz., at 70 deg. F. and under a pressure of 4001b. 
per square inch ; the solubility increases, of course, with 
rising pressure and with falling temperature. Light oils 
proved good solvents for both air and natural gas, and the 
heavy crude oils better solvents for air than for natural 
gas. This difference is probably due to the oxidation 
of the oil in question by the air, which also affects 
the specific gravity and viscosity. Crude oil produced 
under vacuum has a lower gravity than when produced 
at atmospheric pressure, and oil in storage decreases 
in density because some dissolved components are 
lost by evaporation. But the effects, especially on the 
viscosity, vary with the kind of oil, and are complex. 
The dissoluting of natural gas decreases the viscosity of 
California crude much more than does the dissoluting of 
air; when the air causes oxidation, the viscosity in- 
creases. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC * ENGINEERING,” WESTRAND 

ADDRESS LONDON. 
_ TELEPHONE NoumsBers—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may ‘may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months payable 
in advance :— 














For the United Kingdom .....................+4 £3 6 0 
For Canada— 
Thin paper Copies ................csss0e £218 6 
Thick paper Copie................cs00 £3 3 0 
For all other piaces abroad— 
Thin paper copies £3 3 0 
Thick paper copies £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders. advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “ENGINEERING,” Ltd. 
Cheques should be crossed ‘“‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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TO OUR ADVERTISERS. 

Owing to the General Strike, and our con- 
sequent inability to print our issues of the 7th 
and 14th inst, a letter embodying the procedure 
which has been adopted to meet the difficulty is 
now in the hands of our Advertisers, and the 
Proprietors hope that their proposals will meet 
with approval, and they take this opportunity 
of assuring Advertisers that while every 
endeavour is being made to cope with the 
situation, it may be impossible at the moment 
to make alterations owing to pressure of time. 
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The Editors greatly regret the non-appear- 
ance of ‘‘ ENGINEERING ’’ during the past two 
weeks and the breaking of a tradition extending 
over sixty years, but in view of the incidence of 
the General Strike, which included the complete 
suspension of general printing in London, and 
the ordeal through which the country has passed, 
no detailed explanation of the occurrence will be 
needed or expected. Inno sense can the hiatus 
ever be bridged, but current matter which has 
been necessarily held over will be brought for- 
ward in early issues to minimise, as far as may 
be, the unavoidable inconvenience to our readers. 
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THE GENERAL STRIKE. 


PROGRESSIVE politicians are seldom or never 
intelligent students of history, and commonly 
prefer to derive their conclusions from, and to 
base their policies on, logical deductions from 
some plausible premises assumed to be axiomatic. 
Those responsible for the late general strike have 
in this regard proved true to type. All past 
experience has shown that a general strike resolutely 





grappled with by the legitimate government, 
invariably fails. This characteristic is, in fact, 
inherent in the very nature of things; since all 
essential services can be carried on by volunteers 
at least effectively—and in some cases even more 
efficiently than by the regular staff. This was 
very clearly demonstrated in the course of the 
general strike which broke out in Sweden in 1909, 
and even more conclusively in the municipal 
strike which developed at Leeds in the autumn of 
1913. This strike had been preceded a few months 
earlier by a strike of about 1,000 paviours, scaven- 
gers and park-keepers. In this preliminary trial of 
strength the corporation yielded rather than face 
the discomforts threatened. When, however, similar 
tactics were repeated on a larger scale some four 
months later, it was decided to resist. This second 
outbreak was heralded by characteristic outbursts 
of eloquence, singularly anticipatory of that out- 
poured at the Trades Union Congress last year. 
The auditors were assured that the corporation 
would be beaten to a standstill in three days, and 
the whole of the strikers reinstated under improved 
conditions. In all some 4,100 men ceased work. 
Volunteers were called for, and in many instances 
proved distinctly more efficient than the regular 
hands. At the gas works, for example, the same 
amount of gas was produced by 708 volunteers 
as by the 947 regulars. There were other similar 
instances, which demonstrated that the corpora- 
tion undertakings had been overstaffed by fully 
500 men. 

A distinctive feature of all general strikes and 
of the vast majority of lightning strikes, is that 
they are essentially attacks on the community at 
large rather than on the employers immediately 
concerned. Labour leaders naturally assert the 
contrary, but assertions do not disestablish facts. 
Even the miners themselves have admitted that 
much of the coal trade has been conducted at a 
loss, and that the employers unassisted by national 
funds, can not possibly satisfy the demands made. 
The general strike could in no conceivable way 
increase the ability of the employers to meet the 
deficit, and the object of the strike was undoubtedly 
to make things so uncomfortable for the public 
at large, that it would pay “ Danegeld” in the 
hope of obtaining relief. 

It has, moreover long been fairly obvious that 
a general strike in this country was merely a matter 


0|of time. According to Zinovieff, a movement to 


this end has been actively promoted ever since 
1918, but, of course, too much weight must not be 
attached either to the assertions or denials of this 
particular individual. At the Scarborough meeting 
last. year of the Trades Union Congress, however, 
the claim was definitely made that the Congress 
should replace Parliament as the ultimate govern- 
ment of the country. The Congress was, moreover, 
described as the “ general staff,” which would 
organise victory in the anticipated general strike. 

Of course, as the suffragettes very conclusively 
showed, but very moderate abilities are required 
to organise destruction, and but little, if any, more 
intellectual capacity is needed to organise a cessa- 
tion of labour. Organisation that creates rather 
than destroys wealth is, however, another matter. 
Even a syndicate of fairly able men can accomplish 
little in this direction. It is, indeed, noteworthy 
that although co-operative societies have now been 
in successful operation for the best part of a century 
they have founded no new industry, though many 
have been created in their time, and they have 
effected no fundamental improvement in methods of 
distribution. The same characteristic is to be 
observed in regard to all national or municipal 
trading ventures. These often work effectively, and 
in some cases quite efficiently, though the data 
necessary to determine their efficiency are sel- 
dom available. In no case, however, have they 
been responsible for any of those marked steps in 
advance which lead to the creation of new wealth 
on a large scale. 

Though, as already observed, it was a simple 
matter to organise a cessation of work, it has not 
proved anything like as easy to restart the wheels 
of industry. 

One satisfactory feature about the strike has 
been the comparative absence of violence. This 
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satisfactory record was in part due, no doubt, to the 
well-established fact that the rank and file, as a 
whole, were by no means satisfied with the policy 
of their “ general staff.” The Prussian soldier and, 
indeed, the German nation as a whole, had been 
drilled into unquestioning reliance on the policy 
and dicta of the German general staff, and could 
therefore enter light-heartedly into ‘‘ the short and 
joyous war” promised them. Implicit reliance on 
those set in authority over them has, however, 
never been a British characteristic. In normal 
times it may be true that the average man here 
is apt to delegate to his elected representatives 
the task of doing his thinking for him, but in 
emergencies he always insists on thinking for him- 
self, and so it proved on this occasion. Orders 
were obeyed, but with reluctance, and many 
amusing instances have been recorded showing the 
absence of ill-feelirg between the strikers and the 
volunteers who carried on their jobs. Thus at one 
Municipal power station the six pickets were regularly 
invited into the station to take tea at the expense 
of the Corporation with the six special constables 
on guard, and with the volunteers who were carrying 
on the work of the station. It is a matter for con- 
gratulation that so very little ill-feeling has been 
excited during the strike. There has unavoidably 
been somewhat more of this in the aftermath, since 
it has been impossible to re-start at the instant all 
those who ceased work, often reluctantly, at the 
behest of their ill-advised leaders. 

Probably not all of the latter were at heart in 
favour of the “ war.’”” Some may even have thought 
the occasion a favourable one for demonstrating 
to their less astute colleagues and to the rank and 
file generally the futility of general strikes. What 
took place in the secret meetings of the Congress 
may perhaps never be divulged. Labour politicians 
are, however, prone to attach absurd importance to 
the appearance of a “united front,” and it may 
be that as in the days of Hosea Biglow, there 
were ‘twenty that’s unanermous for one’s a real 
secesher.” 

One serious aspect of the whole business is the 
lighthearted way in which contracts have been 
regarded by the unions concerned. In the olden 
days a just man was held to be one who kept his 
promises even to his own hurt, but our new ethical 
leaders, and Labour leaders claim to be authorities 
on ethics, have repudiated agreements as light- 
heartedly as the German general staff did incon- 
venient treaties. 

In the past many politicians have asserted that 
to draft the military into an area in which dis- 
turbances were feared was the very means to 
excite a riot. It is probably impossible to fix 
limits to the powers of self-deception possessed by 
those blessed, or perhaps we should say, cursed 
with the gift of eloquence, but the experiences of 
the past few days should permanently discredit 
this thesis. All disturbances ceased, when the 
food convoys to and from the docks were under 
military escort. Another characteristically _ silly 
assertion made last autumn in Parliament was 
that the establishment of an organisation to main- 
tain supplies was “ provocative.” In just the 
same way pre-war Germany regarded every defen- 
sive measure taken by other countries as an 
“attack ’ on herself. 

Since the ipdications are that the general strike 
was sooner or later inevitable, it is a legitimate 
source of satisfaction that the outbreak has been of 
so mild a character, and it is to be hoped that like 
certain mild attacks of infantile maladies, it may 
turn out to be a prophylactic against a subsequent 
more serious recurrence. 

Not a little wealth has heen uselessly dissipated, 
but if the result is to stabilise industrial conditions 
for a few years, the strike may prove to have 
resulted in a substantial balance of good. 





THE FUTURE OF AIR TRANSPORT. 


Tue future development of commercial air trans- 
port cannot be other than highly speculative, but 
as a result of the experience gained in the last few 
years, it is clear that for certain services, such as 
mail carrying, no nation can afford to disregard its 


importance of the problem in the case of the British 
Empire, the constituent units of which are so widely 
scattered, and it is somewhat regrettable that, as 
regards this aspect of aviation, we do not occupy 
the position, as compared with other nations, that 
might have been expected to result from our admitted 
supremacy in fighting and reconnoitring craft 
during the war. Our present position was surveyed 
by Air Vice-Marshal Sir W. Sefton Brancker, in 
delivering the fifth Gustave Canet lecture before the 
Junior Institution of Engineers on April 30, and a 
few figures quoted from his address will serve to 
illustrate the present position. 
In 1924, a single national company, Imperial 
Airways, was established in England. This com- 
pany, and its predecessors, have carried between 
them over 70,000 passengers across the Channel, 
and have flown nearly 4,750,000 miles in all. The 
total mileage flown per annum increased from 
104,000 in 1919 to 943,000 in 1923, the figures for 
1924 and 1925 being respectively 936,000 and 
826,000. A regular service is maintained to 
Amsterdam, where it connects with the Swedish 
line to Malm6, and with the German line to Berlin. 
A regular service is also maintained to Cologne, 
connecting with the German line to Munich, and 
through Paris to Basle and Zurich. Amongst our 
overseas Dominions, Australia alone has developed 
air transport seriously. Turning now to other 
nations, the French have four main services— 
namely, Paris to London, Paris to Amsterdam, Paris 
to Constantinople, with a branch to Warsaw, and 
Toulouse to Dakar. The total mileage flown between 
1919 and 1925 was approximately 11,250,000, the 
figure for 1925 being 2,945,555. The Germans have 
a comprehensive system of internal lines, with 
services radiating to Amsterdam, Finland, and 
Moscow. The mileage flown in the years 1919, 1920 
and 1925 are not known, but between 1921 and 
1924 the total was 3,272,700, and for 1924 alone 
1,151,000. In addition to these countries, a further 
considerable total is made up from services operated 
in the United States, Holland, Belgium, Sweden 
and other countries, and during the last year 
14,382,900 miles were flown in all, over organised 
air routes totalling 31,000 miles in length. 
Practically the whole of these services may be 
said to have been run at a loss, as they are main- 
tained, with one small exception, by the aid of 
Government subsidies. The only case in which a 
service pays its way without artificial assistance is 
that from the coast up the Magdalena River to 
Bogota, in Colombia, the reason in this case being 
that at times it is the only practicable means of 
transit. The subsidies paid or voted in 1925 in 
England, France, and Germany respectively were 
137,0001., 57,210,000 francs, and 6,700,000 gold 
marks, and it is evident that such subsidies cannot be 
continued indefinitely. The future of commercial 
air transport is clearly bound up in the possibility of 
reducing operating costs to an economic level, and 
a discussion of the prospects in this direction 
constituted one of the most interesting features of 
Sir Sefton Brancker’s address. 
Sir Sefton stated that the present total cost of 
carriage by air is about 5s. per ton-mile at 90 
miles per hour. In his opinion, such a charge is 
very high but not impossible for passenger traffic, 
and it can be accepted as a legitimate charge for 
carrying first-class mail matter at high speed. It 
is, however, too high a figure to attract any con- 
siderable volume of freight. The principal items 
of expenditure may be divided in the usual way into 
overhead charges and operating costs, the former 
being sub-divided into interest on capital, obsoles- 
cence and depreciation, and insurance. Operating 
costs may be sub-divided into maintenance of 
engines, maintenance of air craft, and fuel. 
Dealing with those divisions in order, the most 
important point associated with interest on capital! 
is the number of machines required to maintain any 
given service. Sir Sefton Brancker mentioned in 
the course of his address that a machine should be 
able to spend 2,000 hours a year in the air on day 
flying alone, but that owing to the exigencies of 


present traffic requirements, an average of 1,000|development of the heavy-oil engine. 
hours per year must be considered good. Figures | in this case the weight of the engine is greater than 
were given for individual machines of the Imperial | that of a corresponding petrol engine, it is probable. 


of actual service it may be mentioned that one 
machine flew 47 times in the month on the London. 
Paris journey of 225 miles, in addition to several 
trips on other routes. Another machine covered 
900 miles a day on 19 days included in a period of 
six weeks. The number of hours flown per year 
is limited by the necessity of waiting for foreign 
connections, and a material improvement would 
result if the services could be extended to avoid this 
necessity. There is a good prospect of this being 
achieved, as the difficulties of carrying services 
beyond the frontiers of Germany are being overcome. 
There is also a prospect of reducing the initial cost 
of machines, but up till the present any reductions 
in production costs have been largely offset by addi- 
tional equipment tending to increased safety, of 
which the adoption of three engines per machine is 
typical. 

On the questions of depreciation and obsolescence, 
Sir Sefton stated that sufficient experience has not 
been obtained to lay down a fixed rate of deprecia- 
tion, but that any figure to cover this factor would 
be very small in comparison with that for obsolesc- 
ence. The usual figure to cover both factors is 
taken to be 20 per cent. per annum, but this does not 
satisfactorily cover the constant flow of improve- 
ments in design which offer themselves. To em- 
phasize this point, Sir Sefton expressed the opinion 
that if money were available, most existing machines 
could with advantage be replaced by all-metal 
aircraft fitted with air-cooled engines, and provided 
with the various stability and economy devices 
which experiments have placed at the disposal of 
manufacturers. 

The third item in overhead charges, that of insur- 
ance, has been a heavy drain on operating companies 
up till the present. Rates are high for two reasons ; 
first, the volume of business is very small, and 
second, a crash involving no danger to life may 
damage the machine very badly. Business, however, 
is increasing, while damage resulting from bad 
landings and so on has been reduced, with the result 
that insurance rates, averaging from 20 to 30 per 
cent. per annum in the last six years, have now 
fallen to 74 per cent. for three-engined machines, 
with somewhat higher figures for other types. 
Turning next to operating costs, Sir Sefton gave 
an analysis of the figures for 1925 with the follow- 
ing results. Engine maintenance 44 per cent., 
aircraft maintenance 20 per cent., fuel 30 per cent., 
and miscellaneous costs, including flying pay. 
6 per cent. Engine maintenance may be divided 
broadly into the cost of spares and the cost of man- 
hours required to keep the engine running. The 
former is high, and may be taken as roughly pro- 
portional to that of the engine itself. In the case 
of water-cooled engines the cost of an engine is 
about 51. 9s. per horse-power, but the corresponding 
figure for air-cooled engines is only 3/. 15s. Apart 
from initial cost, it is interesting to note when 
comparing the two types that in 1925, 20 per cent. 
of the defects leading to the removal of engines from 
the craft of the Imperial Airways, were due to the 
water system. Of the other defects leading to the 
removal of engines, valve breakage or distortion 
represented 31 per cent., failure of the oil circulation 
10 per cent., failure of material 19 per cent., and 
other defects 28 per cent. Marked improvements 
are being effected in the various parts, and the 
periods between overhauls have been increased from: 
210 hours in 1924, to 250 hours in the current 
year. 

As regards the maintenance of aircraft, Sir 
Sefton Brancker expressed the opinion that the 
standard aircraft in use, a biplane constructed of 
wood and fabric with interplane struts and wires, 
probably needs more attention than almost any 
other type. In the British climate, however, with 
good housing and maintenance, such machines have 
flown for 18 months without overhaul, totalling 2,000 
hours and covering 170,000 miles in this period. 
Future developments would probably be in the 
direction of an all-metal, thick-wing aeroplane, 
without flying wires or struts. 

Any large reduction in fuel costs must lie in the 
Although 
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by the weight of the fuel saved, quite apart from 
the decreased cost of the latter. 

The ultimate success of commercial air services 
obviously depends on the extent of the confidence 
of the public in this means of transport, and we may 
conclude our review of Sir Sefton Brancker’s 
address with some further extracts bearing on this 
point. Taking the period from May 1919 to 
December, 1925, the mileage flown on recognised 
British transport services was 4,431,000. There 
were four fatal accidents, in which 13 passengers 
were killed, and five passengers injured. There 
were no fatal accidents in 1925, and it is pro- 
bable, in view of the recent adoption of additional 
safety devices, that in the future, the very low 
average over the last seven years will be still further 
reduced. The most important additions to the 
machine from the point of view of safety have been 
the employment of three engines, already referred 
to, and various arrangements for reducing the 
stalling speed. Concurrently with these improve- 
ments, methods of navigation have also been 
improved, and it is not too much to say that the 
danger of accident may now be regarded as prac- 
tically negligible. 





ST. PAUL’S AND WATERLOO 
BRIDGES. 


Ir is to be hoped that the carefully considered 
report of the London and Home Counties Traffic 
Advisory Committee, published on April 28 last, 
will result in an immediate start being made on the 
erection of St. Paul’s bridge, and on the reconstruc- 
tion on an ampler scale of that at Waterloo. The 
passing, on Tuesday, of the second reading of the 
London County Council Bill which gives it power 
to spend a first £100,000 on this latter project, 
suggests that this at least will shortly pass beyond 
the sphere of mere controversy. Both projects have 
been opposed not only by the architects but also 
by certain societies which may fairly claim to be 
regarded as exempt from interested motives and 
as actuated by highly laudable aims, with which, 
in fact, we all sympathise. Bodies of this type, 
useful as they may be, are, however, necessarily 
somewhat prone to narrow views, and apt to stress 
unduly those aspects of questions in debate which 
make to them some special appeal. We have, in 
fact, heard the rebuilding of London Bridge, which 
took place during the years 1817-1845, denounced 
as an outrage, and the claim made that the old 
structure of 1179 should have been maintained, 
in spite of its utter inadequacy for the road trans- 
port and the grave obstruction it offered to river 
traffic. The piers of this bridge occupied two-thirds 
of the whole waterway. 

Life has to be lived as well as recorded, and 
there are limits to the sacrifices which should be 
made for the maintenance of ancient structures. 
Each case must be considered on its merits. It is 
difficult to conceive that conditions could ever 
justify the razing of the Tower of London, but 
there are many circumstances which might well 
excuse the demolition of the Jubilee hall of a 
village. although it also was an historical monument. 

The competence and impartiality of the Traffic 
Advisory Committee will hardly be disputed, and 
their recommendations are very clear and free from 
ambiguity. They have had the advantage of 
studying a very detailed report on Thames bridges 
prepared by Sir Henry Maybury, and, taking into 
consideration all the circumstances brought forward 
by him, the committee unanimously report that 
Waterloo Bridge has failed by reason of age and 
traffic stresses, and that it should be reconstructed 
and rendered capable of accommodating not less 
than four lines of traffic. The County Council plans 
are for a bridge accommodating six lines of traffic. 
whilst the old structure had width enough for three 
only, and experience has shown that a “ three line ” 
bridge is very uneconomic. 

_Waterloo Bridge, the Committee state, being 
Situated at a right-angle bend of the river and 
having spans of 120 ft. only, seriously impedes 
water-borne traffic, and hence the new. structure 
ought not to have more than five arches. The 
existing structure has nine. 
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As for St. Paul’s Bridge, the Committee consider 
the immediate construction of this as eminently 
desirable, holding that it would afford much relief 
to traffic. The Committee also conclude that a 
road bridge in the neighbourhood of Charing Cross 
is also an urgent necessity, but the capital ex- 
penditure will be high, and even if the preliminary 
work were started forthwith, it would be eight 
or ten years before the bridge could be opened 
for traffic. 

Very interesting particulars regarding traffic over 
the Thames bridges is given in the report prepared 
by Sir Henry Maybury. There are eight bridges 
within the London area, four being controlled by 
the City Corporation and the others by the London 
County Council. The most heavily loaded bridge 
is that at Westminster. This is 58 ft. 5 in. wide 
between kerb lines, and accommodates five lines 
of traffic in addition to two tramway tracks. Over 
it, 24,517 vehicles pass in the 12-hour day, the 
tonnage transported being 66,260. London Bridge, 
which, even as widened, has space only for four lines 
of traffic, accommodates 17,039 vehicles during 
the heaviest 12 hours, but the traffic is of a heavy 
character, so that the daily tonnage is little less 
than that at Westminster, the total being 61,815 
tons. 

The City bridges carry a much heavier class of 
traffic than do the bridges maintained by the 
London County Council. Omitting Southwark, 
which was being reconstructed in 1913, the tonnage 
passing over the remaining three City bridges in 
the 12-hour day was then 147,602 tons against 
209,751 in 1925. The actual number of vehicles 
had increased, however, but little, the respective 
figures being 42,101 and 47,939. These figures 
must indicate a very substantial saving in labour. 
In the case of the West-end bridges, the figures 
indicate a decrease in the average load. Omitting 
Lambeth, the tonnage in 1913 was 171,159, the 
number of vehicles passed being 36,279. In 1925 
the vehicles numbered 52,458, and the tonnage 
was 231,741. 

The Tower Bridge seems to be specially favoured 
by heavy commercial vehicles. The total number is 
2-8 less than in 1913, but the tonnage passed is 
224 per cent. more. The hour of heaviest traffic is 
that before noon. London Bridge has the heaviest 
omnibus traffic. The number of these passing in 12 
hours is 5,257, or 35 per cent. of the total traversing 
all the bridges. The peak of the load is the hour 
between 9-and 10 a.m., when the bridge is crossed 
by as many as 1,750 vehicles. The day’s total is 
10 per cent. higher than in 1913, but the tonnage is 
35 per cent. more. Blackfriars is the widest of the 
London bridges, the carriageway being 73 ft. 
between kerbs and accommodating six lines of 
traffic in addition to two tramway tracks. It is far 
from being worked to its full capacity, the total 
number of vehicles (other than tram cars) being 
but 1,089 in the hour of maximum traffic. This 
figure is equivalent to only 183 vehicles per line 
of traffic per hour, the corresponding figure for 
London Bridge being 437. Since 1913 the traffic 
has decreased by 16-4 per cent. in respect of 
numbers, but the tonnage passed is 3-5 per cent. 
more. The bridge could accommodate much more 
traffic, but the approaches are congested. 

Sir Henry Maybury gives in his report some 
interesting data as regards the settlement of 
Waterloo Bridge. Until 1901 there was no serious 
settlement, the maximum at any pier being 5} in. 
It was during the next 22 years that matters 
began to look dangerous, as No. 4 pier on the 
Surrey side sank no less than 11} in. During the 
following 17 months further subsidence occurred 
bringing up the total settlement at this pier to 
28-340 in., the corresponding figures for its neigh- 
bours being 10-725 in. and 6-670 in. Taking into 
account the fact that the bridge, being only 27 ft. 
6 in. wide between kerbs, can accommodate only 
three lines of traffic, the density of this would seem 
to be comparable with that over London Bridge. 
It amounts, it is true, to only 307 vehicles per 
traffic line per hour, but though, in absolute value, 
this is well below the 437 passing over London 
Bridge, the relative value is considerably higher than 
the mere counts would indicate, since three lines of 
traffic cannot be economically worked. The spare 
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traffic capacity is therefore very small and relief 
will be required in the course of a few years. This 
might be provided by a bridge at Charing Cross, 
but, as already stated, the Advisory Committee, 
after reviewing all the facts, recommend the com- 
plete rebuilding of Waterloo Bridge with a wider 
roadway and larger spans. 

Sir Henry Maybury reports that whilst there is 
no actual congestion on Westminster Bridge, this 
is not true of its approaches. A recent thorough 
examination shows that the structure is standing 
well up to its load. There have been some broken 
castings but as a whole the bridge is in a thoroughly 
sound condition. A failure would, however, cause 
very serious inconvenience, since there is now no 
space available nearby for the erection of a tem- 
porary bridge to serve whilst repairs are in progress. 
These considerations urge Sir Henry to advocate 
the taking of immediate steps for the construction 
of a new road bridge at Charing Cross. The 
grandiose proposals to remove the railway station 
to the south side of the river would involve an 
expenditure which has been estimated at 15 
millions and would cause very great loss and in- 
convenience to thousands of Londoners. The 
present passenger traffic into Charing Cross amounts 
to some 35,000 to 40,000 per day, and this is certain 
to be very largely increased by the railway electri- 
fications recently effected or in progress. This 
electrification has reduced the maximum load on 
the railway bridge, and will also increase its traffic 
capacity, owing to the regularity with which electric 
trains can be worked in and out of a terminal 
station. 

Sir Henry accordingly advocates the construc- 
tion of a new road bridge adjacent to the railway 
bridge. This would have three river spans only. 
The approach on the northern side would start 
near the Nurse Cavell statue, cross the Strand by 
an overbridge and the river with a road level about 
the same as that of Waterloo. The south approach 
would start from Waterloo-road. The total cost is 
estimated at about 5,000,0001. 





EMPIRE WIRELESS COMMUNICA- 
TIONS. 


THE evening discourse at the Royal Institution 
was delivered on April 30 by Dr. W. H. Eccles, 
his subject being “‘ Wireless in the Empire.” After 
pointing out the importance of communications to a 
scattered Empire such as ours, Dr. Eccles explained 
the reasons which led the Imperial Conference of 
1911 to decide that the necessary wireless stations 
should be State owned and State managed. Work 
on the stations at Leafield, in Oxfordshire, and at 
Abu-Zabal, near Cairo, was commenced, but little 
progress was made with them before the outbreak 
of war, at which time no link in the British ‘‘ wireless 
chain’? had been completed. 

During the war, our wireless energies were 
deflected from the construction of large stations to 
the production of relatively small installations for 
the fighting forces, and the war was concluded 
without any progress in Imperial wireless having 
been made. While several foreign powers, on the 
other hand, had erected high-power stations, the 
British Empire, at the time referred to, was possessed 
of only one fairly large station, viz., that at Windhuk 
in German South West Africa, which had been 
captured by the forces of the Union of South 
Africa under General Smuts. We were thus far 
behind other great powers as regards Government- 
owned stations, and the position was the same 
with respect to powerful commercial stations. 
Within a year of the conclusion of the war, however, 
Lord Milner appointed a committee, under the 
chairmanship of Sir Henry Norman, to investigate 
the problem of establishing a comprehensive wireless 
network. The committee found that the progress 
made in wireless during the course of the war had 
completely changed the outlook, plant then being 
available of at least twice the effectiveness of that 
proposed for the pre-war wireless chain. They 
accordingly recommended the construction of 
250-kw. stations in Egypt, East Africa, South 
Africa, India, Singapore, Hong Kong, and Australia, 
with, possibly, similar stations in Canada for trans- 
Atlantic and trans-Pacific work, and also a station, 
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having double the power of the others, to be erected 
in England. It was considered that each of these 
stations would be able to communicate with its 
nearest neighbour at all times, even under the worst 
possible atmospheric conditions, while communica- 
tion between the most distant stations would be 
possible for at least a few hours daily. By relaying 
messages from one station to another, any station 
would be able to communicate with any other when 
the conditions prevented direct communication 
between them. The British station, being the most 
powerful of the network, would be able most 
frequently to communicate directly with the distant 
stations, and the scheme would enable the Admiralty 
to transmit instructions to ships afloat in any part 
of the globe, this requirement being also included in 
the terms of reference of the committee. 

At this time, there were no stations in existence 
as powerful as those recommended, and it was 
therefore difficult to estimate their capabilities. 
The committee, moreover, recommended the use of 
thermionic valves, although the largest valve station 
then in operation had an output of less than 20 kw. 
However, in the five years that have elapsed since 
that time, the Rugby station of the British Post 
Office, using thermionic valves of twice the aggregate 
capacity recommended by the committee, has been 
constructed and is already in successful operation. 
It is now evident from the results obtained at Rugby 
that the station recommended for South Africa, 
for example, would have been able to communicate 
directly with England, Australia and India for 
many hours of each day, and could have worked 
directly with the Antipodes for more than 12 hours 
daily. 

At the end of 1920, the Cabinet appointed the 
Wireless Telegraphy Commission of which Lord 
Milner became Chairman , the purpose of the Com- 
mission being to expedite the progress of Empire 
wireless communications. Dr. Eccles, we may 
remark, is now vice-chairman of this commission. 
Its first task was to co-ordinate the requirements 
of all parties concerned, and to obtain unanimous 
consent to the scheme or some modification of 
it. Lord Milner retired from political life before 
any decisions were come to by the Dominion 
Governments, each of which held. different views, 
both as regards the financing and management 
of Imperial wireless, and also with respect to 
technical requirements and possibilities. Each, 
however, was desirous of communicating directly 
with England. As each Dominion settled its 
policy a new compromise had to be framed for the 
approval of the Cabinet, and it proved very difficult 
to get the subject on the agenda paper in spite of 
its obvious importance. Progress, however, was 
made when Mr. Amery became Chairman of the 
Imperial Communications Committee in 1923, 
and the Government then decided to erect in 
England a station sufficiently powerful to transmit 
almost continuously to all the Dominions and 
dependent Colonies and to all ships of the Navy 
and mercantile marine in any part of the world. 
In the meantime, the Commission had made con- 
siderable progress with the plans for a large station, 
and the Post Office engineers had gained experience 
in equipping the modern medium-power stations at 
Leafield and Abu Zabal, forming part of the 1913 
scheme. Consequently, the erection of the Rugby 
station, which is the most powerful wireless station 
in the world, proceeded with remarkable smoothness 
and without accident or failure of any kind. Dr. 
Eccles explained the principal features of this station 
— illustrating his remarks with lantern slides—but 
as we propose to deal fully with the station in 
future issues we need .0t repeat the lecturer's 
description here. We may mention, however, that 
the cost of constructing the Rugby station, viz., 
about 400,000/., has been much less than that of 
the St. Assise station near Paris, and of that at 
Long Island, near New York. The cost of the St. 
Assise station; we believe, was in the neighbour- 
hood of 2,000,000/. Moreover, it is confidently 
anticipated that the Rugby station will shortly 
become a profit-earning concern. 

Definite recommendations for the erection in 
England of stations additional to Rugby were made 
in February, 1924, in the report of the Inmaperial 


Sir Robert Donald. In the summer of that year, 
an opportunity of meeting the recommendations 
occurred, when the Government, finding the majority 
of the Dominions would probably agree to use the 
Marconi beam system, made a contract with the 
Marconi Company, which will result in the establish- 
ment of beam stations for two-way communication 
between Canada and England, Australia and 
England, South Africa and England, and India and 
England. These stations are now nearly com- 
pleted; a station at Bodmin, in Cornwall, will 
serve Canada and South Africa, and one at Grimsby 
will serve Australia and India, through correspond- 
ing stations being erected in the four Dominions. 
It is probable, the lecturer remarked, that the 
aggregate cost of the beam stations in this country 
will be about half that of the Rugby station, and for 
this expenditure good communication is guaranteed 
for a daily average of 18 hours with Canada, 7 hours 
with Australia, 11 hours with South Africa and 
12 hours with India. Thus, before the end of the 
year, the long-range wireless transmitting equip- 
ment of the Empire will include the Rugby station, 
comprising a long-wave plant with a world-wide 
range, a long-wave plant of medium range, a short- 
wave plant of world-wide range and an experimental 
telephony plant with a range of 4,000 miles, some 
particulars of which will be found on page 337 ante, 
as well as the medium-power stations at Leafield 
and Abu Zabal and the beam stations just referred 
to. 

In the concluding portion of his lecture, Dr. Eccles 
referred to the necessity for making preparations 
for the full utilisation of the new facilities. He 
pointed out that twice every day the Rugby station 
transmits a summary of news prepared by the 
Foreign Office, and suggested that isolated settlers 
in remote parts of the Empire might pick up this 
news on comparatively simple receiving apparatus, 
provided they were familiar with the Morse code. 
It would be more practical, however, in small com- 
munities possessing a newspaper, to employ an 
operator to receive the messages and supply them 
to the printer. Another method of distributing the 
news would be to do so by wireless telephony, 
through the local broadcasting stations which are 
springing up in many parts of the Empire. All 
these suggestions are possible by the mere organisa- 
tion of existing facilities, and although the lecturer 
purposely refrained from prophesies as to the future, 
it is obvious that technical improvements may 
greatly extend the means of communication within 
the Empire during the next few years. 





NOTES. 
SwEpDIsH IRON AND STEEL. 


In the late Middle Ages, and up till the end of 
the eighteenth century, Sweden was the principal 
iron-manufacturing and exporting country in 
Europe. This leading position was due to the 
country’s wealth in pure iron ore, timber, and 
water power. The successful introduction of 
coal and coke into iron-smelting operations, how- 
ever, immediately challenged Sweden’s supremacy, 
and important metallurgical industries gradually 
arose in those countries in which mineral fuel and 
iron-ore deposits occurred side by side. At one 
time Sweden was responsible for some 40 per cent. 
of the world’s output of iron ; this figure has gradu- 
ally dwindled until it is now just under 1 per cent. 
Having lost her pre-eminent position as regards 
the quantity of her iron and steel exports, Sweden 
concentrated on the production of very pure 
materials, and, at the present time, her charcoal 
irons and high-grade carbon steels are among the 
purest commercial products obtainable. Sweden’s 
exports of iron and steel amounted in 1913 to 
nearly 500,000 tons. Contrary to what might 
have been expected, the European War dealt 
a severe blow to the Swedish metallurgical industry ; 
the export trade became very uncertain and, for 
a time, ceased altogether. Those countries which 


supply of high-grade steels, had perforce to develop 





Wireless Telegraphy Committee, presided over by 


normal conditions were re-established. Subsequent 
events, however, have shown this to be only partly 
true; and, according to figures published in a 
recent issue of the Teknisk Tidskrift, Swedish 
exports of iron and steel, which had dropped to 
141,000 tons in 1921, have steadily increased in 
each succeeding year and reached a total of 
243,000 tons in 1924. While there is a fairly 
constant demand for the soft Lancashire and 
Walloon irons, and the various grades of carbon 
tool steel, the branch of the Swedish metallurgical 
industry which has shown the greatest development 
in recent years is that devoted to the manufacture 
of ball bearings. The great strides made by this, 
now one of the leading industries of the country, 
is in a great measure due to the unvarying high 
quality of Swedish steels. . 


SNAPHEADED AND COUNTERSUNK Rivets. 

A series of comparative tests of the resistance 
of joints made with countersunk and with snap- 
headed rivets has recently been made by Professor 
J. B. Kommers at the Engineering Experiment 
station of the University of Wisconsin. The 
investigation was undertaken with the idea of 
clearing up the striking difference of opinion which 
exists as to the relative merits of the two types of 
riveting. Shipbuilders who are guided largely by 
the results of practical experience have maintained 
that the countersunk rivet gave the stronger joint, 
and Professor Kommers quotes to this effect 
experiments by Mr. J. G. Wildish, described in a 
paper read before the Institution of Naval Architects 
in 1885, and opinions to the same effect expressed 
by the late Sir W. H. White and by Mr. Barnaby. 
On the other hand American bridge engineers have 
in some cases specified that countersunk rivets 
shall be credited with only three-fourths of the 
normal strength, and a regulation to this effect is 
embodied in the 1925 Specifications of the American 
Railway Engineering Association. Professor 
Kommers’ tests included lap joints, and single and 
double cover butt joints. He found that the 
ultimate shearing strength of the countersunk 
joints was at least equal to that of joints made with 
snapheaded rivets. On the other hand the slip at 
working loads was much greater (3 to 8 times) with 
countersunk than with snapheads, and the deforma- 
tion at working loads was from 1-7 to 2 times 
greater with rivets countersunk at one head than 
with normal heads. When both heads were 
countersunk the deformation was further increased. 
The elastic deformation at working loads was in 
some cases least with the countersunk rivets, 
whilst in other experiments it was more than 
it was with snap heads. Professor Kommers 
concludes generally that where strength is the 
primary consideration, either snap or countersunk 
heads may be used, but where great rigidity is 
required, preference should be given to snap heads. 
He also says that “‘ Because joints with countersunk 
rivets showed high strength and very considerable 
deformation, the indication is that for joints which 
may be subjected to impact or collision and in 
which a high capacity for the absorption of energy 1s 
desirable, countersunk rivets should be used rather 
than button head.” 


VocaTIONAL GUIDANCE. 
One of the most notable sayings of F. W. Taylor 
was that he had never known a man who could not 
be first-class at some job. It would be immensely 
interesting to know the precise experience on which 
he based this statement, if by chance he left any 
material that disclosed it. Taylor’s authority may 
be sufficient to show that there must be something 
in the remark, but without such evidence, it can 
scarcely be accepted as more than a noble aspira- 
tion, the possibility of which is suggested by a cir- 
cumspect and successful engineer. To realise this 
aspiration, or to come as near to doing so as may be 
possible, would be of the utmost advantage to 
individuals, industries, and the community, and 
various works in this country and elsewhere have 


had relied, to a large extent, on Sweden for the} done something to this end by trying systematic 


methods of vocational selection. Up till now, how- 


their own resources. It was freely predicted that| ever, hardly a single systematic research is said to 
the country had lost her foreign markets completely, | have been undertaken, either in this country oF 
and would never be able to regain them when] elsewhere, of the feasibility and the value of psycho- 
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logical methods in guiding young people in their 
choice=of employment. A beginning in this work 
has now been made for the joint purposes of the 
Industrial Fatigue Research Board and the National 
Institute of Industrial Psychology, by Miss Gaw, Mrs. 
Ramsey, Miss May Smith, and Miss Spielman, under 
the direction of Professor Cyril Burt, the psychologist 
to the London County Council Education Authority.* 
A hundred children leaving three South London 
schools during one year were tested for intelligence, 
scholastic attainments, mechanical and constructive 
ability, character and other qualities by tests that 
had been worked out and approved on psycholo- 
gical authority, and advice was given to their parents 
as to the occupations they should follow. At the 
end of two years, 92 of them were traced and found 
at work, and sufficient information was obtained 
about 82 of them. Of these, 33 were doing work 
different from that which had been recommended, 14 
of them being dissatisfied with the work, 13 satisfied, 
and 6 satisfied with the work, but not with pay or 
prospects. Among the remaining 49, who were at 
the work which had been recommended or in a similar 
employment, only 1 was dissatisfied with the work 
and 7 satisfied with the work but not with the pay 
or prospects, while 41 were satisfied without reserva- 
tion. The run of these figures shows a prima facie 
suggestion that the favourable results obtained in 
the recommended employments was not due to mere 
coincidence. As the report points out, the observa- 
tions must be taken only as a first experiment on a 
very small scale, both in number and time. The 
investigations are being continued by the Institute. 
What seems most needed is on the one hand some 
verification of the validity of the psychological tests 
in their application to subsequent workshop experi- 
ence, and in mechanical work some association of 
competent engineers with the selection of the tests. 





NAVAL ENGINEERS—THE CASE FOR 
MILITARY STATUS. 


(From A CORRESPONDENT.) 


Wuart is meant by military status ? Put briefly, 
it is the right to command men in military opera- 
tions. What the naval engineers are fighting for 
is the right to command their own staff. Though 
they have to command their men in reality, nomin- 
ally their right to do so is denied. Consequently 
these officers have all the work of efficiently organ- 
ising and handling a vast and most vital department 
of the navy, but are refused the recognition which 
should accompany such responsibilities. 

The anomaly thus obtains that an engineer officer 
isin theory subjected to the orders of even the lowest 
grade deck officers—such as the master-at-arms 
and the warrant telegraphist. By Fleet Order 
No. 3241 issued in November, 1925, no matter how 
complicated the business—no matter how high 
the qualities of intelligence and judgment required, 
the engineer officer, in undertaking any naval work 
either ashore or afloat, is militarily inferior to deck 
warrant officers. Yet Mr. Bridgeman states that 
there was nothing in that order derogatory to the 
position of engineer officers ! 

Previous to the issue of this crder, engineer officers 
entered since the adoption of the Selborne Scheme 
in 1902 held the right to command their own men 
and to sit on courts martial and were classed as 
military and executive. They still hold com- 
missions to this effect, but the powers contained 
therein have been destroyed by the Admiralty 
without first obtaining legal sanction. It is the first 
time in the history of the fighting services that a 
body of officers has been condemned to such whole- 
sale degradation. This action of the Admiralty 
cannot be justified on the grounds of fitness or 
expediency. As stated in the Times leading article 
of December 17, “it is morally indefensible.” It 
inflicts a grave injustice without cause on a body of 
loyal officers, and must create disaffection and 
consequent lack of efficiency throughout a great 
branch of the naval service. 

Modern warships are floating tanks of scientific 
machinery, yet the small amount of engineering 
training previously given to deck officers has 
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recently been reduced to practically the vanishing 
point. The engineering department forms a con- 
siderable portion of the total complement of the 
ship. Its officers and men comprise one-third of the 
combined numbers of deck and engineer personnel. 
The engineer officer with his equipment and per- 
sonnel is responsible for getting the ship into position 
for action and maintaining her there at all costs. 
Contrary to the views and practice of the United 
States and Japan and of Admiralty policy since 
1902, the present Board of Admiralty wishes to 
persuade the country that the maintenance and 
operation of the ship’s machinery and the direction 
and training of the engineering personnel are not 
military duties. On the contrary, in wartime 
engineer officers have need to draw on all the 
qualities of leadership and skill to maintain the 
machinery and personnel at tip top efficiency often 
thousands of miles from a base (the next war will 
possibly be in the Pacific), to steam the ship on 
the high seas, keep her speed in action, make 
temporary repairs to damaged hulls and machinery, 
keep the ship afloat when holed and bring the lamed 
ships back to port without sinking. The power 
machinery is the backbone of the ship. Failure in 
this basic function paralyses all the ship’s action. 

Military status is therefore necessary to give 
the engineer officer his proper place in the fighting 
organisation. He is military and executive in 
exactly the same sense as the Royal Engineer in 
the Army, except for command of ships and fleets 
the duties being of like magnitude and importance, 
and having the same vital relationship to the 
successful prosecution of war. Like the Royal 
Engineers, Naval Engineers are subsidiary to the 
primary considerations of policy, strategy and 
tactics, but complementary to the branch responsible 
for the general conduct of naval warfare in a 
manner for which there is no parallel in the medical 
and accountant branches, whose professional 
responsibilities are not of the same order as those 
of engineers in the fighting efficiency of the ship. 

The exigencies of ship life and of sea warfare 
demand that magisterial function shall be placed 
in the hands of the commanding officer. The 
captain always delegates certain powers of punish- 
ment to deck officers, and engineer officers only 
ask to be granted disciplinary powers sufficient to 
command the respect and safeguard the welfare 
of their men, and to maintain their prestige in the 
ship. The right to sit on courts-martial, salutes, 
and military honours are matters of arrangement. 

In maintaining discipline naval engineer officers 
should not lack the legal support by which the 
authority of all deck officers—down to the warrant 
telegraphist—is reinforced. Unless an officer is 
given authority commensurate with his responsi- 
bility a tremendous handicap is at once imposed 
upon him and the success of his work is imperilled. 
Engineer officers have no desire to command ships, 
but they demand to be recognised as in military 
command of the men of their own department. 
As long ago as 1876 the Cooper Key Committee 
stated, “The chief engineer has a large body of 
men under his immediate orders, many of whom 
are quartered at guns and they take an active 
part in action. His duties are in many respects 
executive. We are of opinion that the engineer 
officer should in future be classed with the military 
or executive branch of the Navy, amongst those 
who would not on any occasion succeed to command 
(the vessel).” It is understood that Fleet opinion 
is not behind the present Board of Admiralty in 
depriving the (E.) officers of military status. An 
impartial representative body of naval officers of 
long experience should have been consulted before 
arriving at the decision to degrade. These (E.) 
officers possess commissions entitling them to the 
military command of men. This power has been 
annulled by the order, and they are now no longer 
military or executive. 

The British public is vitally concerned in this 
question. Now that economic necessity has reduced 
the Navy to the barest minimum consistent with 
national safety, it is all the more essential that the 
remainder should maintain a very high standard 
of efficiency, and the best type of engineer officer 
should be obtained. Entries from Dartmouth 
College into the engineering branch have practically 








ceased. The supply of engineering cadets from 
special entry is inadequate for the Navy’s needs. 
Parents are unlikely to select for their sons the 
career of naval engineering whilst their destinies 
are subjected to the caprice of successive Boards 
of Admiralty. If the Navy is to survive as an 
efficient arm of defence for the Empire, its internal 
organisation must be sufficiently elastic to accom- 
modate the great changes brought about by the 
never-ending growth of engineering science. In the 
United States of America the engineer-in-chief of 
the Fleet is directly responsible to the Secretary 
of the Navy for his department. On the British 
Board of Admiralty there are six Sea Lords, but 
no engineer officer. This antiquated system of 
administration accounts for all the trouble with 
the engineering branch during the last twenty-five 
years, its fate being entirely in the hands of deck 
officers. In the Japanese and United States 
Navies the engineer officers have military status. 
Engineering and deck duties are recognised as 
complementary, and no invidious differentiation as 
fighting units is made between the two branches. 
The British public which pays for the Navy as its 
principal arm of defence is entitled to ask whether 
it is likely to be as efficient against an enemy as 
the Navies whose officer personnel is organised on 
a sounder basis. 





LETTERS TO THE EDITOR. 


THE STATUS OF NAVAL ENGINEERS. 
To THE Eprror oF ENGINEERING. 


S1r,—In considering the First Lord’s letter published 
in The Times on the Ist inst. it must be borne in mind 
that, at the moment, there are virtually two Engineering 
Branches of the Navy, viz., (i) The old scheme engineer 
officers whose places are gradually being taken by (ii) 
The new scheme officers (E). I shall refer to them as 
Engineer officers and Officers (E), respectively, and 
this nomenclature may with advantage be applied to 
the letter in question. 

When the Selborne Scheme was introduced, the 
so-called military rank and increased powers given to 
the engineer officer were largely illusory. He was not 
assimilated by the Executive Branch; his uniform 
remained distinctive; he was given the name of 
Engineer Lieutenant (etc.) whereas his success>rs were 
to be known as Lieutenants (E.), etc. The problem was 
to be solved by allowing the existing Engineering 
Branch to die out, and the role of the survivors was to 
bridge the gap until the new officers (E.) were ready 
to take their places. 

The Officer (E.) was, from the commencement of his 
career, to be part and parcel of the Executive Branch. 
He was recruited by common, instead of separate, 
entry, as before; he was to specialise in engineering 
in the same way as his contemporaries would do in 
gunnery, torpedo, or navigation; also, according to 
the original conception, he was to be available for 
both deck and engineering duties. In effect the naval 
officer of the future was to add engineering to all his 
other duties. 

In late 1906 or early 1907, at about the time when the 
first batch of Osborne cadets were going to sea, the 
hydraulic gunworking machinery, torpedo and electrical 
machinery were removed from the charge of the engineer 
officer and placed under the gunnery and torpedo lieu- 
tenants respectively ; thus transferring purely engi- 
neering duties to officers who had received no engineering 
training. Clearly this was part of the scheme in which 
all executive officers were to be engineers and available 
for all duties. 

The fleet order of July 17, 1920, recognised the prin- 
ciple that the Officer (E.) could not command ships 
and fleets at sea in addition to his engineering duties : 
conversely it should have recognised that the officers 
who were going to exercise such command could not be 
engineers. But why (para. 2 of First Lord’s letter) 
was executive status taken from him? Again (item 4, 
idem) why, in the decision of 1922, do officers specializing 
in engineering thereby forego the right to sit on courts- 
martial ? 

The proposed electrical branch already discussed by a 
correspondent in your issue of April 16th is a 
recognition that the untrained deck officer cannot 
continue to carry out the engineering duties referred 
to in para. 4 above, but, instead of proceeding in a 
logical manner and restoring this part of the ships’ 
equipment to the Engineering Branch as previously 
decided in 1922, yet another Engineering Branch 
subordinate to the torpedo lieutenant is to be created, 
with results which under some circumstances may be 
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truly Gilbertian—should turbo-electric propulsion 
be introduced for instance. 

In dealing with some of the points the First Lord is 
clearly referring to the limited control exercised by 
the engineer officer. He still gives no reason why the 
Officer (E.) should now adopt the distinctive uniform 
which was retained by the engineer officer. Most of 
the posts referred to by him have never been open to 
the engineer officer and no Officer (E.) is yet of sufficient 
rank to make him eligible. The Selborne Scheme 
virtually killed the engineer officer; replaced him by 
the Officer (E.) who was to be executive in the same sense 
as the Officer (G.), (T.) or (N.), and any change which 
takes from him any power, position, or prospect held 
by the Officer (G.), (T.) or (N.), except in so far as it 
concerns the command of ships and fleets at sea, lowers 
his status. By the First Lord’s own showing, although 
the recent Fleet Order may not affect the engineer officer, 
it most decidedly does alter the status of the Officer (E.) 
who is the engineer of the future. 

In the light of the foregoing I therefore submit 
that the First Lord, as spokesman of the Board of 
Admiralty, has not allayed the uneasiness caused by 
the Fleet Order but rather has increased it and, in 
selecting a particular letter to which to reply, has 
done so in such a way as to create confusion in the lay 
mind; that he himself (para. 2 and items 3 and 4 of 
his letter) has drawn attention to evidence indicating 
that the Fleet Order under discussion is one of a series 
designed to destroy the Selborne Scheme by a process 
of attrition ; and that, as an inevitable result of the 
existing policy, the new Engineering Branch will be 
in a relatively worse position than the old one, the 
disabilities of which it was designed to remove. 

Yours faithfully, 
G. H. TuRRALL, 
Engr. Lieutenant-Commander, R.N. (ret.) 
May 3, 1926. 





THE AUTOMOBILE REPAIR 
INDUSTRY. 


To THE EpiToR oF ENGINEERING. 

Sir,—I have read with much interest your article 
on the “Motor Repair Industry,’”in the issue of 
ENGINEERING for April 23rd. 

I note more particularly the reference to the scarcity 
of skilled engineers available for motor repair work and 
th» need for setting up a 5 years’ training scheme. 

Now I suggest that there is no lack of engineers at all, 
in fact, there is a large surplus of skilled fitters and 
machine men who have been thoroughly trained—not 
in the motor trade particularly, but in the best all- 
round engineering practice—who are available for the 
motor repair depots and who being at present out of 
their old job would gladly accept service on motor work. 

The work of adapting a really skilled engineer to 
motor work is only a matter of a day or two at the most. 
If boys and young women, without any training, 
can handle a motor within a few tiours, and after a week 
or two obtain a fairly good idea of the mechanism of 
a car, then surely a trained engineer with several years 
of experience can, within a few days learn practically 
everything essential about all the parts of any motor 
which are likely to need repair. 

It seems to me that if the motor repair industry 
is really on the look out for skilled engineers it only 
has to offer a living wage. There are hundreds of skilled 
men going begging at the present moment, who would 
gladly join the progressive motor industry if they only 
knew where their services are wanted and would be 
appreciated. 

Yours, etc., 
Hersert Brytu, M.Inst.C.E. 
5, Redland Park, Bristol, 
Apri) 26, 1926. 

[We may point out that in the article referred to we 
stated that there was nothing in automobile repair 
which differentiated it from other branches of engi- 
neering, and that there was no reason why suitable men 
should not transfer to it if were worth their while 
todo so. Unless, however, the industry is put on a 
sound footing, skilled men will tend to leave it, rather 
than join it.—Eb. E.] 





STANDARD SPECIFICATIONS FOR Paint MATERIALS,— 
The British Engineering Standards Association recently 
issued two further specifications relating to paint 
materials, namely, No. 217-1926, Red Lead for Paints, 
and No, 242-1926, Refined Linseed Oil for Paints. 
These specifications contain clauses regulating the 
composition of red lead and linseed oil, and include 
standard reception tests for the guidance of purchasers 
of the materials. The methods of carrying out the tests 
are indicated in appendices. The specifications have 
been prepared at the request of the paint manufacturers 
by a committee representative of both buying and manu- 
facturing interests. Copies of these pamphlets may be 
obtained from the B.E.S8.A., Publications Department, 
28, Victoria-street, London, S.W.1, price ls. 2d. each, 


SOCIETY OF GLASS TECHNOLOGY. 


THE ninth annual general meeting of the Society of 
Glass Technology was held in Sheffield on April 21. 
Mr. Walter Butterworth, senior, succeeded Mr. T. C. 
Moorshead as president and Professor W. E. S. Turner, 
D.Sc., was re-elected honorary secretary. The annual 
report for 1925 showed that there were on the roll at 
the end of that year no fewer than 237 members who 
were resident outside the United Kingdom. These 
members were drawn from 19 different countries. 

At the ordinary meeting which followed, a number of 
papers were presented, the first being ** Note on the 
Devitrification of a Lead Borate Glass,” by C. J. 
Smithells. It stated that specimens of tungsten 
filaments were prepared for microscopic examination 
by embedding them in a fused lead borate glass, held 
in a brass cup, and subsequently grinding to the 
required section after the glass had solidified. After 
the specimen had been polished it was usually etched 
with alkaline potassium ferricyanide solution for about 
15 seconds. An examination of a number of specimens 
prepared during the last five years showed that in 
certain cases a number of crystals were visible in the 
glass when viewed under the microscope with vertical 
illumination. Further investigation showed that the 
crystals were not visible in the polished specimens, but 
only after etching. It was found that the specimens 
could be divided roughly into groups, showing various 
degrees of devitrification according to the age of the 
specimen. The observations appeared to illustrate a 
simple case of slow crystallisation at room temperature, 
and indicated the possibility of detecting devitrification 
in other glasses by means of a suitable etching reagent. 

The second paper was entitled ‘*‘ A Note on Some 
Factors Governing the Resistance of Pots to Glass 
Attack,’ the author being J. F. Hyslop. The paper 
stated it had been noted that one series of pots—K.1— 
gave exceptionally long life, and even when removed 
from the furnace these pots showed no evidence of 
excessive wear. Another series of pots—K.2—had a 
satisfactory life, but they showed convincing signs of 
severe attack. In both cases a standard alkali-lead 
oxide glass had been used. In order to study the 
constitution of the pots, small sections were ground and 
polished, and on exposure to a beam of X-rays, each 
crystalline phase in the material gave its own precise 
diffraction pattern. By finding the patterns for 
known compounds it was comparatively easy to identify 
the constituents present in the material. The results 
obtained showed that the matrix was a more potent 
factor than the grog in determining the rate of attack 
ofa pot. In order to form a highly desirable protective 
layer it was necessary to have a high alumina content 
in the clay. If the fireclay had a high percentage of 
mullite it would tend to form with the glass an inter- 
mediate layer of high viscosity. In the case of a 
composite refractory, such as a pot, the evidence 
strongly suggested that a high mullite content was 
essential in the matrix of the body. 

A third paper on “ The Behaviour of Sillimanite in 
Tank Furnaces,” by E. A. Coad-Pryor, dealt with 
comparative tests made of sillimanite blocks of standard 
size (24 in. by 18 in. by 8 in.) by two separate firms. 
The blocks were built into a tank furnace on the flux 
line, between the filling on end and the bridge. The 
tank was run for 24 weeks on an ordinary flint glass, 
20 tons of glass being drawn daily. The blocks were 
carefully removed and examined. It was then found 
that the sillimanite had been corroded more severely 
than the fireclay blocks alongside. In the discussion 
that followed, Mr. W. J. Rees pointed out that with 
recent well-made sillimanite blocks much better results 
could be obtained than those indicated in the paper. 








THE Raitway YEAR Book.—The 1926 edition of 
the Railway Year Book was issued recently by the 
Railway Publishing Company, Limited, 33, Tothill- 
street, Westminster, London, S.W 1. As was the case 
with former editions, the book contains a large amount 
of statistical, historical, technical and miscellaneous 
information concerning British or British-owned railways 
throughout the world. The book contains some 400 
pages, nearly two-thirds of which are devoted to the 
railways of Great Britain and Ireland. There are 
11 large folded maps and nine smaller ones ; those for 
the Southern, London Underground, Australian and 
Canadian railways are new ones, while several others 
have received minor corrections. The particulars 
relating to chief officers and other personnel, organisation, 
statistics and general information have been revised 
and brought up to date. Some portions of the book, 
and, in particular, those concerned with Canadian and 
Indian railways have been partly or entirely re-written. 
The biographical section has been considerably enlarged. 
The fact that the present edition constitutes the twenty- 
ninth annual volume shows that the book has fully 
established its usefulness. It should find a place in 
all railway and government offices, and will also prove 
indispensable to merchants and manufacturers. The 


LABOUR NOTES. 


EVEN before the recent national strike was brought 
to an end by the General Council of the Trades Union 
Congress, it was realised by many organised workers 
that a tragic tactical blunder had been made. An 
overwhelming majority of trade unionists unques- 
tionably sympathised with the miners and desired 
to help them in some way or other; but only a 
minority believed that the most effective way in 
which assistance could be rendered was through a 
national stoppage. In their opinion, the principle 
which should have been applied was akin to that of 
‘limited war.’ All but the miners should have been 
allowed to remain at work, and the executives of their 
unions instructed to levy them in support of the miners. 
Whether the assistance rendered in that way would 
have been fully and finally effective is, of course, 
another question. The fact remains that a considerable 
body of trade union opinion favoured the view that, 
although the alternative course was the longer, it was 
that which offered the greater prospect of success. 
The course actually taken had the further drawback in 
the eyes of many that it was the avowed policy of the 
National Minority Movement, which has advocated 
“The United Front” and ‘The General Strike” 
almost since its inception. 





The legal aspect of the question raised by the General 
Council’s action may well be left to the Courts. But 
Mr. Pugh and his associates may not unreasonably be 
asked—as they no doubt will be—for the authority on 
which they acted. They are, in effect, the executive of 
the Trades Union Congress, and their legitimate 
function is merely to carry out resolutions passed by 
Congress. If they have a resolution authorising them 
to call a national lightning strike, they are almost 
certain to be asked to produce it. And if they have one, 
the affiliated unions are not unlikely to ask their 
delegates how they came to give the General Council 
powers to take action which executives could not them- 
selves constitutionally take. The position at the 
moment seems to be, as a simple matter o fact. that 
the whole organisation of labour has been thrown into 
a state of chaos by the blundering tactics of an 
extremist minority, and there is no telling how lung 
it will take to restore order. 





Another feature of the trouble which many men found 
distasteful was the wholesale breaking of agreements 
which the general order to strike involved. The 
collective bargain is, of course, one of the pet aversions 
of the National Minority Movement, whose adherents 
continually clamour for the abolition of all machinery 
for the negotiation of labour affairs. Engineering 
workers are, for instance, daily being called upon 
to ‘“‘end the Provisions for Avoiding Disputes.” 
The great majority of trade unionists, however, believe 
in the principle which is embodied in the Provisions for 
Avoiding Disputes, and, in support of their views 
regarding it, cite the unexampled progress of the old 
Amalgamated Society of Engineers from 1897 onward 
to the unhappy days of the trouble over ‘* managerial 
functions.”” What the various employers’ organisa- 
tions will say to the wholesale repudiation of agreements 
which has just taken place remains to be seen; but 
that the rank and file of labour desires the continuance 
of collective bargaining is not in the least degree 
doubtful. 


A favourite argument of trade unionism’s advance 
guard is that British industry’s present unsatisfactory 
position in relation to competing foreign industries 
is due to deficiencies of the capitalist system on which 
it is based. Its costs are high, they argue, because 
its capital is excessively watered. The figures relating 
to engineering, which Sir Allan Smith got out when 
the claim for a wages advance of 20s. per week was 
first mooted—and since then no doubt has brought 
up to date—tell quite a different story so far as that 
industry is concerned, and if representative trade 
unionists care seriously to go into them, though to date 
they have rather stubbornly declined to do s0, 
they will no longer be able with any reason to continue 
the argument about watered capital. The figures 
represent bare manufacturing costs, and their plain 
significance is that beyond them there is practically 
nothing in the shape of profit for the manufacturer, 
much less a margin out of which wages may be increased. 
Engineering employers do not dissent from the view 
that the wages of the industry’s skilled workers are 
very low, but they realise, and are anxious that skilled 
workers themselves should realise that, with the handi- 
cap of the working conditions imposed by the unions, 
there cannot be any substantial improvement in that 
direction. 





The truth is that British industry’s present serious 
plight is not due to deficiencies of the capitalist system, 
but to the refusal of the trade unions to look plain 
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economic facts in the face. Under no known system, 
as a matter of fact, socialistic or otherwise, could it 
flourish under the conditions at present imposed by 
the unions, and it is amazing that so few repre- 
sentative workers have so far been frank enough with 
themselves to recognise this. What these oppressive 
conditions are, nobody in engineering or shipbuilding 
needs to be told. The Shipbuilding Employers’ 
Federation and the shipyard trade unions are making 
a praiseworthy joint effort to relieve their industry 
of these unnecessary burdens. The Engineering and 
Allied Employers’ National Federation have expressed 
a desire to take a similar course, but up till now the 
engineering unions have flatly declined to co-operate. 
Yet through some such joint consideration of the 
matter lies the only way to the increased earnings which 
the workers desire and which the majority of people 
would like them to get. 





While the General Strike was in progress Sir Herbert 
Samuel and one or two other “men of goodwill,” 
acting independently, endeavoured to find a basis for 
the resumption of negotiations for the settlement of 
the trouble in the mining industry. On May 12, Sir 
Herbert submitted to the Trades Union Congress 
General Council proposals which, in a covering letter, 
he described as “ suitable for adoption” and “likely 
to promote a settlement.’’ The General Council in 
acknowledging receipt of the communication agreed 
that the proposals offered ‘“‘a basis on which the 
negotiations upon the conditions in the coal industry 
can be renewed.’ Subsequently, the Prime Minister 
sent letters to Mr. Evan Williams and Mr. Herbert 
Smith giving an outline of proposals which “in the 
opinion of H.M. Government should,” he said “ provide 
a reasonable basis for the settlement of the dispute in 
the coal mining industry on the lines of the Royal 
Commission’s report.’”’ In the scheme submitted the 
Jovernment undertook to adopt “all practicable 
means for improving the organisation of the industry ” 
in accordance with the recommendations of the Royal 
Commission. Details of the legislative steps which 
would be taken were given, and the proposals relating 
to wages and hours were set forth. 





Apart, the memorandum stated, from any expen- 
diture that might be necessary for the assistance of 
men displaced from pits, the Government would 
provide further financial assistance to the industry to 
the amount of, approximately, 3,000,000/. Under 
the scheme, the miners would accept for a period not 
exceeding an agreed number of weeks an agreed per- 
centage reduction in minimum wages (other than sub- 
sistence rates) in all districts, and the owners would 
bear wages equivalent to 100 per cent. of ascertained 
net proceeds (in January-March) so far as was 
necessary to maintain those wages. The Government 
would fill the gap with a subsidy to be debited against 
the 3,000,000/. In the meantime a Board would be 
set up consisting of three representatives of the coal 
owners and three representatives of the miners, with 
an independent chairman. That Board would franie 
a national wages and hours agreement, governing the 
principles on which the general wage rates should be 
ascertained in each district, and would also decide the 
minimum percentage on basis, taking into consideration 
the state and prospects of trade, the re-organisation 
proposals of the Commission and other relevant factors. 
Subsistence wages would not be reduced in any district 
where they at present yielded 45s. per week or less for 
a full customary week. In the event of disagreement 
in respect of wages, the decision would rest with the 
independent chairman. ° 





It was further proposed in the scheme that if the 
parties agreed that it was advisable that some temporary 
modifications should be made in the statutory hours 
of work, the government would propose the necessary 
legislation forthwith and give facilities for its immediate 
passage. Any balance of the 3,000,000/. would be 
available for a tapering subsidy after the agreed period 
in which the new wages proposals ran, or such other 
purpose as might be agreed upon between the Govern- 
ment, the Mining Association and the Miners’ Fédera- 
tion. It was stipulated that the provisional under- 
takings made by the Government in the memorandum 
were conditional on the acceptance of its terms by the 
other parties. Meetings of the Coal-Mining Association 
and the Miners’ Federation were held in London 
yesterday to consider the proposals, but at the time 
this issue of ENGINEERING went to press no official 
news regarding the decisions arrived at was available. 





Between 30,000 and 40,000 engineering workers, 
employed by about 500 firms, have been locked out 
in New South Wales on a question of working hours. 
In Australia, it seems, a Federal award has been 
issued fixing the working week at 48 hours. An 
Act passed in January last by New South Wales 
fixes it, on the contrary, at 44 hours, but the Federal 
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High Court has declared it to be invalid where it 
conflicts with the Federal Award. Apparently the 
trade unions are themselves at variance on the point, 
for the members of the Engine-drivers and Firemen’s 
Union have reported themselves for duty on the 48 
hours basis. The engineers have been locked out for 
taking the opposite course. 





According to the Rome correspondent of the 
Morning Post, the Italian Cabinet is on the eve of 
completing a Bill for the creation of a Ministry of 
Corporations, which will link together the nation and 
the trade unions. It will be constituted as follows: 
Five federations of ‘‘ givers of work,” namely, industry, 
agriculture, commerce, transport, and banks; five 
federations of workers drawn from the same groups 
of industry; and five mixed federations, namely, 
free professions, artizans, consumers, producers, and 
credit bodies. The new Ministry will have connections 
with the provinces and local trade unions, and the 
portfolio will be held by Signor Mussolini. The Premier 
has also decided on the concentration of all Italian 
commerce in one confederation, to be called ‘‘ Fascist 
Federation of Italian Merchants.” This organisation 
will be divided to deal with the great and little 
industries respectively. Of this Federation, Signor 
Mussolini has been nominated First President. 





British building trades operatives who are adamant 
on the question of the shorter working week may be 
interested in the news that in Soviet Russia nearly 
all the workers in the building trade put in more than 
eight hours a day. At a recent conference, as a 
matter of fact, the Commissary of Labour declared 
that the eight hours day could not be observed except 
in certain large work-yards in large towns. Moreover, 
he added, it was indispensable to maintain a 10 hours 
day if the industry was to meet the demands made on it 
by the population. 





The Ministry of Labour states that on May 10, 1926, 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain was 1,576,000 
of whom 1,124,000 were men, 50,000 boys, 344,000 
women and 58,000 girls. On May 3, 1926, the number 
was 1,105,916 of whom 846,670 were men, 32,513 boys, 
190,612 women and 36,121 girls, and on May 11, 1925, 
it was 1,184,251 of whom 905,798 were men, 36,233 
boys, 209,608 women and 32,612 girls. The Secretary 
adds that in addition to the total of 1,576,000 on 
May 10, notices of claims to benefit had been given in 
respect of about 325,000 workers not at work in the 
mining industry on account of the dispute, and about 
200,000 on strike in other industries. These formed 
part, it is stated, of a larger number, the total of which 
could not at present be accurately determined, not at 
work in the mining industry on account of the dispute, 
or on strike in other industries. 





THE PHYSICAL SOCIETY OF 
LONDON. 


At the meeting of this Society held on March 26, at 
the Imperial College of Science, a paper on “‘ Obliquity 
Corrections in Radium Estimation” was read by 
Mr. Ivor Backhurst. It contained formule given for 
obliquity corrections in radium estimation applicable 
to sources of the shapes most frequently occurring in 
practice. The effect of scattered radiation was con- 
sidered, and some experimental results obtained shown 
graphically and compared with theory. Calculated 
values for a particular case were given by way of 
example. In the discussion Dr. E. A. Owen said that 
investigators using radium would be grateful for the 
paper, which worked out fully the most interesting 
case—that in which the tube was at right angles to the 
radium bench—and also the effect of scattering. 
Radium was usually estimated in a comparatively 
small room, and near the walls. It would appear that 
by keeping at a distance from walls the effect of 
scattering could be reduced by about one-half, and it 
was very useful to know the exact figures. Mr. A. F. 
Dufton said that in practice, the comparison of two 
radium preparations could be so effected that the 
obliquity correction was obviated. For example, in 
comparison with either a tube 4 in. long or a plaque 
3 in. in diameter, a concentrated preparation could be 
placed 1 in. from the axis. At a reasonable distance 
from the ionisation chamber this displacement com- 
pensated for the distribution of the radium, and the 
application of a correction was avoided. 

A paper on the “ Viscosity of Water at Low Rates of 
Flow Determined Comparatively by a Method of 
Thermal Convection” was presented by Albert 
Griffiths, D.Sc., and P. C. Vincent. The paper described 
a method of determining the coefficient of viscosity of 
water by measuring the rate of convective flow in a long 
capillary tube, the driving head being obtained by the 
difference in density due to a difference of temperature 





between two vertical columns of water. The results 
were in agreement with the conclusion reached in a 
previous paper by Dr. Constance H. Griffiths and one 
of the authors—viz.: that the viscosity of water at low 
rates of flow in glass tubes was apparently not different 
from that at high rates. The novel features of the 
paper appeared to be (1) the method of obtaining the 
driving head; (2) the new method of introducing a 
coloured index in a closed capillary circuit, and an 
improved method of reading its position; (3) the 
almost complete elimination of what might be called the 
thermometric effect as distinct from the convective 
effect ; (4) the elimination of the small residual ther- 
mometric effect from the final calculations. 

In the discussion Professor O. W. Richardson said 
that the authors had used an ingenious method of 
getting a controlled flow of water at an extremely 
slow rate, which might have many useful applications 
in research. 

Professor A. Griffiths said that in an earlier investi- 
gation, made in conjunction with Dr. Constance 
Griffiths, irregularities had been found which must be 
due either to temperature errors or to what had been 
called in the paper the “ thermometric effect.” The 
present paper helped to throw light on that subject, 
but the work described was a small step in rather a 
long series of determinations. 

Mr. L. F. Richardson pointed out Sandstrém had 
stated that it was impossible for heat to produce a 
steady circulation unless the source of heat was at a 
level lower than that of the sink of heat. At first sight 
these experiments seem to contradict this statement, 
because the hot and cold vertical tubes were on the 
same level. But on consideration it was clear that the 
cooling occurred mainly near where the water entered 
the upper capillary, while the heating occurred mainly 
at the lower end of the warm vertical column. Thus, 
there was no conflict with Sandstrém’s statement. 

A demonstration entitled ‘‘ Some Simple Experi- 
ments with Thermionic Valves’ was given by Dr. E. H. 
Rayner. A metal plate or wire, connected to the 
grid of an ordinary receiving valve operating with 20 
to 50 volts on the anode, acts as a sensitive indicator 
of the presence of an electric field in the neighbourhood. 
A piece of ebonite or sealing wax electrified by friction 
will cause an appreciable change in the anode current, 
when brought within 3 ft. or more of the conductor 
connected to the grid. A unipivot micro-ammeter 
or a reflecting galvanometer suitably shunted forms a 
satisfactory indicator. If such a negatively electrified 
object as ebonite is brought close to the grid conductor, 
the anode current may be reduced practically to zero, 
a positive charge being attracted to the near parts 
of the conductor and a negative charge being repelled 
to the grid. If the rod is quickly removed, the anode 
current may flow momentarily, but cease again for 
several seconds, then gradually rise to the normal value. 
This does not happen with all valves, and it may be 
affected by the degree of insulation of the valve cap. 
If the electrified rod is removed somewhat more slowly 
the same valve may not show this second reduction 
of the anode current to zero, either effect being pro- 
duced at will. 

If a square piece of sealing wax is electrified and 
placed on a metal plate about 3 in. square connected 
to the grid, the anode current will be reduced to zero, 
with a suitable valve and anode voltage. It will 
gradually rise again to its normal value, which can again 
be reduced by turning the sealing wax so that another 
of the four sides touches the plate. Not only can this 
be done once with each of the four sides but possibly 
several times over, the reason apparently being that 
the wax only touches the plate in a few points, and these 
parts of it only are discharged by contact, and they 
become again charged by surface leakage from sur- 
rounding parts while the other three sides are being 
experimented upon. The effect was found to work 
well with a dull emitter valve which would not show the 
double reduction to zero of the anode current mentioned 
above. 

In order to illustrate possible applications of in- 
duced grid electrification, a pendulum with a metal 
plate about 3 in. square was made to swing over a 
fixed similar plate with about a tenth of an inch clear- 
ance. The swinging plate was electrified by a battery 
of about 25 to 70 volts, one end of which was con- 
nected to the filament of the valve. A eversing switch 
was placed in the battery circuit, so that the pendulum 
could be either positively or negatively electrified. As 
the pendulum swings past the fixed plate, it affects 
the potential of the grid and increases or decreases 
the anode current twice every complete swing, accord- 
ing to the direction of the electrification. By suit- 
ably adjusting the conditions a variation of at least 
2:1 in the current can be obtained. It sometimes 
happens that the first swing cuts the current down to 
zero for several seconds. It is not necessary to use 
such a large condenser as plates of the size mentioned. 
A horizontal piece of wire 4 in. long projecting from the 
pendulum at right angles to the plane of its swing and 
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passing over a similar fixed wire connected to the grid, 
with a clearance of a tenth of an inch or less, can be 
made to show quite an appreciable effect when elec- 
trified to 100-200 volts. 

In general, the use of a valve as an indicator of small 
relative displacements of metal surfaces which can be 
insulated from one another and charged to different 
potentials, seemed to be one of some promise. When 
used with movements of the order of one or less periods 
a second, leakage in the valve cap becomes an important 
factor, and experiments of the type indicated are dis- 
tinctly critical in showing up differences between valves. 





ENGINEERING TRAINING AND 
EDUCATION. 


University of Bristol; Engineering Scholarships.— 
The Society of Merchant Venturers is offering for 
competition, 15 scholarships tenable in the day classes 
of the Faculty of Engineering of the University of 
Bristol, which is carried on in the Merchant Venturers 
Technical College. Candidates should have matricu- 
lated and must be not less than 17 years of age. One 
of the scholarships is open to pupils attending any 
secondary school receiving grants from the Board .of 
Education ; three are restricted to pupils of secondary 
schools situated in the counties of Gloucestershire, 
Somersetshire, and Wiltshire. Ten scholarships are 
restricted to the sons of officers of H.M. Forces, who 
fell in the late war, and whose mothers or guardians 
are in needy circumstances. The remaining scholar- 
ship will be awarded to a son of a Béthune citizen 
who has passed either the B. és. L. or the B. és. Sc. 
examination. A war memorial scholarship is also 
offered for competition. It will be awarded to a 
candidate, needing financial help, who is the son of 
a former student who fell while serving with H.M. 
Forces during the late war. Further particulars may 
be obtained from the Registrar, Merchant Venturers’ 
Technical College, Bristol. 

Advanced Lectures in Mining.—A course of four 
lectures on Tubbing Deep Shafts and Subsi- 
dence%will be given in the mining department of the 
Imperial College, Royal School of Mines, Prince Consort- 
road, South Kensington, London, 8.W.7, by Professor 
L. Denoél, of the University of Li¢ge, on May 31, and 
June 1, 2 and 3 next, commencing each day at 5.15 
p-m. The lectures, which will be delivered in English 
and illustrated by means of lantern slides, are addressed 
to students of the university and to others interested 
in the subject. Admission is free and no tickets 
are necessary. The syllabus will include a criticism 
of the theory concerning the strength of tubbings; 
reinforced concrete and ordinary metal tubbings for 
deep shafts; compound tubbings; shafts sunk by 
the{freezing method; subsidence and extent of dis- 
turbed area; direction of the line of breakage ; theore- 
tical and practical determination of the amount of 
subsidence ; effects on buildings and suggested rules 
for the prevention or reduction of damage. At the 
first lecture, the chair will be taken by Professor S. J. 
Truscott, A.R.S.M. Further particulars may be 
obtained from Mr. E. Deller, Academic Registrar, 
University of London, South Kensington, London, 
8.W.7. 





LAUNCH OF THE M.S. “ SrorsTen.’’—Messrs, Barclay, 
Curle and Co., Limited, launched recently, from their 
West Shipbuilding Yard, Scotstoun, the single-screw 
motorship Storsten. Built for Messrs. Ténsberg Rederi 
A/S, of Norway, the vessel is designed for carrying oil 
in bulk, and has a length of 388 ft., a breadth moulded 
of 52 ft. 6 in., a depth moulded of 29 ft. 3 in,, a dead- 
weight carrying capacity of 7,700 tons, and a gross 
tonnage of 5,150 tons. The propelling machinery will 
consist of aset of the builders’ directly-reversible, two- 
stroke cycle, double-acting Diesel engines which are at 

resent under constructon at their North British Engine 
Vorks, Whiteinch. It is anticipated that the speed of 
the vessel will be 11 knots. 

INTERNATIONAL CONGRESS FOR APPLIED MECHANICS,— 
It has been arranged to hold an International Congress 
for Applied Mechanics at the Federal Technical Uni- 
versity, Zurich, Switzerland, from September 12 to 18 
next. Two days will be devoted to general sessions 
and three days to divisicnal sessions. The congress 
will close with an excursion on Saturday, September 18. 
The official languages of the meeting will be English, 
French, German, and Italian; lectures may, however, 
be given in another language if desired. The aim of 
lectures delivered at the general sessions will be to give 
a general survey of some problems of mechanical science, 
together with recent developments in this subject. In 
the divisional sessions, short reports of actual research 
work will be given. They will be divided into three 
groups, namely, rational mechanics, problems of elas- 
ticity and the strength of materials, and hydro and 
aeromechanics. Professor E. Meissner, Eidgen. Tech- 
nische Hochschule, Ziirich, will be glad to receive the 
names of those who propose to attend. The titles and 
an abstract (not exceeding 300 words in length) of any 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Norr.—In the diagrams, the figures plotted for ‘tin and copper are;/the official closing cash 
quotations of the London Metal Exchange for “fine foreign” and “standard” metal, respectively. 
The prices shown for lead are for English metal, whilst those for spelter are for virgin metal. 
Middlesbrough prices are plotted for steel plates and rails, and also for hematite and Cleveland 
pig-iron. The prices given, in the case of steel plates, are for ship, bridge and tank qualities, and 
those for steel rails are for heavy sections. The pig-iron prices are for East-Coast hematite and 
Cleveland iron, both of No. 1 quality. The price of quicksilver is per bottle, the contents of 
which vary from 70 lb. to 80 lb. The price of tin-plates is per standard box, but in other 
cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the 
horizontal lines represent 11. each, except in the case of the diagram relating to tin-plates, in 








Launcu oF O1L-Tank SS. Toas.—The oil-tank steamer 
Toas was recently launched from the Hebburn Yard 
of Messrs. Palmer’s Shipbuilding and Iron Company, 
Limited. The vessel is being built to the order of ihe 
Venezuela Gulf Oil Company, and is constructed on. the 
Isherwood system of longitudinal framing. The propel- 
ling machinery is being provided by Messrs. MacColl and 
Pollock, Limited, Sunderland. 





Fuet-Om Viscosiry-TEMPERATURE D1aGRamM.—Pre- 
pared by Lieut.-Commander G. B. Vroom, U.S.N., a 
fuel-oil viscosity-temperature diagram has been issued 
by Messrs. Simmons-Boardman Publishing Company, 





es, offered for presentation at the meeting, should 
be forwarde | to him not later thap Tune 1, next. 





30, Church-street, New York. This diagram con- 





stitutes a simple and accurate means of determining, 
recording; and interpreting the viscosity curves of fuel 
oils, and obviates the necessity for plotting a curve 
whenever data for a new temperature are required. The 
diagram is printed on a piece of stout Bristol board and a 
movable celluloid arm is pivoted at the common point 
of the curve. Four viscosity scales are shown, namely, 
the Saybolt Universal, the Saybolt (Furol), the Engler, 
and the Kinematic (c.p.). Temperatures are shown in 
degrees Fahrenheit. Copies of the diagrams may be 
obtained from the European office of the Simmons- 
Boardman Publishing Company, 34, Victoria-street, 
London, §.W.1, price 12s. 6d. each, post free, in Great 
Britain. 
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DOPES AND DETONATION.* 

By Proressor H. L. Catienpar, C.B.E., F.R.S. 
Assisted by Captary R. O. Kine anp FLIGHT 
LIEUTENANT C. J. Sims, D.F.C. 

(Concluded from page 576.) 


The Effect of Charge Density on the Detonation 
Delaying Action of Lead Ethide.—The present trend of 
engine development is toward the use of increased 
charge density with the object of obtaining greater 
power output, though at some sacrifice of economy, 
due to the necessary lowering of the compression ratio 
to prevent the detonation of ordinary fuels that 
would otherwise follow the increase of charge density. 
The effect of lead ethide in delaying detonation, if not 
affected by an increase in charge density, should make 
it possible to obtain the increased power output with- 
out sacrifice of economy. Direct measurements of the 
action of lead ethide in delaying detonation in boosted 
engines have not been made owing to suitable equip- 
ment not being available. However, indirect measure- 
ments made with the E.35 engine indicate that the 
effect of the lead ethide may possibly be enhanced by 
increase of charge density. 

The indirect measurements were carried out by 
running the engine on less than full throttle, thus 
varying the volumetric efficiency and charge density. 
For every one of three selected throttle positions the 
engine was run at 1,500 r.p.m. with 50 deg. spark 
advance, jacket water at 45 deg. C., and mixture 
strength adjusted for maximum power, the fuel used 
being B.P. No. 1 with and without the addition of 0-1 
per cent. lead ethide. The experimental results are 
given below. 








Percentage increase 





H.U.C.R. for addition Percentage 
Throttle Position. of 0: 1 per cent. increase in 
| Ethyl Fluid. B.H.P. 
| 
No. % .. ss tl 12 _ 
No. 8 ~r oat 16 | 4-45 


No.9 (full). - : 18 | 9-20 





Although the results obtained indicate that the effect 
of the ethyl fluid is, if anything, enhanced by increase 
of charge density, it is considered that this conclusion 
must be accepted with some caution, due to the indirect 
method of arriving at the results, and the narrow 
range of charge density used in the experiments. 

Paraffins—Three series of engine trials using 
paraffins as detonation accelerating substances were 
carried out under standard engine conditions, except 
that the air supplied to the engine was not heated. 
The first series of trials was made with a special oil 
supplied by the Anglo-American Oil Company and 
reputed to be mainly higher paraffins. The paraffin 
for the second series was ‘‘ Baku kerosene ”’ obtained 
for the trials by Colonel the Master of Sempill. The 
third series of trials was carried out with distinct 
members of the paraffin series from hexane to undecane 
inclusive, these paraffins being specially prepared by 
Messrs. Carless, Capel and Leonard. 

First Series Paraffin Trials (Anglo-American Paraffin 
(A.A.P.) ).—The engine trials consisted of determina- 
tions of H.U.C.R. values starting with Shell aviation, 
continuing with increasing proportions of A.A.P. 
and ending with A.A.P. only. The H.U.C.R. value 
of 5-65 for the Shell aviation alone decreased with 
increasing additions of A.A.P. to a final value of 4-05 
for the paraffin alone (see Fig. 8). The distillation 
curve determined for the A.A.P. oil (see Fig. 9) shows 
that it consists mainly of constituents having the 
same boiling points as the higher paraffins. The first 
10 per cent. only, distilled at temperatures below the 
boiling point of nonane and the final 59 per cent. at 
temperatures above the boiling point of undecane. 

Second Series Paraffin Trials (Baku Paraffin).—The 
Baku paraffin used for the trials was a sample of Russian 
oil as obtained for the manufacture of motor spirit by 
the Cross cracking process. The distillation curve 
determined for this oil, Fig, 10, shows that it 
contains some lighter constituents than A.A.P. and 
a great deal more of very heavy ones, 3 per cent. re- 
maining undistilled at 345 deg. C. The effect on the 
H.U.C.R. value of Shell aviation petrol of increasing 
additions of this oil over the whole range from petrol 
only to oil only, is shown by Fig. 11. : 

The engine ran well on the oil only at a compression 
tatio of 4-7, giving 34-6 brake horse-power, and at the 
Same compression ratio, using benzol as fuel, the 
output was only slightly greater at 35-5 brake horse- 
power. Although the engine ran well on the Baku 
parattin, at the comparatively high compression ratio 
of 4-7, it would not do so on lower compression ratios, 
and at 3-8 would not run at all. This effect was 


en 





* Investigation made at the Air Ministry Laboratory, 
Imperial College of Science and Technology, and 
published by permission of the Director of Scientific 
Research, Air Ministry. 


probably caused by slow combustion, due to insufficient 
heat developed at the low compression, remembering 
that in these trials the air supply to the engine was not 
heated. It is also interesting that this oil containing 
such a large proportion of very high boiling point 
constituents, has a H.U.C.R. value equal to that of 
B.P. No. 1 motor spirit. The explanation probably is 
that the oil contains sufficient napthenes partially to 
mask the detonation accelerating characteristics of the 
paraffins. Information has since been supplied by the 
Master of Sempill to the effect that the “ paraffin” 
used in the engine trials contained as much as 54 per 
cent. of napthenes. 

Third Series Paraffin Trials. Hexane to Undecane.— 
The difficulty of obtaining individual normal members 


Fig.8.ANGLO AMERICAN PARAFFIN AND 
“SHELL” AVIATION PETROL. 
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of the paraffin series is well known, and is exemplified 
by the distillation ranges given below for the paraffins 
used in this series of engine trials. 








> . Distillation Reputed B.P. 

Paraffin. Ranges. Normal variety. 
Hexane 69-5°- 71-5° 69° C. 
Octane 126 -5°-135-0° 126° C. 
Nonane 151-8°-154-6° 150° C. 
Decane 72 -9°-185-9° 173° C. 
Undecane 198 -0°-208 -0° 195° C 











‘The results of engine trials to determine the detona- 
tion accelerating effect of 25 per cent. additions of the 
paraffins to Shell aviation spirit, are set out below :— 

Fuel used, Shell aviation ; H.U.C.R. value, 5°6 ; 
B.M.E.P. 137. 
| 


| Percentage 
B.M.E.P. | H.U.C.R. | Decrease 
H.U.C.R. 





Paraffin addition. 

















| | 
25 per cent. hexane on 136-0 55 | 1-8 
25 - octane y¥ 133-5 i 5-4 
25 oa nonane wi 130-0 5-0 10-8 
25 a decane 4 126-5 4-8 14-3 
25 ‘ undecane .. 127-0 4°38 14-3 





Following these trials it was found that the engine 
could be run on hexane, octane, or nonane, under the 
standard conditions, even with no heat added to the air 
supply. The H.U.C.R. values for these three paraffins 
were then separately determined as follows :— 








Fuel used. | B.M.E.P. | H.U.C.R. 
Hexane oe “ai 129-0 | 4-8 
Octane 0) i 123-0 | 4-6 
Nonane bsg xd 109-5 3-9 

| | 





The determination of the H.U.C.R. values separately 
for hexane, octane and nonane, enables “ average ” 
values of the H.U.C.R. to be calculated for mixtures of 
these paraffins with Shell aviation spirit, H.U.C.R. 
value 5-6, as follows :— 





Fuel Mixture. 


| Average H.U.C.R. | H.U.C.R. found 
Calculated. by Tria!. 
| 





| 

Shell Aviation + 25 | 

per cent. hexane .. 5°45 5-5 

Shell Aviation + 25 | 

per cent. octane ..| 
Shell Aviation + 25 


per cent. nonane 5°26 5-0 





It will be noted that the effect of additions of the 
two higher paraffins is to reduce the H.U.C.R. value of 
the fuel mixture to a greater extent than would be the 
case if the reduction depended only on dilution. 

Alcohol, Benzene, Toluene Group.—The properties of 
alcohol, benzene and toluene and mixtures of these 
fuels with petrol, have been very fully investigated by 
Ricardo and others, and although this work has not 
been repeated, it seemed desirable to carry out certain 
trials with these fuels under the engine conditions 
adopted as standard, to obtain values for their 
H.U.C.R.’s comparable with those obtained for the 
first and second classes of anti-detonating substances. 

Unlike the truly anti-detonating substances, com- 
paratively large additions of alcohol, benzene or 
toluene are required to produce an appreciable effect. 
The practice of defining mixture proportions by stating 
the percentage addition of the anti-detonating substance 
is continued for this group, in order that the anti- 
detonating property of all effective substances may be 
stated readily on a comparable basis. What would be 
described usually as a 50/50 petrol/benzene mixture 
becomes therefore a 100 per cent. addition of benzene 
to petrol. 

Preliminary trials under standard engine conditions 
of greatly differing additions of this group to petrol 
gave results as follows :— 


Series “ A.” 25 Per Cent. Addition of Substance to 
BP. No. 3 


Substance. Per cent. increase 
of H.U.C.R. 
Alcohol a ee ae seas, 7 MOE 
Toluene mae hi ws occ OO 
Benzene a? is soi, ENE 


100 per cent. Addition of Substance to 
B.P. No. 1. 


Series “ B.” 


Per cent. increase 


Substance. of H.U.C.R. 
Toluene .... oe Re we 44-1 
Alcohol _.... 3 ow .- 42-8 
Benzene .. es Ds a. 24-0 


It will be noted that at the lower concentration 
alcohol is easily first in order of merit, but that at 
the higher concentration toluene is superior to alcohol, 
and that benzene shows the greatest proportionate 
gain. Absolute alcohol was used for the experiment 
in order that a solvent would not be required for 
mixtures with petrol. 

In view of the somewhat peculiar variation of 
effectiveness with concentration, of members of this 
group, trials were carried out over the greatest possible 
range of compression ratios. The results are shown 
graphically, in Fig. 12, percentage volume mixtures 
being used for plotting. The fuel used throughout 
the trials was B.P. No. 1, for which the H.U.C.R. 
value varied from 4-65 to 4:90. It will be seen from 
the curves that the highest H.U.C.R. values reached 
were 7-7 for a 233 per cent. addition of alcohol 
(70/30 alcohol petrol mixture); 7-35 for the same 
percentage addition of benzene; 6-7 for a 100 per 
cent. addition (50/50 mixture) of toluene. These 
maximum values were fixed by the simultaneous 
occurrence of pre-ignition and detonation, and for 
all three sets of trials H.U.C.R. values higher than 6 
are very doubtful, because of this effect. 

The curve for alcohol illustrates the uncertainty 
of the observations of H.U.C,R. at the higher values. 
The observed value of the H.U.C.R. was 7-0 for a 
100 per cent. addition (50/50 mixture), and the experi- 
mental point falls below the smooth curve. The next 
higher observation was intended to be taken. with a 
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150 per cent. alcohol addition (60/40 mixture), but 
the fuel supply was exhausted by the engine before 
an observation unaffected by pre-ignition could be 
obtained. The engine was allowed to run on benzol 
for a few minutes at a low compression ratio, and it 
then became possible to obtain an observation at the 
high value of 7-7 for the H.U.C.R. with a 233 per cent. 
addition of alcohol (70/30 mixture). 

The effect of pre-ignition was more pronounced on 
some days than others. It was observed that some 
of the substances used affected the spark plugs more 
than others, and that the cylinder head showed 
evidence of pronounced hot spots between the exhaust 
valves. These factors favouring pre-ignition would be 
variable, so the order in which the trials were made 
would affect the results, and conditions would change 
even in the course of an extended trial of one 
substance. 

Since the occurrence of pre-ignition in this engine 
has now been traced mainly to an unsuspected defect 
in the casting, it is confidently anticipated that this 
trouble will be mitigated, if not entirely cured, by 
fitting a new head to the cylinder. Special attention 
will also be paid to the fitting of suitable spark plugs, 
with provision for effective cooling of the electrodes. 


owing to the difficulty of the observations. Benzene, 
for instance, had no appreciable effect when added in 
small quantities. The values given for benzene and 
toluene at 5 per cent. are derived from the effect of 
additions of 25 per cent. Xylene tested at 5 per cent. 
showed an effect which was just appreciable with 
certainty. 

Aniline, toluidine and Xylidine at the same addition 
of 5 per cent., showed a very decided effect, about 
double that due to the usual 5 c.c. addition per 
gallon recommended in the case of ethyl fluid. On the 
other hand, some of the common aniline derivatives, 
such as diethyl aniline, were remarkably ineffective, 
a result subsequently traced to lowness and instability 
of the critical point. 

Some of the higher alcohols, such as phenol and 
cresol showed appreciable effects in raising the 
H.U.C.R. but the majority of other compounds con- 
taining oxygen, such as the esters or acids, and especially 
nitro-compounds, showed the reverse effect, as would 
naturally be expected. Among compounds not con- 
taining oxygen or halogens, phenyl hydrazine showed 
the greatest negative effect, which may be attributed 
to its explosive properties. 

The general conclusion to be drawn from these 





TABLE VI.,—PERcCENTAGE INCREASE OF H.U.C.R. with No. 1 PETROL OBTAINED BY ADDITION OF 5 PER CENT. 


BY VOLUME OF COMMON ORGANIC SUBSTANCES SELECTE 


D WITH REFERENCE TO SOLUBILITY AND BoILInG POINT. 























| | { | 
: arte Chemical | Melting | Boiling | Critical | Effect on 
Name of Substance. Formula. | “Point. | Point. | Point. | H.U.C.R. 
| i | i 
| | 
Hydrocarbons-— 
Benzene = ¥- a oe oh - --| CeHes + 5° 80° 1-0 
Toluene. . a ” Be én ae ” .-| CzHg | — 95° aa7° S21° 2-0 
Xylene (O) - % ye $s es oa .-| CsHio | — 28° 143° 349° 0-6 
Mesitylene ree et i +s of Si CoHi2 — 54° | 164° 365° 
Pseudo-Cumene As “4 ae e cx --| CoHi2 | — 57° 170° 381° — 0-4 
Turpentine S _ a? re de a --| C016 | Liquid 159° 376° —0-9 
Nitrogen Compounds— | 
Pyridine i sok ae = = - --| Cs5H5N | — 42° 115° 344° 1-2 
Aniline .. “ e es ‘ ne. Pe --| CeHyN — 6° 184° 433° Dry + 21-7 
Methyl aniline .. os 5 s a re .-| C7HgN — 57 194° 432°—442° 1. 22-2 
Ethyl aniline .. is . EF on .-| CgHiN | — 63 204° 425°— 415° + 10-4 
Di-methy! aniline as oe ae ne: om --| CyHuN | + 2 195° 420°—409° ee I 
Di-ethyl aniline e ss ae na nf --| CyoHisN | — 38 216° 411°—390° 0 
Benzy! aniline .. --| Ci3Hi3N | + 33 310° Decomp. 470° + 9-5 
Toluidine C7HpN | —21° 200° 430°—441° + 18-3 
Xylidine (M) .. | CgH,1N | + 49° 215° 448° + 22-3 
Phenyl hydrazine | CgHsN2 | + 19° 243° Expl. 360° — 59 
Ethers— } | 
Anisole .. oe ri hs oa ete vis < -| C7HsO | — 38 154° 368° + 1:1 
Phenetole | CsHi09 | — 34° 172° 374° + 1-8 
Alcohols— | | 
Benzyl alcohol | CgHsO Liquid 206° 0-4 
Cresol és | C7H,O } + 30 190° 420° + 5:8 
Phenol .. ie ey ss a ..| CgH»O | + 43 > 419° + 4-4 
Terpineol ‘2 .* “e oe - =n ..| Cy9H),0 4+ 35° | 0 
Thymol. . nis i i ” ip Ka --| Ci9H}4O | + 50° | 425° —- 1:9 
Eugenol.. = = ; ; ix - --| CioH1202 | Liquid + 1-3 
Aldehydes— | | | 
Benzaldehyde .. . is rv oe = ..| C7H,¢O | -—i14 | 179° 0 
Paraldehyde | CyHgOz | + 10 | 124° 290° — 0-8 
Furfural | C5HyO2 | — 36° 161° — 0-8 
Esters— } 
Ethy!] salicylate nh a a me -.| CoHy90z3 | + 1-3° 231° — 1-1 
lsobutyric acid — ar “e a ee ..| CyHgO2 | — 79 155° 336° 0 
Bromides— | 
Bromo benzene me: * Be ce. hog, we SelngeRnee, Gil eee | 156° 397° ee 
Ethylene dibromide | C2eHyBro | +- 10° | 132° 310° + 0-6 
} 


The ordinary type of plug has proved a continual 
source of trouble at high compression ratios, especially 
with lead ethide. 

Selection and Trial of Common Organic Substances.— 


Table VI gives a list of typical substances, selected | 


primarily with reference to solubility and boiling-point. 
It was necessary that the substance; should remain in 
solution in sufficient quantity at low temperatures 
without separating out, and it was also desirable that 
they should have fairly high boiling-points and critical 
points, 


The substances are roughly classified according to | 
their chemicalformule as shown in the second column. | 


There were several isomers of the more complex 
substances, some of which were further investigated. 
These often varied considerably in their properties, 
as illustrated later. In many cases the purity of 
the specimens commercially obtainable could not be 
guaranteed, but this was not a matter of primary 
importance in a preliminary survey. 

The observed effect on the H.U.C.R. of No.1 petrol, 
is shown as a percentage change, the positive sign 
indicating an increase of H.U.C.R. and a retarding 
effect on detonation ; the negative sign a diminution 
of H.U.C.R., and an accelerating effect on detonation. 

In the preliminary survey a uniform addition of 
5 per cent. by volume of each substance was adopted. 
The tests were made by finding the H.U.C.R. for the 
unmixed petrol, and switching over to the same petrol 
with 5 per cent. addition of the substance under test, 
in order to obtain a fair estimate of the effect produced 
under the same engine conditions. 

The majority of the substances were found to be 


effective in some degree, but no great significance can | 
be attached to changes of less than 4 of 1 per cent., | adding it to fuel to delay detonation would be limited 














|results appears to be that the effect of organic sub- 
| stances in retarding detonation depends on the com- 
| bination of a high ignition point with q high critical 
| point, as required by the nuclear theory. The trials 
of these substances with a 5 per cent. addition suggested 
more extended trials of certain groups at higher con- 
centrations. This extension of the experimental work 
is dealt with in the following sections. 

Aniline Group.—The first selection trials having 
shown that aniline was particularly effective in retard- 
ing detonation and diethyl aniline rather unexpectedly 
neutral in its effect, it became of interest to determine 
the H.U.C.R. given by other aniline compounds, and 
| the following were selected for engine trials :— 


Ethyl aniline. 
Methyl] aniline. 
Dimethyl aniline. 
Benzyl aniline. 


The engine trials using the substances in this group 
were carried out with 5 per cent. by volume additions 
to B.P. No. 1 petrol and under the engine conditions 
already described as standard. The values found for 
the H.U.C.R. are therefore comparable with those 
obtained in the trials of the first selections, and are 
included in Table VI. 

Reviewing this group it will be noted that mono- 
| methyl aniline is slightly superior to aniline, but, as the 
former is soluble in all proportions in petrol and paraffin, 
it is possible to use.a higher concentration than 5 per 
cent. and possibly obtain a corresponding increase in 
H.U.C.R. Aniline itself not being very soluble could 
not in practice be used at a higher concentration than 
5 per cent., so the increase of H.U.C.R. obtained by 














to approximately 20 percent. The relation between the 
chemical make up of the compounds in this group and 
their detonation delaying characteristics is interesting, 
Aniline, C;H;NH,, suppresses detonation quite effec- 
tively, but if one H atom of the NH, group is replaced 
by one C,H, group, making monoethy] aniline, C,,H.NH 
(C,H,), the anti-detonating property is reduced by 
50 per cent., and if the H, is entirely replaced by two 
C,H; groups, making diethyl aniline, the anti-detonating 
property is reduced to zero. ~ 

With methyl group additions, one CH, group 
exchanged for one hydrogen atom of the NH, group 
to give monomethy] aniline, increases the anti-detonat- 
ing property somewhat, and two CH; groups exchanged 
for the H, to give dimethyl aniline, results in the anti- 
detonating property being reduced almost to zero. 

It would appear from these experiments that the 
presence of the ethyl group in a chemical compound 
renders it ineffective in delaying detonation, yet the 
most powerful known anti-detonating compound con- 
sists of lead plus four such groups, namely, lead ethide 
Pb (C,H;),. Aniline, with a boiling point of 184 deg. C., 
is surpassed by monomethy] aniline with a higher boil- 
ing point, but is superior to mono-ethyl aniline, also 
with a still higher boiling point ; hence there does not 
seem to be a definite relation between the boiling 
points and H.U.C.R. 

Toluidine Group.—The investigation of the aniline 
group has shown that extreme differences in anti- 
detonating properties may exist between members of 
a closely allied group of substances. In this section 
the differences between the ortho, meta and para 
varieties of the same substance are dealt with. The 
toluidine of the first selection of substances was a 
commercial quality, and a mixture of the ortho, meta 
and para varieties. Preliminary tests of solubilities 
showed that ortho and meta toluidine were completely 
soluble in petrol and paraffin. The para variety is 
a solid at ordinary temperatures, and dissolved to the 
extent of 6 per cent. only by weight. 

Comparative trials for H.U.C.R. were therefore 
made wtith 6 per cent. solutions in petrol, with the 
following results :— 


Substance. Per Cent. Increase of H.U.C.R. for 
6 Per Cent. Concentration. 
o-Toluidine __.... 16°3 
m-Toluidine _.... 16-6 
p-Toluidine _.... 14-3 


The results do not show such differences among the 
varieties of the single substance as were found among 
the aniline group of more distantly related compounds. 
The maximum H.U.C.R. increase of 16-6 per cent. 
given by the 6 per cent. addition of the meta variety 
is somewhat less than the increase (18-3 per cent.) 
obtained in the preliminary trials with a 5 per cent. 
addition of commercial toluidine. Determinations of 
the H.U.C.R. at higher concentrations could be made 
only with the ortho and meta varieties on account of 
the limit of 6 per cent. on the solubility of para toluidine. 
The results of these trials follow :-— 


Increase of H.U.C.R. Increase 


Substance. for 15 Per Cent. of 
Concentration. B.M.E.P. 
o-Toluidine 43 per cent. 20 per cent. 


m-Toluidine 49 per cent. 23 per cent. 


At the higher concentration the m-toluidine shows 
a greater superiority over the ortho variety, with a 
corresponding increase of B.M.E.P. In the trials the 
actual change of compression ratio was from 4:9 tu 
7-0 for the o-Toluidine, and to 7-3 for the meta 
variety. At the higher compression ratios a tendency 
to preignition was noticeable, and in the E.35 engine 
there would be no advantage in using higher con- 
centrations than 15 per cent., because preignition would 
occur before detonation. ; 

Xylidine Group.—The ortho, meta and para varieties 
of this substance were dealt with in the same way as 
described for the toluidines. Engine trials of 6 per 
cent. solutions in B.P. petrol gave results as follows :— 


Increase of H.U.C.R. 
for 6 Per Cent. Concentration. 


Substance. 


o-Xylidine 20-3 
m-Xylidine _.... 20-3 
p-Xylidine __.... 15-3 


Greater additions of p-xylidine than 6 per cent. 
dissolved in petrol with precipitation of a brown solid, 
and for engine trials with 15 per cent. addition of the 
substance, the precipitate was separated out by filtra- 
tion and discarded and results obtained as follows :— 


Increase of H.U.C.R. Increase 


Substance. for 15 Per Cent. of E 
Concentration. B.M.E.P. 
o-Xylidine __.... 49-4 17 per cent. 
m-Xylidine _.... 63-8 24s, 
p-Xylidine 
(filtrate) =... 39-8 | ee 


It will be noted that as for toluidine no one of the 
varieties used at a 6 per cent. concentration gave quite 
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as great an increase in H.U.C.R. as was obtained in the 
first trials for a 5 per cent. concentration of the mixed 
xylidine then used. The meta variety in this group en- 
abled the engine to be run at the highest compression 
ratio at which the movable head could be set, namely, 
7:9. Hence for this experiment the full range of the 
variable compression feature of the engine was required. 
The H.U.C.R. for the fuel used was 4-9, this particular 
fuel being selected because all others available gave 
higher values, and with 15 per cent. m-xylidine the 63-8 
per cent. increase of H.U.C.R. corresponds to the limit 
engine setting of 7-9 for the compression ratio. The 
63-8 per cent. increase of H.U.C.R. gave a correspond- 
ing increase in B.M.E.P. of 24 per cent., but with meta 
toluidine 23 per cent. increase of B.M.E.P. was obtained 
with only 49 per cent. increase of H.U.C.R. Similarly, 
in the xylidine group itself superiority ofjthe meta 


as liquid drops at the end of the compression stroke. 
On the assumption that the anti-detonating substance 
remained in solution to the end, the usual very small 
addition of such a substance as lead ethide should 
become a very considerable proportion of the last 
drops. The fuel in an engine cylinder goes through a 
process similar to that of ordinary laboratory distilla- 
tion, except as influenced by the time factor. The 
‘* last drop ”’ in an engine cylinder cannot be collected, 
but the end fractions from the laboratory distillation 
are readily obtainable. Such distillations were made 
as follows: (a) To obtain last fractions from the dis- 
tillation of fuels to which small additions of lead ethide 
had been made, for subsequent experiments on the 
behaviour of these under conditions of high pressure and 
temperature; (6) to obtain last fractions from the 














distillation of petrols for subsequent experiments on the 


Fig. 13a. MONO METHYL ANILINE 







































































outlet. The temperature was then taken by the ther- 
mometer at the top of the fractionator and recorded. 
The bath was next heated a further 15 or 20 deg. and 
maintained steady at that temperature until no more 
of the sample distilled. The distillate was collected 
in a burette, and its volume and temperature of distil- 
lation noted. Similar determinations were made at 
intervals of about 15 deg. These fractions were dis- 
carded, but on reaching the higher temperatures the 
two last fractions were kept for further tests. The high 
boiling point residue remaining in the flask after these 
two fractions had been isolated, was also retained. 

A second sample of the same fuel was treated in a 
like manner, the bath temperatures being arranged so 
that fractions were obtained with boiling points inter- 
mediate between those in the first experiment. There 









was some unavoidable loss of liquid by evaporation 


Fig.15. DISTILLATION CURVES. 
J ‘Shell Aviation Petrol 
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‘S20 & of the object of the work. 
ty al Distillation Results—Two complete dis- 
5 La tillations were made for each of the three 
& 9% = = = 7 _ = . fuels, namely B.P. No. 1, Shell Aviation, 

, 4 : Pratts No. 1, and for the first and second 
lanes Percentage by age Diane Sire with with additions of 5 c.c. of lead ethide per 
ati share brivis ee gallon. From each distillation the last 


variety in H.U.C.R. is not coincident with a correspond- 
ing superiority in B.M.E.P. These inconsistencies may 
be due to pre-ignition characteristics of the engine, 
though it is somewhat remarkable that with the 15 per 
cent. concentration of meta xylidine in B.P. petrol, the 
electric ignition could be turned off at 7-9 compression 
ratio and the engine would run steadily on compression 
ignition without decrease of power. 

Monomethyl Aniline, m-Toluidine, m-Xylidine.— 
These three substances are the best from an anti- 
detonating standpoint of their respective groups. For 
each of these, trials have been carried out over a range 
of concentrations up to 15 per cent. by volume additions 
to B.P. No. 1 petrol. The results of these experiments 
are shown graphically in Figs. 13 and 14. Referring 
to the curves for H.U.C.R., it will be noted that, for 
monomethy]l aniline and m-toluidine, a maximum value 
seems to be reached at about 15 per cent. concentration, 
while for m-xylidine the value of the H.U.C.R. is still 
rising. The increase of B.M.E.P. reaches approximately 
the same value for all three cases in spite of the differ- 
ences in maximum value of H.U.C.R. 

If the* flattening of the H.U.C.R. curve is due to 
pre-ignition occurring before detonation, the absénce of 
this effect in the case of m-xylidine is interesting in view 
of the comparative ease with which the E.35 engine 
would run on compression ignition at high values of the 
H.U.C.R. It has been found that even among the 
xylidines the meta variety alone does not tend to a 
maximum value of H.U.C.R. for increase of concen- 
tration. This is shown by the curves for o-m-p-xylidine 
Fig. 14. There are only three points for the p-xylidine 
curve, and the highest one cannot be relied on because, 
as previously explained, the observation for the 15 per 
cent. addition was made on a mixture from which a 
considerable precipitate had been removed. 

_ Distillation Experiments.—The selection of substances 
for anti-detonating trials was based om Professor 
Callendar’s suggestion that the action of such substances 





might be confined to that portion of the fuel remaining 
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behaviour of these fractions under conditions of high 
pressure and temperature when associated with anti- 
detonating substances. 

Description of Apparatus and Method of Experiment.— 
The distillations were begun with fuel samples of 
200 c.c., using a 300 c.c. Florence flask. The flask was 
fitted with a Glynsky fractionator, provided with a 
thermometer set with its bulb on a level with the outlet 
branch. The fractionator discharged into a Liebig 
condenser, having an 18-in. water jacket. The end of 
the fractionator outlet tube and the condenser delivery 
tube were ground off at an angle to prevent accumula- 
tion of drops. The distilling flask was as nearly as 
possible completely immersed in a glycerin bath, 
arranged to be heated by a gas burner. A small piece 
of porcelain was placed in the distilling flask to promote 
free boiling. 

200 c.c. of fuel having been introduced into the flask, 
the bath was heated rather slowly until the first drop 











of distillate began to form at the end of the fractionator 


fraction and the two preceding were col- 
lected and set aside for experiments on the 
effect of high pressures and temperatures ; 
this part of the experimental work is dealt 
with in a separate section. 

Referring to Fig. 15, the results of four 
distillations of Shell Aviation petrol are 
shown graphically, two of these, indicated 
by the broken line in the figure, being made 
with the 5c.c. per gallon additions of lead 
ethide. It will be noted that all four dis- 
tillations fall on the same curve with the 
exception of the slight and uncertain 
divergence at the higher temperatures 
shown by the dotted line, possibly indicat- 
ing some slight lowering of the boiling 
point, probably due to the decomposition 
of the lead ethide. Some such effect might 
16 be expected from the fact that, in all the 
ctrov __ distillations of fuels with lead ethide 

NONE” additions, the fraction left unevaporated 
became turbid at the higher temperatures, and the 
~— fraction had the appearance of very dirty 
mud. 

In the distillations with lead ethide additions 
white fumes were suddenly given off by the mixture 
at temperatures over 140 deg. if heat was applied 
too rapidly. 

Calorific Values of Anti-detonating Fuels.—Experi- 
ments described earlier in this report show that with 
the E. 35 engine the addition of 15 per cent. by volume 
of monomethy] aniline to petrol, enables the useful 
compression ratio to be increased by as much as 50 
per cent. Monomethyl aniline and the other liquid 
hydrocarbons that have been found to produce similar 
effects have a lower calorific value than petrol. 

Measurements of the calorific values of several typical 
substances have been made in order to determine the 
extent to which the calorific value of mixtures of these 
with petrol is reduced below that of petrol alone. The 
substances selected are listed below. They were :— 
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Aniline, 

Meta Toluidine, 

Ortho Toluidine. 

Meta Xylidine, 
Monomethy] aniline, 
Tetrahydronapthalene. 


Method of Measurement of Calorific Values.—The 
continuous flow method, with Junkers apparatus was 
used. This method has been fully described in A.M.L. 
Report No. 45A. and in Enernerertne, December 15, 
1922. It isapplicable to,liquid fuels that will burn satis- 
factorily in the ordinary Primus stove. The stove itself 
is carried on a weighing balance and the burner of the 
stove projects into a calorimeter. The rate at which 
fuel is burnt is measured by the balance and the corres- 
ponding heat of combustion by the usual calorimetric 
measurements. The method is very rapid and accurate 
for fuels that burn readily in a Primus stove. The 
determinations were made by Dr. H. Moss, and his notes 
on the behaviour of each of the fuels and the results 
obtained follow. 

Aniline—The burner had to be made very hot 
before burning which was at all satisfactory, could be 
initiated. The combustion then was fairly good but 
there was some smell. The readings were somewhat 
unsteady owing to choking of the jet and to occasional 
ejection of liquid instead of vapour. In place of con- 
densed water, a yellow cloudy liquid was collected 
(4 ¢.c. per gramme of fuel burnt). The residue of 
unburnt fuel in the Primus stove was quite black at 
the close of $ hour’s experiment, instead of pale yellow. 
The following results were obtained :— 


Ist trial .... calorific value 8,800 calories per gramme. 
2nd trial .... es », 8,700 a 


It is considered from the above signs that the fuel 
was not wholly burnt, and that the true calorific value 
is probably well over 9,000 calories per gram. 

Meta Toluidine.—The combustion was only satis- 
factory for a very slow rate of burning. With the 
normal rate and size of flame, the flame was somewhat 
white and puffs occurred owing to the ejection of fluid. 
The condensed water was very cloudy and bright yellow. 
The residue of fuel in the stove was black, the original 
fuel being red. The values obtained were :— 


Ist trial .... 8,750 calories per gramme for slow rate of 
burning. 
2nd trial .... 8,600 calories per gramme with higher 


rate, flame tinged with white. 
Ortho Toluidine.—The combustion was only fairly 
satisfactory. Even with the low rate of burning used, 
there were continuously minute flashes of white, 


the small flame was tinged with white. The results 
obtained were :— 
9,950 calories per gramme. 
10,000 9 9? 

The original fuel was colourless, the residue left in 
the stove was clear but orange in colour. The con- 
densed water was yellow. The higher value obtained 
for each substance is probably more nearly the true 
one, because imperfect burning would give lower than 
the true readings for rise of temperature in the 
calorimeter. The calorifie values of the substances 
tested are therefore taken as follows :— 

Calories 
per gramme. 


Aniline ae Ke att i.) S88 
Meta toluidine ee 3.2 <0 BIFEO 
Ortho toluidine 3 oe ... 8,600 
Meta xylidine.... 1 me soe OO9 
Monomethyl aniline .... = ... 8,830 
Tetrahydronapthalene ne ... 10,000 


The calorific value obtained for aviation petrol using 
the same apparatus, was 10,390 calories per gramme. 
A fuel mixture of 15 parts by weight of monomethyl 
aniline added to 100 parts of aviation petrol, and assum- 
ing the figures given above, would have a calorific value 
of 10,170 calories per gramme or 2 per cent. less than 
the petrol alone. The addition of the monomethyl 
aniline thus slightly decreases the available heat per 
pound of fuel, but in the case of the 15 per cent. mixture 
enabled the compression ratio to be increased from 
4-90 to 7-45, with a corresponding increase of B.M.E.P. 
of from 114 to 142 or 24} per cent. 

The conclusion is, therefore, that the loss due to 
the slight lowering of the heat value of the fuel by the 
admixture of such substances as methyl aniline is 
negligible in comparison with the gain in power and 
efficiency following the use of increased compression 
ratios. 

CONCLUSIONS. 

It is considered that the results of the experiments 
described in Sections III.,and IV., taken in conjunc- 
tion with previous work summarised in Section I., tend 
to support the Nuclear Theory of Self-Ignition, outlined 
in Section II. 

It has been shown that the heavier paraffins, on 
account of their high critical temperatures, combined 
with low critical pressures, are exceptionally liable to 
persist in the form of nuclear drops, which serve as 
foci of simultaneous ignition by compression, owing 
to their low ignition temperature. 

The marked effect of pressure in promoting detona- 
tion, established by the work of Ricardo and Fenning, 





showing that liquid was being ejected and that the 
burner could not be kept hot enough for good vapori- 
sation. At still lower rates of burning, combustion 
could not be maintained. The condensed water was 
brown and very cloudy, showing that unburnt liquid 
was being condensed, The residue of liquid in the 
Primus stove was much darker than originally—nearly 
black instead of dark red. Hence, the calorific values 
obtained will be certainly too low. Values obtained :— 


Ist trial .... calorific vale 8,450 calories per gramme. 
2nd trial .... x. », 8,600 ma A. 


Meta Xylidine.—It was only possible to use a very 
small rate of burning if a blue flame was desired. Two 
determinations were made, one with a very small flame 
obtained with a very fine jet and one with a normal 
size of flame and the normal jet. The small flame was 
blue but the larger one showed considerable white. 
The calorific values, however, were almost identical. 
The original liquid was very dark red, almost black, 
and the residue left in the stove was darker still. 
The condensed water was clear but slightly brown in 
colour. The result obtained were :— — 


9,000 calories per gramme 
8,050 °° ” 


From calculation, the calorific value should be 
about 8,700 calories per gramme, but there is a doubt 
—" the allowance for the heat of formation of the 

uel, 

Monomethyl Aniline-—The combustion was ap- 
parently much better tha with aniline or with ortho- 
toluidine. The flame was slightly tinged with white, 
but the rate of burning could be increased considerably 
without producing the puffs which show the ejection of 
liquid. The condensed water was clear but yellow in 
colour, almost exactly similar in appearance to the 
original liquid ; quantity, $ c.c. per gramme of liquid 
burnt. The residue of liquid in the Primus stove was 
quite black. The values obtained were :— 


small blue flame. 
normal flame, white. 


Ist trial .... caloritic value 8,830 calories per gramme. 
2nd trial .... by » 8,700 
Tetrahydronapthalene.—Ii_ was not possible tc 


obtain a flame free from white. Experiments were 
made at two rates of burning, the second being the 


hy . 


is explained by the rapid increase of nuclear condensa- 
tion with increased density of the charge. 

The action of a dope in delaying detonation is to 
infect the nuclear drops in such a way as to delay their 
ignition. The fact that these drops form a small per- 
centage of the whole mixture helps to explain the possi- 
bility of a relatively small quantity of the dope being 
effective. 

It has been shown that lead ethide and nickel car- 
bonyl, two of the most effective metallic dopes, when 
mixed with petrol residues, decompose rapidly at tem- 
peratures above 200 deg. C., depositing a film of metal 
on the surface of the liquid. This metallic film would 
tend to protect the nuclear drops from oxidation, and 
would help to keep down their temperature by reflecting 
radiation. 

Organic dopes, such as methyl aniline and xylidine, 
have the advantage that much higher compression 
ratios can be employed than in the case of metallic 
dopes without risk of fouling the engine with deleterious 
deposits. On the other hand, much larger quantities 
are required than in the case of lead ethide. Organic 
dopes probably act mainly by the dilution of the 
nuclear drops, which results in a rise of ignition tem- 
perature ; but the chemical reactions which may occur 
are very complicated and require further investigation. 
So little has been done in this direction, that it is pos- 
sible that some simpler and more effective organic 
dopes may be discovered when the chemical side of the 
problem has been adequately explored. 





EXPLOSIONS OF STEAM-HEATED 
OVENS. 


In accordance with the provisions of the Boiler 
Explosions Act, 1882 and 1890, preliminary inquiries 
have been conducted by Board of Trade surveyors 
at Liverpool, Hull, and Leith, with reference to explo- 
sions of steam-heated bakers’ ovens, which occurred 
at Rochdale, Leigh (Lancashire), York, and Leith. 
Detailed reports, giving an account of the proceedings 
and full particulars of the accidents, were published 
recently. Of the two inquiries held at Liverpool, 
the first dealt with the explosion of one, of the tubes 
of an oven, which took place on June 30 last, at 


the tubes are in three tiers, and the oven contains 
a total of 98 wrought-iron tubes, each of which contains 
a certain amount of water and is hermetically sealed. 
The lowest row of tubes serves as fire bars, and the 
tube which exploded was one of these. It is stated that, 
owing to the intense heat, which could be generated 
with the arrangement installed for controlling the 
draught, the tube in question was probably overheated, 
and became so weakened as to be unable to withstand 
the pressure of the steam within it. The explosion 
was not of a violent nature, and the oven continued 
in operation after the mishap had occurred. Investiga- 
tion showed that the plant had, at times, been worked 
at a temperature higher than that allowed by the 
designers. A system of periodical expert inspection 
of the tubes and furnace walls has now been arranged 
in order to prevent further accidents. 

The second inquiry held at Liverpool had reference 
to an explosion from one of the tubes contained in a 
baker’s oven at Leigh, Lancashire. The oven, which 
was of the two-deck type, was similar in principle 
to that described above; it was heated by 60 wrought- 
iron cubes, arranged in three tiers, the ends of the 
bottom row of tubes forming the fire bars. One of 
the tubes in this bottom row exploded with a loud 
report on July 9 last. The accident was, here also, 
attributed to overheating of the tube, either on account 
of the intensity of the fire, or because an excessive 
surface of the tubes had become exposed to the heat, 
owing to defective brickwork. No deterioration of 
the metal was, however, apparent and it is stated that 
failure was most probably due io the very high pressure 
generated within the tube. The oven was completely 
dismantled soon after the mishap occurred, the owners 
having decided to instal a hot-air oven in its place. 
The circumstances attending an explosion from a 
tube in a similar type of baker’s oven at York were 
investigated at the inquiry held at Hull. In this case 
also, the ends of the lowest row of tubes acted as 
the fire grate. On December 3 last one of these 
exploded with such violence that a portion of the brick- 
work forming the outer wall of the oven was blown 
out. Here again the accident appears to have been 
due to overheating. The oven is 6 ft. wide and the 
number of tubes, of which there are 21 in each of the 
three tiers, was thought to be rather small, necessi- 
tating some forcing of the fire in order to bring the 
oven to the required working temperature. 

The explosion, which formed the subject of the 
inquiry held in Leith, was frcm an oven of a some- 
what different pattern from those described above. 
Of the single-deck type, it was heated by 23 tubes, 
11 under and 12 above the oven. These tubes were of 
solid-drawn steel, and each unit was composed of two 
or three lengths, which, after being suitably bent to 
form coils, were connected by means of couplings. 
Hermetically sealed circuits, each containing a certain 
amount of water, were thus constructed. On Sep- 
tember 9 last, one of these circuits exploded with a 
loud report. Subsequent examination showed that 
failure had taken place at a poiut immediately above 
the furnace ; an opening 24 in. in length, which allowed 
the contents of the tube to escape, had been formed. 
The force of the explosion was such as to project the 
furnace front casting, with doors attached, weighing 
in all about 1} cwt., a distance of 12 yards along the 
bakery floor. Fortunately, however, no lives were lost 
and the results of the accident were not as serious as 
might have been supposed. The explosion was found 
to be due to the metal of the tube having become 
corroded from the inside until it was too thin to with- 
stand the internal pressure generated. This corrosion 
was probably brought about by the heat to which the 
tube was subjected in the ordinary course of its daily 
usage. In every case, when one of the original tubes, 
which had not failed, was cut, gas under pressure was 
emitted. This gas was found to be inflammable and 
further inquiry favoured the assumption that it was 
hydrogen. It became evident that the scale had been 
formed by decomposition of the water in the tube, 
the oxygen, combining with the iron, setting free 
hydrogen. This corrosion had been very active in 
the lower parts of the tubes, where they were expose 
to direct heat, and had taken the form of dgep pitting. 
The external surfaces of the tubes, in the region 
exposed to the flame, were not appreciably wasted. 
The plant has now been discarded by the owners, 11 
favour of an oven of the non-circulating type, compose¢ 
of tubes with sealed ends. 


AMERICAN AUTOMATIC TURNING 
MACHINES. 
By JosrrpH HORNER. 
(Concluded from page 574.) 
The Fay Lathe.—The Fay automatic lathe made by 


the Jones and Lamson Machine Company, of Spring- 
field, Vermont, U.S.A., is of the double-carriage type. 











slowest possible that could be maintained, and even 


Rochdale. This oven is of the straight tube type, 





but in the working out of most of its details it differ 
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from other lathes of this class. .It will turn or bore 
on the straight or taper, face straight or bevelled 
surfaces, and turn irregular contours with the aid of 
attachments. Its capacity is 11} in. over the carriage, 
and 33 in. between centres, or more with the bed 
extended. The tool carriages are not supported on 
shears, but on massive steel bars as shown in Fig. 24, 
having their bearings in the head- and tailstocks. 
Either one or two carriages are mounted at the front. 
Three are employed for cam turning. They travel 
with the bar under the control of a cam drum at the 
left of the headstock. The outer end of the carriage 
is supported on a hardened and ground former mounted 
on a slide, gibbed to the front of the bed, the slide 





the work is finished. Eight different rates of feed of 


the cam drum are obtained with the standard change 
gears, 

The headstock is all-geared, driven by means of a 
constant-speed pulley through a multiple-dise clutch or 
from a motor. Nine speed changes are obtained 
through sliding gears; 15h.p. is required for the drive. 
Two constant speed rates are given for selection: 405 
r.p.m. or 715 r.p.m. The spindle is very large. It 





separate lathes. Two machines, roughing and finishing, 
are run by one man, who produces 30 completed blanks 
per hour. A pump supplies 50 gallons per minute to 
each machine, and each tool has its own flexible supply 
pipe. 

Fig. 26 illustrates the second operation on a gear 
cluster 7 in. long, of which the average production is 
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measures 5} in. in diameter at the front, and 5 in. at Fig. 26. ¥ H ry 
the rear. It is driven through helical gears, and has a | 
ball thrust bearing. The bed is doubly ribbed and 1 |] | 
stands in a large chip pan. Splash guards are fitted,} ~ rH LU _ 
and a pump and supply tubes. YAN |' | ry 
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Fig. 24. Fay Avromatic Latus, 









































Fie. 25. TooLtrna ARRANGEMENT FOR CLUSTER GEARS. Fia. 


being moved by means of cams on the drum. The 
slide is the medium by which the tools in the front 
carriage can be controlled to turn or bore straight 
or tapered or curved outlines. The turning tools are 
relieved on the return stroke to avoid scoring the 
work. The various movements are effected by setting 
the slide straight or to an angle, by providing formers 
of special shapes, and by camming the movements of 
the centre bar and the slide. 

_ The back arm is also mounted on a steel bar supported 
in the head and tail stocks. It has a lower extension 
that bears against a cam or former on a rear former slide. 
The back bar may be fed longitudinally with a former, 
which is stationary, in order to turn on a straight taper 
or a curve; or, instead of this movement, the former 
slide may be drawn under the back arm, thus rocking 
the rear tool holder inwards for facing cuts. All the 
feed movements are controlled from the cam drum. 
A slow motion is available, provided by means of 
change gears and a feed rod at the front. A fast 
motion is derived from a belt drive at the rear. This is 
employed for idle movements. Feed dogs effect the 
changes, An adjustable dog stops the machine when 











The standard tool holders are shown in the general 
view, Fig. 24, but these are supplemented by a more 
adaptable series of dovetail tool blocks and slides. 
They fit on the dovetail slides, and are reversible, to 
bring the tool slots towards the head- or the tailstock. 
They fit both the front carriage and the back arm, to 
which they are bolted, and they are adjusted along the 
dovetail slides to any desired positions. The slides are 
of different lengths, and the tool blocks of various 
shapes. In some a tool is carried centrally, in others 
to one side, and some carry two. They are clamped on 
a Vee’d face, and adjusted forward with a screw at the 
rear, and each tool is supplied with its own flexible 
cooling pipe. Based on the main design, a number of 
modified machines are built. One, motor driven, has a 
short bed. Another is destitute of a tailstock, being 
equipped with a chuck for turning bevel gear blanks, 
and coned work. 

Examples of Work Done.—The general view, Fig. 25, 
gives a good idea of the tool arrangements, and the 
mounting of the tool blocks on their cylindrical bars. 
It shows the arrangement adopted for the first or the 
second operations on cluster gears, done usually in 





28. Turning ConE PULLEY. 


22 pieces per hour. This is a finishing operation, 
preceded by a roughing one, and followed by a third in 
which the undercutting of the large gear—dotted—is 
carried out, and cutting of the groove on the opposite 
side. The blank is carried on an arbor, running at one 
end on the tailstock centre, and centred at the other 
in a conical fitting in the spindle. It is driven by a 
balanced driver enclosed in a circular head, connected 
to the flange of the blank with a circle of pins. The 
tools on the front carriage are employed in turning, those 
on the rear in facing. The carriage travel is only 
14% in. to operate five turning tools. The back arm 
with five tools has a movement of 1,8; in. Fig. 27 
shows the rough turning of a main drive gear, and its 
stem, a rough steel forging. The total length is 6} in., 
and the production is 37 pieces per hour. The longest 
parallel portion is turned with two tools, thus limiting 
the traverse of the carriage to 1 in. during which four 
tools complete their work. The back arm carries one 
tool that feeds inwards to finish the rear shoulder of 
the gear. 

A good example of a regular class of work is the 
turning of the cone pulley, illustrated by the view 
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given in Fig. 28. It is mounted on an arbor. Four 
tools turn the steps, the crowning being controlled 
with a former, and four shoulders at the rear. An 
unusual method of mounting is that shown in Fig. 29, 
where a rear motor hubis being turned, The same set-up 
is used for roughing and finishing, though done in 
different machines. For each the output is 25 pieces 
per hour, The hub is mounted on an arbor which is 
carried in a special chuck on the spindle nose. The hub 
fits over a key in the arbor, and is secured by nuts. 
The arbor is driven by means of a Woodruff key in the 
chuck, At the tailstock end it enters a chuck inserted 
in the spindle and running in two double ball bearings. 
Two tools at the front turn, one taking the edge of the 
flange and the other the body, with a traverse of 27 in. 
The back arm feeds inwards 2 in. and carries four tools 
which face and form filleted edges. 

A main drive gear is shown being finish turned in 
Fig. 30, the rate being 48 pieces per hour. The work 
is mounted on an arbor with a driving key engaging with 
the end of the bore, the arbor being driven by a chuck. 
The stub arbor locates against the bottom of the larger 
bore. Four tools in the front carriage, with a travel 
of 2} in., complete the turning simultaneously, the 
long parallel portion being divided between two. 
Tools from the rear carriage face, shoulder, and fillet. 
The piece is previously rough-turned with similar 
tools.on a lathe of the same kind. 

A remarkable production is shown in Fig. 31, which 
illustrates the first operation on a six-cylinder camshaft. 
The output in this case is 20 pieces per hour. For this 
work the machine having an extended bed is used, 
taking three tool carriages. In this first operation all 
the tools at the front and back feed inwards, facing and 
chamfering the portions shown, The carriage and the 
back arm nearest to the tailstock finish their work 
before the others come into action. This explains why 
they are seen drawn back in the illustration. Because 
of its great length, the shaft is embraced by two 
steadies attached to the machine. These are also seen 
in Fig. 32, which is a gereral view of the mounting 
outlined in the diagram in Fig. 31. In the second 
operation all the turning between the cams is done. 








NANYANG University, SHanGHaI.—The President of 
Nanyang University, Shanghai, China, is promoting an 
industrial exhibition on the oecasion of the thirtieth 
anniversary of the founding of the Institution. The 
celebration is to be held this year. It is stated in 
a recent issue of the Chinese Economic Bulletin, that 
all Chinese factories have been requested to send 
manufactured goods for exhibition purposes. 








AMERICAN AUTOMATIC TURNING MACHINES. 





















































O y 

| a a 

{ OE. | 

| w As Wo BD Tm ' 1 | 

| 2 bers ' | | 
: ]iflct H 
Ue ae ee YU 






























































































y WH NN, 


























— re 
i FF 
a ff / 
Vy af NY Nn 
\ 
4 ui) LI 
p 

















(9463.4) 





“ENGINEERING” 








THE HETEROGENEITY OF STEEL 
INGOTS.* 


By a Sus-Commirrex, on behalf of the No. 5 Committee 
(Metallography, Physics and Chemistry) of the 
Tron and Steel Institute. 

Ar a meeting of the No. 5 Committee (Metallo- 
graphy, Physics and Chemistry) of the Iron and Steel 
Institute held on May 7, 1924, it was unanimously 
agreed to request Dr. Hatfield to form a sub-committee 
for the purpose of studying the problems of inclusions 
in steel and of the heterogeneity of steel ingots. 

The sub-committee is now able to present this, its 
first report. The work is confined to a consideration 
of the degree and nature of the heterogeneity found in 
carbon steel ingots. This has been made possible 
through the generosity of the firms, with whom the 
members are associated, in supplying data and in 
facilitating and financing a most costly form of investi- 
gation. 

A knowledge of the degree of heterogeneity which 
is to be found in steel ingots of all kinds and of the 
manner in which it arises is of much interest both from 
the technical as well as from the scientific point of view. 
For certain types of engineering projects developed 
during the last few years increasingly heavy ingots 
have been required and made, and the variations in 
the mechanical properties and chemical composition 
have sometimes proved disconcertingly wide. It has 
long been generally understood that, as the mass of the 
ingot is increased, the heterogeneity becomes more 
accentuated, and one of the objects of the sub-committee 
has been to give a more quantitative expression to the 
degree of heterogeneity which may be reasonably 
expected. The evidence shows the variation in com- 








* Report prepared for the annual meeting of the Iron 
and Steel Institute, London, 1926. Abridged. 
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Fig. 32. First OPERATION ON A Srx-CyLINDER Cam SHAFT. 


position to be of such an order that the facts should be 
made known, as they are of the utmost importance 
both to steel makers and the users of ingots. The 
evidence presented is derived from the examination 
of a large number of ingots ranging from 15 cwts. 
to over 172 tons in weight. All of them may be 
regarded as reasonably representative of the type of 
ingot and the class of steel to which they belong when 
manufactured under good conditions. 

With two exceptions, the ingots dealt with have been 
cast in chill cast-iron moulds. One small ingot was 
cast in a sand mould, the other in a mould lined with a 
refractory composition. The comparison of these 
two ingots with those cast in chill iron moulds is of 
interest for two reasons. In the first place, the effect 
of the absence of the normal chill is observable, and in 
the second a clear indication is given of the degree of 
heterogeneity which is likely to occur in ordinary steel 
castings. In considering the various data presented, 
it should be remembered that the ingots have been 
produced by different methods of manufacture—namely, 
the acid open-hearth, the basic open-hearth, the con- 
verter, and the electric process. They have all been 
cast under conditions normal to the practice in the 
works in which they have been produced. But clearly 
these conditions are to some extent variable. Under 
the heading of variables may also be included the 
reactions in the furnace, composition, casting tem- 
perature, speed of teeming, design of ingot mould, and 
last, but not least, the size of the ingot. As all these 
individual factors may influence the mechanism of the 
freezing, they should be borne in mind when considering 
the data presented with each of the examples. 

For the adequate study of the heterogeneity 
existing in an ingot, it is necessary that a complete 
section shall be prepared. In this method of prepara- 
tion the machined surface is either ground or ground 
and polished, and is then ready for the further work that 








May 21, 1926.] 


ENGINEERING, 


611 


+ 





has to be done upon it. In this condition the surface is 
a uniform bright metallic one, and, apart from the 
pipe cavity at the top of the ingot, discloses no other 
indication of note except, perhaps here and there, 
slight minor cavities and looseness along the central 
axis. When, however, this prepared surface is etched 
by some suitable etching medium, both the crystalline 
character of the steel and a very definite heterogeneity 
are in all cases disclosed. The chemical action upon 
the surface of the section is by no means uniform, and 
whilst certain areas are not much affected, others are 
readily attacked. 


























Fig. 1. 15-Cwr. Ineor Fie, 29. 


ScLpHur Print. 


are available beyond that shown in the sulphur print, 
reproduced as Fig. 1, which will be seen to bring 
out very marked segregation effects in the outer zones 
of the ingot and also down the central axis. 

Example 2.—An ingot cast in a chill mould. Weight, 
1 ton 5 ewts. Size, 13-825 in. in diameter at the top 
of the chill, 13 in. in diameter at the bottom of fluting ; 
5 ft. 5 in. in length in chill. Top poured. The surface 
of the mould consisted of twelve concave sides. The 
steel was manufactured by the acid Siemens process 
and had the following composition: Carbon 0-50, 


the chief variations in the carbon figures were in the 
upper part of the central axis, and that the manganese 
results were lower along the central axis than along 
the outside. In this case also, the silicon figures 
showed hardly any variation. The sulphur and phos- 
phorous percentages near the base of the ingot, reading 
from the outside to the inside, were, respectively, 
0-050, 0-049, 0-048, 0-044, and 0-056, 0-051, 0-052, 
0-047. At the top of the ingot, the corresponding 
figures for sulphur were 0-054, 0-053, 0-055, 0-061, 
and for phosphorus 0-058, 0-054, 0-061 and 0-062. 


It will thus be seen that by etching, 
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PRINT. 


heterogeneity not previously observed is definitely | phorus 0-036 per cent. Analyses taken from a large 


brought out. 

In addition to visual methods of investigation, 
a large number of samples representative of the 
composition of the ingots at many points have been 
taken, and the carbon, manganese, silicon, sulphur, 
and phosphorus have been carefully determined. On 
a number of the ingots hardness determinations were 
made over the whole section, either by the Brinell or 
the Shore method. 

Data obtained from Representative Steel Ingots.— 
In this section the data derived from the examination 
of the various representative ingots are presented for 
each example as far as obtained. 

Example 1.—An ingot cast in a sand mould. Weight, 
14 cwts. 3 qrs. Size, 11} in. square at the top, 10,2, in. 
Square at the bottom; 3 ft. 9 in. in length, excluding 
head. Top poured. The ingot was cast from con- 
verter steel of the following composition : Carbon 0-48, 
Manganese 0-83, silicon 0-27, sulphur 0-041, phos- 
phorus 0-028 per cent. For this ingot no other data 





number of points distributed over the whole section of 


| the ingot showed that the carbon, manganese, sulphur 


and phosphorus percentages differed but slightly from 
the cast analysis figures, except at the very top of 
the ingot in the region of the feeder head. The silicon 
figures showed hardly any variation Fig. 2g, annexed is 
a reproduction of the sulphur print. In the case of this 
ingot it will be seen that there is very little segregate 
apart from that along the central axis and in the feeder 
head. 

Example 3.—An ingot cast in a chill mould. Weight, 
2 tons 10 cwts. Size, 19 in. square at the top of the 
chill, 17 in. square at the bottom; 4 ft. 8 in. in chill. 
Top poured. The steel was manufactured by the acid 
open-hearth process, and was of the following composi- 
tion: Carbon, 0-41, manganese 1-06, silicon 0-48, 
sulphur 0-056, phosphorus 0-052 percent. The results 
of analyses indicating the distribution of the several 
elements over the entire longitudinal half-section of the 
ingot from the central axis to the outside, showed that 


Pd 


manganese 0-83, silicon 0-21, sulphur 0-037, phos- 








Fig. 3g is a reproduction of the sulphur print 
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PRINT. 


obtained from the section of this ingot, showing the 
development of well-marked segregate lines in a zone 
intermediate between the outer surface of the ingot 
and the central axis. There are also definite segrega- 
tion effects along this axis. 

Example 9.—An ingot cast in a round loam mould. 
Weight, 8 tons 5 cwts. (manufactured abroad). Size, 
15 ft. 74 in. in length, 22 in. in diameter. Top poured. 
The steel was manufactured by the basic open-hearth 
process, and had the following composition: Carbon 
0-21, manganese 0-51, silicon 0-04, sulphur 0-027, 
phosphorus 0-059 per cent. Etching with nitric acid 
showed well-marked segregation zones of a similar 
nature to those found in the case of Example | ; these 
ran very closely towards the outer surface of the ingot, 
and others were scen along, and in proximity to, the 
central axis of this ingot. The segregate in this case 
was, in fact, so clearly defined as to appear as a distinct 
and separate constituent. The opportunity was, 
therefore, taken to make a more intimate exami- 
nation of these segregates. Patches were carefully 
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TABLE VIII.—RANGE OF COMPOSITION IN EACH OF THE REPRESENTATIVE INGOTS, 
AS OBTAINED BY ANALYSIS OF DRILLED SAMPLES. 


In preparing this table the data for the discarded portion of the ingot have been excluded. 


The figure of “ range per cent.” for each ingot and element is expressed as a percentage of the amount of the element as ascertained by analysis of the 


corresponding test ingot. 


The ingots are arranged in order of increasing weight. 
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| 
Carbon. | Manganese. Silicon. | Sulphur. Phosphorus. 
Ingot | Weight | | l | l . l l | | | Siz Po. 
No. of f Range. | | ange. | it Range : Range — } Rang 
Test F Test | lov > | Tent . aoc | Test | oy Test - : 
Ingot. | Max. | Min Per Max. | Min. | Per | Max. | Min. | Per Max. | Min Per ss Max. | Min. | Per 
r Ingot. | | | Cent. Ingot. | | Cent. Ingot. | Cent. | Ingot | | Cent Ingot. | | Cent 
Tons Cwts. | 
2 1 5 0-52 0-54 0-48 12 0-84 0-84 0-79 6 0-21 0-22 0-20 10 0-037 | 0-040 | 0-032 22 0-036 | 0-038 | 0-032 17 
3 210 0-41 0-46 0-40 15 1-06 1-04 0-98 6 0-52 0-52 0-50 4 0-056 | 0-057 | 0-044 23 0-052 | 0-062 | 0-047 | 29 
4 215 0-34 0-40 0-33 21 0-72 0-7. 0-7. 7 0-18 0-23 0-22 6 0-040 | 0-043 | 0-032 18 0-043 | 0-052 | 0-039 | 30 
6 218 0-60 0-64 0-53 18 0-77 0-79 0-76 4 0-23 0-21 0-20 2 0-038 | 0-040 | 0-031 24 0-040 | 0-048 | 0-037 | 28 
5 2 184 0-34 0-40 0-31 28 0-70 0-74 0-69 7 0-16 0-15 0-14 4 0-049 | 0-050 | 0-034 33 0-039 | 0-051 | 0-034 44 
7 3 5 0-40 0-45 0-35 25 0-84 0-85 0-78 8 _ _— _ 0-034 | 0-050 | 0-027 68 0-042 | 0-048 | 0-032 | 38 
8 8 0 0-39 0-45 0-31 35 0-96 1-04 0°95 9 — — _ _ 0-024 | 0-029 | 0-016 54 0-025 | 0-031 | 0-023 32 
9 8 5 0-21 0-28 0-18 48 0-51 _ _— _ — =< — _ 0-027 | 0-033 | 0-017 59 0-059 | 0-069 | 0-050 32 
11 10 0 0-21 0-25 0-16 42 0-67 0-68 0-64 6 0-17 0-20 0-19 5 0-032 | 0-035 | 0-024 34 0-040 | 0-051 | 0-037 35 
10 10 10 0-30 0-34 0-21 43 0-74 0-77 0-68 12 0-14 0-14 0-13 7 0-017 | 0-026 | 0-009 100 0-010 | 0-011 | 0-009 20 
12 24 17} 0-44 0-49 0-35 32 0-78 0-80 0-73 9 0-29 0-29 0-27 7 0-033 | 0-048 | 0-025 70 0-042 | 0-042 | 0-030 | 29 
13(a) 54 0 0-36 0-42 0-28 39 _ —_ _ — — — _ — _ _ _ _ _ _ — — 
13(6)| 54 0 | 0-34| 0-89] 0-24] 44 pt ss ook std or na ee seal see at mee sana) We = fs nal a 
14 64 0 0-40 0-50 0-33 43 0-63 0-69 0-63 10 0-16 0-17 0-16 6 0-035 | 0-050 | 0-029 60 0-038 | 0-050 | 0-026 63 
15 110 0 _ 0-37 0-15 _ —_— 0-71 0-63 —_ _ 0-23 0-20 _ _ 0-059 | 0-021 _ _ 0-050 | 0-024 _ 
16 150 0 0-33 0-55 0-19 109 0-79 0-92 | 0-73 11 0-13 0-14 0-11 23 0-030 | 0-080 | 0-018 206 0-033 | 0-090 | 0-023 | 203 
| 
chiselled out and the analysis was obtained .as| isolated with the least possible amount of adjacent | and therefore this method of examination does not 
follows :— material. indicate the highest concentrations of the segregating 
Segregated Mean Example 13.—Two ingots cast in chill octagon| elements. The figures given in Table VIII. may there- 
Area Composition. | moulds. Weight, 54tonseach. Top poured. Analyses|fore be taken as bearing more particularly on this 
Per cent. Per cent. taken along the central axes showed that, in the first | aspect of the matter. The table not only establishes 
Carbon 0-36 0-21 case, the carbon varied from 0-28 per cent. at the| that some segregation, especially of carbon, sulphur, 
Manganese .... 0-575 0-51 base to 0-42 per cent. at the top. In the second case, | and phosphorus, takes place in ingots of all the various 
Silicon 0-05 0-04 these percentages were, respectively, 0-24 (base) and] sizes and types considered, but also clearly shows 
Sulphur 0-105 0-027 0-39 (top). Drillings, taken near the outside of the| that the degree of heterogeneity is more pronounced 
Phosphorus 0-220 0-059 mass, gave, first ingot, 0-37 per cent. (base) and 0-36] in the larger ingots; that there should be an entirely 


It will be seen that there is considerable segregation 
of carbon, sulphur, and phosphorus as compared with 
the analysis of the test sample, also a slight increase 
in the manganese content, but the silicon is the same 
within limits covered by errors in analysis. 

Example 10.—An ingot cast in a chill octagon mould. 
Weight, 10 tons 10 cwts. Top poured. It was cast 
from steel made by the electric steel-making process 
(basic bottom), and had the following composition : 
Carbon 0-30, manganese 0-74, silicon 0-13, sulphur 
0-017, phosphorus 0-010 per cent. The percentages 
of carbon at the base of the ingot, reading from the 
outside to the inside, were 0-28, 0-26, 0-24; at the 
top, the figures were 0-28, 0-32, 0-34 and 0-34. Corres- 
ponding figures for manganese were (base), 0-74, 0-75, 
0-70, and (top) 0-74, 0-75, 0-76, 0-76; for sulphur 
the results were (base) 0-19, 0-15, 0-11, and (top) 
0-21, 0-21, 0-25, 0-26. The silicon and phosphorus 
percentages showed little variation. 

Fig. 10f is a reproduction of the sulphur print. 
Here again it will be seen that the zones of segregate 
intermediate between the outside of the ingot and the 
central core are very apparent. 

Example 12.—An ingot cast in a chill octagon mould. 
Weight, 24 tons 17 cwts, 1 qr. Size, 43 in. at the top 
of the chill, 40 in. at the bottom. Top poured. The 
steel was manufactured by the acid open-hearth process, 
and was of the following composition: Carbon 0-44, 
manganese 0-78, silicon 0-29, sulphur 0-033, phos- 
phorus 0-042 per cent. Analyses taken over the com- 
plete longitudinal half-section, showed that as before, 
variations existed. Here again, besides the segregated 
area along the central core, zones of segregated material 
existed intermediate between the outside of the ingot 
and the central core. It was observed that these zones 
of segregate were nearer together in the upper portion 
of the ingot than in the lower portion. For the pur- 
pose of making the data in the Report more complete, 
careful investigation was made of the nature of the 
segregates in this latter zone. The section of the ingot 
was repolished and lightly etched to disclose exactly 
the position of the segregate in this area. With a fine 
pneumatic chisel the actual segregates were then very 
painstakingly cut out of the steel, washed with ether 
and analysed, with the following result :— 


Segregated Mean 
Area Composition 

Per cent. Per cent. 
Carbon 0-50 0-44 
Manganese ... 0-82 0-78 
Silicon 0-305 0-29 
Sulphur x 0-057 0-033 
Phosphorus 0-066 0-042 


It will be seen that the highly segregated area consists 
of material of greater concentration in carbon, sulphur, 
and phosphorus, the manganese and silicon remaining 
reasonably normal. In considering these figures it 
should be borne in mind that the segregates were 


means of anal 
that the heterogeneity of the ingots is usually judged ; 
but as previously stated the analysis of a drilled sample 
gives only the average composition of the sample, | price of 8s. 6d. net. 








per cent. (top) and second ingot 0-33 per cent. (base) 
and 0-35 per cent. (top). 

Example 15.—An ingot cast in an octagon chill 
mould. Weight, 110 tons. Size, 82} in. at the top of 
the chill, 71 in. at the bottom; 143 in. in chill. Top 
poured. The steel was produced by the acid open- 
hearth process, and was of the following composition : 
Carbon 0-27, manganese 0-715, silicon 0-244, sulphur 
0-033, phosphorus 0-024 per cent. This ingot was 
reheated and bloomed, the length of the parallel 
portion which previously constituted the chill portion 
of the ingot becoming 186 in. and the diameter 68 in. 
The feeder head was then cut off (17-5 per cent.), 
the bottom portion cut off (3-5) per cent.), and the 
bloom was trepanned, yielding a core 24 in. in diameter. 
This core was then sectioned, and analyses indicating 
the distribution of the several elements, carbon, manga- 
nese, silicon, sulphur, and phosphorus were made 
throughout the entire length of the bloom. The carbon 
showed a gradual increase from 0-15 per cent. near 
the base to 0-46 per cent. at the top of the bloom. 
The manganese content increased from about 0-64 at 
the base to 0-781 per cent. at the top. The sulphur 
and phosphorus each gave a percentage of 0-25 at the 
lower end of the bloom. The percentage of each element 
gradually increased, and at the top of the bloom, the 
figures were S, 0-073 per cent. and P, 0-063 per cent. 
As was previously the case the silicon figure did not 
vary great'y. 

Example 16.—An ingot cast in an octagon chill 
mould. Weight, over 172 tons. Size, across the 
flats, 6 ft. 4 in. at the top of the chill, 6 ft. 7 in. at the 
bottom ; 17 ft. in chill. Top poured. The steel was 
manufactured by the acid open-hearth process, and 
was of the following composition: Carbon 0-32, 
manganese 0-79, silicon 0-13, sulphur 0-027, phos- 
phorus 0-033 per cent. (Four furnaces were used. 


This analysis is the mean of the four charges cast 
simultaneously.) After removal of the feeder head 
and the bottom portion of the ingot, the core was 
trepanned and then sectioned, and analyses were made 
at numerous points. 
similar to those given for Example 15. 


The results obtained were very 


In Table VIII. the analytical data for the various 


representative ingots have been tabulated in such a 
way as to show the range of composition in’respect of 
the various elements, again as indicated by chemical 
analysis of drilled samples from-each. For this purpose, 
omitting the discarded upper portion of the ingot, 
the highest percentage of each element, and the lowest, 
have been selected as representing the range of com- 
position found in the ingot proper. 
also represent approximately the range of composition 
likely to be met with in each case in the chemical 
examination of such ingots for practical purposes. 


They, therefore, 


In the practical examination of ingots, it is by 
s obtained from drilled samples 


regular progression in the figures for range per cent. is, 
of course, hardly to be expected, having in mind the 
varying forms of the ingots and the different average 
amounts of the various elements which they contain, 
these amounts only being utilised in an empirical 
manner by dealing with the figures on a percentage 
basis. Here again it is apparent that mangenese and 
silicon are not segregated to any very marked extent. 


(To be continued.) 





THe Vutcan CuHatn_ Prre-Vice.—Messrs. J. H. 
Williams and Co., of Buffalo, whose London agents are 
Messrs. Benjamin Whitaker, Limited, Aldwych House, 
W.C.2, have introduced a new size of their “‘ Vulcan ” 
chain pipe-vice. This size is known as No. 15}. It 
takes any pipe from 4 in. to 16 in. in diameter, and, by 
reason of its decreased size and weight, is easier to handle 
than the larger pattern, No. 16, hitherto used for pipes 
from 4 in. to 18 in. in diameter. The vice consists of a 
parallel pair of V-shaped serrated jaws on a base which 
is bolted to the bench. The chain is attached at one 
end to a screw handle in the base, below and between t he 
jaws, and is free at the other. The pipe to be dealt with 
is laid in the V groove, and the free end of the chain 
passed over its upper half. The chain rivets project on 
each side and form pins which engage with notches in 
the base. Rough adjustment is rapidly made by slipping 
the nearest rivet pin into a convenient notch. The chain 
is then effectively tightened by a slight turn of the screw 
handle. Like the other sizes of the series, this new vice 
is of wrought steel throughout, with a tested chain of 
30,000 lb. breaking strain. 





THe NatTionaL PuysicaL LaBoraToRy ; REPORT FOR 
THE YEAR 1925.—The report of the National Physical 
Laboratory for the year 1925, recently issued, is, as 
usually, divided into three main parts. The report of the 
Executive Committee on last year’s work, submitted to 
the General Board at their meeting held on March 30 last, 
is this year signed by Sir Richard Glazebrook, as chairman 
of the Executive Committee, in succession to Sir Arthur 
Schuster, who retired after six years of office. This 
appointment rests with the President and Council of the 
Royal Society, whose president, now Sir Ernest Ruther- 
ford, is ex officio chairman of the General Board. The 
second part of the report outlines work proposed for 
this year. Then follow particulars of the work of 
last year and of papers published, officially and unoffi- 
cially, by members of the staff. The last and largest 
part of the report is a descriptive review of the 
work done in the various departments, and is drawn 
up by the superintendents of the departments. The 
alphabetical subject-matter index at the end of the 
volume was introduced a few years ago by the assistant 
secretary, Mr. G. R. Edwards, whose place has now been 
taken by Mr. J. W. Christelow. The director, Sir Joseph 
E. Petavel, the secretary, Mr. F. J. Selby, and most o! 
the leading members of the staff continue in office ; but 
there are some changes, which we shail notice when com- 
menting on the work of the Laboratory in connection 
with the annual inspection which generally takes place 
towards the end of June. The report, a quarto volume 
of 242 pages, compared with 228 pages in the last two 





years, is published by H.M. Stationery Office, for - 
Department of Scientific and Industrial Research, at the 
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HOST LINES AND THE BANDED 
STRUCTURE OF ROLLED AND 
FORGED MILD STEELS.* 

By J. H. Wuitetey, F.I.C. 


A CHARACTERISTIC of the prominent ferrite layers or 
ghosts commonly found in rolled or forged mild steels 
is their almost complete freedom from visible carbide 
particles. During the period of cooling between Ar3 
and Arl, the carbon in these layers moves into the 
adjacent iron, clear evidence of this movement being 
afforded by a crowding of the pearlite at the margins. 
In such steels, as is well known, the pearlite is seldom 
uniformly distributed at any part, but tends to arrange 
itself in a series of bands which lie in the plane of roll- 
ing. Consequently, this banded structure may be 
regarded as being due to the presence of a large number 
ef smaller ghosts which also lose their carbon as the 
metal cvols. Steadt was the first to state that these 
ferrite layers are richer in phosphorus than the inter- 
mediate metal, and to attribute the movement of 
carbon to the higher phosphorus content. Although 
this statement was supported by many interesting 
experiments, it has not been universally accepted, and 
other explanations have been advanced. Initial 
crystallisation of ferrite on particles of non-metallic 
impurities which act as nuclei, is one that is favoured 
by many, and it is with these two theories in particular 
that the present investigation is concerned. 

Recently, the author} described some experiments 
made for the purpose of ascertaining definitely whether 





Fic. 1. WELDED Pitz, EtcHED 
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REAGENT. 


cupric reagents are capable of detecting small variations 
in the phosphorus content of a steel. Four pieces of 
electrolytic iron were phosphorised to an extent rang- 
ing from 0-02 to 0-13 per cent. by heating them at 
1,000 deg. C. for a few minutes in an atmosphere of 
hydrogen and vaporised phosphorus. Following this, 
they were heated in hydrogen only at about 1,200 deg. 
C. for two hours, in order to allow the phosphorus to 
diffuse through them. On analysis, the pieces were 
found to contain 0-023, 0-045, 0-07, and 0-13 per cent. 
of phosphorus respectively. A small pile was next 
made with a strip from each piece and alternate strips 
of the same iron which had received an exactly similar 
treatment, except that it had not been phosphorised. 
The pile was welded by placing it at the end of a steel 
tube which had the following composition: Carbon, 
0-03 ; silicon trace, phosphorus, 0-006; sulphur, 
0-015; and manganese, 0-31 per cent. The tube 
was then inserted in a furnace at about 1,200 deg. C. 
and, on reaching that temperature, hammered flat 
on the anvil. Oxidation was avoided by filling the 
tube with hydrogen. A composite sample was thus 
obtained containing phosphoric ghosts of known com- 
position about ;3.,-in. thick. 

This synthetic method of producing heterogeneity 
offered a convenient means of isolating and studying 
the effect of phosphorus on the distribution of pearlite. 
Some strips of the phosphorised electrolytic iron were 
therefore carburised in charcoal between 900 deg. C. 
and 950 deg. C. until they had a carbon content of 
about 0-50 per cent. They were then welded, as 
before, to alternate strips of the original material. To 





* Paper prepared for the Annual Meeting of the Iron 
and Steel Institute, 1926, London. Abridged. 

T Journal of the Society of Chemical Tadeery, Feb- 
ruary, 1914, vol. xxxiii, page 173. 

t Journal of the Iron aa Steel Institute, 1921. No. 1, 


page 277, 
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allow the carbon to diffuse uniformly through the 
welded pile, a section of the bar was next heated for 
twenty minutes at 950 deg. C., after which it was 
gradually cooled to room temperature. The time taken 
in cooling between 900 deg. C. and 650 deg. C. was one 
hour, experiment having shown that this rate of cooling 
was sufficiently slow for the width of the ferrite bands 
in a }-in. plate to reacha maximum. The distribution 
of the pearlite in the welded area after this treatment 
is seen in Fig. 1. Fig. 2 shows the same area when 
lightly etched with Dufay’s reagent. In the latter, the 
positions of the alternate phosphorised strips are made 
clear, and it is evident that, except in the case of the 
0-13 per cent. strip, the presence of phosphorus has 
not caused the carbon to migrate. 

It was thought that the result might be different with 
narrower bands. Accordingly, a section of the bar was 
reduced at a red heat to about one-half the thickness 
and given the same heat treatment. An exactly similar 
result was again obtained, however, the 0-13 per cent. 
strip being the only one to lose its carbon. In Fig. 1 
it will be noticed that while most of the carbon has 
left the 0-13 per cent. strip, a little has remained 
along its centre; an uneven distribution of the phos- 
phorus may possibly be the reason. Strong etching 
indicated a somewhat lower phosphorus content at 
the axis, but it should be noted that in a later experi- 
ment, slowly cooled welded strips of the pure elec- 
trolytic iron also retained some pearlite in places at 
their centres. In passing, a striking example of the 
effect of incomplete diffusion of phosphorus may here 
be mentioned. A piece of electrolytic iron was phos- 


Ph 
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phorised up to about 1-40 per cent. and then heated in 
hydrogen for two hours at 1,250 deg. C. On etching, 
it was seen that, while there had been considerable 
diffusion inwards, the phosphorus content was still 
much higher at the surfaces than within. The piece 
was next case-hardened in charcoal at 900 deg. C. 
and, on subsequent examinations, it was found that 
the absorbed carbon, instead of being at the outside 
had passed almost entirely to the purer centre part. 

From the results given by the welded sample, illus- 
trated in Figs. 1 and 2, it is clear that before phosphorus 
can cause the migration of carbon in steel, a difference 
of at least 0-07 per cent. is needed between adjacent 
parts. To what extent ghosts and the banded structure 
in mild steels are due to variations in the phosphorus 
content alone cannot at present be stated, but it is 
very doubtful whether, in most cases, they are entirely 
the result of such heterogeneity. The following con- 
siderations will show that other factors may influence 
the movement of the carbon to such an extent that the 
effect of phosphorus may be completely outweighed. 
(1) The banded structure is to be seen in plates and 
sections containing only a trace of phosphorus. 
(2) The movement of carbon may not necessarily be 
towards an area lower in phosphorus. In preparing a 
pile of strips for welding, pieces of the unphosphorised 
electrolytic iron, containing 0-005 per cent. of phos- 
phorus, were always placed outside, and it was noticed 
repeatedly that the carbon was not retained by these 
outer bands; it passed into the adjacent steel of the 
tube, although the phosphorus content of the latter 
was, if anything, slightly lower than that of the iron. 
An instance is seen in Fig. 2, where the position of an 
outer layer is marked by an arrow. Here, therefore, 
phosphorus could not be the cause of the migration of 
the carbon. 

This observation suggested another experiment. A 
pile was prepared of three strips of the electrolytic iron 
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and two of a steel of the following analysis: Carbon, 
0-40 per cent. ; silicon, 0-12 per cent. ; phosphorus, 
0-040 per cent. ; sulphur, 0-045 per cent. ; and man- 
ganese, 0-93 per cent. The pile was placed in a 
cylinder of the same steel, which was then tightly 
plugged and heated in a partially exhausted silica tube 
with a small piece of charcoal at about 1,200 deg. C. 
After 20 minutes at that temperature the cylinder was 
quickly removed, placed on the anvil and hammered 
down to a bar } in. thick. An excellent weld was thus 
obtained. Two small sections were then heated at 
950 deg. C. for 10 minutes; one was withdrawn and 
rapidly air-cooled, and the other gradually cooled to 
670 deg. C. in 75 minutes. Examination of the former 
showed that the carbon had diffused into the electro- 
lytic bands, so that it appeared to be uniformly dis- 
tributed across the welded area. The effect produced 
in the slowly cooled section is seen in Fig. 5. Separa- 
tion of the carbon from the three electrolytic strips had 
occurred to an extent which can be judged by the 
marked crowding of the pearlite at the margins. As 
was the case with the 0-13 per cent. phosphorus strip 
(Fig. 2), only a few small areas of pearlite remained in 
one or two places at the axes of the bands. Here, 
again, therefore, ghosts had been formed of ferrite 
purer than the surrounding metal. This observation 
undoubtedly confirms the statement of Hatfield* that 
local high phosphorus may be associated with areas 
richer in pearlite. 

It may be argued that the removal of carbon from 
the electrolytic iron is to be explained by the fact 
that the Ar3 point of the iron is higher than that of 
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the adjacent steel, so that the ferrite would first 
appear in these parts and, during the subsequent slow 
cooling, would continue to deposit on these crystals 
rather than form new centres of growth. Howe, in 
fact, definitely states this to be the case as regards 
ghosts in steel, because the effect of phosphorus is to 
raise the Ar3 point.| This view, though attractive, is 
open to objection. Fig. 6 shows the appearance of 
the same weld quenched from 750 deg. C, after it had 
cooled from 1,000 deg. C. to 900 deg. C. in 30 minutes, 
and from 900 deg. C. in 70 minutes. It will be seen 
that ferrite growth had started in the metal outside 
the electrolytic band before the latter had lost all its 
carbon. From this stage onwards, therefore, if the 
specimen had been further cooled, there would have 
been an increasing number of centres of crystallisation 
for the separating ferrite besides those in the electrolytic 
iron. Consequently, the almost complete removal of 
the carbon from this material would scarcely be 
anticipated, even though ferrite first appeared in it. 
Moreover, there seems to be no reason why this ferrite, 
instead of being confined to the bands, should not 
extend laterally, as it grows, into the adjacent steel 
if it is merely a question of the position of initial 
growth. 

It should further be observed that these experiments 
lend no support to the theory originally suggested by 
Ziegler,t that non-metallic inclusions act as nuclei 
for the crystallisation of ferrite, and so give rise to 
ghost formation. Whilst it must be admitted that 
instances of the crystallisation of ferrite round such 
particles are frequently to be seen, yet this explanation 


* Journal of the Iron and Steel Institute, 1915, No. II, 
page 122. 

+ “The Metallography of Steel and Cast Iron,” page 
561. 

$~ Revue de Métallurgie, September, 1911, vol. viii, 
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of ghost formation, although accepted by many| brackets eliminated, the first consideration in the 
metallurgists, is also open to objections, of which the | design of a bracketless tanker being the spacing and 


two following may here be mentioned :—{1) Medium 


carbon steels, such as rails, seldom show ferrite ghosts | removed, it was obvious that the transverses have more 
or a banded structure ; the ferrite exists as a network | work to do, as the part performed by the bulkheads 


enclosing the pearlite grains. Even when considerable 
amounts of inclusions are present, a banded structure 
is not induced to form. (2) Ferrite lines in structural 


mild steels can be completely removed by a lengthy | gation was made by the designers of this new system 
heating at about 1,200 deg. C. This treatment does| of construction, using Clapeyron’s Theorem of Three 
not, of course, remove the non-metallic particles or} Moments, to determine the most suitable spacing. 


greatly alter their manner of distribution. Conse- 
quently, if the banded structure were due simply to 
initial llisation of ferrite on these inclusions, 
there should be little, if any, alteration in the parallel 
arrangement of the pearlite in the slowly cooled piece. 
Such, however, is not the case; even with a very 
slow rate of cooling no banded structure is produced, 
a fact that was noted by Stead* some years ago. 

For the formation of ghost lines and the banded 
structure, heterogeneity of some kind in the metal 
itself seems essential, but evidently that of phosphorus 
cannot be the only factor concerned. Between Ar3 
and Arl one area appears capable of transferring carbon 
in solid solution to another which differs from it either 
in composition or physical properties, and the result 
of this displacement is plainly seen in a concentration 
of pearlite at the junction of the two. 





THE BRACKETLESS SYSTEM OF 
SHIP CONSTRUCTION. 


In the year 1907 Sir Joseph W. Isherwood intro- 
duced the system of ship construction which bears his 
name, The principles underlying this method of 
building are the elimination of the multiplicity of 
closely-spaced transverse frames and beams of the 
usual system of building, and the use in place of them 
of a much smaller number of strong transverse frames 
associated with longitudinals. On these the plating 
and deck is fitted directly, a matter of importance, 
as it enables the shell and deck plating to be considered 
a part of the transverse girder when calculating the 
stresses. Transverse strength is obtained by this 
means. For the provision of longitudinal strength 
continuous longitudinal girders are used which pass 
through slots in the transverse frames. One feature 
of the construction is that the pillaring of the ship 
may be re-arran to overcome a cause of serious 
obstruction in the holds, pillars being only required 
at the strong transverse beams. As a result of the 
introduction of this system of shipbuilding the struc- 
ture of a ship may be simplified, all its parts made 
easily accessible, and, also, a substantial saving in 
weight of steel may be effected. Successful results 
having been obtained with the early vessels, the 
advantages of the method of construction were soon 
recognised, and there are now in service or being built 
a total of 1,502 ships of this type, which have an 
aggregate carrying capacity of 12} million tons. Of 
this number 705, of an aggregate capacity of 6} tons 
deadweight, are oil tankers, and comprise the bulk of 
the world’s tonnage for this class of vessel. Lloyd’s 
Register of Shipping having adopted the system in 
the formulation of its rules for oil-carrying vessels, 
it has now become the standard of strength for vessels 
carrying oil in bulk. 

A further departure from the usual practice in ship 
construction has now been made by Sir Joseph W. 
Isherwood and Mr. William Isherwood, to which they 
have given the name “ Bracketless” system. It 
was the subject of an interesting paper read by them 
at a recent meeting of the Institution of Engineers 
and Shipbuilders in Scotland. In the development of 
the original Isherwood system of construction of oil 
tankere, it was considered essential to connect all the 
longitudinals to the transverse bulkheads, not only 
those on the sides, bottom and deck of the vessel, 
but also on the middle-line bulkhead, and at the same 
time to connect the horizontal stiffeners on the trans- 
verse bulkheads to the longitudinals on the shell of 
the ship and those on the middle-line bulkhead. In 
each case these connections were made with brackets. 
This, while it greatly reduced the trouble experienced 
due to heavy weather at the bulkhead connections 
in transversely-framed vessels, was only attained at 
considerable cost and some inconvenience in the actual 
building operations. Again, should damage be sus- 
tained in the neighbourhood of the bulkhead brackets 
in a tanker, through grounding or other causes, the 
cost of repairs would be great. It was to overcome these 
difficulties that the new method of construction, 
which is applicable to all types of vessels, whether 
longitudinally framed or transversely framed, was 
introduced. It was found on investigation that 


continuity of strength could be maintained with the 





* ENGINEERING, 1918, vol. cv, page 559. 


strength of the transverses, Should the brackets be 


in fixing the ends of the Jongitudinals was transferred 
to the deep transverse, and these required to be of 
greater strength than in a bracketed ship. An investi- 


In this the longitudinals were considered as continuous 
beams between the transverse bulkheads, the trans- 
verses in the tank, usually two or more, and the two 
bulkheads, being considered as supports to the longi- 
tudinals. Diagrams of free bending moments, fixed 
bending moments, shearing forces and deflections were 
made to determine the proportion of the load to be 
taken by the spans between the transverses. The 
ratios used for the purpose, assuming two transverses 
between each pair of bulkheads, were 10-10-10, 9-10-9 
8-10-8 and 7-10-7. The results obtained in this work 
are shown in the accompanying table. 





Arrangement of trans- 
verses .. we .-| 10-10-10] 9-10-9 | 8-10-8 | 7-10-7 
Maximum bending 
moment, ft.-tons | 26-48 27-60 28-60 31-3 
Maximum bending 
moment ratio 1-000 1-043 1-080 1-183 
Shearing force at end of 
bottom longitudinals, 
tons 10-97 | 10-12 9: 8-34 
Shearing force ratio --| 1-000 0-922 0-875 0-760 
Maximum deflection on 
spare adjacent to 
bulkhead ininches . 0-027 0-021 0-015 | 0-008 
Deflection ratio .. 1-000 | 0-778 | 0-555 | 0°297 

















On examination of the figures in this table it was 
decided that the best results would be obtained with a 
proportion of 7-10-7 for the spacing, without entailing 
any material increase in the weight of a vessel. The 
increased maximum bending moment, over that 
obtained with equal spacing, might be taken care of by 
increasing the scantling of the longitudinal to maintain 
the same internal stress as in the other arrangement. 
The advantage of using a 7-10-7 proportion from 
the standpoints of shearing force and deflection were 
obvious from the results given in the table. 
Having relieved the ends of the longitudinals of a 
stress which is now transferred from the bulkheads 
to the deep transverses, the question arose of main- 
taining sufficient continuity of the longitudinal 
material in way of the transverse bulkheads. This was 
obtained by fitting doubling plates to the shell end 
deck plating in the vicinity of the bulkheads. In the 
ordinary Isherwood system, the longitudinals were all 
cut in way of the transverse bulkheads and were attached 
to them by plate knees or brackets. The value of this 
bracket arrangement, considered as a member contri- 
buting to the longitudinal strength of the vessel, cannot 
be determined exactly. It was generally agreed, how- 
ever, that they were not equal to the tensile strength 
of the longitudinal, principally due to the eccentric 
pull that undoubtedly took place in way of the brackets, 
They, however, served their purpose, to a great extent, 
and helped in the production of a ship immeasurably 
stronger than the ordinary transversely-framed ship. 
Whilst elimination of the brackets connecting the 
longitudinals to the transverse bulkheads was the main 
reason for the introduction of the new method of 
construction for tankers, it was apparent that the 
elimination of all brackets, as far as possible, would be 
desirable, provided the strength of the vessel could be 
maintained without any undue addition to the weight 
of the structure. It was found that this could be 
done, with the exception of the connection of the 
bottom transverses, the upper deck transverses and 
second-deck transverses to the caulking side of the 
centre bulkhead and upper-deck transverses in summer 
tanks to the trunk side. In the ordinary Isherwood 
system it was usual to make the width of the centre 

bulkhead web equal to that of the side transverses, 
but in the new system of construction it was found 
that some reduction in width of the centre bulkhead 
web was justified, in view of the transverse brackets 
fitted on the opposite side. 

In the two first vessels of the bracketless type, 
which are now under construction, there is a reduction 
in the number of pieces to be handled in their building 
of about 36 per cent., which in the case of a 10,800, 
ton vessel means a saving of 5,500 pieces, being brackets 
and their connecting angles. The construction aiso 
affords considerable savings of about 23 per cent., to be 
made in caulking, and about or, cent, in riveting. 

It will, therefore, be apprecia’ that large savings 

may be made, by the use of the bracketless system of 
construction, in the cost of assembling a vessel, while the 

difficulties of repair, when a ship is damaged in the 

neighbourhood of the bulkheads, will be much 


CATALOGUES. 


Photo-Copying Work.—Messrs, A. West & Partners 
91, Petty France, London, S.W. 1, have sent us a card 
with a list of prices for bromostat enlargements of 
drawings to an exact scale and for black-line copies from 
blue prints. 


Electrical Measuring Instruments.—Messrs. Crompton 
& Co., Limited, Chelmsford, have sent us two leaf cata- 
logues dealing, respectively, with a cell-testing voltmeter 
and an ‘“‘all-test’’ multi-range, portable moving-coil 
instrument. Both are of new design and each weighs 

2 oz. 


Machine Tools.—Messrs. Dowdings Machine Tool 
Company, Limited, Bush House, Aldwych, London. 
W.C.2, have sent us a circular stating that they are the 
sole selling agents in this country for Schuchardt and 
Schiitte machine tools and Zeiss optical and measuring 
instruments. 


Runways.—Messrs. Herbert Morris, Limited, Lough- 
borough, have added another to their many booklets 
illustrating actual installations of their electric lifting 
and conveying gear in works, warehouses, yards, &c. 
We have also received a leaf catalogue of an electric- 
battery truck to carry 2 tons at about five miles an hour. 


Press for Spring Manufacture.—A press specially made 
for cutting out, punching and shaping the leaves of 
laminated springs is shown in a special catalogue received 
from Mr. Henry Pels, 40, Great Marlborough-street, 
London, W.1. The press is capable of working spring 
bars in the cold state up to 4 in. by in. in section. ; 


Rubber Machinery.—A special catalogue of machines 
used in the manufacture of rubber, for washing, mixing, 
cracking, grinding, forcing, calendering, and other opera. 
tions, and of speed-reducing gear units for interposing 
between motors and line shafts, is to hand from Messrs, 
James Carter (Stalybridge), Limited, Stalybridge, near 
Manchester. : 


Woodworking Machine.—Messrs. Thomas Robinson 
and Sons, Limited, Rochdale, have sent us a copy of 
a book of instructions for erecting and operating their 
universal wood-working machine, which is adaptable for 
sawing, planing, mortising, moulding, boring and many 
other operations. The book will be of much practical 
use to machine operators. 


Excavating Machines.—Messrs. Ruston and Hornsby, 
Limited, Lincoln, are issuing a periodical publication 
dealing specially with steam shovels and similar machines 
of which they make 10 standard types for various kinds 
of work. The first issue contains 15 illustrations of 
machines at work, showing the special conditions in 
which they are applicable. 


Electric Motors.—A catalogue of three-phase induction 
motors is to hand from Messrs. Crompton and Co., 
Limited, Chelmsford. The motors are for frequencies 
of 25, 40, 50 and 60 cycles and are made to standards 
in a large number of sizes ranging from 4 to 400 brake 
horse-power. Particulars of power, speed, efficiencies, 
power factor, weights and prices are tabulated in full 
detail for each size. 


Hauling Machines.—Very numerous examples of 
hauling engines for mining and similar work are shown 
in a catalogue received from Messrs. James Carter 
(Stalybridge), Limited, Stalybridge, near Manchester. 
Steam engines or electric motors are fitted as required, 
and the appliances are fully equipped with devices 
for quick and safe operation, Another catalogue from 
this firm shows many large castings produced at their 
foundries, as well as reduction-gear units, chemical 
works pumps and water tanks constructed of standard 
cast-iron parts. 

Aerial Ropeways.—A very clear and amply illustrated 
explanation of the elevated ropeway system of transport 
is given in a catalogue received from the British Ropeway 
Engineering Company, Limited, 34, Fenchurch-street, 
London, E.C.3. Many of the illustrations show the 
general conditions under which the system is operated, 
and there are detail illustrations of cars, trestles, ropes, 
and return stations. Two systems are explained, in one 
of which a single rope is used for both carrying and 
traction, and the other in which separate carrying and 
traction ropes are employed. 





Tue Late Mr. R. E. Kuasson.—We regret to see 
that Mr. Robert Klasson, one of the leading electrical 
engineers of Russia, died in the last week in ebruary at 
57 years of age. His name was recently mentioned in 
our columns in connection with the es process 
which he originated and plants which he designed, and 
which we described on pages 177 to 179 of our issue of 
August 7, 1925. Klasson became first known in wider 
circles at the time of the Electrical Congress held at 
Frankfurt-on-Main in 1890, which was of importance 
for the debate on the merits of the three-phase motor 
of Dolivo-Dobrowolsky, and the discussion on the hydro- 
electric power transmission from Lauffen-on-the-Neckar 
to Frankfurt. Klasson was one of the assistants of the 
organisers. By 1896 he had built the large electric power 
station at Moscow, now supplying 66,000 kw.: the 

high potential (20,000 volts) supply station at Baku was 
also his work. In the hydropeat plants he was not only 
responsible for the characteristic features of the process, 
but also for the design and construction of the central 
power station at Bogorodsk. At present the peat paste, 
mixed by hydraulic jets, is converted into peat bricks 
within 14 hour. Klasson was regarded as an authority 
on all matters affecting the general electrical and thermal 
problems of Russia, and many of the younger engineers 





reduced if the brackets in that region are eliminated. 





of his country were his pupils. 
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THE SEIZURE OF GOODS BY GREAT 


BRITAIN DURING THE WAR. 


SweEpisH importers have recently set out .1 a 
pamphlet* what may be called a ‘statement of 
claims against the British Gdévernment. They 
allege, that, throughout the war cargoes of Swedish 
produce were repeatedly held up by British warships, 
and that these seizures and confiscations entitle 
them to damages, or compensatory repayments. 
This very sweeping claim has synchronised with 
another of the same kind from the United States. 
Senator Borah has recently been instrumental in 
bringing forward a Senate resolytion, which is 
intended to force the Secretary of State to press the 
British Government for compensati6n in respect to 
losses suffered by American exporters during the 
British blockade of Germany. We do not for a 
moment suggest that this synchronisation of the 
Swedish and American claims is deliberate; but 
as they have appeared together an answer suitable 
to both will be appropriate. 

There is a feature which is common to both sets 
of claims, namely, vagueness about their legal justi- 
fication, and this, be it said at once, suggests that 
neither the Swedes nor the Americans are confident 
that their case is sound. Petitioners with a good 
case in law do not, as a rule, waste time by appeal- 
ing to international friendships, traditional good 
relations, and the like, as the Swedish importers are 
at present doing. A neutral government, or a 
neutral merchant can claim against a belligerent if 
they or he can prove, that a cargo has been arrested 
in violation of the existing law of contraband and 
blockade, or that it has been condemned in the 
prize court upon insufficient or falsely given evidence. 
In either case redress is not difficult to obtain, 
the injured party lodging an appeal, based upon the 
new evidence available. The Swedish importers do 
nothing of the kind. They do not relate facts, 
they do not impugn or question British Orders in 
Council, nor do they seriously put our prize court 
procedure into question—the one instance they cite, 
that of the Stockholm’s cargo, on her maiden 
voyage, is related in terms so general and with so 
little regard to detail that it cannot be discussed. 
The pamphlet reduced to plain language means that 
the Swedish importers think they have a grievance. 
They hope that their complaints will be con- 
sidered by the British mercantile community— 
not be it noted by the British prize courts—and they 
have doubtless addressed themselves to the City 
because they know well enough, and by long 
experience, that our merchant community is 
excessively good natured and not at all curious 
about law and politics. 

It would be quite sufficient to dismiss this 
Swedish pamphlet with the simple answer that it 
cannot be considered until it has been re-drafted 
in a proper form, that is, until the claims against 
us are substantiated by detailed allegations of 
illegal British action; but as the pamphlet is 
addressed to a class of men who are far too busy to 
enquire for themselves into details of British policy, 
itsmay perhaps be worth while to furnis an explan- 
ation which can be used if the Swedish cemplaints 
are ever addressed to any of them personally. 

In the first place, we must refer them to the 
detailed examination of British practices at sea, 
which appeared in the pages of ENGINEERING on 
November 27 and December 4 of last year. From this 
they will see that all British seizures and confisca- 
tions of cargoes were made under Orders in Council, 
which were perfectly fair and proper applications 
of the Law of Nations. British practices at sea 
between 1914 and 1917 are only attackable upon 
the pedantic and untenable hypothesis that prize 
court judgments given in the eighteenth century, 
under conditions of war and commerce which differ 
entirely from those of to-day, are permanent, 
unalterable statutes. There is no need to re-examine 
ground which has already been so exhaustively 
surveyed ; and what has been said suffices to show 
that neither the Swedes nor any other neutral can 
accuse us of seizing and condemning cargoes in 
Violation of international law. 





* The Swedish Inn i i 

porters Losses from the seizure of their 

goods by Great Britain during the war. An appeal to British 

pga opinion from the Association of Swedish creditors of 
Britain, Stockholm. 1926. 
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The Swedish pamphlet does, however, refer to 
settlements which have been made after the war 
with Danish and Dutch exporters, and states that 
Swedish exporters are obviously ill-used if they do 
not receive similar treatment. This point ad- 
mittedly deserves to be examined. In the article 
to which reference has already been made, it was 
shown that the British Government compounded a 
number of agreements with neutral trusts, which 
made themselves the sole consignees of all goods and 
articles that were likely to be re-exported into 
Germany. These consignment trusts gave us the 
guarantees that we required against re-exportation, 
and undertook to distribute all goods received by 
them throughout their own countries (see En- 
GINEERING, 1925, page 695, passim). The blockade 
of Germany and what was known as the rationing 
system were largely enforced by these private 
contracts. It is obvious, at first sight, that these 
agreements are not within the scope of international 
law. The Law of Naiions deals with the relations of 
states, not of individuals. When the British 
Government signed an agreement with the Danish 
Import Trust (the Industrie Raadet), or the Dutch 
Overseas Trust, that agreement was enforceable by 
the civil law of contract: prize courts, Orders in 
Council, and the law of contraband and blockade 
had nothing to do with it. 

The British Government never asserted that 
penalties imposed under these private agreements 
were not subject to revision, and indeed neutrals 
were induced to set up these consignment trusts, 
by the argument that awards given under private 
agreements could at any time be reconsidered, 
whereas a prize court judgment was final unless there 
were legal grounds for an appeal against it. The 
payments to Danish and Dutch merchants since 
the war have been made in respect to these trading 
agreements; but the Swedish importers plea 
that they should be treated like Dutch and Danish 
merchants is untenable for the following reason. 
Largely owing to political reasons, the Swedish 
Government refused to allow the creation, in 
Sweden, of a consignment trust similar to the 
Danish, Dutch and Swiss trusts. Swedish Ministers 
considered that it would be a derogation of Swedish 
sovereignty to allow a private body to treat of 
matters which were strictly speaking State con- 
cerns; and they strove to make a Government 
department—called the Royal Victualling Commis- 
sion—do the work which, in Holland and Denmark, 
was performed by private trusts. The British 
Government found that this Victualling Commis- 
sion was not prepared to give the same guarantees 
against re-export of goods as were given by the 
Danish and Dutch consignment trusts; and, in 
consequence Swedish trade was largely dealt with 
by Orders in Council and prize court procedure. As 
has already been said, no appeal can be laid against 
a prize court judgment unless new evidence is forth- 
coming; and of this, the Swedish exporters’ 
pamphlet gives no indication whatever. It is, 
therefore, fairly obvious that Swedish import and 
export firms have suffered by the policy of their 
own, and not of the British Government. We may 
illustrate this assertion by stating a hypothetical 
case. 

Let us suppose that. at some date between 
August, 1914, and November, 1918, a cargo of 
goods was being sent from America to Holland, 
and that another almost identical was assigned to 
Sweden. Each would have been treated by a 
different procedure. The consignee of the first 
would probably have been the Dutch receiving 
trust, whose books were open to our inspection, 
and which would have given us the most elaborate 
guarantees against the re-export of the goods, and 
would have supplied us with enough information 
to allow us to ascertain where and how the goods 
would be redistributed. In all probability, the 
cargo would have been allowed to pass; for the 
Dutch trust, being anxious to keep within its con- 
tract with the British Government, would have 
ascertained, beforehand, whether the cargo could be 
received under the terms of its agreement. Cargo 
consigned to Sweden was on a very different footing. 
There was in Sweden no machinery for giving the 
British Government the guarantees that it required ; 
and unless the immediate consignee could supply 





them—not an easy thing for a private firm to do— 
the cargo could be detained under the British Order- 
in-Council of March, 1915. It is quite easy to 
understand that our procedure with regard to the 
imported goods of a country like Sweden, 
where there was no consignment trust, was more 
rigorous than it was with regard to the imports of 
Denmark, Holland and Switzerland ; there is, how- 
ever, a difference between severity and illegality ; 
the Swedish importers appear to confuse the two. 








THE ELASTICITY OF WIRES AND 
CABLES. 
By H. W. Swirt, M.A., B.Sc. 
(Concluded from page 548.) 

Experimental Verification.—(a) Wires: Experi- 
ments to check the accuracy of these results and the 
practicability of the method were made with steel 
and brass wires, across a 35-ft. span. The ends 
were clamped to the underside of a stiff girder and 
the dip was measured on a steel scale which was 
calibrated for alignment with the points of support 
by means of a dumpy level. This calibration 
requires some care, as it is important that values 
of the true sag as well as true differences should be 
obtained. Errors due to incorrect calibration are, 
in fact, approximately doubled in computation of 
the modulus. 

The results obtained, which are shown in Table 1, 
indicate that the method is capable of good degree of 
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accuracy, and the consistency of determinations 
made under varying conditions show that the ex- 
pression used contains no systematic error. 


TaBLE I.—Determination of Young’s Modulus by Various 
Methods. 








I. II. Til. IV. 
WIRE. Extenso- Vernier Sag. Oscilla- 
meter. tion. 
Piano A ee 28-3 28-7 — 28-7 
» annealed 28-3 28-5 _ 28-8 
no B 30-0 _— 29-7 a 
Soft iron 27-1 27-5 oe 27-4 
H.D. brass 14-8 it 14-95 ibk 
Copper — 15- — ‘ 
(annealed) 
Duralumin es 10-2 10-3 — 10-3 

















The method shows itself to possess certain advan- 
tages in application. The apparatus is at once 
simple, robust and sensitive, and the actual readings 
are readily made. The tension can easily be 
adjusted to any required value by alterations of 
dip and applied load, and it is possible with this 
method to obtain not merely a bare value for the 
modulus (which is not necessarily constant) as in 
the other span methods referred to, but to plot 
also the stress strain relation over the useful working 
range, as shown in Fig. 3. The determinations 
plotted in this figure show how sensitive the readings 
may be, and it is noteworthy that with the apparatus 
set at a dip of 12 in. the strain corresponding to one 
division of the Ewing extensometer on an 8-in. 
specimen is represented by a change in dip of 
0-lin. On the other hand, the method ceases to be 
convenient when the strain is large—not a serious 
practical disadvantage—and the computation is 
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not so simple as in the methods which employ 
direct axial loading. 

(b) Cables and Ropes.—The elastic properties of 
cables and wire ropes may be determined to some 
advantage by loading in span. High tensions may 
be attained by comparatively small applied loads, 
the greater length of the rope tends to equalise the 
stresses in the constituent wires and the difficulty 
of obtaining a representative value of the stretch 
without constraining self-adjustment is to a large 
extent overcome. The conditions under which the 
rope will work in practice, particularly in ropeway 
applications, are therefore more faithfully reproduced 
than in other forms of test. The chief difficulty to 
be met is in estimating the value of EI to be applied 
in correcting for stiffness, and this cannot easily be 
calculated or for an unconstrained rope measured by 
the ordinary methods of bending, &c. 

A series of tests were made in order to compare 
values for the modulus of elasticity obtained by the 
span method with those obtained by the use of an 
extensometer. It is realised that the use of the 
term “ modulus of elasticity ” in the case of ropes 
and cables is open to criticism, The conception and 
practical value of the modulus are based on a 
linear stress-strain relationship, which does not seem 
to hold under any conditions with stranded speci- 
mens, so that from the scientific point of view the 
term has in these cases no real significance. In 
practice, however, the formule commonly used in 
calculations are based on the quantity E, and in 
order that they shall be applicable it is necessary to 
apply the name “modulus” to the value of the 
ratio —— which obtains under the conditions 

A strain 
of a particular calculation. 

The rope used in the tests consisted of six strands, 
each of six wires round one, ordinary lay over a 
central hemp core. The wires were of plow steel 
and 0-076 in. in diameter. Measurements were 
made over a span of 50 ft., and the sag was measured 
on a steel scale as in the experiments with wires, a 
polished glass strip on the face of the scale serving 
to overcome parallax. The ends of the rope were 
cast into sockets, together with a Bowden wire 
used as “pilot.” The sockets were held by pins 
attached rigidly to the undersides of girders, and in 
order to check rigidity and to allow for any slight 
rotation about the pins measurements of level 
were taken at the ends of the 50 foot span. During 
some of the experiments a dial gauge dynamometer 
was attached to one end of the rope to give a direct 
reading of the tension. Loads were applied to a 
chain hooked over the rope at mid-span. The results 
were calculated from the observations in the same 
way as with wires, the mean reading of upper and 
lower limbs being used in each case, and the sag- 

7 
tension relation Z Ty = - im) +wm? was 


used to estimate the importance of the corrective 





either side of the mean value. The modulus was, 
however, by no means constant ; over the working 
range it increased as the load was increased and 
was markedly different during unloading, so that 
a complete stress-strain curve gave a loop of the 
form shown in Fig. 4. These same characteristics 
were observed by extensometer measurements Over 
a 20-in. length of a 6-ft. specimen in a testing 
machine. 

The values of the modulus obtained with increasing 
tension agreed satisfactorily with the corresponding 
values obtained by extensometer. The mean values 
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anticipated, and that the effective value of the 
product EI is roughly 5 x 106 pound-in. units for 
the rope in use. This gives a correction which 
varies from -+-2 per cent. on the values of the 
modulus at 8,000 lb. tension to + 4 per cent. at 
2,000 lb. with the span of 50 ft. It would appear, 
therefore, that provided a reasonably long span 
and fairly high tension are employed the errors 
introduced by neglect of this correction will generally 
be small compared with variations in the elastic 
properties of the rope. At low tensions the correc- 
tion is high, but no va‘ue of the modulus which can 
safely be applied is then obtainable, so the restriction 
is in fact not serious. It is, however, advisable to 
reduce the error by employing as long a span as 
possible. 

The earlier experiments with the rope, which 
had not previously been in use, gave low values for 
the modulus, and successive loadings showed a 
marked increase. After a large number of applica- 
tions and prolonged straining under load for about 
three months the values ceased to vary systemati- 
cally and an approximately steady state was 
attained, except that low values were obtained from 
the first few applications of load after a lengthy 





of a number of determinations are plotted in Fig. 5, 
together with extensometer results. It will be seen 
that for tensions above about 14 tons the figures 
agree tolerably well. Below this point the coiling 
tendency and stiffness of the rope in span becomes 
important and the falling away is considerable. 
Since this tendency to coil is likely to be present 
for some considerable period in the useful life of a 
rope, it seems likely that the figures obtained from 
the span method will be more representative in 
practice, but that an extensometer test carried out 
on a straight specimen will give a value to which 
the modulus will tend to rise during service. 

Values for the modulus obtained with decreasing 
load were found to depend largely upon the point 
at which unloading commenced, were even more 
variable than with increasing load, and, although 
agreement between the span and extensometer 
methods was satisfactory when comparison could 
be made, the results are not thought of much value 
for comparative purposes. 

In so far as the experiments may be regarded as 
a test of the two methods, it seems reasonable to 
conclude that either is capable of useful application 


rest. The values of the modulus obtained when 
the steady state had been reached were reasonably 
consistent and did not vary, for any fixed value 
of the tension, by more than about 5 per cent. on 


to wire ropes and cables, and that, provided they 
are applied under reasonably satisfactory conditions, 
the errors in the results of either method will be 
less than indeterminate variations in the quasi- 
elastic properties of the rope. Under such condi- 
tions the figures obtained are as useful as any 
which can be applied to stranded materials, and 
afford upper and lower limits between which the 
modulus will be likely to vary in service. 
Oscillations in Span.—A method for the ‘deter- 
mination of the modulus of elasticity of wires which 
has scientific interest and also possesses practical 
advantages under certain conditions is that which 
depends upon the oscillations of a loaded wire in 
span. Ifa wire is stretched across a horizontal span 
2M and carries a central dead weight W with a 
sag Z, then a slight vertical displacement of this 
weight will give rise to oscillations about the 
position of statical equilibrium. The period of 
oscillation and the modulus of elasticity are con- 
nected by a relation which enables the value of the 
modulus to be deduced from the observed periodicity : 
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where wl is the weight of the wire and @ the inclina- 
tion of the wire to the horizontal in either half of 
the span. ' 

This expression is not so simple as those on which 
the various statical methods have been based,§but 


often the term and sometimes sec @ are so 
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nearly unity that they may be neglected. In any 


case, provided Z does not exceed > the value of 


2 
sec §@ = 1 + = may 
Certain corrections for curvature and stiffness, as 
applied in the statical method of loading in span, 
may be necessary under special conditions, but 
normally will be negligible when the tension is 
such as to eliminate coiling errors. 

The method of oscillation gives a value of the 
modulus at the particular tension which obtains, 
and representing the instantaneous resistance of the 
wire to strain under the conditions of test. 

In the case of elastic materials the value will 
agree with that obtained by statical methods. In 
the case of materials such as copper, which as 
manufactured are imperfectly elastic, but become 
elastic in service, the figure obtained will correspond 
to the elastic value. For materials which are by 
nature imperfectly elastic, the method will give 
results which correspond to the elastic portion of 
the strain but are of little direct value in plotting 
the stress-strain relationship. 

For application to elastic materials, the method 
possesses similar advantages to the span method 
in that the apparatus is simple and robust and the 
manipulation and observation require little skill. 
Furthermore, its accuracy does not depend on the 
measurement of small differences, and it is therefore 
unnecessary to make allowances for temperature 
and for movement at the ‘points of support. On 
the other hand, the levelling of the central scale to 
give true values of the dip and the timing of oscilla- 
tions require some care—in each case errors are 
doubled in the resulting value of E—and the compu- 
tation is a little troublesome. 

For other materials the statical methods are to 
be preferred as giving the true stress-strain relation, 
but the method of oscillations is convenient for 
scientific use in showing which part of the strain 1s 
elastic and which not. 

The method is found in operation to be capable of 
giving accurate and consistent results provided 
the effects of coiling have been overcome. Exten- 
sion due to coiling is, of course, mainly elastic and 
is therefore effective, whereas the gradual straighten- 
ening of kinks under stress is mainly inelastic and 
will be eliminated. 

Experimental Comparison.—In order to compare 
the results given by the different methods, exper!- 
ménts were made on several wires as follows :— _ 

(a) An 18-in. length of the wire was tested in a 
tensile testing machine with a Goodman extenso- 
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meter attached by means of light clips,* shown in 
Fig. 6, over a 12-in. length. The extensometer was 
calibrated before use against an accurate screw, and 
only the portion of the scale between £ 10 wasem- 
ployed. At very low tensions bending of the wires 
made readings invalid, but the linear portion of the 
stress-strain relation gave the results shown in 
Table I, column I. The results, though inclined 
to be low, due no doubt to a continued effect of 
bending, are in reasonably good accord with the 
values obtained by other methods, and show that 
it is possible to obtain reliable figures for wires 
down to 0-05 in. in diameter with an extenso- 
meter of quite a robust type. 

(b) A length of over 40 ft. was suspended verti- 
cally, from a clamp and loaded with weights at the 
lower end. Extensions were measured by a vernier 
attached to the wire under test and registering 
with a scale hung from the same clamp by means 
of a wire of similar material. In some cases the 
effects of kinks and coiling were only partly overcome 
by preliminary straining, so that the readings at 
low tensions were not taken into account. The 
values for the modulus were quite consistent, and 
are considered certainly accurate within 1 per cent. 

(c) One of a pair of wires was loaded in the 
centre of a 35 ft. span, as described above, and the 
modulus deduced from simultaneous readings of 
load and sag. Determinations were only made 
with steel and brass wires, but the results were 
consistent and accurate and the method is certainly 
reliable over the elastic range. 

(d) A single wire was fixed across a 35-ft. span 
and clamped either rigidly or to a ball-bearing swivel 
at each end. The tension was determined by 
adjusting the sag and central load. Oscillations 
in a vertical direction about the position of equi- 
librium were timed with a stop watch over two periods 
of not less than one minute, and the load and central 
sag were recorded. The calibration and measurement 
of sag were made in the same way as in method (c). 
The results which are given in column IV give the 
mean of a large number of determinations in each 
case, made ower a range of tensions sufficiently 
high to eliminate the effects of curvature and 
coiling, and are in good agreement with the results 
obtained by statical methods. The values were, 
moreover, very consistent and variations of more 
than 1 per cent. from the mean were quite excep- 
tional. 

This consistency extends even to results obtained 
with the wire rope already described, loaded in the 
centre of aspan of 50ft. These results are plotted in 
D, Fig. 5, and are seen to be considerably higher 
than those given by statical methods, and are of no 
direct practical value. In that the modulus so 
obtained corresponds to the elastic component of 
the extension, however, it gives by comparison with 
curves A and C an idea of the part of the strain which 
is really elastic and the part which is frictional. With 
the particular rope in use the ratio of elastic to 
frictional strain at 8,000 Ibs. tension (a quarter of 
the breaking load) is about 6 to 1, and at 4,000 Ibs. 
is about 5 to 1. The consistency of the determina- 
tions on curve D suggests that the really elastic 
properties of the rope are fairly constant, and that 
itis the frictional component of the strain which is so 
dependent upon the conditions at the time of test. 
This component is, no doubt, largely responsible 
for variations in the value of the modulus at a single 
tension and in particular for the difference between 
the values obtained during loading and unloading. 

The experimental work described above was 
carried out in the University of Leeds, and in it 
the author has received great encouragement and 
many valuable suggestions from Professor Goodman. 
_ Conclusion.—In the light of the results obtained 
it seemed reasonable to conclude that each of the 
methods under test is capable of giving good and 
reliable results when it is employed under suitable 
Conditions and with reasonable care, and the choice 
of the method to be adopted in any specific instance 
is largely a matter of convenience. Measurements 
at low tensions are not likely to yield useful results 
i either case, and the method of ,escillations in 
Span 1s not suitable when the stress-strain relation 
of an inelastic material is required. 





a clips were first used, it is believed, by 


RAILWAY RATES AND EXPORT 
TRADE. 


One of the most persistently repeated cries of a 
section of the press is that British export trades— 
coal, iron, steel, &c., are severely handicapped by 
railway rates. 

As an example of the manner in which inaccuracies 
of this class are allowed to gain headway, it may be 
mentioned that recently a widely circulated daily 
paper gave prominence to a statement that a typical 
rail charge on coal in Great Britain was 14s. 3d. per 
ton, against 8s. in Germany and 9s. in America. 
When a brief statement of the actual facts was 
submitted it was not published. The figures 
submitted, however, are worthy of notice. Against 
this alleged 14s. 3d. a ton on British coal which has 
to compete with foreign coal, the actual average, 
as given in the latest Coal Commission Report, 
for British railway receipts from coal traffic are 
only 3s. 7d. per ton. This 3s. 7d. includes, of course, 
the receipts on coal carried for the long distances 
from pits to London and other places for household 
purposes. Most of our export coal bears much less 
than this average, and it is doubtful whether the 
average on our export coal is over 2s. a ton. The 
South Wales Coalowners’ Association, in a published 
statement signed by Mr.. Finlay Gibson, recently 
gave ls. 8d. as the average rail charge on exported 
coal. For Durham, Northumberland, Scotland and 
other important exporting districts, the average 
charge is not much over 2s. 

If we turn to our competitors, two typical rates 
on German coal from pits to ports may be quoted. 
The first is one of 8s. from Westphalia to Hamburg, 
and the second 10s. 10d. from Ruhrort to Mannheim. 
There are much lower canal or river charges from 
Ruhrort to, say, Rotterdam (through which 
Dutch port much German coal is shipped), but the 
coal has to be carried by a rail before it gets on the 
barges. 

America is another competitor in this trade. 
In that country we find that the difference between 
the pithead price of Pennsylvania coal and the price 
at New York piers is no less than 2-85 dols. per 
ton. Allowing for dock charges and the shippers’ 
profits, the net railway rate will be over 10s. 6d. 
for a short ton. From these figures it would appear 
that rail rates on export coal are many times higher 
in the United States than in Great Britain, and 
probably three times as high in Germany as in this 
country. The fact is that the British coal export 
trade is very well situated in the matter of inland 
transport costs. It is the productive and not the 
carrying cost that handicaps our coal trade. 

It is much the same with heavy iron, steel, and 
engineering goods. With the exception of Belgium, 
there is no foreign steel exporting country having 
the advantage of anything approaching the low 
transport costs of Great Britain. Owing to the 
great distances involved, United States rivals pay 
dollars a ton against our shillings for assembling 
raw materials at furnaces, and then for carrying the 
finished products to ports. 

When British rates were at their highest a few 
years ago, under the Government control scheme, 
and before the companies made their series of 
reductions in 1922-3-4, a large steel firm in the 
North of England published details showing that 
the entire inland transport costs on a ton of steel 
products delivered to a port of shipment was no 
more than 10s. 10d. This figure included the cost 
of the transport of the ore, lime, fuel, and even the 
furnace bricks, the pig iron and the steel, and of the 
finished goods themselves to the port. At the 
same time United States steel makers showed that 
their corresponding costs amounted to over 2. 
a ton. Details have been published in the New 
York Jron Age showing that the transport costs on 
a ton of American pig iron alone—that is to say, 
on the ore and fuel, &c., to the blastfurnaces— 
were higher than the inclusive costs on a ton of 
finished steel at a port in Great Britain. Another 
set of figures gave the costs on a ton of steel at a 
shipping port as only 15 per cent. of the f.o.b. 
price in England, as against 40 per cent. in the 
United States. 

Although the argument of ton-mile rates is often 





employed, it is not these, but point to point, rates 


that count in competition, and here this country 
has a great advantage. It would require an average 
British ton-mile rate more than six times as high 
as the German, and about twelve times as high as 
the American, to put our export goods on the same 
level as those of our competitors in this matter of 
rail costs. Whilst the average length of haulage 
in the United States is fully 500 miles, and in 
Germany well over 150 miles, it is only between 
25 and 30 miles in this country. The truck of goods 
despatched on a short journey in this country has 
to be marshalled, shunted, loaded, unloaded and 
so forth in just the same way as one doing the long 
trip abroad. Yet in spite of the very short hauls 
here and all they involve, the average ton-mile 
rates in this country are barely twice as high as those 
on the Continent and less than three times as high 
as those of the United States. 





THE NEW HYDRAULIC POWER 
STATION AT CARDIFF DOCKS. 
(Concluded from page 556.) 

THE electrical supply is taken from the Cardiff 
Corporation, and is brought into the pumping 
station by two feeders at 6,600 volts, three-phase, 
50 cycles per second. These feeders are connected 
to the main switchboard supplied by the Metro- 
politan-Vickers Electrical Company, Limited, of 
Trafford Park, Manchester. The high-tension 
switchboard consists, in addition to the feeder 
panels, of a metering panel, a transformer panel, 
through which supply is taken to transformers 
for the provision of a low-tension supply for the 
suction pumps, control circuits and lighting, and four 
motor panels, Behind the switchboard are the 
cubicles which contain the oil-break switches. These 
are of the loose-handle type and are arranged 
for direct hand control with safety interlocking 
gear. 

The pump motors, which are of the slip-ring 
induction type, were supplied by the Metropolitan- 
Vickers Electrical Company, Limited, of Trafford 
Park, Manchester, and are each of 650 h.p., and 
operate directly on the high-tension supply. They 
are arranged for complete automatic control, stop- 
ping and starting according to the changes in 
the demand for hydraulic power. A schematic 
diagram of the entire electrical system is given in 
Fig. 12, on page 618, which will serve to make 
clear the operation of the equipment. The control 
gear was made by Electric Control Limited of 
177, Reid-street, Bridgeton, Glasgow. On account 
of the fact that the starting and stopping might have 
to take place very frequently, it was decided to 
specify that a complete cycle of such operations 
should be possible forty times in an hour. In view 
of the frequency with which these actions have te 
be performed, it was decided that contactors of the 
air-break type should be used. An illustration of 
some of the contactors for the stator circuits is 
shown in Fig. 13. These are provided with horn- 
breaks and double magnetic blow-outs on each 
phase, to ensure that arcing at the contacts is 
reduced toa minimum. The contactors are enclosed 
in an expanded metal screenwork with access doors. 
Actually the full voltage is not applied to the stator 
coils right away, as a charging resistance in series 
with the first high tension contactor (see Fig. 12) 
limits the voltage at switching-on to approximately 
one-half of the line voltage. This charging resistance 
is then short-circuited by the action of another 
high tension contactor. During these actions the 
rotor resistance is in circuit and also the buffer 
resistance, which is of relati.ely high ohmic value. 
The connections of these may be seen in Fig. 12 for 
the first motor, and similar arrangements are made 
for the other three. After the buifer resistance is 
short-circuited each of the rotor contactors comes 
into action in turn, cutting out steps of resistance 
as the speed of the motor increases. When all the 
contactors are close |, the slip-rings of the rotor are 
completely short-circuited and full speed is attained. 
The automatic gear is arranged so that the starting 
operation from rest to full speed occupies normally 
about 30 seconds, but provision is made on the 
controller for a simple adjustment by which this 





time may be either increased or decreased. It is 
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also possible to alter, quite easily, the time interval 
between the closing of each individual contactor. 
Effective interlocking of the gear is also a feature 
of the control equipment and the correct sequence 
of operation of the contactors is at all times assured. 
Shutting down a motor is carried out in exactly the 
reverse order of starting, and all the rotor resistance, 
as:well as the large charging resistance, is re- 
inserted in circuit before the final stator contactor 
is opened. This control system, making use of a 
charging resistance in the stator circuit and a buffer 
resistance of relatively high ohmic capacity in that 
of the rotor, has much to recommend its use, for 
it must safeguard the motor end-windings against 
surges, which would otherwise be great, during the 
switching operations. 

The controllers for the four high-pressure pumps 
are identical and are erected on the starting plat- 
form, two on each side of the selector panel, as 
shown in Fig. 14. They are of the standard 
“Empire” contactor type made by Electric Control 
Limited, and are enclosed within sheet-steel cases 
with hinged doors which are glazed to enable the 
operation of the contactors to be observed without 
opening the doors. The provision of a selector 
panel is made in order that the control switches may 
be interchanged periodically by the hand-turning 
of the selector switch. This may be seen at the 
top of the selector panel in Fig. 15. It is possible 
to change the motor which comes into operation 
first, in order to divide the duty equally between all 
four pumps. It is arranged, however, that what- 
ever position the selecior switch is in, the sequence 
of starting up the motors remains the same. For 
instance, if the selector switch is so arranged that 
No. 3 pump is to be started first, it will be followed 
in succession by No. 4, No. 1 and No. 2, and they 
will be cut out of action, when the demand decreases, 
in the reverse order. A change of setting thus 
permits an alteration of the motor which will be 
on duty the longest time each day, the others being 
out of action when the total demand for water is 
not great. The automatic arrangement for starting 
receives its initial impulse from contacts arranged 
in association with Venturi tubes connected to the 
suction pipe lines. 
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Fig. 13. Arrk- Break Contactors FoR Main Pump Morors. 


Protective devices are essential in an automati- 
cally regulated pumping station, which must come 
into action if the supply of water fails or there is 
a burst in the mains. The :rrangements used are 
shown at the top right-hand corner of Fig. 12. Should 
the water in the overhead supply tank get below a 
predetermined level a float-operated switch opens 
the control circuit and shuts down the main pumps. 
Indication is also given when the water level in the 
supply tank reaches its maximum or minimum level. 
In all these cases a bell circuit is closed to call the 
attention of the station engineer to the unusual 
conditions. Should one of the main supply pipes 
burst, an automatic pressure relay causes the main 
pumps to be closed down immediately. 

As has already been stated, there are two low- 
pressure centrifugal pumps, each driven by a 
105-h.p., 220-volt, three-phase motor, which raise 
the water to the supply tank. These are also 
automatically controlled from float switches. The 
control gear for the low-lift pumps was supplied by 
Electric Control Limited and is accommodated 
close to the two units, as is shown in Fig. 16. The 
electricity supply for these motors is obtained by 
the transformation of the high-tension supply in 





a bank of three single-phase transformers. There 
are altogether four 54 kv.-a. single-phase trans- 
formers, three of which are in service at any 
time, the fourth being kept as a spare. They 
are of the oil-immersed, self-cooled type, made 
by the Metropolitan-Vickers Electrical Company, 
Limited, and have tappings for 6,750, 6,600, and 
6,450 volts. Earth shields are provided for them, 
and each is completely self-contained in a steel 
tank. They are connected in a delta-delta group- 
ing, and, in addition to their duty in supplying 
the current for the two 105-h.p. motors, they serve 
for the provision of current for lighting and for 
the control circuits. ? 
The entire installation in this pumping station 
affords an interesting example of the facility with 
which automatic control can be applied to motor- 
driven pumps. The electrical plant takes up 
little space compared with the steam plant it 
replaced ; the capacity of the station was therefore 
considerably inoreased, while the expense of service 
in attending to the plant has been much reduced. 
We must acknowledge our indebtedness to Mr. C. B. 
Collett, the chief mechanical engineer of the Great 
Western Railway Company, for the facilities he 
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afforded to us to visit this interesting hydraulic 
pumping station and witness the reliable way in 
which the whole installation operates. 





MECHANICAL LOADING IN COAL 
MINES. 


In the effort to meet higher costs of production, 
attention is being given in an ever-increasing 
extent to labour-saving machinery. The difficult 
position of the British coal industry at the present 
time is directly attributable to increased wages. 
Although the increase since pre-war days has been 
great, wages in this country are still considerably 
below American rates. It is a striking anomaly 
that notwithstanding higher wages, industry of all 








kinds in the U.S.A., including coal mining, is able 
to continue on a profitable and prosperous basis. 
With the object of ascertaining how this result can 
be attained, certain British commissions have re- 
cently been investigating actual conditions in the 
U.S.A. Acommission of British working miners has 
visited Germany, where they have been surprised 
to find the application of modern mechanical 
appliances to be, in some respects, further 
advanced than in their own collieries. The two 
questions which arise :—“‘ How Can the Americans 
pay such high wages, and how can the Germans 
produce so cheaply,” would appear both to be 
answered by the same reply, that the extensive use 
of labour saving machinery and modern equipment 
is at least in part responsible. For the rest we have 
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of course, been told by several authorities, includ- 
ing President Coolidge, that our men must work 
harder. In any case, aside from methods of organ- 
isation and inducement to increase the efforts of 
the individual worker by systems of profit sharing 
and the like, the steps taken in the U.S.A. and the 
methods there employed to meet high wage condi- 
tions should continue to be the subject of keen in- 
terest and attention to the leaders of industry in 
this country. It will no doubt be objected (and 
rightly so) that conditions vary greatly, more, 
indeed, in the case of coal mining than in any other 
industry, and methods which may be successful 
abroad are quite impossible of application in Great 
Britain. This, however, cannot seriously be urged 
as an excuse for ignoring the progress made by 
competing countries, and obviously each case must 
be studied on its own merits. 

Two of the most striking innovations of modern 
times in coal mining practice have been the employ- 
ment of electricity and the use on an extensive 
scale of coal cutting machines, both of which were 
developed on a large scale in the U.S.A. before they 
were adopted to any great extent in the United 
Kingdom, despite the fact that the mechanical 
coal cutter may be claimed as a British invention. 
High wages, shortage of labour, and keen competi- 
tion on the markets have conduced to further 
efforts being made to reduce working costs in 
American collieries. It would seem only natural 
after so much attention had been devoted to, and 
such a high rate of efficiency had been attained 
with coal cutting machines, haulage with electrical 
locomotives, high-speed hoisting, &c., that almost 
the only stage remaining which was still done by 
hand, viz., loading the coal at the face, should be 
the next to receive attention for the further applica- 
tion of machinery. Conveyors of various types 
have, of course, been in use with success for 
some years, and their use is extending. But the 
use of the loading machine proper by which digging 
and loading by hand may be aispensed with 
(although usually incorporating some form of con- 
veyor in its construction), is still in the development 
stage. Nevertheless a considerable amount of 
pioneer work has now been accomplished and the 
subject is arousing a good deal of interest in the 
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U.S.A. In view of this and the fact that very little 
Jiterature had so far been published which could 
enable engineers and others to judge of the measure 
of success obtainable with machine loaders, it was 
decided by the U.S. Bureau of Mines to make an 
investigation and publish a report on the subject. 
The result of this enquiry which was carried out in 
1924-25, has recently been published by the Car- 
negie Institute of Technology, Pittsburgh, in 
Bulletin No. 17 of coal mining investigations, 
the authors of which, F. E. Cash and E. H. John- 
son, examined 65 mines in 29 districts where coal 
loading machines are in operation. Loading 
machines may be classified into five main groups 
as follows :—(1) Cutting and loading; (2) digging 
and loading; (3) scraper loaders; (4) elevators ; 
(5) conveyors. 

In the first group of which four types are in actual 
operation, the cutting of the coal in the face as 
well as the loading of it into the mine cars is accom- 
plished. An example of this type which is especially 
suitable for entry driving is the McKinlay mining 
and loading machine. Two large overlapping circles 
are cut in the face of the coal by means of two heavy 
cast-steel cutter bars provided with nickel steel 
tool holders -fitted with removable bits, leaving a 
triangular segment of coal at the top and bottom 
at the centre of the cut. These are under and over 
cut by a cutter chain driven by sprockets on the 
driving shafts of the cutter arms, and the guides 
that carry the cutter-chains form a wedging plate 
which breaks the coal down or up. When the main 
cut reaches a certain depth, the coal is wedged apart 
and broken by incision of an adjustable roller on the 
cutter bars, the coal falling behind the latter and 
in front of the machine. As it falls the coal is lifted 
on to a conveyor passing through to the back of the 
machine, which discharges it on to other conveyors 
delivering into mine cars. The thrust of the main 
driving shafts which terminate at the rear end in 
a cast-steel crosshead with ball bearings, is taken up 
by a hydraulic ram which is used to jack the whole 
machine forward, a fresh hitch being made every 
3 ft., and taking about one minute each time. The 
rate of advance in 6 ft. of solid coal is about 3 in. 
per minute; the number of men required to 
operate the machine being two or three. The shape 
of the cut has the advantage in entry driving that 
little or no timber is required, as a natural arch is 
formed. The total weight of this machine is about 
18 tons, and the power is provided by a 50 h.p. 
completely enclosed electric motor. 

The Jeffrey 34 B entry driver has been used with 
success for several years, and consists of an under- 
cutting frame provided with a cutter chain and at 
each side shearing frames for vertical cuts. A 
conveyor is mounted on the undercutting frame, so 
made as to project below the coal, which is broken 
down as required by means of a powerfulram. With 
the undercutting and both shear chains running, a 
cut 5 ft. wide and 7 ft. deep can be made in about 
20 minutes. The machine may then be pulled back 
with a rope and jacked sideways for the next cut, 
only one of the shear chains running for open 
cuts which take about 15 minutes, and this opera- 
tion may be repeated until the room attains the 
desired width. 

Another type developed by the same firm is the 
Jeffrey ‘‘shortwaloder”’ which is specially designed 
as an entry driver for rapid development work. 

Although still appertaining to the same group 
the O’Toole cutting and loading machine, which is 
still in an experimental stage, is designed on different 
lines, and is interesting on account of the fact that 
it is intended to cut and load coal simultaneously 
on a face 42 ft. long. Its construction is simple, 
consisting essentially of a cutter chain and con- 
veyor belt running the whole length parallel to the 
face. Feed screws driven by line shafting through 
worm gears keep the whole apparatus advancing 
towards the face at the rate of 2 in. per minute, 
the thrust of the feed screws being taken up through 
swivel nuts fixed to the base of 150 ton hydraulic 
jacks which are placed in two rows of 6 or 7 each, 
in staggered formation—the first row being about 
3 ft. from the face, to support the roof. After 
advancing 3 ft. the back row of jacks is moved up 
to the edge of the conveyor; this takes three men 
about 10 minutes to accomplish. A 50 h.p. d.c. 








motor drives the chain cutter and feed screws, and 
a separate 10 h.p. d.c. motor drives the conveyor, 
but it is intended in newer models to use a single 
motor of higher power. No means is provided for 
bringing down the coal into the conveyor after 
undercutting with this apparatus, but in the mine 
where it is being used the pressure of the superincum- 
bent strata is sufficient to crush the coal at the face 
as rapidly as it is cut, so that practically continuous 
operation is possible. 

In the second group, t.e., digging and loading 
machines, mention may be made of the Hamilton 
loader which was the first coal-loading machine to 
be placed on the market, making its first appearance 
about 1900, and being the cause of a strike which 
lasted 12 months, owing to the miners demanding the 
same rates for machine-loaded as for hand-loaded 
coal. It consisted essentially of a jib in front with 
gathering arms of the drag flight type which raise 
the coal and deliver it on to a swinging conveyor 
leading to the mine cars. Owing to a mine explosion, 
financial losses, and opposition of the miners no 
further development in the use of this machine took 
place. The patents expired and more recently 
certain features of it have been adapted in other 
newer machines. 

Of the 65 mines examined in the course of the 
enquiry, 27 were using Joy digging and loading 
machines, of which there are three models, the 
principle difference being that of size. The first 
and smallest was built in 1919, but was not placed 
on the market until 1922. This machine is provided 
with a front apron with gathering arms on either 
side which sweep the coal from the ground on to a 
dragflight pattern conveyor, which raises the coal 
and delivers it direct into the mine car. The arms 
may be used to a certain extent for digging at the 
face, a multiple-dise clutch being provided to relieve 
overloads caused by the arms coming into contact 
with the solid coal. The machine is fitted with both 
track wheels and caterpillar treads, the former being 
removed from the axles on reaching the working 
place, leaving it free to manceuvre on the mine floor. 
A 15 h.p. direct-current motor drives the propelling 
mechanism, conveyor, gathering arms and oil pump. 
Hydraulic jacks are used for raising and lowering the 
front apron and the boom of the conveyor at the 
back. The specification includes the following 
figures :—Length 22 ft., width 54 ft., height 3} ft., 
maximum speed 8 m.p.h., weight 3} tons. This 
loader is capable of working in seams 50 in. thick. 

The second model has heavier parts of better 
quality and embodies a number of improvements— 
it weighs 54 tons, and is driven by a 35 h.p. direct- 
current motor. It is 6 in. higher than the first 
model (viz., 4 ft. on the caterpillar treads) and the 
front apron is 6 in. wider. A further difference 
consists in there being two conveyors—the lifting 
conveyor discharging at the middle of the machine 
into a swinging rear conveyor, operated under 
hydraulic control through 180 deg. of arc, which 
ensures the conveyor remaining over the mine car— 
a matter of uncertainty in the first model. A high 
pressure lubricating system is fitted. In loose coal 
this machine can deliver 4 tons a minute, two or 
three men being required as a working crew. The 
third model of the Joy loader is similar to the above 
except that it is } ton lighter, is 6 in. lower and has 
no swinging conveyor. 

An example of a mine where five Joy loaders 
handle nearly 900 tons daily is given. The seam 
averages 66 in. The mine is laid out in 500 ft. 
panels with rooms turned in each direction off the 
butt entries. Rooms are turned at 90 deg.. on 
40-ft. centres, and driven 27 ft. wide, and room pillars 
are not recovered. Two machines are working in 
rooms, the remainder in entries. Car capacity is 
2 tons and haulage is done with storage battery 
motors. Working in 12 -ft. entries, one of these 
loading machines handled eight cuts in one shift 
filling 80 cars or 180 tons. 

This group includes no less than six other types of 
digging and loading machines, which it is un- 
necessary to describe further than briefly to mention 
the chief features of variation which it may here 
be said are in the main connected with the device 
employed for digging or gathering the coal on to the 
conveyor, and consist variously of so-called auto- 
matic shovels, dippers (horizontal revolving cylinders 
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with two cutting edges) &c. In one type a horizontal 
rotating bar 7 ft. long, mounted with chisel pointed 
bits working at right angles to the face and close to 
the floor is employed; in another the digging 
member is made up of 20 parallel sprockets on a 
stationary shaft. Each sprocket has five teeth of 
bit steel, and rotation is effected by a built-up mat 
36 in. wide which acts as a multiple sprocket 
chain. This mat in addition to driving the digging 
sprockets acts as a conveyor for elevating the coal, 

The third group, viz., scraper loaders, involves 
an entirely different principle from the foregoing, and 
consists essentially of a so-called scraper, which is 
merely a V-shaped bottomless scoop, which is 
dragged along the mine floor by means of a suitable 
hoisting engine. In the Goodman type the scraper 
has a load capacity of about 1,500 lb., and a double. 
drum hoist, a car-loading chute, and the sheaves 
necessary for guiding the head and tail ropes are 
provided. This machine is stated to have achieved 
considerable success in working thin anthracite 
beds, where the bottom is ripped on the entry to 
provide head room; it is also becoming popular 
in mining inclined beds of bituminous coal. 

In another type, named the Ace, the scraper or 
loading bucket is rectangular, 10 ft. long and 5 ft. 
wide, 2 ft. 7 in. high, constructed of ?-in. steel 
plate, cross braced at the top with 8-in. channels, 
and with no bottom. It is operated by four men 
on a wall face 325 ft. long, and travels this distance 
in one minute, being hoisted by a {-in. steel cable 
on a double-drum Nordberg hoisting engine, driven 
by a 125-h.p., 220-volt, alternating-current motor. 
At the loading station the scraper is hoisted on a 
ramp over a 42-in. drag flight conveyor, which then 
loads the coal into mine cars. It should be men- 
tioned that at the mine where this type of scraper 
is being used the coal is only partly shattered by 
shot firing, and the great reserve of power in the 
hoist is utilised to tear it out by means of manganese- 
steel teeth fitted to the scraper. 

The elevating machines tabulated in group 4 do 
no digging, and only convey sufficiently far after 
elevating the coal to the height of the mine car to 
deliver it into the latter. Although there are a 
variety of types of conveyors, including some which 
are self-loading, the general principles of shaking, 
belt and drag flight conveyors are sufficiently well 
known for a description here of this group to be 
dispensed with. 

It will be seen from the foregoing brief summary 
that the choice of loading machines is quite con- 
siderable, and, although it is to be expected that the 
rigorous test of time and experience will tend to 
reduce the number and only the best will survive the 
ordeal, yet, as has been emphasised by Messrs. F. E. 
Cash and E. H. Johnson, the authors of the Bulletin, 
coal-mining conditions vary so greatly that no one 
machine could ever be devised which would be 
universally suitable. In comparing American prac- 
tice with that of Europe, it should be remembered 
that comparatively few narrow seams are worked in 
the United States, most of their large producers 
having thick, fairly flat seams, worked by the pillar 
and stall system or some modification of it; 
further, the mines are mostly shallow and com- 
paratively free from gas, so that electricity is largely 
employed even at the coal face. These conditions 
could indeed almost be deduced from merely reading 
the description of some of the loading machines, 
especially those belonging to group 1, and it should 
here be remarked that these entry drivers have 
further found successful employment in conjunction 
with other types of loading machines. Obviously. 
these heavy types cannot be used economically if 
they have constantly to be transported from one 
place to another, but at least two of the type that 
stay on the mine track can be used to clean up 
falls of rock, roof brushings and clogged air ways. 
which certainly enhances their value. The use of 
any of the track-loading or caterpillar machines 1s 
clearly limited by local physical conditions. 
Scrapers have hitherto been confined chiefly to 
thin or steeply inclined seams with clean coal. But 
if any cleaning at the face is necessary some type of 
conveyor with hand loading is preferable. 

In Europe the shaking chute and other types of 
conveyor are becoming firmly established in working 
various kinds of seams, especially thin and steeply 
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inclined beds, which in America are practically 
confined to the anthracite mines. It is significant 
of the position already gained by machine loaders 
in America that it has been found advisable in more 
than one colliery to modify the method of working to 
accommodate their employment under more favour- 
able conditions. 

The following figures extracted from a cost 
analysis of average loading machines (portable car- 
loading type) may be of interest :— 


Dollars. 
List price of machine... ie ee 14,500 
Freight and installation ... sa as 500 
Annual rate of depreciation... .. 2,600 
Interest at 6 percent. ... ala bins 900 
Total annual fixed charges zs 3,400 


Overhead charges, including fixed charges 
(250 shifts), power, oil, repairs, perday 26-56 


Labour... 39-85 
Total cost of loading ‘192 tons with 

machine --- 66-36 
Hand loading at 80, 35 and 65 cents ... 105-60 
Saving effected by machine loading ... 39-24 
Saving per cent. ... coal RES 


Machine loading cost, cents per ton ... 34-6 
Saving effected by machine loading, cents 

per ton ... 20-4 
With scrapers and conveyors in thin beds 

the average list price of machine is 

given at. sik 4,700 
Saving per cent. by machine loading .. 35°8 
Machine loading cost, cents perton ... 48-2 
Saving effected sl machine nannies cents 

per ton ... os 27°8 
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Drainage and Flood Control Engineering. By GrorcEe 
W. Pickets, C. E. London: McGraw Hill Publishing 
Company, Limited. [Price 20s. net.] 

Tais book is worthy of a place in every civil 

engineer’s library. The author, in his preface, 

states that ““No claim is made for exhaustive 
treatment of these subjects,” but in this respect 
he is better than his word, as the subject matter 
covered by the title is most certainly dealt 
with in every detail in the text. The book suffers, 
however, from certain defects, and it may be perhaps 
useful to cite these first. Engineers in America will 
find no difficulty in reading the book as the straight- 
forward method of writing and the orderly compila- 
tion of the text facilitates perusal. Those of other 
countries, however; may have difficulty in translating 
some of the technical terms adopted ana be at some 
disadvantage until they come to realise that “ pre- 
cipitation,” ‘‘ second-feet,” “levees,” are nothing 
more than familiar subjects in another guise. The 
volume also has a fault which is common to many 

American books, the figures and photographs re- 

ferred to in the text being often many pages away 

from the relevant reading matter. 

Before dealing with the author’s technical treat- 
ment of his subject we should like our readers to 
bear in mind that American conditions, though 
similar in certain cases to those of our Overseas 
Dominions, are scarcely comparable with those 
in Great Britain, with its relatively small drainage 
areas, and problems on a much smaller scale than 
those with which the United States is faced. In 
this country, the book can teach us little in regard 
to the flood protection of ‘“‘ bottom lands” (or as 
we should call them, marsh lands) below the flood 
levels of rivers. This subject is dealt with in 
Chapter XII, but we should prefer to rely on 
English and Dutch experience as regards Europe, 
rather than on American. In view of the general 
tightening up by the Ministry of Agriculture of 
our own Jand drainage administration, ‘it is good to 
see that the author confirms our view about the 
desirability of keeping drainage channels free frem 
weeds and other growth—which he estimates 
retard flow by as much as 25 per cent. 

A valuable chapter is the second, dealing with 
rainfall problems, and the isopluvial charts given 
are of great interest, but they would be more 
interesting still if they were more clearly explained. 

Of value to English engineers also is the section 








which deals with the flow of water in open channels. 
Probably never before has there been given such a 
useful review of the history and formulae of this 
subject, with which the author deals in thirty of 
his best pages, and we agree with the findings of 
the Miami Conservancy District to the effect that 
the “ Kutter ” formula is the best equation available 
at the present time. In this chapter, however, it is 
curious to note certain pitfalls in which the professor- 
ial mind is likely to be trapped, such, for instance, as 
the attempt to obtain a river discharge by means 
of multiplying the velocity given by a current meter 
reading by the cross sectional area of a river com- 
partment. One is also inclined to question the 
accuracy of a scouring velocity of 10 ft. per second 
on solid rock, which must undoubtedly be exceeded 
over the artificial concrete in the spill-way of the 
Gatun dam. Much of the remaining text on the 
problems of land drainage by open channels is in 
general a recapitulation of data already known, 
with the interesting exception of the introduction 
of transition curves in open drainage channels, 
where these have to depart from straight alignment. 
This shows the keen appreciation of the American 
hydraulician of the fact that the only thing which 
really never finds its own level is water ! 

Pumping plants and excavating machinery are 
referred to and dealt with in the book, but we 
scarcely need examine the author’s observations in 
this connection in detail, as American practice in 
this respect (in view of the large quantities dealt 
with in the United States) is undoubtedly based on 
very wide experience. 

There is much material for thought in the chapter 
dealing with flood prevention by means of reservoirs, 
and the highly interesting subject of checking high 
velocities by the use of the hydraulic jump, 
which we have no space here to deal with in detail. 
To those, however, who are studying tidal hydro- 
electric power problems we commend this section 
of the book, as any suggestion is welcome which 
might help to solve the difficulty in designing 
sluices where high velocities are essential. 

As to the chapter on drainage law it is obvious 
that little comment is necessary. It has, of course, 
no bearing on our own highly complicated laws 
on this subject. 

A general impression is left by the perusal of 
Mr. Pickels’s work of the thorough manner in 
which the American engineer tackles his problems 
and reduces his results to a readable record. We 
are always too apt to regard the American engineer 
as a hustler, who will put up with any makeshift 
so long as it serves, but the text of this book is 
entirely contradictory to this view, and _indi- 
cates that very much time and study must have 
been put into its production. Nevertheless, we 
cannot help comparing the neat and accurate 
diagrams and profiles used to illustrate the different 
methods of constructing river embankments, with 
such photographs as those reproduced in Figs. 
115 and 117 which appear on pages 333 and 335 
respectively, and which painfully recall the make- 
shift idea. It is indeed obvious that the American 
engineer chances his luck to some extent in 
the construction of his levees and concerns 
himself too much with the theoretical aspect of 
the crest levels of his embankments, at the expense 
of protecting their slopes against scour. Here 
again we may advise our readers that the term 
“crevasse” is apparently used for a breach. 

It is noticeable that on American rivers passing 
through low-lying districts, secondary and tertiary 
embankments are employed, and this method is 
evidently modelled on Dutch practice. It is 
only the crest of the outer embankment which 
bears direct relation to the flood levels of rivers, 
and even here sometimes the crest level has not 
in all cases proved high enough so that one can 
imagine the importance which the question of 
crest level assumes in the minds of American 
engineers. 

The question of efficient under-drainage of 
agricultural lands is very fully dealt with, and it is 
interesting to note that the general principles are 
based on the development of English practice. 

In our opinion the real value of this book lies 
largely in the fact that, as far as we know, it is 
the only work which deals fully with the problems 





of detention reservoirs as such. The true function 
of such reservoirs is not properly understood, and 
there is much controversy on the subject. We do 
not suggest for a moment that such practice is 
applicable to Great Britain ; we are indeed certain 
that it is not. Nevertheless, we have areas in 
Burmah, India, Canada, and Australia, similar to 
those in the United States with which the author 
deals; and, as British graduates in engineering 
must for the most part look to the Colonies for 
their future, this book is a valuable adjunct to 
their education. 

The English engineer not accustomed to handle 
the problems of obstreperous rivers may be surprised 
to hear perhaps for the first time than an artificial 
lake, created by a dam across the valley through 
which the river flows, will diminish the flood rate 
of discharge, even though the lake be full before 
the storm bursts ; yet this is true and scientifically 
correct. Interesting points of this kind are to be 
found throughout this volume, which is one of 
a very high standard of accuracy. The book is 
provided with an excellent index, and is published 
at a price which places it within the reach of the 
average engineer advising on public works. It 
contains valuable and condensed data in the form 
of tables and graphs, though unfortunately the 
statistics are confined purely to the United 
States. 





Die Oclfeuerung unter besonderer Beriicksichtigung der 
Erfahrungen in den in-und quslaindischen Kriegs-und 
Handelsmarinen. By MArtne-OBERrBAURAT BRUNO 
Scuurz. Halle: Wilhelm Knapp. [Price 9-80 marks.] 

A BOOK on oil-firing with special regard to ex- 

perience obtained in navies and mercantile fleets, 

written by the naval engineer, with whom the 
decision on fuel oil problems rested in the German 

Navy before and during the war, is a work of 

unusual interest even in the days when publications 

on oil fuels and their uses are plentiful. Oil burners 
were first tried under marine boilers in America by 

Bidle and by Shaw and Linton in 1862. Little 

progress was, however, made in that country during 

the next two decades, and when development came 
it was helped by what had meanwhile been done in 

Russia, where the high price of coal and the abundance 

of petroleum had led to the design of oil-fired boilers 

by Spakowski in 1866. By 1870 the oil-fired steamers 

Constantine and Iwan, were running on the Caspian 

Sea and on Russian rivers. 

As early as 1865 the British Navy experimented 
with the new fuel; in Germany the first trials were 
made in 1870. Not much was published, however, 
on the somewhat disappointing results of these 
trials, and development took place on more or less 
independent lines in each country. For these reasons 
Mr. Schulz discusses the general developments with 
respect to the different countries, Germany, England, 
the United States and others, and he adheres to 
this classification afterwards in the other sections 
of his volume. Thearrangement has its drawbacks. 
But since he deals with his problems broadly on 
critical, historical lines, pointing out the strong and 
weak features of the devices and the ways in which 
difficulties were later overcome, some such sub- 
division appears to have been essential. The chief 
value of the book lies in the critical character of 
the review. Quite an unusual amount of useful 
information regarding design, details of construction, 
dimensional data, tables, tests and experiences is 
condensed into the 200 pages of the volume. 

The main divisions of the book deal with general 
development. Oil burners and their regulation, in 
some respects the chief division, take up about 
one-third of the volume. Other sections deal with 
oil filters, preheaters, pumps, air compressors ; oil 
and smoke measurement ; boilers and their settings 
for mixed coal and oil firing, and for oil firing ; con- 
version of bunkers to oil-fuel storage ; oil pipes, oil 
fuelling and storing; the operation of boilers, their 
tests on shore and at sea, and safety appliances ; 
fuel oils, statistics, properties, tests, specifications 
and economical problems. 

Although American experts had pronounced 
against the adoption of mixed coal and oil fuel 
systems in 1905, the German Navy, dreading a 
dearth of oil, continued to equip ships on the 
combined system—as was done elsewhere—and 
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ordered trial use to be made of oil firing several 
times every month to accustom the crews to the 
change-over. They also fitted-up, early in the war, 
warships for coal firing and emergency oil firing. 
The Navy oil was a tar oil heavier than water. 
Mr. Schulz states that in the battle of Jutland 
English ships suffered from the oil that had escaped 
from destroyed tanks and burnt on the water. The 
German Navy specifications, we find further on in 
the book, called for an oil of density greater than 1, 
which had been deprived of 20 per cent. of its fatty 
oil and been mixed with 20 per cent. of pitch, 
whilst the American and French Navies are said to 
have specified oils of density of from 0-85 to 0-96. 
The point is perhaps not so important as it might 
appear, because oil discharged into sea waves would 
undergo a partial separation of its constituents. At 
any rate, we find that the heavy oils gave trouble in 
the preheaters of Kérting and of Moll which consist 
of U-tubes packed with spiral strips. The Benkert 
oil-spray nozzle, which has been much commented 
upon during the past year, is not referred to in this 
book. References to some of the early devices 
might perhaps have been omitted, but they are 
useful in connection with the explanation of diffi- 
culties experienced. On the whole, this matter-of- 
fact book is well up to date, and it will be acknow- 
ledged that foreign, especially English and American, 
practice receives adequate recognition. 





Colliery Working and Management. By H. F. Butman 
and Sir R. A. 8S. RepMayNE, K.C.B., M.Sc. London: 
Crosby Lockwood and Son. [42s.] 

THE appearance of a new edition of this authori” 

tative work is particularly welcome at the present 

time, when such unusual general interest has been 
aroused by the economic situation of our great 
colliery industry. The first edition, published in 

1912, established the book among the classics on 

its subject, but when, as now, developments move 

so rapidly, even the most comprehensive treatise 
may very soon become out of date. For the present 
edition, much of the book has, therefore, been re- 
written, and a good deal of new material added. 

The tables of statistics, &c., have also been amended 

to date. 

After its interesting preliminary historical survey, 
the book, although not divided into parts, falls 
naturally into two broad divisions, which we may 
call (1) Financial (including labour) and (2) Tech- 
nical. Thus, Chapters II to VII cover working costs 
and conditions of labour, examples from the past 
being compared with present practice. They then 
proceed to deal with superintendence, labour arrange- 
ments and system of wages. Chapter VII is devoted 
entirely to examples of Wages Bills and Cost Sheets 
and their explanation. Labour questions play, and 
seem likely to continue to play, such a large part 
in the colliery industry that this section of the book 
is of great value and importance. The Seven Hours’ 
Act has necessitated a new arrangement of hours 
and shifts of work, and Government Regulations 
require new and considerably more forms and reports 
than when the first edition of this book was written. 
The National Agreement for the regulation of wages 
is explained, and the new National Wages Agree- 
ment of June, 1924, is reprinted in the Appendix. 

It is perhaps concomitant with their position at 
the present day that colliery managers as a class 
should be subjected to criticism from many quarters. 
They may be accused on the one hand of not being 
sufficiently modern in their working methods, on 
the other of not understanding or being able to 
‘““manage’’ the men. But it is probable that by 
far the majority of these self-appointed critics have 
themselves no very clear .dea of the conditions as 
a whole, or of the difficulties and problems which 
the colliery manager is called upon to face. ‘‘ What 
knowledge, and what personal qualities are desir- 
able in the colliery manager?” are dealt with by 
the authors in Chapter 4, and without enlarging 
here on the point, we may mention the emphasis 
which should be laid on the qualities besides those 
essential to a well-trained engineer. In addition 
to being a good technical man, he must be a good 
business man and be capable of dealing effectively 
with men. Probably, the most harassing and 
difficult part of his duties is that of settling labour 


History has shown that obstacles in the progress 
of the industry have been overcome time and again 
by the adoption of new methods and inventions and 
parallel developments may be expected in the future. 
It may be objected that present-day troubles are less 
of a technical than a social nature. But it should 
be remembered that although the two theoretical 
divisions—Financial (involving social questions) 
and Technical—here assumed, may appear to be 
wide apart and independent in their influences, in 
reality they are very closely allied. An important 
improvement on the technical side, such as the 
introduction of Watt’s steam engine or the safety 
lamp, or more recently the introduction of coal- 
cutting machines, by increasing the output ratio 
per man, has an important bearing upon the financial 
side of the industry by considerably reducing the 
cost per ton of coal mined. 

The problem before the coal industry to-day is 
not merely that of trying to reduce or keep down 
the men’s wages, but is conditioned by that pro- 
gress and improvement which has been with it ever 
since the industry existed, and is as important, 
to-day as at any time in its history. That such 
improvements are being studied and continuously 
introduced goes without saying, but a reference 
to the increase in the number of coal-cutting 
machines during the last twenty years will make 
this sufficiently evident even to the non-technical 
reader. In 1902 the figure was 483 ; in 1912, 2,444 ; 
and in 1922, 5,434. 

The authors devote a chapter to this important 
subject of coal-cutting machines, illustrating the 
prevailing types. The improvements in the design 
of these machines during recent years have been 
very marked. The leading types—chain, disc, bar 
and percussive—have each their own special 
advantages adapted to the size of seam, hardness 
of the coal, and other conditions which vary so 
widely in different localities. As electricity only 
costs about one-third as much as compressed air, 
it is gaining ground in popularity ; but compressed 
air is safe in gassy seams, and is an aid to ventilation, 
while it is especially favoured where percussive 
machines are used. Another labour-saving contri- 
vance which has come rapidly into extensive use 
is the band or shaker conveyor for conveying the 
broken coal from the face where it is won, into 
the tub standing on the roadway. Between 1907 
and 1922 the number of face conveyors increased 
from 100 to 928. 

The remainder of the book is devoted to describing 
the various methods of working applicable in coal 
mines, except the final chapter, which deals with 
mine accidents and disease. Although there are 
a number of different methods of working a seam, 
all may be said to be more or less modifications 
of the well-known Bord and Pillar or Longwall 
systems. Shaft pillars, subsidence, and ventilation 
in their general aspects are treated briefly before 
passing on to the description of “‘ Bord and Pillar,” 
working of Welsh steam coal, &c. 

Some new material has been introduced in the 
shape of recent examples of practice in working 
two seams near together. It has been a matter 
of controversy in some districts in the case of 
seams occurring close together whether to “ get” 
the upper or lower one first. An instance is given 
from Natal of a simultaneous working of two 
seams separated by about 4 ft. of sandstone. 
Information concerning recent methods of working 
thick seams such as that of South Staffordshire 
has also been added. Finally an interesting and 
instructive comparison is made in Chapter XVII 
between conditions and results of working at 
eleven fairly typical collieries. 

Coming to the last chapter. it is gratifying to 
note the steady progress which has been achieved 
during the past fifty years in the prevention of 
fatal accidents in coal mines, as shown by the 
fall in the death-rate. In 1873 it was 2-24 per 
1,000 persons employed or 7:42 per million tons 
of mineral raised ; in‘1922 this had fallen to 0-95 
per 1,000 persons or 4-32 persons per million tons 
raised. It has been less than 1 per 1,000 persons 
employed during recent years. Nevertheless that 
there still remains a great deal to be done to 


those engaged in coal mining in 1922, viz., 1,105 
killed and 185,497 injured. Falls of ground 
accounted for the greatest number uf accidents. a 





EXPRESS ELECTRIC LOCOMOTIVE 
FOR THE MIDI RAILWAY COMPANY 
OF FRANCE. 


In view of the large electrification problems in hand, 
the French railways are testing out various types 
of electric locomotives, in order to develop permanent 
standards suitable to their traffic. The express electric 
locomotive illustrated in Figs. 1 to 6, on pages 623, 
624 and 625, is an ingenious, and, it is reported, success- 
ful attempt to deal with some of the problems involved. 
Two of these machines have been built at the ‘Tarbes 
works of the Constructions Electriques de France, for 
the Midi Railway Company of France, and have been 
running satisfactorily for some time. A speed of 75. 
m.p-h. has been maintained with ease in ordinary 
working, while 93 m.p.h. has been recorded in trial 
runs on which no abnormal vibration or oscillation was 
apparent. 

As will be seen from Fig 1, the design embodies 
three pairs of driving wheels. The norma! horsepower 
transmitted is 789 per axle. This can be increased, 
when necessary, to 986 h.p. per axle. To provide 
a torque of this magnitude on one axle would have 
involved a very large motor with, in consequence, 
difficulties in arranging accommodation for the driving 
gear between the main frames. Reference to Fig. 4 
indicates very clearly the arrangement finally adopted, 
namely, two vertical-spindle motors for each driving 
axle, or six in all. The principal particulars of the 
locomotives are as follows:— 


Diameter of driving wheels 1-750 m.= 5 ft. 9 in. 
Diameter of bogie wheels 0-900 m.= 2 ft. 11} in. 
Distance between centres of 

bogies __.... me ... 9°200m.= 30 ft. 2in. 
Distance between bogie 

wheel centres ... 2°000 m.= 6 ft. 6} in. 
Total wheel base .... ... 11-200 m.= 36 ft. 9 in. 
Distance between driving 

wheel centres _.... ... 2°000 m.= 6 ft. 6} in. 
Distance between the bogie 

wheel centre and the near- 

est driving wheel centre 1-600 m.= 5 ft. 3 in. 
Total length of body ... 13-360 m.= 43 ft. 10 in. 
Width inside body .. 8°080 m.= 10 ft. L in. 
Length over buffers ... 14-500 m.= 47 ft. 7 in. 
Height from rail to top of 

roof ... 98°780 m.= 12 ft. 5 in. 


Weight on each driving axle 18 m. tons. 


Weight on each bogie axle 12 m. tons. 
Weight available for adhe- 

sion ens ae ... 54m. tons. 
Total weight .... 102 m. tons. 
Drawbar pull 12-5 m. tons. 


The driving connection between the motors and 
driving wheels is by means of a quill. In this drive, the 
axle is allowed a certain amount of movement relatively 
to the quill, the only stress transmitted being that of 
the torque. The quill, which is 320 mm. (12% in.) 
in external diameter in the journals, and 270 mm. 
(10} in.) in internal diameter, has fixed to it at each end 
a disc provided with four projecting arms. Between 
this disc and the driving wheel, is a loose ring carrying 
four lugs. Two of these lugs are connected with the 
quill disc, and two with the driving wheel. This con- 
nection consists, in each case, of a pair of helical springs 
which are shown in Fig. 3. These abut against the 
short arms of the quill disc at two opposite sides of 
the ring diameter, and against bosses on the driving 
wheel at the other two sides. Ball and socket joints 
are provided at all eight points of contact. 

The power is transmitted through the springs. The 
whole arrangement is very flexible and permits move- 
ment of the axle in all directions. The quill, of course, 
runs without end-play in its bearings, which are of con- 
siderable width. Referring again to Fig. 4, in the 
centre of the quill between the two bearings there will 
be seen to be keyed a casting which carries two bevel 
wheel rims securely fixed to it, back to back. These 
are of special hard steel, not heat treated, and have each 
60 teeth. They each mesh with a 22-tooth pinion, of 
heat-treated chrome-nickel steel, on the vertical motor 
shafts, As the bevel pinions gear one on each side of ® 
single wheel having two faces, they have to rotate in 
opposite directions. This arrangement obviates all 
lateral thrust on the quill bearings. The motors, as 
stated above, are vertical, and each pair is housed in 
a common stator casing, with main and reverse winding. 
They do not, in themselves, call for special comment, 
except that, as the vertical arrangement adopted gives 
plenty of room, they are amply proportioned and have 





increase measures conducing to safety is shown 





disputes. 


by the loss and injury to life which occurred to | 





correspondingly high efficiency and good insulation. 
The fact of the armatures being well above the 
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ELECTRIC LOCOMOTIVE WITH VERTICAL MOTORS; MIDI RAILWAY. 


THE CONSTRUCTIONS ELECTRIQUES DE FRANCE, S.A., ENGINEERS, TARBES. 

















Fic. 1. GeneraL View witH SipE PANELS REMOVED. 














Fie. 2. CompLeteD LOCOMOTIVE. 


axles, and rotating in opposite directions, makes for | centre of gravity, and the opposite rotation conduces 
steadiness. The centre of gravity is, as a matter of|to better balancing. 

fact, about 6 ft. 2 in. above the rail level, which It will further be realised from Fig. 4, that the bevel 
compares favourably with that of 4-4-2 type engines.| gearing is completely enclosed. This makes forced 
The period of oscillation is lengthened by this high ' lubrication possible. The motor shaft has bearings 


at the top and bottom, and between these extends a 
sleeve, thus providing an annular space round the shaft. 
There is an adjustable thrust bearing with a double 
ball race at the top. Oil is fed into the ball race 
casing, whence the upper bearing is lubricated. Part 
of the supply passes down a hole drilled in the centre 
of the shaft and into the annular space surrounding it. 
Hence it passes through the lower bearing into the gear- 
box, in which a constant level is maintained, so that the 
gear runs in oil. The quill bearings have ordinary 
lubricating grooves. Labyrinth packing is provided, 
which effectually prevents the escape of oil at any 
int. 
P The ventilation of the motors may also be followed 
in the same illustration. The shaft is cased in, as 
explained above, for lubrication purposes, but the 
main casing lies outside this oil screen, and into the 
space between them air is delivered by fans. This 
passes upwards, through both armatures and fields, 
and finally escapes through storm-proof removable 
cowls on the roof of the locomotive. Overhead, at 
each side of the engine, the main cables are arranged 
with the leads to the commutators. These are 
clearly visible in Fig. 6, a view taken with the casing 
doors opened to give access to the brushes. The side 
sheeting of the engine is not in position in this view. 

The main frame of the engine is constructed of 
plates 30 mm. (1} in.) thick, and is continuous from 
one buffer beam to the other. It is fitted with 
outside hornblocks of standard pattern, which carry 
the axle-boxes of the three driving axles. The 
journals are 160 mm. by 260 mm. (6} in. in diam. by 
10} in. long) and the bearing brasses are fitted with 
the normal wedge adjustment and ordinary lubrica- 
tion. The axles are 190 mm. (74 in.) in diameter in 
the body, so that there is 40 mm. (1} in.) clearance 
each side between them and the inside of the quill 
shaft. This is ample allowance for any possible rela- 
tive displacement. The driving wheels are of the disc 
type, 1,750 mm. (5 ft. 9 in.) in diameter on the 
tread. They are keyed to the axles in the ordinary 
manner, and connected with the quill shaft by the 
flexible coupling. already described. 

In addition to the buffer beams and some stiffeners, 
the frames are connected transversely by six cross 
bearers. Four of these carry the six main motors 
and some of the auxiliaries while the other two are for 
the four-wheel bogies at each end of the engine. The 
bogies are similar in design to those of the 4-2 type 





of engines on the Midi Railway. They have inside 
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Fia. 5. Driver’s COMPARTMENT. 


and to run them by the auxiliary current at 120 volts. 
The details of the switchgear, &c., do not call. for 
any special mention. 

The current is collected by two pantographs from 
a single line at 1,500 volts. The contact strip is 
of copper, 4 mm. (0-157 in.) thick, and is renewed 
when worn to 2 mm. (0°078 in.). This, it is stated, 
occurs after running from 7,500 to 9,300 miles. A third 
pantograph, situated in the middle of the locomotive, 
is provided as a stand-by. 

The principal dimensions have already been given 
in the table, and are also shown in Figs, 3 and 4. The 
normal total horse-power is 2,367. This can be 
increased to 2,958 if necessary. The weight on each 
driving axle is 18 metric tons, which gives an available 
weight for adhesion of 54 metric tons, The total 
weight of 102 metric tons is made up by a bogie load 
of 48 tons—that is, 12 tons per axle. 

As stated above, two locomotives have been well 
tested on service runs, and a further eight are being 
built for the Bordeaux-Irun line. Apparently, how- 
ever, the type is not yet powerful enough, and future 
designs will have eight vertical motors on four drivin 
axles, giving a draw-bar pull of 16-6 metric tons an 
a fixed wheel base of 6 m. (19 ft. 8 4, in.), as compared 
with 12-5 metric tons and 4 m. (43 ft. 1} in.) the corre- 
sponding figures for the locomotives described above. 









































































INTERNATIONAL Trests OF AEROFOILS, — Acting on'a 
suggestion made by the Director of Research, the Aero- 
nautical Research Committee decided in March, 1920, to 
institute comparative model tests in as many as possible 
of the aerodynamic laboratories of the world. It was 
thought that such tests, in which the same models would 
be tested successively by all laboratories, would supply 
valuable information which had not previously been 
available. The tests finally decided upon included the 
determination of lift, drag and centre of pressure for a 
standard aerofoil model of R.A.F. 15 section at various 
angles of incidence. The results of the tests carried out 
in Great Britain are given in Reports and Memoranda 
No. 954, recently published. This report should be of 
general interest to all establishments or firms which use 
wind tunnels for making experiments on aerodynamic 
models as they show the amount of variation that is 
obtained between the results on the same model tested 
under a variety of conditions. In general, the agreement 
between the N.P.L. and the R.A.E, wind tunnels may be 
considered satisfactory, with the exception of one of the 
N.P.L. wind tunnels, namely, the 7-ft. tunnel No. 1, 
It is further to be noted that the results on the 4-ft. 
tunnels, when corrected for tunnel-wall interference by 
the Prandtl theory, are in very good agreement with the 
7-{t. tunnel results except in the ease of the N.P.L, 4-ft. 
tunnel No, 2. The report is obtainable from any of the 

















branches of H.M. Stationery Office, price 2s. net. 





626 


ENGINEERING. 








[May 28, 1926. 





HIGH-TEMPERATURE MEASURE- 
MENTS 


“*METALLURGISTS and experimenters working with 
high temperatures, as, for instance, above 1,000 deg. C., 
have two types of instruments at their disposal for 
temperature measurements, namely, thermocouples and 
radiation pyrometers. Neither type is perfect, and, with 
both, corrections have to be made on rather uncertain 
bases. Thermocouples are liable to contamination. The 
only couples suitable for temperatures above 1,200 deg. C. 
are the platinum/platinum-rhodium couples, and these 
are sensitive to hydrogen and carbon monoxide, to which 
the protective silica sheaths may become permeable at 
this temperature. The instruments are thus unreliable 
for prolonged use near their upper limit, which is 
1,600 deg. C. More serious still is the fact that the 
thermocouple exposed in a furnace does not strictly 
indicate either the temperature of the gas, or that of 
the furnace walls, but will register some intermediate 
temperature. The bare couple may acquire the gas 
temperature approximately when made of thin wires, 
but local fluctuations of temperature in a furnace may 
amount to many degrees, and bare couples are not 
suitable for determining the difference between gas and 
wall temperatures. In order to obtain more reliable 
measurements of the actual gas temperature, without 
exposing the couples to contamination by gases, soot 
and dust, the Wirmestelle Diisseldorf of the Vereins 
Deutscher Eisenhiittenleute has developed an aspira- 
tionfpyrometer, on the lines of the aspiration thermo- 
meter which the late Dr. Assmann introduced in the 
’sixties, when it became evident that mercury 
thermometers carried by balloons did not show the 
correct temperature of the atmosphere. We illustrate 
this device in our diagrams, Figs. 1 to 3, herewith. 
The appliance consists, briefly, of a sheathed thermo- 
couple, mounted in a tube through which the gas, the 
temperature of which is to be determined, is drawn at 
a measurable rate. 

The thermocouple is encased in the silica sheath B, 
which is fitted into the iron tube A and secured in it by 
means of asbestos cord. The tube A is provided with a 
water jacket C, the water entering at D by means of 
a }-in. pipe and leaving at E. The letters x, in Fig. 1, 
mark welded joints. Over the exposed end of the 
pyrometer and the length of 25 mm. (1 in.) projecting 
from A, are fitted twojconcentric tubes F, F, of silit 
(carborundum), which protects the thermojunction from 
the radiant heat of the furnace walls ; the inner of these 
tubes has a diameter of 42 mm., the outer of 60 mm., 
while their length is 400 mm. (8 in.). Carborundum has 
been found to be the only material which will stand the 
high and wide range of temperatures of a furnace or flue. 
The gas drawn by aspiration through the inner tube F, 
flows past the thermojunction in its sheath B, the 
necessary suction effect being produced by admitting 
compressed air to an ejector, consisting of a pipe L 
and the nozzle N,, which discharges into the nozzle N, 
on the branch tube G. The differential gauge M, 
which measures the rate of air flow, is shown ona larger 
scale in Fig. 3; two }-in. pipes are connected by rubber 
tubing with the gauge. K is the compressed air pipe 
union. The innernozzle N, has a diameter of 6 mm. at 
the throat and opens out to 12 mm.; the corresponding 
figures for N, are 15 and 30 mm. The total length of 
the aspiration pyrometer is 1,200 mm. (47 in.). 

The readings obtained with this aspiration thermo- 
couple can, to a certain extent, be checked by varying 
the velocity of the aspirated air current. When 
changes in the rate of flow are found to affect no 
change in the temperature record, the readings may 
be accepted, though there may still be loss of heat 
through conduction along the wires. The calibration 
of the instrument is therefore rather laborious; but 
determinations of flue gas temperatures, in which, 
formerly, errors of more than 100 deg. existed, are 
now, with the new instrument, considered to be 
reliable to within a few degrees. Where bare thermo- 
junctions are permissible, control can be effected by 
using wires of different diameters, say 0-6, 0-3, 
0-15mm. Extrapolation to zero diameter would then 
give the true gas temperature; but the resistance of 
the couple must, of course, be small compared with 
the resistance of the rilli-voltmeter used, and the 
thin wires should therefore be short and be joined to 
stouter leads. For temperatures above 1,600 deg., the 
junction of the platinum-couple is replaced by a rod 
of refractory material, the temperature of which is 
calibrated with the aid of an optical pyrometer. 

The advantages and imperfections of the various types 
of optical pyrometers have also recently been reviewed 
by the Wiirmestelle Diisseldorf, which has issued a 
report drawn up by Dr. Hermann Schmidt. Since 
all materials (furnace walls, solid and liquid iron, 
slags, etc.) radiate less heat than a black body 
would radiate at the same temperature, the readings 
of optical pyrometers are, the report states, too low. 
In pyrometers of the disappearing-filament type, the 
brightness of a glowing filament is matched against 
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that of the hot body by regulating the heating current. 
The Holborn-Kurlbaum pyrometer determines the 
radiation for the wave length of red light, about 0-65 u. 
The corrections required for the readings over this 
limited range are smaller than when the whole 
spectrum is taken, and are fairly well known. A 
brick wall, which is 60 per cent. black, would, for 
instance, require the addition of 40 deg. for a pyrometer 
reading of 1,000 deg., and an addition of 100 deg. for a 
reading of 1,750 deg. Observations can be taken on 
small surfaces, e.g., streams of liquid metal, and through 
gases of fluctuating temperatures, provided the gases 
be transparent and not self-luminiscent. 

Water vapour and carbon dioxide, which do not 
absorb red light to any noteworthy extent, do not 
cause errors. These pyrometers, however, are not 
recording instruments ; they are sensitive to extraneous 
radiation as, for instance, daylight, etc., and the degree 
of blackness is always doubtful and changes with 
surface conditions; the latter objection affects ail 
radiation pyrometers. In the Wanner polarising pyro- 
meter the red light observed is compared with the red 
light of a standard source ; each beam is split into two 
beams polarised at right angles to one another, and 
two semi-circular image patches are brought into 
juxtaposition for comparison. The general properties 
are similar to those of the Holborn-Kurlbaum 
instrument, but the surface examined is not directly 
visible to the observer ; the surface observed must not 
be too small and must be examined in the normal 
direction to exclude oblique polarised radiation. The 
reading also gives the average temperature of the 
whole field, and not of a point. In the total radiation 
pyrometers, the radiation is concentrated by means of 
lenses or mirrors on to a thermopile. These instruments 
can be made self-recording; they are not subject to 
personal errors, are not sensitive to extraneous radia- 
tions, and are simple and easy to handle. Against 
these advantages there are serious drawbacks. The 
large corrections required are of a very uncertain 
magnitude, so that determinations of the temperatures 
of streams of metal, ingots, etc., outside the furnace, 
have only a comparative value, and the temperatures of 
the gases, whether transparent or not, have considerable 
influence. When furnaces are provided with a small 
hole by means of which an observation is made, no 
black-body correction is required for radiation pyro- 
meters, if the temperature is uniform throughout the 
interior. If local temperature fluctuations occur, cold 
spots will give readings which are too high, and hot 
spots readings which are too low. 





Wuire Lines on Hicnwayrs,—The Minister of Trans- 
port has issued a circular to all highway authorities in 
Great Britain, on the subject of the use of white lines 
on the highway as an aid to public safety and for the 
convenience of traffic. The Minister states in the circular, 
that he views with some apprehension the diversity 
of practice which is growing up in connection with the 
use of the white line. In order to secure some degree 
of uniformity, and thereby to minimise the dangers 
which might arise if certain highway authorities used the 
device with unnecessary freedom while others made 
little or no use of it, certain general principles for the 
guidance of all concerned are set out in the circular. 
These principles are derived from the experience already 
gained with regard to the use of these white lines on 
the carriage way. ‘The circular contains several neat 
diagrams and is printed and published by H.M. Stationery 

















LIMITS OF INFLAMMABILITY OF 
FIREDAMP IN ATMOSPHERES CON- 
TAINING BLACKDAMP. 


THE accumulation of blackdamp in mine air is the 
result of the gradual absorption of the oxygen by 
the coal and of the evolution of the carbon dioxide 
formed. Haldane and Atkinson averaged the compo- 
sition of blackdamp, i.e., the gas mixture found in 
old workings or badly-ventilated mines, at 86 per 
cent. of nitrogen and 14 per cent. of carbon dioxide. 
The United States Bureau of Mines found the CO, 
percentage in blackdamp to vary between 4 and 21, 
and considered 11-5 per cent. an average. Owing to 
the absence of free oxygen, blackdamp is unable to 
sustain respiration and combustion, and it should, 
when present in sufficient proportions, prevent the pro- 
pagation of flame and of firedamp (methane) explosions. 
Investigating the effect of mixing blackdamp with 
air containing methane, Drs. H. F. Coward and 
F. J. Hartwell (Safety in Mines Research Board, 
Paper 15-19 of above title; H.M. Stationery Office, 
price 6d. net) find that the addition of blackdamp 
and of either constituent, nitrogen or carbon dioxide, 
raises the lower limit of inflammability and lowers the 
upper limit, so that the two limits finally coincide. 
At normal temperature and pressure, methane-air 
mixtures are explosive when they contain not less 
than 5-3 per cent. of methane, or more than 14-4 per 
cent. In the experiments the gases were dried. The 
presence of 2 per cent. of water vapour did not make 
much difference, but lowered the upper limit to 13-54 
per cent. The experiments were made in vertical 
tubes, from 2 in. to 10 in. in diameter, 7 ft. high, 
ignition being by means of a spirit lamp at the lower end, 
at temperatures ranging from 12 deg. O. to 23 deg. C., 
and normal pressure in still air. It was ascertained 
that the i bility limits approached 7-5 per 
cent. (of methane) as more and more carbon dioxide 
was added, and about 6-3 per cert. as more nitrogen 
was added to the gas mixture. The upper limit was 
more rapidly affected than the lower limit. No self- 
propagating flame was possible when 25 per cent. or 
more of carbon dioxide, or 38-5 per cent. or more 
of nitrogen were present. The amount, of blackdamp 
which would form an extinctive mixture for methane 
would lie between these two percentages. It is clear 
from these figures that the danger of a firedamp 
explosion is but slightly decreased by the presence of 
blackdamp, unless present in proportions which would 
make the atmosphere irrespirable, even through gas 
masks. Thus the evil effect of blackdamp in vitiating 
the air is not counterbalanced by any increase in 
safety. 





Coat Resmwvgs In Concrets.—The secretary of the 
Association of Floor Constructors, 53, Victoria-street, 
London, §.W.1, informs us that his association has had 
under consideration the regulations which govern the 
construction of steel and concrete floors, and, in par- 
ticular, those which deal with the use of coal residues 
in concrete that is in any way in contact with steel. 
Having regard to the many cases in which this material 
has been clearly proved to have corroded the steel, 
often to the extent of entire destruction, the pore 
tion has decided to approach the Government and al 
county, borough and district councils to take steps to 
prohibit the use of coal residues in structural concrete 
in contact with steel. 
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CONTINUOUS RECORDER FOR SPECIFIC GRAVITY. 
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CONTINUOUS RECORDER FOR 
SPECIFIC GRAVITY. 


A continuous recorder for specific gravity, as 
applied to the measurement of the specific gravity 
of condensed milk, is illustrated in the above 
figures. The apparatus was installed at the Lans- 
downe, Co. Limerick, works of the Condensed Milk 
Company of Ireland, by Messrs. Industrial Combus- 
tion Engineers, Limited, of Astor House, Aldwych, 
W.C.2. Fig. 1 shows the connections between the 
condensed-milk evaporator and the gravity recorder, 
while Figs. 2 to 4 show details of the recorder itself. 
The principle of operation of the appliance is the same 
as that of Westphal’s balance, the operation depending 
on the variation in weight of a displacer suspended in 
the liquid, with variation in the specific gravity of the 
liquid. The continuous record is obtained by passing 
a proportion of the liquid through the casing in which 
the displacer is suspended. In this case, milk is with- 
drawn from the evaporator and sent through the 
recorder, subsequently being returned to the evaporator, 
at the rate of 12 gallons per hour. 

The displacer consists of several metal containers, 
best shown in Figs. 2 and 3, filled, in this case, with a 
solution of 70 per cent. cane sugar. In all cases the 
displacer is filled with a liquid of the same kind as that 
for which the recorder is designed, or else with a liquid 
having the same coefficient of expansion. The sides of 
the containers are flexible, so that they can expand 
and contract with variations in temperature of the 
liquid. Thus the liquid inside the displacer changes in 
volume at the same rate as that outside, and the relative 
weight of the displacer remains constant as long as 
the specific gravity of the circulating liquid does not 
change. The displacer and a counterweight are sus- 
pended from opposite ends of a beam with a pendulum 
weight at the centre, as shown in Fig. 2. The system 
is balanced in the liquid at mid-range of the gravity for 
which the recorder is designed. In this particular case 
the recorder will measure gravity between the ranges of 
1:25 and 1-37. An increase in the gravity of the 
liquid will cause the displacer to rise proportionally to 
the change in gravity, and a decrease in gravity will 
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allow it to fall, the motion being controlled by the 
pendulum weight. This motion is transmitted directly 
to a recorder pen. The casing of the recorder is 
enamelled, and the moving parts are of bronze or are 
copper plated. 

As shown in Fig. 3, the displacer units are thinned off 
at the cop and bottom to prevent the lodging of sediment 
on top or the collection of air below. Each unit is 
provided with a plug for filling with the liquid having 
the suitable coefficient of expansion. The flexible 
material of which the units are made allows expansion 
and contraction without damage, so that the liquid 
within may change in density with temperature at the 
same rate as that without, and maintain the true 
relation between the displacer and the liquid in which 
it is immersed. In the case of the particular installa- 
tion with which we are concerned, the device is com- 
pensated for a range between 90 deg. F. and 130 deg. F. 
There is a slight temperature lag between the liquid 
outside and that inside the displacer when there is a 
sudden change in temperature, but owing to the 
number of displacer units used and the large area in 
comparison with the volume, this lag is very slight. 
In actual practice it is found that the temperatures do 
not change rapidly, so that there is no appreciable lag. 

The counterweight on the opposite end of the beam 
is made of plates having the same area as the displacers, 
the object being to ensure that if there age any deposits 
of sediment, such deposits will be equally distributed 
on either side of the beam, and the balance will not be 
upset. At the centre of the beam is a pendulum having 
an adjustable weight, which may be moved by means 
of the adjusting screw shown in Fig. 3. The system is 
balanced in the liquid, with the pen at mid-travel and 
the pendulum vertical. The proper calibration is 
obtained by adjusting the pendulum weight. No 
springs or diaphragms are used to change the calibra- 
tion. 

The magnetic principle is employed for the trans- 
mission of the motion of the displacer to the pen, as 
shownin Fig. 2. A permanent magnet is mounted on the 
pendulum rod, and moves in an arc of a circle in front 
of a dished non-magnetic plate. The armature is 
supported from a beam mounted on pivot points 
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with its axis in line with the displacer beam, so that it 
moves in the same path as the magnet. The magnet 
and the armature form segments of a ring, thus giving 
the maximum power for the operation of the pen, 
which is far in excess of the friction. The magnetic 
transmission makes it possible to build the casing 
absolutely tight, and so prevents any possibility of 
leakage. The casing may be lagged when hot or cold 
liquids are passing through the system. 

The recorder pen has a 4}-in. travel on a 12-in. 
circular chart. The full pen motion can be secured 
with a total change of 0-008 specific gravity or 2 deg. 
Brix, with an accuracy of 1 per cent. This corresponds 
to an accuracy of 0-00008 specific gravity or 0-02 deg. 
Brix. The recorders are made to cover any wider 
ranges of specific gravity desired, such as 0-80 to 1-00, 
1:00 to 1-50, &c., this being brought about by varying 
the pendulum weight or its position on the pendulum 
rod. The charts can, of course, be graduated to read 
directly in specific gravity, degrees Baumé, degrees Brix, 
or per cent. sugar, per cent. acid, per cent. alcohol, &c. 
The recorder has been found to operate extremely 
well in the Condensed Milk Company’s installation, 
and the readings, checked occasionally by hydrometric 
measurements, are extraordinarily accurate in view of the 
difficulties encountered in the plant. These difficulties 
arise owing to the fact that the milk is boiling and tends 
to lift in a mass from the bottom of the evaporator, 
where the feed is withdrawn for the gravity recorder. 
The pump is operating on a 29-in. vacuum. 








INSTITUTION OF QUARRY MANAGERS: ANNUAL Con- 
FERENCE.—At the annual conference of the Institution 
of Quarry Managers, held this year at Llandrindod Wells, 
from July 12to 17, Sir Henry P. Maybury, C.B., K.C.M.G., 

resident of the Institution, will present the first May- 
a gold medal. ‘This distinction will be awarded 
annually to the member of the Institution who submits 
the best paper to the conference. An exhibition of plant, 
machinery, &c., will be held in conjunction with the 
conference, and special demonstrations of drilling, 
blasting, &c., will take place in a qu situated close 
to the exhibition building. The offices of the Institution 





are at 160, Edmund-street, Birmingham. 
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ROYAL METEOROLOGICAL SOCIETY. 


At the usual monthly meeting of this society, held on 
May 19, at the Society’s Rooms, 49, Cromwell Road, 
8. Kensington, with Sir Gilbert T. Walker, President, 
in the chair, a paper entitled ‘‘ Meteorological Conditions 
and Sound Transmission,” was read by E. S. Player. 
The paper described the observed effects of meteoro- 
logical conditions on the transmission of sound, and 
was divided into two sections. The first dealt with 
sounds originating on the surface of the earth, the 
second with sounds arriving from an altitude. 

The observations of sounds originating on the 
surface were made at a station near the North 
Foreland, Kent, the sources of sound being the 
sirens of the light-vessels in the locality. Note- 
frequency of the sirens did not vary, and, the light- 
vessels being stationary, distances and bearings remained 
constant. The principal observations centred round 
the North Goodwin light-vessel, which was in tele- 
graphic communication with the station. Observations 
were not confined to the type of weather which necessi- 
tates blasts for navigational purposes. The cases 
referred to in the paper include examples of rapid and 
continual changes, over very short periods, in sound 
intensity, the effects of humidity, temperature, rain, 
and the general combination of these conditions. 

The sources used for sounds arriving from an altitude 
were aeroplane notes which vary in frequency, and, 
obviously, occupy positions which are continually 
changing. Observations of upper air conditions showed 
a practically constant fall in temperature, but strata 
of varying relative humidity. It was observed that 
sound was transmitted well when the variations of these 
strata were small, and the atmosphere, therefore, more 
nearly approached a homogeneous state; great or 
abrupt changes had a destructive effect. Acoustical 
conditions were often good for surface sounds while 
bad for sounds transmitted from an altitude, and 
vice versa. 

Two allied papers were then read, the first entitled 
* The Wet Summer of 1924 and other Wet Seasons in the 
British Isles,” by J. Glasspoole, and the second entitled 
“ Pressure Distributions Associated with Wet Seasons 
in the British Isles,’ by C. E. P. Brooks. The first 
paper pointed out that the abnormal rainfall of 1924 
provided an opportunity for a study of pronounced 
wet seasons. Maps were given of the rainfall (as a 
percentage of the normal) of other wet seasons over the 
British Isles since 1870, of from three to seven months’ 
duration, together with brief notes of the rainfall 
distributions of the individual months of these wet 
periods. A comparison of the maps with those for 
dry periods indicated that while large deficiencies are 
confined mainly to the south and east of these islands, 
large excesses do occur in the north and west. The 
results of the investigation form a basis for the compari- 
son of current weather, and are indicative of the excesses 
likely to be experienced in the future. 

The second paper discussed the average pressure 
distribution over the northern hemisphere during 
each of the wet periods from 1876 to 1924. The pressure 
distributions were represented as deviations from 
normal, and it was found that they fell into two clearly 
defined types :—(a) Greatest deficit of pressure over 
Iceland; (6) Greatest deficit of pressure over the 
British Isles. Out of 14 charts only one could be 
regarded as intermediate between the two types. With 
a pressure distribution of type a the south-west winds 
over these islands would be stronger than normal, 
giving more orographic rain on the western highlands, 
and in all the four periods classed as of this type the 
tainfall distribution was found to be mainly orographic. 
With a pressure distribution of type 6 there would be a 
tendency for depressions to pass directly across these 
islands, giving an excess of rainfall over the whole 
country (cyclonic type) and with the exception of 
April-June, 1907, al the periods with a pressure 
distribution of type 6 had this type of rainfall distribu- 
tion. The conditions in the Atlantic Ocean during and 
preceding these wet periods were then investigated. 

The conclusion may be summarised as follows :— 
Conditions favourable to a wet period of the mainly 
orographic type :—N.E. trade wind velocity below 
normal nine to twelve mouths before. S.E. trade wind 
velocity below normal twelve months before. Pressure 
difference, Sydney (Nova Scotia) minus Ivigtut 
(Greenland) above normal three months before. Amount 
of ice near Iceland below normal during the wet period. 
Conditions favourable to a wet period of the mainly 
cyclonic type :—Pressure difference, Sydney minus 
Ivigtut, above normal three months before. Amount 
of ice near Iceland above normal in preceding spring, 
but below normal during the wet period. The weak 
N.E, and S.E. trades and the large pressure difference 
between Sydney and Ivigtut all contribute to a lower 
temperature in the North Atlantic, which may thus be 
the chief cause of a wet season in the British Isles. 
The part played by the Iceland ice is probably to 
determine the location of the greatest deficit of 
pressure. 





ENGINEERING TRAINING AND 
EDUCATION. 


Mavor and Coulson Mining Scholarship.—The 
Council of the Institution of Mining Engineers has 
accepted a generous offer, made by Messrs. Mavor 
and Coulson, Limited, of Glasgow, of a sum of 300I. 
for a further year, for a post-graduate travelling 
scholarship, which must include Canada or the United 
States in the itinerary of the selected candidate. It is 
the intention of Messrs. Mavor and Coulson to offer 
annually a similar sum for the same purpose. The 
scholarship is open to British subjects over 23 years 
and under 27 years of age, who are Student-Members 
or Associates of the Institution of Mining Engineers, 
and who have graduated in mining at a university or 
college, or taken the Associateship of the Royal School 
of Mines, and have had at least twelve months’ under- 
ground experience at a colliery. Candidates will be 
required to submit a thesis on a subject of their own 
choice connected with underground operations in 
coal mining. Credit will be given to a candidate 
for knowledge of a modern foreign language, and also 
for evidence of facility in freehand drawing. The 
successful candidate will be required to devote one 
year to the special study, by underground investigation, 
of the methods practised in the actual mining of coal 
and in the transport of coal from the face to the main 
mechanical haulage. Further particulars and applica- 
tion forms may be obtained from the Secretary, the 
Institution of Mining Engineers, Cleveland House, 
225, City Road, London, E.C.1. Applications in 
respect of the award must be in the hands of the 
Secretary of the Institution by September 1, 1926. 
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Appareillage Electrique. By P. Maurer. Paris: 
Gauthier-Villars et Cie. [Price 55 fr. + 20 per cent.] 

Die Wasserturbinen. Part I. Allgemeines Die Freis- 
trahiturbinen. Part II. Die Uberdruckturbinen. By 
Diet. Ine. P. Hort, Berlin and Leipzig: Walter de 
Gruyter & Co. [Price 1-50 marks each.] 


United States Bureau of Standards. Circular No. 279. 
Relations between the Temperatures, Pressures and 
Densities of Gases. [Price 25 cents.] No. 281. The 


Technology of the Manufacture of Gypsum Products. 
[Price 30 cents.] No. 300. Architectural Acoustics. 
[Price 5 cents.] No. 303. United States Government 
Master Specification for Varnish, Shellac. [Price 5 
cents.] Washington: Government Printing Office. 
United States Bureau of Standards. Scientific Papers. 
No. 516. A Shielded Resistor for Voltage Transformer 
Testing. By F. B. Susser. [Price 15 cents.] No. 


519. The Preparation of Levulose. By R. Fs Jacx- 
son and others. [Price 10 cents.] Technological 
Papers. No. 304. A Method for Testing Gas Appli- 


ances to Determine their Safety from Producing Carbon 


Monoxide. By E. R. WEAVER and others. [Price 
10 cents.] No. 308. Cement-Lime Mortars. By 
H. O. Jounson. [Price 15 cents.] Washington : 


Government Printing Office. 


Die Deformationsmethode. By Dr. TECH. 4. ©. 
A. OsteNretp. [Berlin: Julius Springer. [Price 
10 marks. ] 

The Motor Boat and Marine Motor Manual. London: 
Temple Press, Limited. [Price 5s. net.] 

Dictionary of Costing. By R. J. H. Ryaty. London: 


Sir Isaac Pitman and Sons, Limited. 
net. ] 

Stainless Iron and Steel. 
F.Inst.P. London: Chapman and Hall, 
[Price 21ls, net.] 

Cycling Manual. Sixth edition. 
Press, Limited. [Price ls. net.] 
Proceedings of the Rugby Engineering Society. Vol. XIX. 
Session 1924-25. Rugby: Offices of the Society. 

[Price 10s. 6d.] 

Year-Book of the Wellington Harbour Board, New Zealand. 
1926, Wellington: Offices of the Harbour Board. 
[Price 2s. 6d.] 


[Price 10s. 6d. 


By J. H. G. Monypenny, 
Limited. 


London: Temple 





INTERNATIONAL CONFERENCE ON Coat.—We are 
informed that Dr. T. 8. Baker, president of the Carnegie 
Institute of Technology, Pittsburgh, Pennsylvania, 
U.S.A., is arranging an international conference on coal 
to be held at the Carnegie Institute towards the end of 
November, 1926. Several prominent English, French 
and German scientists will participate in the discussions, 
which will deal chiefly with bituminous coal and its 
uses. Papers will also be presented by leading American 
engineers ; these will be devoted to such subjects as the 
distillation of coal, by-products, and new methods of 
producing energy from coal, Other topics which will 
receive attention are: low-temperature carbonisation of 
coal, generation of power at the mines, domestic use of 
coke, and water power versus energy derived from coal. 
Dr. Baker intends to come to Europe shortly for the 
purpose of discussing matters relating to the conference 
with prominent scientists. He will visit the fuel research 
station of the Department of Scientific and Industrial 
Research, London, the Comité Central des Houilleres 
de France, and the Kaiser Wilhelm Institut fiir Kohlen, 
forschung, Mulheim, Germany. While in Europe, he 
may be addressed through the Guaranty Trust Company, 
London. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 4 
Iron and Steel.—A fortnight has gone by since the 
general strike terminated, and a survey of the local 
industrial position shows that while the majority of 
the steel and engineering firms continue to operate 
on a limited scale, the stoppage has resulted in a com- 
plete dislocation of business. Of the future, conflicting 
views are held. Some regard it with optimism and 
assert that the effect of the strike will result in a better 
understanding between employers and employees, and 
that something like a “trade boom ”’ will be witnessed. 
On the other hand a note of pessimism is sour ded, 
the belief being expressed that confidence .ias been 
undermined, and that it will be some time _ before 
normal trading conditions can be_ restored. Fuel 
shortage, coupled with transport difficulties, are respon- 
sible for many departments being closed down. Open 
hearth furnaces, damped down shortly after the strike 
commenced, will not be relighted until after the holidays, 
and even then not until a settlement has been reached 
in the coal crisis. Other departments have also closed 
down indefinitely, and employees now working have 
been granted holidays ranging from a week to a fortnight. 
Business in the heavy trades is virtually at a standstill. 
In the railway branches a few orders are in hand, and 
in the automobile steel industry the demand remains 
satisfactory. The implement and machinery sections 
are benefiting from orders placed by the Colonies, 
though the’ home call is not so strong. The lighter 
industries have maintained a satisfactory position 
considering the difficulties encountered. Garden tools 
are active lines, while quarrying and road-making 
implements are improving. A distinctly dull section 
is the colliery implement industry. Home requirements 
are penctiogl nil, but colonial and foreign mining areas 
are asking for increased supplies. The cutlery and 
electro-plate trades remain in a depressed state with 
the outlook no better. 


South Yorkshire Coal Trade.—With the coal crisis 
still unsettled the position locally is becoming serious 
so far as the steel and engineering works are concerned. 
Stocks of industrial fuel at works are being quickly 
depleted. Gas and electricity undertakings, however, 
are in a more healthy position and have supplies in 
hand to keep plant operating for some time ahead. 
In the house-coal section the situation is unsatisfactory, 
but a return of warmer weather will tend to ease the 
position. The Coal Emergency Officer for the locality 
considers the general outlook gloomy. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Stocks of Cleveland 
pig-iron are not heavy. The quantity of No. 3 held 
by makers is stated not to exceed 20,000 tons, and 
the total stocks of all other grades is believed to be 
little above that amount. There are no longer inquiries 
from abroad, and home customers are not at all disposed 
to purchase. On the other hand, producers are taking 
a firm stand in view of cost of output threatening to be 
increased by fuel becoming dearer. Last week fairly 
good parcels of No. 3 were understood to have been 
sold to Scotland. No. 1 is quoted 75s. to 76s.; No. 3 
g-m.b., 72s. 6d.; No. 4 foundry, 71s. 6d.; and No, 4 
forge, 71s. 


Hematite—Manufacturers of East. Coast hematite 
iron have fairly large quantities on hand, the total 
stocks being estimated as in the neighbourhood of 
80,000 tons, but they are taking quite a firm stand. 
Market rates, however, are comparatively cheap. 
Nos. 1, 2 and 3 are on sale at 77s. or 4s. 6d. above the 
price of No. 3 Cleveland, whereas the difference used 
to be between 8s. and 10s. 

Foreign Ore.—There is no business in foreign ore, 
but sellers still base quotations on best rubio at 
21s. 6d. c.i.f. Tees. 

Manufactured Iron and Steel.—Transactions in finished 
iron and steel are trifling, and are easily being met, 
though fine descriptions of material are now being 
produced. Prices tend upward, but little or no effort 
is being made to arrange contracts, over a period. 





PERSONAL.—Messrs. Suffolk Iron Foundry (1920), 
Limited, Gipping Works, Stowmarket, have appointed 
the British Oxygen Company sole selling agents for their 
“Ferro-Silicon,” ‘‘Super Silicon,” and ‘“‘ Sifbronze 
brands of welding rods. The agency will include Great 
Britain and Northern Ireland, the Irish Free State, India, 
Australia, and New Zealand. 





TRIALS OF THE M.S. ‘{ BeLRray,’’—The_ single-crew 
motorship Belray built at the Walker shipyard of 
Messrs. Sir W. G. Armstrong Whitworth and Co., Limited, 
recently completed her official full-speed trials at ror 
We gave a brief description of the vessel in our issue o! 
February 19, last, page 235. The owners of the Belray 
are Messrs. Rederiet Belnor A/S, Oslo, Norway. 





TetEPHONE CoMMUNICATIONS ix Mancaorts.—In 
order to facilitate the transmission of messages in Man- 
churia, the Mukden authorities are planning the extension 
of the Mukden-Changchun long-distance telephone 
service to Harbin. It is stated in a recent issue of the 
“Chinese Economic Bulletin” that survey work has 
been started. The estimated cost of the installation 1s 





in the neighbourhood of 200,000 dols. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel Trade.—Unstable conditions still con- 
tinue in the Scottish steel trade, and not only is business 
suffering from the effects of the recent general strike, but 
the continuance of the coal strike has put a damper on 
everything. Buyers in many cases have no inclination 
to place orders because of the uncertainty of the general 
position, as @ fame stoppage at the mines means 
a much reduced demand and a gradual slowing down all 
round. The shipyards are not securing adequate supplies, 
and a reduction in the numbers employed is very pro- 
bable shortly. One or two steel works have a fair supply 
of ‘fuel on hand and can carry on for a week or two, 
among such is the Clydesdale Steel Works of Messrs. 
Stewart and Lloyds (Limited), at Mossend, where opera- 
tions were resumed on Monday of this week at the large 
plate-rolling mill. The black sheet trade is patchy at 
the moment, as only one or two establishments are run- 
ning. Prices are all nominally unchanged. 


Malleable Iron Trade.—No change can be reported 
with regard to the malleable iron trade of the West of 
Scotland, and the present conditions are almost similar 
to those ruling in the steel trade. No one wants to enter 
into commitments of any kind, and dealings will be few 
until the dispute in the coal trade is settled. Quotations 
are largely a matter of arrangement. 


Scottish Pig-Iron Trade—Although one or _ two 
special furnaces have been relighted, there is little altera- 
tion in the condition of the Seottish pig-iron trade this 
week. Business passing is mostly on shipment account, 
and even that is small, but should improve now that the 
dockers have promised to honour the conditions of work 
at the harbour which were arranged at the close of the 
general strike. Stocks on hand are ample to meet the 
current demand both for the home and the export market. 


Scottish Pig-Iron .Shipments—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, May 22, only amounted to 132 
tons. All of that went overseas except 1 ton which went 
coastwise. For the corresponding week of last year the 
tonnage was also small, and was 362 tons for the overseas 
markets and 85 tons coastwise, making a total shipment 
of 447 tons. 

Shipbuilding.—Messrs. Scott’s Shipbuilding and 

Engineering Company, Greenock, have secured an order 
to build a small single-seréw boat for the Straits Steam- 
ship Company. 
WEngineering Contract—The Clyde Crane and Engi- 
neering Company, Motherwell, have received a large 
order for the erection of level luffing harbour cranes for 
the South African Railways. For this particular type 
of crane this order is' the largest that has come to this 
country for a considerable time. 





WELLINGTON Harspour Boarpd YEAR Boox.—A 
descriptive booklet giving information relative to the 
Port of Wellington, was issued recently by the Wellington 
Harbour Board, New Zealand. It contains a description 
of the port and of its wharves and facilities, statistics 
relating to industries, exports and imports, and general 
information on the subject of rates, charges and dues. 
The book comprisés some 80 pages, and is illustrated by a 
large number of excellent photographs ; several folding 
maps are also included. Bound in paper covers, the 
price of the year book is 2s. 6d. 





S.S. “‘ MinneKaupDA.”’—A luncheon, to which agents 
and representatives of the press were invited, was held 
on the SS. Minnekahda, of the Atlantic Transport Line, 
a few weeks ago, on the occasion of her entry into her 
second year of service as an exclusively tourist third-cabin 
vessel. Last year, she conveyed 6,228 tourists in ten 
round voyages to New York, and there is every hope that 
this year even larger numbers will be carried. The 
vessel is of 17,281 tons, and the whole of the accommoda- 
tion, which is of the most comfortable nature, is reserved 
for the one class of passenger. The ship has been 
extensively refitted and overhauled during the winter 
months, and several improvements have been effected in 
the accommodation, including the addition of a new boat 
deck, and @ roomy dancing floor. The crossing is made 
in nine days, the return fare being 40/., and @ variety of 
alternative tours in the States are offered to passengers. 





LauncH or THE SS. “ Kaxarrxr.”—Built for the Union 
Steam Ship Company of New Zealand, Limited, for tradirig 
between South-East Australia, New Zealand, and Tas- 
mania, the ss, Kakariki was launched recently from 
the Ouse Shipbuilding Yard, Selby, of Messrs. Cochrane 
and Sons, Limited. The vessel has a length between 
perpendicular of 190 ft., a breadth of 31 ft. 3.in., 
and a depth moulded of 15 ft. She is designed to carry 
a deadweight of 1,000 tons, and is specially stiffened 
for the conveyance of concentrates ; her accommodation 
is In accordance with the requirements of Australian 
regulations, A cellular double bottom is fitted through- 
out the ship, except under the boilers. Four steam 
winches, and steam windlass, capstan, and steering 
gear have been installed by Messrs. Clarke, Chapman and 
Co., Limited, Gateshead, who are also responsible for the 
electric lighting installation. The propelling machinery 
is being constructed by Messrs. Amos and Smith, Limited, 
of Hull, and will consist of a set of triple-expansion engines 
having cylinders 16 in., 27 in., and 44 in. in diameter 
and a piston stroke of 30 in. The two boilers have an 
internal diameter of 11 ft. 6 in. and a length of 10 ft. 
Sin. The working pressure is 180 Ib. per square inch. 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Export business is at a complete 
standstill, and inland trade is negligible, being confined to 
supplies for essential services. Chief interest in the coal 
business is at present centred in the question of importin; 
supplies, and already several cargoes have been chartere 
from the United States to this country, while European 
countries and South America have placed contracts for 
Belgian, German and American coal running into half a 
million tons. At the South Wales docks only about a 
quarter of the men have been re-started, but with short 
working, a considerably increased number will be re- 
employed next week. -Even so, however, large numbers 
of men will still be out of employment, as without coal 
there will be no work for the coal trimmers, in addition to 
which many of the industries will not be able to work 
full time owing to the scarcity of coal supplies. Ship- 
ments of coal from Cardiff in April amounted to 993,480 
tons, compared with 1,308,910 tons in March, at Newport 
to 396,786 tons against 445,403 tons, at Port Talbot to 
139,927 tons against 189,414 tons, and at Swansea to 
222,431 tons against 220,062 tons. 


Ship Repairing Company’s Bonus.—Welcome news 
has been received by shareholders in the Port Talbot 
Graving Dock and Shipbuilding Company Limited. 
They are to receive three shares for every ten 1/. shares 
held. During the past couple of years ship-repairing 
companies in South Wales have almost, without exception 
shown losses in their trading results, but the Port Talbot 
company was able to show a profit of 2,0411. in the year 
ending March last, after providing for interest on debentures 
and loans, and are paying a dividend at the raté of 2$ per 
cent, less tax. During the year, the outstanding deben- 
tures were redeemed and cancelled by means of maturity of 
the Sinking Fund policy augmented by the new ¢apital 
called up for the purpose. An extraordinary general 
meeting has been called for the purpose of passing & 
resolution to capitalise 24,250/., being profit standing to the 
credit of the company’s reserve fund. The issued capital 
of the company (75,691/.) it is stated, falls far short of 
the value of the property and assets, and the Board has 
decided, subject to the consent of the shareholders, to 
distribute as a bonuS*a portion of the company’s reserve 
fund of 41,0987. By the adoption of the resolution the 
issued capital of the company will be increased to 
100,000/. 








Tse MANUFACTURE OF Batt Bearines.—According 
to a recent issue of the Quarterly Report of the 
Skandinaviska Kreditaktiebolaget, the world output 
of ball bearings is approximately 200,000 a day. Out 
of this total the A.-B. Svenska Kullagerfabriken 
(S.K.F.) manufactures about 40,000 in its factories in 
Sweden and abroad. The daily outputs of the 8-K.F. 
factories are as follows:—Sweden; 14,000; - América, 
11,000; England, 5,000; France, 5,000; Germany, 
4,000; other centres, 1,000. The many-sided character 
of the industry is shown by the fact that from 1,100 
to 1,200 types of bearings are kept in stock at the main 
Swedish factory at Gothenburg. The external diameter 
of the bearings made varies from 19 mm. to 860 mm., 
and balls are manufactured in standard sizes from 
4 in. to 8 in. in diameter. The S.K.F. and its affiliated 
companies, in Sweden and in other countries, employ 
about 10,500 persons. 

TRIALS OF THE SS, ‘‘ NoRTHLAND.”—The Northland, 
a single-screw steanier built at the Neptune works 
of Messrs. Swan, Hunter and Wigham Richardsén, 
Limited, to the order of Messrs. Tatham, Bromage 
and Co., Limited, London, for the Clarke Steam- 
ship Company, Limited, of Quebec recently com- 
pleted successful trials. The vessel is intended for 
passenger service, and chiefly for pleasure trips from 
Quebec along the north and south shores of the River 
St. Lawrence. She is over 300 ft. in length, and has 
a beam of over 47 ft. She will carry 270 passengers 
and crew, together with a deadweight of about 2,150 tons 
of cargo, provisions and stores. There are three cargo 
holds, two forward and one aft. Cargo is worked 
through large doors in the ship’s side, except in the 
case of the forward hold, which is served by two 10-ton 
derricks on the foremast. The propelling machinery 
consists of a set of triple-expansion engines supplied with 
steam by three forced-draught boilers, all built by Messrs. 
Swan, Hunter and Wigham Richardson, Ltd., at their 
Neptune Works, Walker. On the trial trip a speed of 








14 knots was attained. - 





AntTI-GLuarE Herap-Lamp Lenses.—An_ illustrated 
catalogue recently issued by Messrs. Miles F. Bingham, 
57-60, Holborn Viaduct, London, E.C.2, has reference to 
the ‘‘ Parabolite’’ motor-car head-lamp lens, designed 
by them to reduce dangerous glare. A copy of the 
éertificate of performance, granted in December, 1924, 
by the Royal Automobile Club, is included in the catalogue 
and gives a brief description of the lens. The latter 
is divided into three sections. The upper section 
consists of a series of concentric, semi-circular, prismatic 
surfaces, arranged in vertical plane, the base of each 
prismatic surface facing towards the centre of the lens. 
The lower section comprises a similar series of prismatic 
surfaces, the bases of which face away from the centre of 
the lens. The two sections are separated by a wide, 
horizontal prism, the base of which faces downward. 
The combined effect of the arrangement is to deflect 
the rays in such a way as to eliminate glare and to 
increase the illumination of the road bed. Certificates 
of efficiency have also been granted by the Laboratoire 
Central d’Electricité, Paris, and the Electrical Testing 
Laboratories of the Illuminating Engineering Society 
of New York. 


NOTICES OF MEETINGS. 





THe Parystcat Society or Lonpon.—To-night at 
5 p.m., at the Imperial College of Science, Imperial 
Institute-road, South Kensington, 8S.W.7, “Static and 
isotropic Gravitational Fields” by Mr. G. Temple. “ On 
the Dittraction of Light by Sperical Obstacles’ by Prot. 
C, V. Raman and Mr. K. 8. Krishnan. ‘ On the Absorp- 
tion and Series Spectra of Nickel’ by Prof. A. L. 
Narayan and Mr. K. R. Rao. “The intiuence ot 
Electrolytes im Hlectro-Kndosmosis” by Mr. H. C, 
Hepburn. . . 


THe Soctety or CHEmicaL INpDusTRY, CHEMICAL. 
ENGINEERING GRovP.—To-night at 6 p.m., at Abbey 
House, Victoria Street, S.W.1. Annual general meeting 


Tue InstITuTION oF PRODUCTION ENGINEERS.— 
To-night at 7.30 p.m., at the Society of Motor Manufac- 
turers and Traders, Limited, 83, Pall Mall, S.W.1. 
“‘ Inspection Methods,’’ by Mr. A. Butler. 


THe Royat Society or Arts.—Monday, May 31, 
at 4.30 p.m., at John Street, Adelphi, W.C.2. Indian 
Section. ‘“‘The Military Record and Potentialities of 
the Persian Empire,” by Lieut.-Col. Sir Arnold Talbot 
Wilson, K.C.I.E. 


THe Society or Giass TECHNOLOGY.—Tuesday, 
June 1, at 2.30 p.m., at the University College, Gower- 
street, W.C.1, Lecture: ‘‘Glass in Early Ages,” by 
Professor Sir W. M. Flinders Petrie, F.R.S. At 7 p.m. 
Annual Dinner at the Hotel Cecil, Strand, W.C.2. 
Wednesday, June 2, at 2.15 p.m., in the Library of the 
Research Laboratories, General Electric Company, Ltd. 
Wembley. ‘‘ Opal Glass,” by Mr. J. W. Ryde. “ The 
Electrical Conductivity of Glass at High Temperatures,” 
by Mr. F. F. S. Bryson, B.Se. ‘‘The Influence of 
Moisture on the Rate of Melting and on the Properties 
of Soda-Lime-Silica Glasses,’’ by Miss E. M. Firth, B.Sc., 
Mr. F. W. Hodkin, B.Sc., Mr. M. Parkin, M.Sc., and 
Professor W. E. 8. Turner, ‘The Physical Properties 
of Zinc Oxide Containing Glasses,” by Dr. S. English 
and Professor W. E. 8S. Turner. 


THE ILLUMINATING ENGINEERING SocieTy.—Tuesday, 
June 1, at 7 p.m., at the Royal Society of Arts, John 
Street, Adelphi, W.C.2. Discussion on ‘ Research in 
Illuminétion with Special Reference to the Work of the 
Illumination Research Committee of the Department 
of Sciéntific and Industrial Research,” opened by Mr. 
J. W. T. Walsh, M.A., M.Sc. 


THE Farapay Society.—Wednesday, June 2, at 8p.m., 
at the University College, Gower-street, W.C.1. Annual 
General Meeting. Presidential Address: ‘ Electrical 
Potential Differences at Air-Water Surfaces,” by Pro- 
fessor F. G. Donnan. ‘ The Influence of Lyophilic 
Colloids on the Precipitation of Insoluble Salts, Gelatin 
and Silver Chromate,” Parts I. and II., by Mr T. R. 
Bolam and Miss M. R. Mackenzie. 


Tue Institution oF ELEcTRICAL ENGINEERS.—Wed- 
nesday, Juhe 2, at 6 p.m., at Savoy Place, Victoria 
Embankment, W.C.2. Wireless Section Meeting. 
**Low .Frequency Intervalve Transformers,” by Mr. 
P. W. Williams, M.A. 


Tue Royat InstrrvuTion.—Thursday, June 3, at 
5.15 p.m., at Albémarle Street, W.1. Lecture: “ Iron 
in Antiquity *’ (Lecture I), by Dr. J. Newton Friend. 


Tae INSTITUTION OF MUNICIPAL AND County ENGI- 
NEERS: East Mipianp District.—Friday, June 4, 
at 2.15 p.m.,; at the Shire Hall, Nottingham. “Pipe 
Lines in the Highways” by Mr. T. S. Griffin and Mr. 
A. H. Walker, “ Regional Town Planning,” by Mr. E. W. 
Bostock and Mr. A. H. Elliott. “‘ Trent Bridge, Notting- 
ham. Widening and Strengthening,” by Mr. A. E. 
Wheatley. 

Tue InstiTuTION oF MUNICIPAL AND County F‘NGI- 
NEERS: SoutH Miptanp District.—Saturday, June 5, 
at 10.45 a.m., at the Council Offices, Rudolph Road, 
Bushey, “ Notes on the Municipal Work of Bushey.” 





Tue INSTITUTION OF PETROLEUM TECHNOLOGISTS.— 
The Council of the Institution of Petroleum Technologists 
has awarded the Boverton-Redwood Medal, for sessions 
1923-24 and 1924-25, to Mr. C. H. McCarthy-Jones, 
M.I.Mech.E., M.1.E.E., for his paper entitled ‘‘ Electricity 
Applied to the Winning of Crude Petroleum, with Special 
Reference to the Yenangyaung Field, Burma.’”’ The 
Students’ Medal and Prize, for 1925, has been awarded 
to Mr. E. Clark, a student at the Royal School for 
Mines, London, for his paper entitled ‘‘ Organic Theories 
of Oil Origin.” The Institution’s scholarships, for 1925, 
have been awarded to Messrs. J. O. Tanner and C. J. 
Ward; the former is tenable at the Royal School of 
Mines, London, and the latter at the University of 
Birmingham, 





PLANT AND MATERIALS REQUIRED IN SuMaTRA.— 
H.M, Consul at Medan, Sumatra, Dutch East Indies, has 
reported to the Department of Overseas Trade that the 
supplementary estimates of the Cultuurraad for 1926 
include provision for expenditure under the following 
headings: Roads, 205,000 F.; bridges and culverts, 
88,000 F.; purchase of material, 64,000 F. The expen- 
diture under the latter heading is subdivided as follows : 
Two steam rollers of about 12 tons, 25,000 F.; one 
stone breaker, 6,000 F.; one locomotive for the stone 
breaker, 8,000 F.; and one new motor boat for river 
service at Laboehan Batoe, 25,000 F. British firms inter- 
ested are advised to communicate direct with the 
Secretary to the Cultuurraad, Medan, Sumatra, for 
further details, at the same time furnishing him with 
catalogues, prices, &c., of plant likely to prove of interest. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRBSS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TxizcraPHic ) “ ENGINEERING,” WESTRAND 

ADDRESS LONDON. 
TxupPHoNE NumBERs—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied the Publisher, post 
free, at the following rates, for twelve months payable 
in advance :— 

For the United Kingdom ................:ss00+ £3 56 0 

For Canada— 

= paper copies 
ck paper copies. 

For all other piaces abroad— 

Thin paper copies 
Thick paper copi 

Foreign and Colonial subscribers receiving incom- 
plete copies throagh — ate requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders. advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
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THE MINERS’ CASE. 


Hap it not been for the ill-advised attack on the 
community involved in the general strike, public 
feeling seems to have been disposed on the whole 
to favour the miners’ case. The engineering trades 
are interested vitally in the efficient working of the 
coal industry, which cannot be expected if just 
claims are denied. For the moment, therefore, it 
is the business of engineers to learn for themselves 
whether the peace of the coal industry and the 
recovery of national prosperity is being obstructed 
by an attempted injustice to the workers. 

If the allegations made on behalf of the miners 
had been true, they would have warranted the 
public sympathy they seemed to excite. The owners 
were accused of having locked out the men, after 
having kept them without an offer until the lock-out 
notices were on the point of expiring. The miners 
were said to be suffering already under a degraded 
standard of living, arising from their miserable wages, 
which the owners were seeking to reduce still 
further; while the industry could pay no higher wages 
because of the greed and mismanagement of the 
owners and the inefficient equipment of the mines. 
The present hours of work were the longest that 
could be tolerated without degrading the standard 
of living still further. The men accordingly would 
give no promise, express or implied, that they 
would accept any reduction of wages or increase of 
hours in any circumstances, and certainly would 
not do so until the industry had been completely 


8 them offers. 





reorganised and the effects of the re-organisation 
had been tested. Although the Royal Commission 
had ascertained that without reduction of wages the 
industry could not be carried on for the time being, 
and had stated that even after the details of reorgani- 
sation had been worked out and put into action, some 
time must elapse before its effects could be felt, 
it was apparently suggested by the miners that in 
the interim the industry should continue to receive 
the dole on which it has been conducted for the last 
nine months. In any re-organisation it was insisted 
as a fundamental basis of negotiation that the 
regulation of wages should be taken out of the 
hands of the districts in which they were to be earned, 
and by the circumstance of which they should 
be determined, and be controlled by a central 
authority representing the entire Kingdom. 

If they are examined in context with the facts, it 
will be seen that these claims are a complete 
tissue of pretences. The owners have neither locked 
the men out nor declined till the last moment to make 
Their notices expressed on the contrary 
the terms on which the men could be employed when 
the existing agreements ran out; and so far from 
having been left till the last moment, they merely 
carried into effect the announcement, made nine 
months earlier, that in existing circumstances the 
industry could no longer pay the rates conceded on 
the boom trading of 1923. The truth of this state- 
ment was verified first by the Government as a 


34| preliminary to the subvention, and again by the 


exhaustive investigations of the Royal Commission, 
nor indeed is it contested. The men, however, 
have declined to accept the proposed revisions or to 
suggest any others, but have simply come out. This 
plainly is nothing but a strike, which is called a lock- 
out apparently in the hope of shifting the responsi- 
bility for the aggression. The charge that the owners 
are responsible for the delay in coming to terms on 
the Commissioner’s report is still more flagrantly 
fictitious. The report contained much of which the 
owners disapproved, but within less than a fortnight 
from its publication they announced that they would 
accept it in its entirety if the miners would do the 
same. It was the Miners’ Federation that took more 
than a month to reply, and then, less than three weeks 
before the expiration of the agreement, met the 
report with a flat refusal to accept or even to discuss 
what for instant economic purposes, was the report's 
most important and indispensable recommendation. 

The allegation of miserable wages is an equally 
fantastic misrepresentation. The Royal Commis- 
sion has shown that the coal-mining industry pays 
much higher wages than the engineering, shipbuild- 
ing, and other great manufacturing industries, and 
that its standard of real wages is fully up to that 
of 1909-13. Some coals, indeed, are of low value, 
and co ld not be worked at all if as much had 
to be paid for getting them as for getting valuable 
coals. To safeguard men occupied on such 
work subsistence minima are provided, to which 
every man’s wages are made up if his scale earnings 
fall short of it; and the total number of men who 
are on these minima is only 2 per cent. of the entire 
number. To take the wages of these men, who as 
a fact do not seem generally to complain, as typical 
of those paid throughout the industry is a disin- 
genuous pretence, the more reprehensible because its 
true nature is, or should be, well known to those 
who make it. The charge, again, of exorbitant 
profits was examined at great length by the Com- 
mission’s accountants, who showed that there was 
no substance in it. The hours of labour are 
shorter not only than those worked in any other 
British industry, but also than are put in by miners 
in the United States. 

Both from the findings of the Commission and the 
facts on which they are based itis clear, again,that the 
allegations of mismanagement and inefficiency have 
been grossly overstated, and in important respects 
are directly contradicted by the evidence. British 
coal mines, for example, are the safest of their kind 
in the world, though they have a high proportion that 
by nature are dangerous. Doubtless, if for the first 
time in its existence the parties to the coal-mining 
industry could take counsel and co-operate instead 
of haggling and bargaining, and in particular if those 
engaged in various capacities on the work of indivi- 
dua] pits were allowed and encouraged to do what 





ENGINEERING. 





[May 28, 1926. 








they could in this direction, organisation and results 
could be considerably improved. So far, however, 
as concerns equipment it must be remembered that 
this usually involves capital outlay, the cost of 
which, has to be borne by the coal, and enhances its 
price if it is not successful. The owners do not 
seem to have been half-hearted in providing it, even 
in the face of discouraging results. As compared, 
for instance, with the average of 1909-13 the number 
of coal-cutting machines had more than trebled in 
1925, the output of machine-cut coal was about 2? 
times as large as in the average of the earlier period, 
and the number of conveyors had increased nearly 
five-fold. This must have involved a considerable 
expense ; but for the whole industry the net output 
of coal per person employed had not only not: 
increased in propurtion to these costly improvements, 
but had actually fallen by one-sixth. 

It is common ground among all parties that every 
legitimate interest will be servedif means can befound 
to restore and improve the prosperity of the coal 
industry, and to maintain and improve the standard 
of living of the miners, now that it has ceased to be 
provided out of the public purse, and for the future 
will have to be earned in full before it is enjoyed. 
The maximum hours the hewers work at the face, 
averaging about 53 hours a day, were imposed by 
Parliament in 1921 under the pressure of a strike. 
Under the threat of similar pressure, the wages up 
to the stoppage were conceded in 1924, on the crest 
of the short-lived boom that followed the French 
occupation of the Ruhr. It is undisputed that for the 
time being the industry cannot continue to pay these 


wages ; and the mine owners have offered as an emer- |; 


gency measure to go back to the rates of 1921, 
when the cost of living was over 50 per cent. 
higher than now, if the men will work the 8-hour 
day, averaging 64 hours at the face, which had 
been worked up to then. If this modus vivendi 
were adopted for the time being, measures could 
be concerted for enabling the efficiency of the 
industry to be improved and both owners and 
men to benefit. For such measures to have a 
chance of success, they require to be framed 
with full regard to the complex and inexorable 
economic conditions in which they will have to 
work, and they can be discussed usefully not by 
any programme of negotiation or search for straw- 
splitting formule, but only by the loyal and sincere 
co-operation of those who are concerned. The 
contributions to such discussion put forward up 
to now on behalf of the miners show no such spirit. 
In its unscrupulous perversion of facts little known 
to the public, in its obstinate insistence on wages 
that the industry as a whole cannot pay, in its 
refusal of the present offer, which would leave the 
men much better off in real wages than they were 
on the settlement of 1921, the conduct of the miners’ 
case shows the influence of the non-industrial 
elements of the trade-union movement, who have 
proclaimed without disguise that their purpose is 
not to improve the industry but to impoverish 
it, until they have forced it into the hands either 
of the State or the miners. 

The danger now most to be apprehended is that, in 
their desire for peace, those who represent the real 
interests of miners, owners and society, may be 
guided by the hope of conciliating these irrecon- 
cileable and non-industrial parties. Industrial 
trade-union leaders, in whose good faith and ability 
the public sti!l has confidence, though their repu- 
tation for judgment may be under a cloud, know 
how they have come to take up the unmeritorious 
set of misrepresentations that we have analysed 
above—perhaps because they were themselves 
deluded into believing them, or in the hope of 
preventing the extremists among those who speak 
for the miners from rushing their flock down an even 
more Gadarene course. Whatever may have been 
their motive, their association with the cause of the 
miners would be mischievous indeed if it led to great 
changes, which can be made safely only after 
deliberate discussion and with the general goodwill 
of those concerned, being improvised hurriedly 
and recklessly. The mining industry and the national 
interests that depend on it are too weighty to be 
made the subject of experiment, whether at the 
suggestion of theorists in the industry, or to facilitate 
the course of negotiations. Conciliation and com- 





promise are excellent in their place, but are useless 
against the truths of simple arithmetic. Peace is 
most earnestly to be desired, but an old curse 
attends those who cry “‘ peace” when there is no 
more than the pretence of it. 





BOILER WATER TREATMENT. 


GivEN sound design and construction and 
ideal feed water, the life of a steam boiler would be 
only determined by causes outside itself, such as the 
need for a higher pressure, or demands for more 
steam, arising from changes in processes of manu- 
facture, or increase of business. As things are, 
however, overheating, due to scale, and corrosion, 
put many a boiler out of action long before its 
proper time. 

A steam plant, i.e., boiler and engine, is funda- 
mentally, a distilling apparatus, from which the 
distillage is always purer than the residue. Borrow- 
ing the phraseology of another profession, a boiler 
may be said to be always suffering from auto- 
intoxication. Every moment of its working exis- 
tence is devoted to sending out relatively pure 
water in the form of steam, while retaining the 
impurities, to its own disadvantage. If we may 
pursue medical analogy a little further, the tempera- 
ture of the plant is abnormal, and the wide difference 
between the ordinary temperature of water, and 
that usual when it is being converted into steam is 
responsible for quite different internal reactions 
under the two sets of conditions. 

As is well known, opinion among engineers and 
steam users is divided on the question of handling 
boiler feed water. One party prefers water softening 
plant, in which treatment is given to a dilute fluid 
outside the boiler. The other relies on the use of 
so-called ‘‘ boiler compounds,” which are designed to 
operate on the concentrated liquid inside the boiler. 
On the whole opinion leans to the first-named 
method. Hardly any modern book on boilers or 
boiler management can be studied without finding 
in it caustic or disparaging remarks about the use 
of “ boiler compounds,” or about those who supply 
them. It would appear, however, that the practice 
of the latter has not been quite so wide of the mark 
as such criticism would suggest, though it may 
sometimes be based upon empirical rules rather 
than on scientific reasoning. 

It is, after all, the water inside the boiler that 
really matters. This does not necessarily imply 
the condemnation of water treatment outside the 
boiler, which would be absurd. But it emphasises 
the necessity of maintaining inside the boiler, at 
high temperature and pressure, the corrected 
conditions produced at atmospheric pressure and 
seasonal temperature by, say, a softening plant. 

This is no newly recognised point. Indeed, most 
reflective students will have realised the practical 
side of the question when, in testing for calcium in 
feed water, they are instructed first of all to evapor- 
ate their sample to one-tenth its original volume. 
It is also some years now since Messrs. G. and J. 
Weir introduced their corrosion detector, in which 
the process of corrosion can be observed on a 
polished disc immersed in the water actually being 
evaporated in the boiler. This instrument it will 
be remembered is supplemented by an electrical 
salinometer, which is of assistance in making an 
accurate diagnosis. 

In spite of such examples however, the importance 
of the cardinal differencés between internal and 
external conditions has not always received the 
attention it deserves, and the recent work of 
Mr. R. E. Hall, physical chemist to the U.S. 
Bureau of Mines, is noteworthy as supporting this 
fact. 

It is a commonplace that the deposition of several 
substances held in a solution does not proceed simul- 
taneously ; but the part played by the difference in 
solubility in the actual physical separation of 
substances is not so generally recognised in the 
boiler-using world as in some industrial spheres. 
In the production of common salt, for instance, the 
principle is intentionally applied. The separators 
consist of large rectangular concrete boxes, rela- 
tively shallow, with six or seven large steam pipes, 
immersed in the brine, running through them. The 








brine, in an example to which we may refer, contains 
also calcium and magnesium sulphates, and is not 
brought to boiling-point, but is kept as hot ax 
possible without ebullition so that disturbing currents 
may be avoided. The liquid immediately round 
the pipes is thus at a high temperature, but that 
in contact with the bottom and sides of the box 
is considerably cooler. The result is a well-marked 
separation of the less soluble substances in the brine. 
The steam pipes become covered with a hard scale 
consisting of nearly 85 per cent. of calcium sulphate, 
while to the sides and bottom clings a soft deposit 
of almost pure sodium chloride—99 per cent., to be 
precise, 

A similar phenomenon is frequently observed in 
boilers, where the internal feed pipes may become 
nearly choked up with scale, while the remainder 
of the boiler is comparatively clean. It occurs in 
economisers, and its principle is utilised in some 
types of softening plant in which the feed water is 
heated. 

The true significance of this effect is, however, 
rarely grasped in the average plant. We may 
illustrate the point by another example.’ Mr. Hall 
instances the case of a Bigelow-Hornsby boiler 
consisting essentially of three groups of long straight 
tubes, with independent drums, connected by 
circulation tubes. The fitst group of tubes in this 
type of boiler is inclined at an angle of about 60 deg. 
to the horizontal over the furnace, the second is 
vertical, thus leaving a large inverted triangular 
space between the two. The third group is also 
vertical and is separated from the second by a 
brick baffle. Obviously, all three groups are under 
different temperature conditions, and an analysis 
of the scale revealéd in each a distinctly different 
type of separation of the impurities. The first 
group contained a hard and growing formation of 
nearly 94 per cent. calcium sulphate. In the second 
there was some porous scale consisting of about 
88 per cent. calcium carbonate, while the third was 
practically clear of scale, but showed a mud con- 
sisting of rather more than 40 per cent. calcium 
carbonate, with considerable percentages of magne- 
sium silicate and hydrate. The feed water contained 
sulphates and during the period of observation was 
being treated with lime and soda-ash externally ; 
but it is obvious that this process had failed to 
function properly, though no doubt a sufficient 
quantity of the reagents was originally supplied. 
The explanation appears ‘to ‘be that the excess 
carbonates were decomposed at an early stage. 
probably in the lower temperature zone of the’ third 
group. The field was thus left clear for the deposi- 
tion of the hard sulphate scale on the high-tempera- 
ture areas of the first group—that is, just where it 
was least desirable. It may be recalled that Mr. 
Stromeyer, in 1907, reported an investigation of 
scale in a marine boiler which indicated a similar 
local separation. 

Mr. Hall follows up these facts with a microscopic 
examination of calcium*sulphate scale, which reveals 
the formation of long needle-like crystals normal to 
the surface, apparently indicating growth in a 
saturated solution, and not deposition of suspended 
material. In some cases, however, the crystallar 
interspaces entrap such matter, and so carbonates. 
for example, may be found embedded in the sulphate. 

Against all this must be placed the extensive 
use of water-softening plants. For these the claim 
is commonly made that feed-water can be standard- 
ised within defined limits, so that, provided atten- 


‘tion is paid to systematic blowing down and changes 


of water based on the rate of evaporation, adequate 
control is to be had over scale formation. 

The point of the whole question really is, that in 
some cases external treatment alone can hardly be 
expected to be effective because conditions are 
changed after it has been carried out. Nor, as a 
matter of fact, is indiscriminate dosing’ with this 
or that specific likely to be any more successful. 
What is really wanted for successful treatment is 
a quantitative statement of the contents of the 
boiler from time to time, now only roughly tested 
by the salinometer. The matter turns upon the 
correct determination of the ratio between carbon- 
ates and sulphates, not in the dilute feed-water, but 
in the concentrated boiler water. 

This point has, it is true, been recognised in this 
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country, but has not been followed up. Mr. Hall 
considers it of fundamental importance. To give 
point to this argument, he quotes the difference in 
the effective ratio of these two impurities in the 
same boiler at different pressures. At 125 lb. w.p., 
when sulphate concentration is 1,000 parts per 
million, the amount of carbonate required in the 
boiler water will be 65 parts per million. At 200 
lb. w.p., for the same sulphate figure, the carbonate 
radicle would be 145 parts per million. 

As this example shows, the use of soda-ash will 
not meet requirements, owing to its instability, and 
a substitute, for this must, therefore, be found. 
This is available in sodium phosphate, as the solu- 
bility of the calcium. phosphate, resulting from the 
base exchange, is really negligible. How this reagent 
should be introduced, Mr.. Hall leaves to individual 
choice, but it would appear that control would be 
best maintained by the methods of the “ boiler 
compound ” practitioners, that is by administering 
doses of reagent with the treated feed-water. This 
means re-inforcing the unstable sodium carbonate, 
not always replacing it, by sodium phosphate, as 
and when necessary. The determination of the time 
element indicated by the last phase is made, where 
the method is practiced, by means of a recently- 
devised set of apparatus which, it is stated can be 
successfully operated by the ordinary boiler atten- 
dant after suitable instruction. 

Perhaps these instruments will have as hard a 
fight to establish themselves as CO, recorders have 
had, and the need of further complications in boiler 
management may be challenged. Nevertheless, we 
think that with increasing pressures, and growing 
evaporations, more scientific control of the boiler 
in this as well as other aspects is demanded. Doubt- 
less, this will be developed by those concerned in 
the manufacture of both plant and chemicals for 
feed-water. treatment. .There is room for both 
external and internal methods, to say nothing of 
the'colloidal processes the most highly-developed of 
which perform their useful function of scavenging, 
with success. 

In conclusion we may, with advantage, draw 
attention to anilluminating assertion of Mr. Hall’s 
to the effect that the chemist has, for many years, 
laid down the law as to what kind of water should 
be fed into a boiler; and the engineer has concurred. 
What the latter really wants however, i.e., clean 
heating surface, has not always followed from the 
use of the former’s prescription. Thé reason for this 
apparent failure, is that the chemist’s work was 
not carried far enough, and his standards should be 
revised to take into consideration the condition of 
the concentrated boiler water itself, 





THE SHANGHAI MUNICIPAL ELEC- 
TRICAL UNDERTAKING. 


Ix his report for the year 1925 to the Shanghai 
Municipal Council, Mr. T. H. U. Aldridge has, for 
the first time in the history of the Shanghai power 
stations to redord a decrease in the current sold. 
The total was, nevertheless, 294,343,905 units, the 
decrease on the previous years’ figures being 4-22 
per cent. The fall was due to the great strike 
which broke out at Shanghai last year. The 
Chinese operatives employed at the station were out 
for three months during the summer, it is believed 
much against their wills.’ This conclusion is 
supported by the absence of sabotage or of any 
organised attempt to interfere with the foreign staff 
who succeeded in maintaining supplies in spite of the 
very trying seasonal conditions. There was, 
moreover, no exhibition of rancour on the return of 
ihe anaiamen who appeared, in fact, to be glad to get 

ack. 

Mr. Aldridge gives in his report the table annexed, 
which shows the output at Shanghai as compared 
with leading British installations : 








Year Maximum Load 
Ending |/Undertaking.| Units sold | Demand in | Factor 
° Kilowatts, | Per Cent. 

1925. | Shanghai | 294,343,905 72,930 53-06 
x Manchester | 257;352/920 | 120/390 31-99 

s Birmingham| 193/370,748 |’ 102/354 26°01 
% Glasgow 179,263,199 85,700 29°31 
ea Liverpool ;| 154,762,327 65,825 32-12 

i Sheffield | 154:464'390 72,356 29-29 

















The load factor is in all cases estimated on the 
basis of units generated and as will be seen is 
remarkably high. About 32} million units were 
supplied for private lighting, and nearly 3-3 million for 
heating and cooking, whilst the demand for power, 
including tramway services, amounted to over 
2553 million units. Charges for bulk supplies range 
as low as 0-6d. per unit. For lighting and fans the 
charge is about 3-66d. per unit, and for heating and 
cooking it is 1-08d. per unit. The highest charge for 
power is 1-62d. per unit. This is applicable when 
the consumption per horse power connected is less 
than 150 units per month. If the supply exceeds 
350 units}per month per horse power connected, 
the charge is 1-08d. 

In spite of the strike, the thermal efficiency of the 
station was improved during the year. It averaged 
17-43 per cent. and for one period reached 18-49 
per cent. Still better figures are anticipated during 
the current year, as Howden-Ljungstrém air pre- 
heaters are being fitted to two large boilers. These 
it is expected will raise their efficiency from the 
present figure of 79 per cent. to about 85 per cent. 

The maximum peak load taken during the year 
was 77,000 kw., and it is expected that this will rise 
to over, 90,000 before the new year. The plant now 
installed has a rated capacity of 121,000 kw. but it is 
proposed to increase this by 50,000 kw. The first 
instalment, for which contracts are about to be 
placed, will consist of a 20,000 kw. turbo-generator 
and 3 boilers. A second turbine and a fourth boiler 
will probably be ordered next year. The steam 
pressure for this new plant will be 350 lb. per square 
inch, and the temperature of supply is to be 700° F. 
A considerable quantity of underground cable is 
also to be ordered as well as additional switch gear. 





NOTES. 
Ora@anic THEORIES OF O1L ORIGIN. 


Tue contribution to the problem of the origin 
of oil, which Mr. Ernest Clark presented at the 
Institution of Petroleum Technologists last Tuesday, 
did not give rise to a heated discussion, such as 
these papers generally call forth. The reason 
was not in any way because the paper lacked in 
interest or did not offer substantial incentive 
to expressions of either approval or disapproval. 
Mr. Clark, attempted a unification of existing 
theories, bearing upon all the manifold factors 
of possible influences, without bringing any out- 
standing features into strong relief for discussion, 
as the President, Sir Thomas Holland remarked. 
The formation of oil, Mr. Clark suggested, was at 
least as normal a phase of sedimentation as that 
of coal. Coal was the product of the decomposition 
of terrestrial vegetation, and oil presumably the 
result of similar decomposition of other organic 
material. He presented his survey under two 
headings—deposition and chemical change. The 
organisms deposited might be plants (alge, diatoms, 
bacteria) and animals (foraminifera, corals, molluscs 
and fishes) of salt and fresh water. They all 
consisted of fats and carbohydrates in varying 
proportions, and the richness of a deposit depended 
upon the difference between the rate of supply 
and the rate of removal or oxidation, varying 
with local and climatic conditions. Deltas, coastal 
lagoons, coral reefs, &c., favoured the deposition 
of mud; continental shelves were too much 
exposed to currents and wave action. Once buried 
the mud was protected from oxidation. The 
formation of limestone was not too slow to act as an 
oil mother-rock. Salt, which was almost universally 
associated with petroleum, killed and deposited 
organisms when concentrated as in the gulfs of 
the Caspian Sea; the salt might afterwards be 
washed out leaving oil and gas to escape. Coal 
from peat bogs, and oil from marine deposits, 
sometimes, but not usually, varied laterally into 
one another. The kerogen (yellow organic material) 
of oil shales consisted of easily transported and 
little perishable plant residue (spores and resins), 
and kerogen shales were more closely related with 
coal than with petroleum. In the Californian 
oilfields petroleum had originated in the argillaceous 
diatom shales, and had accumulated in the sands. 
There was no common theory to explain the origin 





of all petroleum deposits ; each deposit had to be 
studied on. its own merits. But in the chemical 
changes bacteria, both aerobic and» anerobic, 
certainly had had an important part. During the 
discussion of the paper Mr. V. C. Illing welcomed 
Mr. Clark’s accentuation of the importance of 
the habitat of deposition; too many investigators 
had attempted to determine the original material 
and had then stopped their research. Mr. H. &. 
Hackford made an interesting remark. Mr. Clark 
had rather deprecated oil formation by the natural 
distillation (by the internal heat of the earth) 
of oil shales, because that involved difficulties 
as to the subsequent migration of the oil and gas 
formed. In Wyoming Mr. Hackford found five 
oil beds overlying oil shale, with an intrusive rock 
150 miles away. The oil was the same in all the 
five beds, and the shale had given oil and gasoline 
when kept for nine months at 100 deg. C. There 
might have been distillation though the plutonic 
rock was far away. He had also obtained other 
experimental evidence of such low-temperature 
distillation by heating when sufficiently prolonged. 


SrreEssEs IN TrmperR Roors. 


The simplest method of dealing with statically 
indeterminate structures was that used by Rankine 
in determining the stresses in multiply braced 
trusses. He considered each truss as compounded 
or built up of the appropriate number of elementary 
trusses, each statically determined. Thus a lattice 
truss with double bracing was regarded as com- 
pounded of two simple trusses each taking half 
the load. If there were a third lattice the truss 
would similarly be divided into three simple trusses. 
Whilst logically defective, Rankine’s method was 
undoubtedly safe, and, in fact, the general principle 
may be laid down that if a statically indeterminate 
structure appears safe under any ,reasonably 
plausible assumption as to the distribution of the 
stresses, it will certainly be safe in practice. Expe- 
rience indicates that this maxim holds good in most 
structural engineering work, though it is conceivable 
that it may not apply in all cases to alternating 
stresses. On the other hand, the experiments on 
the endurance of a drilled plate, described by 
Professor Haigh and Mr. J. 8. Wilson at the Hull 
meeting of the British Association, seem to show 
the rule does apply to pulsating stresses, at least 
when the material has the character of structural 
steel. We have suggested more than once that 
the more widespread knowledge of refined methods 
of stress analysis is not free from certain drawbacks, 
and we are inclined to demur very strongly to 
one proposal made in a paper recently published 
by the Building Research Section of the Depart- 
ment of Scientific and Industrial Research. In 
this paper, which is entitled ‘‘ Primary Stresses in 
Timber Roofs,” the authors, Professor A. J. S. 
Peppard and Mr. W. H. Glanville, apply the method 
of least work to the calculation of stresses in the 
famous hammer beam roof of Westminster Hall, 
and arrive at results in qualitative agreement 
with those of observation. This is no doubt of 
some academic interest, but the authors, in their 
opening remarks, suggest that the method is 
suitable for general practical use in the design of 
statically indeterminate timber roofs. To this we 
are disposed to take strong exception. The method 
of least work was introduced by Castigliano, and 
was pretty fully described in a series of articles 
published in ENarngertne early in 1895, and 
subsequently reprinted in book form. The method 
is undoubtedly a most powerful one, and provides 
(at the price of what may be very elaborate com- 
putations) at least an arithmetical solution of 
almost any problem in elasticity. In fact, Professor 
W. Hovgaard, ina paper published last year, derived 
by its means St. Venant’s solutions of the beam 
problem. Though powerful, the method is in most 
cases very laborious, and should not therefore be 
adopted save when there is some reasonable 
certainty that the postulates on which it is based 
really apply. It seems to us exceedingly doubtful 
whether this will commonly be the case in the 
kind of roof discussed by the authors. These will 
frequently have internal stresses due to assembly 
strains, and the joints between wooden members 
are far from rigid, whilst shrinkage with changes 
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of temperature and moisture may entirely alter 
the original distribution of the stresses. In view 
of the uncertainties thus introduced it seems to us 
very doubtful whether any material benefit will 
be gained by an elaboration of the methods of 
stress determination. In any case, calculation can 
never give us more than an estimate of the stresses 
carried. Only experience can establish the factor 
of safety required. 





THE LAUNDRY EXHIBITION. 


In the modern laundry almost every process is now 
performed with mechanical plant, and hand operations 
are consequently confined to feeding the machines and 
taking away the treated articles. It is for this reason 
that the International Laundry and Allied Trades 
Exhibition, which was opened on Friday, May 21, at 
the Royal Agricultural Hall, Islington, London, is of 
great interest to engineers. Three quarters of the 
exhibits are of an engineering character, the remainder 
being examples of the materials used in the various 
cleansing processes. This exhibition, which like the 
earlier ones was promoted by the Society of Laundry 
Engineers and Allied Trades, is much more extensive 
and more representative than was ever formerly the 
case. It is certainly true that the essential features of 
the design of laundry machinery have been long 
established, No revolutionary changes may therefore 
be anticipated in such plant, and, in consequence, it is 
only in the improvement of details that changes are to 
be seen. These, though of secondary importance 
from the designer’s standpoint, may be of considerable 
significance to the users of the plant, in cost of running, 
safety of workers and quality of work done. 

For economical work in laundries it is essential 
that soft water should be available, and where it is 
not obtainable normally means must be provided to 
reduce the hardness. The water supply to the Agri- 
cultural Hall, in its untreated state, has a hardness of 
22 parts per 100,000, which is equivalent to 15 grains per 
gallon, and eontains mainly bicarbonates, sulphates and 
other salts of calcium and magnesium. 'To demonstrate 
the capabilities of the Permutit process, United Water 
Softeners Limited, of Aldwych House, London, have 
an installation on their stand which softens this water 
to “zero hardness,’ the only reagent used being the 
common salt employed to regenerate the Permutit soft- 
ening medium at intervals. This effective process 
consists simply of passing the incoming hard water 
through a cylindrical filter composed of an insoluble 
granular mineral medium, which possesses the property 
of absorbing chemically all the lime and magnesia 
which the water contains and liberating them when acted 
on by a solution of common salt. The Becco Engin- 
eering and Chemical Company, of 160, City-road, 
London, E.C.1, also show a plant for the base-exchange 
system of softening, known as the Zepho Zeolite pressure 
plant, as well as a lime-soda plant which can be used 
with water of moderate hardness, and needs attention 
only for a few minutes every third day. The process 
is a continuous one, and a small plant is all that is 
necessary as the soft water can be stored for the next 
day’s work. Other water-softening plants of each of 
the two previously mentioned types, base-exchange and 
lime-soda, are shown by Messrs. William Boby and 
Co., Limited, Brookfield House, 62, Brook-street, 
Hanover-square, London, while Messrs. Wilson and 
Perrett, Limited, of Ferrier Works, Fairfield-street, 
Wandsworth, London, show a scale model of one of their 
plants and actual chemical apportioning gear. 

Washing machines, for domestic use as well as for 
the large-scale operations in a laundry, form an exten- 
sive part of the display at the Exhibition. The usual 
design consists of a rotating or rocking cage dipping into 

a trough containing the soap solution, which is heated 
by steam. From the similar appearance of the machines 
it might be taken that all are equally suitable for their 
work, but there are minor differences in construction 
which have very important effects on the work done 
and on the efficiency. For instance, a change in the form 
of the perforations in the cage may alter the output 
of a machine considerably. This is due to the fact 
that the proportions of the perforations affect the 
manner in which the soap solution is poured over the 
clothes. Very good examples of washing machines 
of this type are shown by Messrs. Thomas Bradford 
and Co., Manchester; Messrs. Thorp, Medley and Co., 
Manchester; Messrs. D. and J. Tullis, Limited, of 
Clydebank ; and Messrs. W. C. Croxon, Limited, of 
Lancefield-street, London. Examples of American 
origin are shown by Messrs. James Armstrong and Co., 
Limited, of 151, Queen Victoria-street, London. The 
outstanding feature in the construction of these 
machines is the use of Monel metal in place of the more 
common hard copper alloy. A large multi-jet washing 
machine, with a cage 42 in. diameter and 84 in. long, 


of Bloomsgrove Works, Nottingham, has a direct 
electric drive. In this machine, quick-acting valves 
serve for filling, emptying, and for the steam supply. 
On the stand of Messrs. Baker, Perkins, Limited, of 
Peterborough, there is a novel bleaching plant, by 
means of which ozone is injected into a washing machine 
during the breakdown and cold rinses for the purpose of 
bleaching and sterilising the work. 

Hydro-extractors of the centrifugal type are exten- 
sively used in laundries for eliminating the excess 
moisture in the clothes. Messrs. Thomas Broadbent 
and Sons, Limited, of Central Ironworks, Huddersfield, 
show a 48-in. electrically-driven machine with the 
motor carried on an overhead steel frame. In this 
machine, the top part of the spindle revolves in a 
compound roller bearing housed in a conical rubber 
buffer, and the bottom end of it is provided with a 
roller and thrust bearing. Push-button control is 
fitted, and the automatic’features of its design include 
a knock-off gear which may be adjusted to stop the 
machine after any desired period of running. When 
the machine stops, a signal, by light or bell, indicates 
that the run is completed and the machine can be 
emptied and re-loaded. Hydro-extractors of the 
suspended type and under-driven type are shown by 
Messrs. Watson, Laidlaw and Co., Limited, of 98, 
Dundas-street (South), Glasgow. In both examples 
full provision is made for ensuring the safety of the 
operators by the use of automatic locking devices. An 
electrically driven hydro-extractor with some special 
features is shown by Messrs. Baker, Perkins, Limited, 
Westwood Works, Peterborough. In this, all the 
moving parts are totally enclosed. The buffers can 
be tightened up from the outside of the machine, even 
when the cage is in motion. The starting hand wheel, 
the safety lid, and the brake are all interlocked to 
render the operation of the machine completely safe. 

A continuous drying plant is shown by Messrs. W. W. 
Wardle & Sons, of 79, Queen’s-road, Finsbury Park, 
London. This consists of an oblong chamber con- 
structed of framed sections bolted together, within 
which there is a continuous band formed of round rods 
connected together by chains. This endless band passes 
over sprockets at each end of the chamber. In 
working, the attendants place the wet articles in 
clips mounted on the rods, and then, by turning a 
hand wheel, move the band forward into the drying 
chamber. Here the clothes are subjected to a current 
of hot air which quickly dries them. Either exhaust 
or live steam may be used to heat the air, and about 
15 minutes suffices to eliminate all the moisture from 
the clothes. When the end of the run through the cham- 
ber is reached, the clothes clips are automatically tripped 
and release their load, the dried articles being deposited 
on a table. Messrs. Manlove, Alliott and Co., Ltd., 
of Nottingham, and Messrs. J. J. Lane, Limited, of 
Pheenix Engine Works, Cranbrook-street, London, also 
show continuous-drying machines. A combination 
of a fan and an air heater, known as the Thermofan, is 
shown by Messrs. Matthews and Yates, Limited, of 
Cyclone Works, Swinton, Manchester. This standard 
unit is a great convenience, as it may be fitted in any 
small room or recess to convert it into a drying 
chamber. 

Amongst the exhibits of ironing machinery there is 
to be seen a super-suction Decoudun shown by Messrs. 
Thorp, Medley and Co., of Broad-street House, 
Pendleton, Manchester. In this, the roller has longi- 
tudinal grooves, with perforations at the bottoms. 
The result is that the covering is held fast without 
slip, and as it never reaches the bottoms of the grooves 
the suction action takes place uniformly over the whole 
surface of the roller. It is driven through a variable- 
speed gear enabling any speed between zero and the 
maximum to be obtained. Speed changes may be 
made while the machine is running and reversal is 
possible to facilitate re-covering. Owing to the 
manner in which the suction action is applied, the 
covering remains dry while at work, and almost any 
type of covering, such as the cheapest brown felt, may 
be used, without any appreciable reduction in the 
quality of the work done. There are endless feeding 
bands for the work, and the automatic finger guard 
fitted is removable to permit access to the bed for 
cleaning purposes. With this machine, all articles of 
normal thickness can be dried, ironed and highly 
finished in a single passage. In a drying and 
finishing machine shown by Messrs. Thomas Bradford 
and Co., Crescent Ironworks, Salford, hot air is 
injected into the rollers and through the covering. 
This enables a very high speed of working to be main- 
tained without any reduction in efficiency, Messrs. 
D. and J. Tullis, Limited, of Clydebank, and Messrs. 
J. J. Lane, Limited, of Cranbrook-street, London, also 
show their standard Decouduns, which embody many 
of the leading features of the best modern designs. 

In the process of dry cleaning, Messrs. Super-Centri- 
fugal Engineers, Limited, of Aldwych House, London, 
have applied their centrifugal separator to the clarifica- 


may be used repeatedly, as the entire system is self 
contained and the process of cleaning and clarifying is 
continuous, It may be operated by unskilled labour. 
The solids are separated from the spirit in a dry state 
with little or no loss of benzine, the bow] of the centri. 
fugal machine draining automatically when the 
machine is stopped. 

Steam plant is essential in laundry work, the standard 
boilers largely favoured for the work being of the 
vertical multitubular type, such as those made by 
Messrs. Davey, Paxman ani Co., Ltd., Colchester, 
Messrs. Robey and Co., Ltd., Lincoln, Messrs. E. S. 
Hindley and Sons, Bourton, and Messrs. Cochran and 
Co., Annan. These well-known standard boilers are all 
shown on the respective stands of the makers, steam for 
many of the exhibits being obtained from them. Models 
and actual parts are also shown to illustrate the main 
features of the designs. Messrs. W. H. Allen and 
Co., Limited, of Bedford, exhibit a 100-kw. steam 
engine and dynamo for the provision of light and power. 
The engine is of the two-crank compound type, and is 
directly coupled to the generator. This set is intended 
to be operated non-condensing, so that the exhaust 
steam may be utilised for heating or drying purposes. 
On the same stand are many of the firm’s designs of 
centrifugal pumps, to deal with hot or cold water or 
corrosive liquors. Messrs. Frank Pearn and Co., 
Limited, of West Gorton, Manchester, also exhibit 
steam or belt-driven pumps. The steam sets are of 
the flywheel type, or of the vertical or horizontal 
direct-acting type with Pearn valve gear. The belt- 
driven pumps are of the single, double or treble-ram 
patterns of the trunk type for low-pressure working, 
and have guided rams for delivery against high 
pressures. 

There is a rapidly-growing tendency amongst laundry 
engineers to utilise the work of the metallurgist in the 
production of non-corrosive metals, in particular 
Monel metal, which is exhibited by Messrs. G. and J. 
Weir, Limited, of Cathcart, Glasgow. A thoroughly 
good representation is made on the stand of this firm 
of the forms and constructions for which Monel metal is 
suited. One exhibit of note is a cast Monel-metal 
pump impeller. Bars, sheet, wire and mesh, are also 
shown to give an indication of the standard forms 
in which this valuable metal is available to engineers 
who have to design plant, which gave rise to serious 
corrosion troubles until non-corrosive metals were 
produced on a commercial scale, 





THE NORTH-EASTERN DOUBLE- 
ACTING MARINE DIESEL ENGINE. 


THE advantages accruing from the use of both ends 
of a Diesel engine cylinder for the generation of power, 
in regard to saving of weight and consequently of 
cost for a specified output, are so obvious, and have 
been so often referred to, that it is unnecessary 
to emphasise further their significance. While this is 
the case, it must also be recognised that the design of 
a double-acting Diesel engine involves the considera- 
tion and solution of many difficulties. Effective pro- 
visions to overcome the troubles associated with the 
design, which former experience has shown to exist, 
can only be made after much experimental work 
has been done, and sound deductions have been 
made from it. When the designer has such informa- 
tion at his disposal, it cannot even then be taken 
that the first design prepared by him for a large 
Diesel engine will , prove successful, for every factor 
contributing to reliability of operation under con- 
tinuous running conditions must be subjected to 
proof in tests of long duration, with a large size 
of engine. In this work, the conditions under which 
the trials are run must approximate closely to those 
under which the engine will be used at sea. Investiga- 
tions of this character have been undertaken by The 
North Eastern Marine Engineering Company, Limited, 
of Wallsend-on-Tyne, for a period of four years, with 
the gratifying result that they are now able to produce 
engines suitable for the propulsion of the most 
powerful motorships afloat. A Diesel engine of the 
double-acting type working on the four-stroke cycle, 
which is capable of developing a total of 5,800 i-h.p. 
in its six cylinders, was recently built for installation 
in the motorship Stentor, a vessel recently constructed 
for Messrs. Alfred Holt and Co., by the Caledon 
Shipbuilding and Engineering Company, Limited, of 
Dundee. This engine, which is at present undergoing 
a lengthy series of works tests before fitting into the 
vessel, is illustrated on Plate XLVI, and on page 630. 
We had the privilege, through the courtesy of Mr. 
Summers Hunter and his fellow directors of the North 
Eastern Marine Engineering Company, Limited, to be 
present at some of these tests, and were greatly m- 
pressed with the steadiness and_ reliability of the 
running of the engine. 

The design of this engine was based on the results 
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engine of 1,000 i.h.p., a description of which, with 
illustrations, appeared in ENGINEERING, vol. cxvii., 
page 707. All this preliminary work, it should be 
mentioned, was carried out in conjunction with the 
engineering staff of Messrs. Werkspoor, of Amsterdam, 
and a paper presenting the results of some of the work 
was read by Messrs. G. J. Lugt and Harry Hunter 
at a joint meeting of the Institution of Naval Archi- 
tects, the Institution of Engineers and Shipbuilders 
in Scotland, and the North-East Coast Institution of 
Engineers and Shipbuilders, in London in June, 1924 
(see ENGINEERING, vol. cxviii, page 26). 

The engines of the M.S. Stentor are shown in Figs. 1 and 
2 on Plate XLVI and by a general view, after erection 
for test in the works at Wallsend, in Fig. 3, page 630. 
The cylinders have a bore of 820 mm., or 32} in. and 
the stroke of the piston is 1,500 mm., or 59 in. Under 
service conditions the normal full power generated 
by the complete set will be 4,000 brake horse-power 
at 95 r.p.m. Actually this is the first engine of its type 
to go into service in the propulsion of one of the most 
powerful single-screw motorships so far constructed. 
In this design of double-acting engine, for the purpose 
of ensuring reliability of running and complete acces- 
sibility for overhaul, the combustion spaces for the 
bottom ends of the cylinders have been arranged by 
the provision of chambers to one side of the engine, 
as shown in Fig. 2. By the use of this design, 
simple means of operation of the valves are obtainable, 
but, of course, at the expense of a slight reduction in 
power for the lower ends. The large bottom clear- 
ance prevents the attainment of a compression pres- 
sure as high in the lower ends of the cylinders as that in 
thetopends. This sacrifice for reliability is thoroughly 
sound, since it enables a large part of the total power 
which could be obtained from the lower ends of the 
cylinders to be secured, without the introduction of 
complications which might result in troubles when 
running at sea. 

Perlit iron is used for the construction of the piston, 
cylinder heads and other parts subjected to high 
temperatures and pressures. There are heavy steel 
columns or through bolts extending from the tops of 
the cylinders down to the flat-bottomed bedplate, addi- 
tional rigidity being obtained by the introduction of 
cast iron columns of trestle-shaped form, which encircle 
the through bolts. This construction is thus the same as 
that adopted in the experimental engine already 
referred to, and also in the single-acting engines of the 
motorship Raby Castle (see ENGINEERING, vol. cxix, 
page 507), which has proved completely satisfactory 
in service. Each entire cylinder is given effective 
suspension from the frame system and freedom 
for expansion is provided. The cylinder liners are 
made in two sections, with an expansion joint between 
them. This joint is closed when the engine is hot, but 
is slightly open when cold. As the top liners are separate 
from the head, the joint being just above the travel 
of the top piston ring, a new liner may be fitted into 
the old head whenever necessary. At this joint the 
studs and nuts are made of stainless steel. The bottom 
cover has the stuffing box bolted to it, a construction 
which facilitates examination of the packing. A 
separate Perlit casting forms the combustion chamber, 
which is fixed to the side of the bottom cover by means 
of a ground joint. As the cylinder is allowed to 
expand quite freely downwards, compensating gear 
is introduced into the actuating mechanism for the 
bottom-end fuel valve. 

The pistons have a recess in the middle for 
the accommodation of the nuts of the piston bolts. 
Nickel-chrome steel bolts are used, and _ special 
provisions are made to guard against their fracture. 
The piston rods are 11 in. in diameter, and have a 2} in. 
diameter hole up the centre for the passage of the 
piston-cooling-water. Each rod has a large flange 
forged on its head, to which the piston is secured. 
The joints here are ground, and were tested under a water 
pressure of 1,000 lb. per square inch before being passed. 
The piston-cooling water is passed to a cooler mounted 
on the engine columns. This water is conveyed to the 
piston rods by means of heavy-gauge telescopic pipes 
mounted on the astern guide shoes. The usual 
arrangement to give access to the piston rods for 
inspection, adopted in the single-acting engines made 
by the North Eastern Marine Engineering Company, 
Limited, has been retained in this double-acting engine. 
Incidentally, this construction makes the inspection and 
gauging of the internal surfaces of the cylinders a 
comparatively easy operation. All the valves, at 
both top and bottom of the cylinders, are interchange- 
able, and can be quickly and easily removed whenever 
necessary. As the fuel valve in the top cylinder head 
1s set off the centre line, it has been found possible to 
era, an ample water space between the various 
Ports. 

Each crosshead is guided by one ahead and two 
astern guides. The crankshaft, which is 21 in. in 
diameter, is of the Unity type, in which the webs are 
shrunk on to the journals and crank pins, and are later 





welded to them. Every part of the running gear is 
lubricated on the forced-feed system. The top halves of 
the main bearings are held in position by nuts on the 
main through bolts of the engine framing. 

There is a separate fuel pump for each cylinder. 
These are double-acting, the one end supplying the 
top of the cylinder and the other supplying the 
bottom. Control of the fuel supply is obtained by 
variation of the suction valve lift, the valves being 
kept open for a greater or lesser proportion of the stroke. 
An Aspinall governor is fitted to actuate the suction 
valves of the fuel pumps. 

The camshaft used to operate the valves is driven by 
a pair of crankshafts. In the reversing system, use is 
made of a sliding camshaft. The top valve levers 
are mounted on eccentrics on the reversing shaft, 
which also carries a scroll-cam for sliding the cam- 
shaft. The reversing operation consists in first putting 
the starting shaft into the stop position, when the 
eccentrics lift the bottom valve levers entirely clear of 
the cams; then the reversing shaft is turned round. 
In this action, the first 120 deg. of rotation causes the 
top valve levers to be raised, the next 120 deg. slides 
the camshaft by means of the scroll-cam, and the last 
120 deg. causes the valve-levers to fall on to the 
cams for reverse running. Once the starting shaft 
is turned to the position indicated on its dial as “ 6- 
top cylinders on air,’ the bottom valve levers are again 
brought into proper action. The movement of the 
reversing shaft is obtained by means of a rack and 
pinion, which latter is fitted to the shaft, while the rack 
is driven directly by an air cylinder with which is 
associated an oil dash-pot. 

A compressed-air motor is used to turn the starting 
shaft. There are five separate positions for this shaft, 
corresponding in succession to stop, supplying the 
six top ends of the cylinders with air, running three top 
ends on air and three on fuel, running all the top 
ends on fuel, and, finally, running all the cylinders 
double-acting. In every position except the last, 
the bottom exhaust valves are held open, and the inlet 
valves for the bottom end are put out of gear and kept 
shut. The starting shaft not only actuates the main 
starting valves in the usual way, but also controls the 
fuel pumps and the blast air. In actual running, the 
entire mechanism works with the greatest smoothness, 
and the starting operations are performed quickly 
and easily, the entire control system being centralised. 





TENDER.—The Municipal Council of Stellenbosch, 
South Africa, is inviting tenders for the supply and 
delivery of a complete fire-engine equipment. Tenders 
must reach Stellenbosch before noon on Friday, June 25, 
1926. Local representation is, in practice, essential. 
Further particulars regarding this call for tenders may 
be obtained from the Department of Overseas Trade, 
35, Old Queen-street, London, 8.W. 1, quoting reference 
A.X. 3178. 





INTERNATIONAL OIL EXHIBITION, LONDON, 1927.—The 
International Oil Exhibition, Crystal Palace, London, 
§.E.19, a preliminary notice of which appeared in our 
issue of December 4 last, page 708, was originally intended 
to be held this year. It has now, however, been fixed 
for May, 1927. The management of the Crystal Palace 
announces that the opening date will be May 4, 1927, 
and that the exhibition will remain open for 17 days. 
It is to be strictly limited to companies and firms direct] 
associated with the production, refining, transport an 
distribution of petroleum products, and is under the 
patronage of the Institution of Petroleum Technologists, 
the Oil Industries Club, and other institutions. Over 
100,000 sq. ft. of space will be available on the main floor 
of the Crystal Palace. Applications for participation 
have already been received from British, American and 
Continental manufacturers, and the exhibition gives 
promise of being on a large and comprehensive scale. 


THE Newcomen Society: SumMER MEETING.— The 
summer meeting of the Newcomen Society has been 
arranged to take place in the Norwich district on June 23, 
24 and 25 next. The business meetings will take place 
at the Royal Hotel, Norwich, on June 23 and 24, com- 
mencing at 8.30 p.m. oneach day. The papers to be read 
are as follows: ‘* Ancient Local Industries,’’ by Mr. H. O. 
Clark, and ‘‘ The Strangers in Norwich, a Page in the 
History of Our Ancient Textile Industry,” by Mr. W. R. 
Rudd. A motor tour has been arranged for the morning 
and afternoon of June 24. The Stokesby windmill, the 
pumping stations of the Winterton and Somerton 
Drainage Commission and of the Lowestoft Water and 
Gas Company, and two dredgers owned by the London 
and North Eastern Railway Company at Lowestoft, will 
be visited. On Friday, June 25, visits will be paid to 
Messrs. James Arnold and Co.’s silk-weaving works, to 
Messrs. W. A. and H. G. Harrison’s post windmill, and 
to the Bridewell Museum. The dinner of the Society 
will be held at the Royal Hotel, Norwich, at 7.30 p.m., 
on June 24. Members are asked to notify the hon. 
secretary, Mr. H. W. Dickinson, The Science Museum, 
South Kensington, London, 8.W.7, of their intention of 
being present, not later than June 9 next. 





EXPLOSION FROM THE | SUPER- 
HEATER OF A BOILER. 


A PRELIMINARY inquiry regarding the circumstances 
connected with an explosion from the superheater of 
a Babcock and Wilcox boiler, which occurred at the 
Ormesby Iron Works, Middlesbrough, of Messrs. 
Cochrane and Co., Limited, on July 22, 1925, has been 
conducted by the Board of Trade, under the provisions 
of the Boiler Explosions Acts, 1882 and 1890. The 
report of the inquiry, which was published recently, 
states that the superheater is of Messrs. Babcock and 
Wilcox’s usual design; it was made at their Renfrew 
works, and was put into commission in January, 1919. 
The boiler to which this superheater is attached is 
of the water-tube type, and is used for generating steam 
at a maximum pressure of 160 lb. per square inch. 
The fuel used is blast-furnace gas, the fire bars being 
also covered with a thin layer of coal. The gas has a 
calorific value of from;102 to 111 B.Th.U. per cubic foot ; 
it is admitted to the furnace at a temperature of 
approximately 500 deg. F. and a pressure of from 
2 in. to 3 in. of water. The superheater, which forms 
the subject of the present inquiry, consists of upper and 
lower rectangular-shaped headers. These are con- 
nected to each other by 32 solid-drawn steel element 
tubes, 1} in. in external diameter, bent to a “ V ”’ shape. 
The headers are square in section and 7} in. in outside 
width ; they are made from mild-steel plate -in. thick. 
The upper header is connected to the saturated-steam 
drum of the boiler by three solid-drawn steel tubes, 
4 in. in external diameter and 7 §.W.G. thick. The 
lower header is connected to the superheated steam 
receiver or outlet box by three vertical solid-drawn 
steel tubes of the same section. 

The support of the lower header depended entirely 
on the grip of the vertical tubes, and the explosion was 
caused by this grip becoming insufficient to maintain 
the header in its position against the steam pressure. 
The lower header was forced off the left-hand and 
centre vertical tubes until the ends of the two tubes 
were respectively about ? in. and } in. clear of it ; the 
right-hand tube remained in place. The protecting 
brickwork around the connecting tubes of both headers 
was demolished and the side door in the brickwork giving 
access to the back of the boiler and a door on the top 
brickwork were forced open; through these openings 
steam and hot dust escaped. One of the furnace doors 
was also forced open. The material damage resulting 
from the explosion was, nevertheless, comparatively 
unimportant ; owing to a most unfortunate combina- 
tion of circumstances, however, two men were killed 
and one was severely injured. 

The external appearance of the tubes which failed 
showed that they had been leaking round the header 
for a considerable period and the ends had, in course 
of time, become loosened in the holes. The report 
further states that the element tubes and the supports 
under them were so badly sagged as to suggest over- 
heating, and that it is probable that this overheating 
had facilitated the forcing of the header from the tubes, 
when once the ends had become loose. The owners 
have renewed the three tubes in the bottom header, 
and are giving a more definite bell-mouthing to the 
ends of all the tubes of this type in the superheater, 
by means of a special mandril. In addition, they are 
building into the brickwork, at either side, a substantial 
cast-iron support for the lower header, with a clearance 
sufficient to allow for the normal expansion of the 
vertical tubes. 





TRIALS oF THE SS. “Toas” anp “ Zapara.”—The 
oil-tank steamers Toas and Zapara, built at the Hebburn 
Shipyard of Messrs. Palmers Shipbuilding and Iron 
Company, Limited, to the order of the Venezuela Gulf 
Oil Company, of Caracas, recently completed successful 
trials at sea and have been handed over to their owners. 





THE INSTITUTION OF ELECTRICAL ENGINEERS: SUMMER 
MeEEtTING.—On account of the strike, and in view of the 
coal situation, the council of the Institution of Electrical 
Engineers has decided to postpone the summer meeting 
at the North-Eastern centre until next year (from June 14 
to 17, 1927). As announced in our issue of April 9 last, 
page 464, the meeting was to have been held at Newcastle 
from June 8 to 11 next. 





Contracts.—Messrs, Ed, Bennis and Co., Limited, 
28, Victoria-street, London, S.W. 1, have received from 
the Austin Motor Company, Limited, Longbridge Works, 
Northfield, Birmingham, an order to equip eleven 
8-ft. 6-in. diameter Lancashire boilers with their 
Sprinkler pattern stokers and self-cleaning compressed- 
air furnaces fitted with three-speed independent drives for 
stoker boxes and furnace bars.—The directors of the Deal 
and Walmer Gas Company have placed a contract with 
Messrs. The Woodall-Duckham Vertical Retort and Oven 
Construction Company (1920), Limited, 52, Grosvenor- 
gardens, London, S.W. 1, for the supply of an installation 
of continuously-working vertical retorts, having a 
carbonising capacity of 49 tons a day. The installation 
will be complete with the necessary coal and coke- 
handling plant, coke-storage hoppers and screen, and 
waste-heat boiler. 
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LETTERS TO THE EDITOR. 


THE RESISTANCE TO FLOW OF 
WATER IN A CORRUGATED PIPE. 


To THe Epiror OF ENGINEERING. 

Dear S1r,—Professor A. H. Gibson has published 
(Phil. Mag., July, 1925, page 199) experiments on the 
loss of head in a pipe of which the inner surface is 
generated by the revolution, about the z-axis, of the 
curve 





Qra 
y = (0-95 + sin (Fa) x and y measured in ins. 
The results are given in the form 

h = 0-0113 v2-135 (1) 


The author goes on to say that ‘‘ it may be readily 
shown from the principle of dynamical similarity that 
the loss of pressure p per unit length of a pipe conveying 
a virtually incompressible fluid should be given by 


» d\0°135 
p pv (5) ala te cnr 

The principle of dynamical similarity is a particular 
case of so-called ‘“‘ dimensional analysis,’ and both are 
based on the universal rule that all the terms of an 
equation expressing physical relations must be of 
equivalent dimensions in the physical quantities in- 
volved, to which rule they add nothing and from which 
they can subtract nothing. 

It is therefore disconcerting to those who, like the 
writer, believe in giving great attention to this rule at 
every stage of problems in mathematical physics, that 
Professor Gibson should profess to derive from it the 
form of his equation, which he is not entitled to do, and 
fails to make his equation homogeneous, which by the 
rule he is bound to do !* 

The question now arises how the form of equation 
(2) may be properly derived. If we strip our minds 
of all previous knowledge save the general differential 
equations of the motion of a viscous fluid, themselves 
based on experiment, these, if an adequate statement of 
the facts, give us all the physical quantities involved. 

These are the coefficient of viscosity, u, the density, p, 
the linear dimensions of the boundaries and of the 
configurations of flow, and the unit of time. (Com- 
pressibility is neglected here.) 


It is found that by writing “ =v, and by keeping 


the unit of time always the same, the new quantity, », 
called the kinematic coefficient of viscosity, suffices, 
along with velocity and linear dimensions to make the 


is of zero 


equations homogeneous, and since 


. ; i : yt 
dimensions, terms multiplied by any function of = 


do not have their dimensions altered.t 

We can proceed no further until we have either 
obtained solutions of the differential equations, or 
have carried out experiments. 

For “ slow” motion, neglecting the so-called inertia 
terms of the differential equations, we have the solution 
for a straight smooth pipe of circular section 


F ” ps 
i 


and this is known experimentally to hold up to the 





* Taking Professor Gibson’s own definition of “p” 
as loss of pressure per unit length of pipe, the dimensions 
on the left are ml-2t-2 and on the right ml-1t-2, It is 
noticeable that such mistakes are easily made where 
mixed and ambiguous units are used in the experimental 
work, here, pound boti: as pound weight and pound mass, 
g as the acceleration of gravity or as the numerical ratio 
of the pound weight to the poundal, feet and inches, head 
and pressure gradient. 

In the case of smooth circular sections, it is usual to 
take the mean axial component of the tangential forces 
on the walls of the pipe, denoted by F, say, and to write 
the equation in the form : 


F = —}rgradp=Cprf (<) 
” 


where grad p is the drop of vréssure per unit length along 
the direction of greatest falling-off, here along the axis. 

With corrugated walls, the quantity corresponding 
to F is difficulty to define, and (2) is best made homo- 
geneous in the’ form 


—rarad p= 1-3px2 (22)? pill 


in consistent c.g.s. units. 

Professor Gibson avoids the computation of the coefticient 
which is extraordinarily confusing in his mixed units, 
and uses the sign of proportionality, « ; by which he 
possibly renders the lack of homogeneity less obvious. 


¢ It is perhaps worth while remarking here that the 
configuration of flow given by the general equations of 
viscous fluid motion depends only on the ratio of the 
viscosity to the density, and not to each independently, 
an important simplification, which justifies the introduc- 








experimentally known critical value of Reynolds’ 


number vf. Within this range, the density has no 
effect on the flow, and if we assumed the form (2) 
a priori, we should simply be wrong. 

In the irrotational flow of an inviscid fluid, the co- 
efficient of viscosity does not appear, and we get 
pressure terms normal to the boundary of the form 
4p wv. 

There is no known solution for the turbulent flow of a 
fluid in a pipe, but since the inertia of the medium 
produces instability of the steady laminar type of flow, 
terms in p v* are to be expected, as a possibility at least, 
pv 


as well as terms of the form 


We may, therefore, now assume a trial solution of 
the form 


WY as. Bp v2 
r 


which may be put in either of the two forms 


[4(55) +B ]ov or [a= (2) | 


A and B are non-dimensional, and therefore may be 


bv 
r 


- or areal, i : : 
functions of me which is itself non-dimensional. 


It is to be understood clearly that this is a possible 
form of solution, not that it is necessarily a suitable 
form of solution, 

For further information we must have recourse either 
to valid solutions of the differential equations or to 
experiment. 

The solution for slow motion, extended Ly experiment 
to velocities not exceeding Reynold’s critical value, 
gives A as a known constant and Bas zero. Reynold’s 
experiments, confirmed and extended by subsequent 


workers, tell us that, above the critical value of <, an 


approximate empirical equation of the form 


Cpe? ( 


may be fitted to the numerical results, where m 
is a small positive fraction approaching zero as 


v 


™m 
a) 


vor. 
= increases. 

If we try to guess the form likely to apply to corru- 
gated pipes a priori, we may indeed suppose that 
instability will appear sooner than in smooth pipes, 
and that the term in pv* will become predominant 
sooner than in the case of a smooth pipe. At best this 
can only be a guess based on the results for smooth pipes, 
and there seems to the writer to be no assurance, 
a priori, that the guess might not be very wide of the 
facts. 
A posteriori, that is posterior to Professor Gibson’s 
experimental results, and to what has been said above, 
we may finally put the relation in the approximate and 
purely empirical form of (2) as corrected in the foot- 
note, noting that it holds for changes of v and » in the 
range of the experiment. 

With regard to changes of the linear dimensions, 
that is of the maximum or minimum radius, it is still 
by no means certain that these will not affect greatly 


the range of ae within which the approximation is 


valid, and may even, in the extreme cases of very large 
or small tubes with correspondingly smooth or sharp 
corrugations, cause the range of validity to vanish, but 
this can only be affirmed or denied on the basis of 
experiment, failing a solution of a system of differential 
equations completely representing all the physical 
facts which have sensible- effects. 

It should be made clear that the reason for the last 
statement is that, with very sharp corrugations and very 
high velocities, the general equations of continuous 
incompressible viscous fluid motion may no longer be an 
adequate statement of the physical conditions. If 
they were adequate, then the conclusion would follow 
that the empirical relations would hold for changes of 
r, as well as of v and ». 

Where the empirical relation holds with reasonable 
numerical approximation, so that the coefficient may be 
regarded as constant, it follows at once by simple 
differentiation that the resistance for a given constant 
velocity decreases as the viscosity increases. 

The result is the purely numerical consequence of 
the fact that the index of v in the empirical expression 
is slightly greater than 2 (whereas for smooth pipes it 
is slightly less than 2). 

With reference to the seeming paradox, it may be 
remarked that a similar apparent paradox occurs for 
smooth pipes in the neighbourhood of Reynold’s 
critical velocity, and has led to a discussion which, in 
the writer’s opinion, was not properly directed on either 
side. 

By the philosophic interest of the facts, Professor 
Gibson no doubt means the physical explanation as 
distinct from the empirical equation, which gives the 


All this applies to smooth pipes. 





tion of the kinematic coefficient of viscosity. 





approximate numerical relations. 





As he does not go into this side of the question it 
need not be further pursued by the writer at the present 
time, 


London. 


A. R. Low. 





THE HIGH-EFFICIENCY OIL ENGINE. 


To THE Eprror oF ENGINEERING. 

Deak Sir,—In your issue of April 23, Captain R. 0. 
King gives some interesting data concerning the effect 
of tetra-ethyl lead on the allowable ratio of compression 
and corresponding brake mean-effective pressure and 
fuel economy. 

Since the work which prompted the presentation of 
that data was that done by Mr. Chorlton with com- 
pression-ignition engines, it would be of interest if those 
who have suitable equipment would make available 
some data on the effect of dopes when running at, 
say, 1,200 to 1,800 r.p.m. with compression-iguition, 
Many engineers are interested in high-speed compression- 
ignition operation. 

With gas oil of about 0-85 specific gravity, the writer 
ran into maximum pressures that seemed to lie some- 
where between 1,300 lb. and 1,600 lb. when attractive 
fuel economy was attempted at the higher speeds. 
Dope gave somewhat smoother running, but the design 
of the engine did not permit determining to what 
extent the dope might increase the essential compression 
pressure for starting and for steady firing under variable 
r.p.m. and torque. 

Yours truly, 
ROBERTSON MATTHEWS. 

Bolton, Ontario, Canada, 

May 12, 1926. 





COLD STORAGE DEVELOPMENTS. 


Cold storage and its equipment are among the 
engineering activities of which considerations of 
national economy demand an early extension, and 
among the products that stand to be cheapened and 
the production to be encouraged by improved facilities 
for cold storage eggs, are perhaps the least recognised 
but not the least important. Apart from those used 
in industry without the shell, 4,332 million were con- 
sumed in Great Britain in 1922, and cost something 
over 20,000,000. Only about 40 per cent. of them 
were home produced, about a third of the remainder 
coming from the Irish Free State. Large though this 
trade is, it only works out at about a quarter of an 
egg per inhabitant per day, which seems an unduly 
small consumption, and the explanation seems to be 
that relatively small use is made of storage. In spite 
of the large proportion that is imported, prices are. 
in general, inversely proportional to the home supply 
for the time being, and fluctuate over a range that 
is wholly unknown in any other staple food. If, 
therefore, the supply could be so regulated by storage 
that, say, eight months or so could be allowed for 
consuming them, prices would be not only lowered but 
steadied, and both the home production and the con- 
sumption would be stimulated. 

The method of storing eggs best known to the house 
wife is to keep them ‘in a solution of water glass or of 
lime. The result of such storage is not satisfactory. 
To give uniformly good results it appears to require 
some rough system of cold storage. On the other 
hand, the use of properly designed cold stores appears 
to offer a prospect of a convenient, practicable, and 
efficient storage. For some time past, the design of 
such cold stores, as well as the previous question of 
the effect of cold on eggs, has been engaging the 
attention of the Food Investigation Board of the 
Department of Scientific and Industrial Research, and 
the Board has now published a report discussing both 
the practical and the theoretical aspects of the 
subject.* 

For the time being, cold storage of eggs is conducted 
by chilling and maintaining them at a temperature 
near, but not below, their freezing point; although 
experiments have shown that under suitable conditions 
whole eggs can be frozen without cracking the shell or 
materially altering the egg contents. When eggs are 
definitely frozen, all processes leading to decay and 
putrefaction may be completely arrested. At present, 
however, this is not a generally practicable process, 
and cold storage of eggs consists in chilling them to 
not more than 1 deg. F. below the freezing point of water, 
in the hope, and with the prospect, that the extent of 
changes in the eggs will be inappreciable. The pre- 
servative process allows, therefore, practically no factor 
of safety. Through their porous shells the eggs can 
pick up infection, odour, and taste from any external 
matter, whether mere dirt or packing material. The 





* Special Report No. 26. The Storage of Eggs. By 
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rate at which, in particular, infection by moulds will 
travel will increase with temperature and humidity, 
while, if the humidity is reduced, the eggs will lose 
moisture and weight. A preliminary condition of 
satisfactory results is accordingly that the collection 
of the eggs should be done with scrupulous cleanliness. 
It is important, moreover, that they should at no 
time before storage be allowed to reach more than 60 
deg. F. 

i is found both necessary and practicable to keep the 
chilling air within extremely narrow limits both of 
temperature and hygrometric condition. The range 
of temperature should not exceed 1 deg. F., and the 
degree of saturation should be as close as possible 
to 80 per cent. On the latter point, a complication is 
introduced by the fact that the egg itself gives off 
moisture, which affects the general degree of satura- 
tion in the store atmosphere. With thorough ventila- 
tion, the safe limit of humidity may probably be put 
somewhat higher than 80 per cent.; but taking it at 
that figure, and assuming both it and the temperature 
are maintained constantly at the specified levels, the 
eggs still lose by evaporation in cold store somewhere 
about 0-35 per cent. of their weight per month. The 
condition that the limits shall be maintained constantly, 
and not merely as an average, appears to be of capital 
importance. 

The report describes, in outline, several ways of 
cooling that are found in practice. The simplest is 
perhaps the direct expansion of a refrigerant in pipes 
placed in the room to be cooled, a variant of which, 
adopted in order to economise space, is the use of coils 
instead of pipes, with ducts and a fan circulation to 
renew the cooling effect. Both these methods cool 
only while the refrigerating plant is at work, and lead 
to undesirably wide limits of temperature and dryness. 
These fluctuations are reduced by employing brine 
circulation pipes. The brine is cooled in a separate 
tank and circulated. by a pump, while, by an intense 
fan circulation, the air in the store is kept cooled. The 
considerable volume and heat capacity of the cooling 
liquid enable a steadier temperature to be maintained 
than by the previous two methods, and the refrigerating 
plant need not work continuously ; but, as with the 
two other methods, the eggs have to be stored some 
distance from the coils to avoid their being frozen, 
and some difficulty is found in maintaining the desired 
humidity. Combinations of air of suitable humidity 
cooled by the expansion of a refrigerant and blown 
over brine pipes or coils, or of direct expansion pipes 
in continuation of evaporator coils in a brine tank, 
have also been used with advantage in small stores. 
For larger stores the use of a wet cooler, with or 
without the combination last described of pre-cooled 
air of suitable humidity, has many advantages. In this 
system, a spray or rain of cooled brine cools circulating 
air, of which the vapour pressure tends to keep in equi- 
librium with that of the brine, the density of the latter 
being regulated by floats in brine and water tanks, as 
described in a previous report. 

A plan and calculations are given for a store of 
3,000,000 eggs capacity, to be received during, say, 
two months, and accommodated in three adjoining 
rooms, each 38 ft. 10 in. by 32 ft. 2 in. by 8 ft. high. 
The data published in a previous report (Cf. Enat- 
NEERING, vil. cxiv, p. 672, and vel. cxvi, p. 338), 
regarding heat insulators, in particular their thermal 
conductivity in calories per hour per square metre 
surface per centimetre thickness per 1 deg. C. 
difference in temperature, enables the coefficient 
of heat transmission K for the outside walls, divid- 
ing walls, floor, and ceiling to be calculated from 
the formula K = oS + sae o. where d is 

cl co Cn 

the thickness in cm. In the store here in question, the 
outside walls are 13} in. thick, with 6 in. of slab cork 
and } in. of facing cement, the dividing walls are of 
5 in. slab cork faced on each side with } in. facing 
cement, the floor of 10 in. concrete with 4 in. slab cork 
and 14 in. bitumen compo, and the ceiling of 5 in. 
granulated cork between } in. boards, with 1 in. slab 
cork on the lower surface and ? in. facing cement. 
The thermal conductivity of each of these materials 
has been determined, and those of the composite walls, 
floor and ceilings are thus calculated by the above 
formula, 

The heat to be removed from the store daily varies 
according as the store is full or is being filled. When it is 
full, with an inside temperature of 0 deg. C. and the 
temperatures of the outside air and the earth assumed 
as 20 deg. C. and 10 deg. C., respectively, the leakage of 
heat through the surfaces of the structure works out 
at 4,435 calories per hour, to which is added an allow- 
ance of 10 per cent. to cover miscellaneous, or as yet 
unknown, heat losses, such as that through the walls 
of the air cooler, the dimensions of which have not yet 
been determined. The heat admitted through the 
Opening and closing of doors is trivial (about four 
calories), but allowance is made for the heat that has 





to be withdrawn in order to condense the moisture 
evaporated from the eggs (about 0-35 per cent. per 
month on 177 tons of eggs), which works out at 522 
calories. Why this heat of condensation is not balanced 
by the heat absorbed in evaporation is not explained, 
but the quantity is small in comparison with the total 
duty of the plant. The total heat to be withdrawn thus 
works out at 5,404 calories per hour in addition to what 
heat is communicated to the circulating air during its 
motion and has to be removed. The temperature 
by which the air is raised through this heat, which is, 
of course, derived from the power taken by the fan, 
is assumed as not exceeding 0-4 deg. C., which works 
out at 0-124 calories per cubic metre of circulating air, 
taking the weight of 1 cubic metre at 0 deg. C. to be 
1-3kg. The quantity of air required in the circulation 
is then determined. The cooling is effected by a 
calcium-chloride brine rain at — 1-9 deg. C., which 
cools the air in the cooler to — 1 deg. C. This air 
enters the store at — 0-6 deg. C. with 3-9 gm. of 
water per cubic metre, and is assumed to leave at 
+0-6 deg. C. with a humidity of 84 per cent. satugation 
or 4-26 gm. of water per cubic metre. It can therefore 
take up 0-6 —( — 0-6) x 1-3 x 0-238 + (4:26 — 
3-9) x 0-606 = 0-59 calorie per cubic metre. The 
quantity of air required is thus obtained by equating 
the product of this coefficient and the unknown quantity 
of air to the sum of the heat communicated to the air 
in the circulating system (0-124 times the quantity of 
air) and the 5,404 calories that have to be withdrawn 
from the store. 

This gives 165,000 calories to be removed daily while 
the store is full; but a larger refrigerating capacity is 
required to provide for the period of filling, extending 
from the middle of March to the middle of May, during 
which the highest outside air temperature is taken to be 
16 deg. C., and the temperature of the earth 8 deg. C. 
The room farthest from the refrigerating plant is 
filled first, while the middle room is cooled to about 
8 deg. C. and the third compartment is not cooled at 
all; giving a leakage of heat through the walls, 
ceilings and floors of 1,709 calories per hour. The eggs 
are admitted at the rate of 50,000 per day, weighing 
3,000 kilos, in trays and crates weighing about 900 kilos, 
and the specific heat of eggs being 0-78 and of wood 
0-65, cooling in 24 hours from 16 deg. C. requires the 
withdrawal of 37,440 and 9,680 calories per day, respec- 
tively. In addition, an allowance is made for condensing 
the vapour lost by the eggs (neglecting apparently the 
heat absorbed in evaporating it), which here is taken 
at 0-7 per cent. per month, the higher coefficient being 
due, presumably, to the difference in atmospheric 
temperature. With an allowance of 650 calories for 
cooling the circulating air on the assumption that it 
gets renewed once a day and thus has to be cooled 
from its mean temperature 8 deg. to 0 deg. C., the 
total heat to be withdrawn on the first day of storage 
works out at approximately 90,000 calories per day, 
and on the 20th day (allowing for the heat of conden- 
sation of the 1,000,000 eggs then in store and a further 
8 per cent. to cover various losses), at about 137,000 
calories per day, including in this figure the heat 
imparted to the air during its circulation, calculated 
as explained above for the full store. Similar calcu- 
lations give 175,000 and 240,000 calories per day for the 
heat required to be withdrawn on the last day of 
filling the second and third rooms. A 50 per cent. 
allowance to cover losses in the plant and to take 
account of its efficiency brings the required capacity to 
360,000 calories per 24 hours, which is stated to work 
out at about 33 calories (130 B.Th.U.) per 16,000 eggs 
per hour as an average for an eight-months’ storage. 
Similar calculations for small stores are said to give, for 
a store of 200,000 eggs, a corresponding figure of 
50 calories. 





LAUNCH OF THE DREDGER “ LorD WILLINGDON.”— 
Constructed to the order of the High Commissioner for 
India, for work at Cochin, the large cutter-suction, recla- 
mation dredger Lord Willingdon, was recently launched 
by Messrs. Wm. Simons and Co., Limited, Renfrew. 
The vessel is fitted with a powerful pumping plant, de- 
signed to dredge 1,500 cubic yards an hour, from depths up 
to 40 ft., and to discharge the dredgings through a floating 
pipe line 4,000 ft. in length. The dredger has been con- 
structed under the supervision of Messrs. Sir J. H. Biles 
and Co. She will proceed to Cochin under her own 
steam, and for propulsion two sets of compound, surface- 
condensing engines, capable of giving the vessel a speed 
of 8 knots, are provided. The pumping outfit consists 
of a very large centrifugal suction and discharging pump, 
directly coupled to a set of triple-expansion surface- 
condensing engines. A spiral rotary cutter, driven by 
a steel spur gearing, is fitted on the lower end of the 
suction frame; this latter is controlled by independent 
steam hoisting gear. Steam is supplied by four large 
cylindrical multi-tubular boilers, constructed to Lloyd’s 
requirements for the working pressure of 180 lb. per 
square inch. Oil fuel, under forced draught, will be 
used. The control of the vessel is centred on the operat- 
ing bridge, so that one man can direct all the dredging 
and pipe-line operations. 


THE LATE MR. F. S. SPIERS. 


Tue sudden death of Mr. F. S. Spiers is a severe loss 
to the Faraday Society and to the Institute of Physics, 
the secretary of which institutions he had been since 
their foundation in 1903 and 1920, and will also be re- 
gretted by the many scientific men of all nationalities 
with whom his activities brought him into contact. He 
enjoyed good health until he had to take a long rest 
four years ago. He was then warned that he had a weak 
heart, and he began to feel this a few weeks ago. 
Last Friday, May 21, he was found dead in his chair. 

Born in London on October 21, 1875, a son of a 
judge of the Jewish court, Frederick S. Spiers was 
educated at the Central Foundation School of Finsbury 
Technical College and at the City and Guilds Technical 
Institute, South Kensington, where he took his B.Sc. 
and obtained the status of an A.C.G.I. Spiers was 
himself a Hebrew and Talmudic scholar. At the 
college, electrochemistry was his chief subject, and he 
contributed papers on the seat of the electromotive 
force in the Clerk cell and on contact electricity to the 
Philosophical Magazine in 1896 and 1899. Leaving | 
the college, he entered into business for himself in the 
London Decorative Metal Work Company. When the 
war broke out he placed this business in charge of a 
manager and took up research for the Ministry of 
Munitions in connection with the Nitrogen Products 
Committee. He also organised for the British Science 
Guild the London Exhibitions of British Scientific 
Products in 1917 and 1918, and was awarded an O.B.E. 
He did not resume his private business. 

His chief organising capacity was, however, displayed 
in his secretaryship. As soon as the Faraday Society 
stood on its own feet, it began to arrange the discussions 
on matters of scientific and technical interest, connected 
with physical chemistry, for which the society soon 
became famous. These discussions, most of which 
have been dealt with in our columns, brought British 
men of science in personal touch with their fellow 
workers on the Continent and in America and other 
parts of the world, and their records are of lasting 
value. The idea of an Institute of Physics, to raise 
the status of the physicist, also originated in the 
Faraday Society, and Spiers was one of the founders 
of both these bodies. As secretary of the Institute he 
was also charged, in collaboration with the National 
Physical Laboratory, with the monthly production of 
the Journal of Scientific Instruments, of which Dr. C. V. 
Drysdale is now editor. These manifold duties put a 
heavy strain on the courteous, popular secretary, who 
required checking rather than stimulating in his work 
and who found in music practically his only recreation. 





SpecrFicaTION FoR E.Lrctric CaBLES.—A_ revised 
edition of the B.E.S.A. Publication No. 7—1926, entitled 
“British Standard Specification for Dimensions of 
Insulated, Annealed-Copper Conductors for Electric 
Power and Light, including Voltage Tests,” has recently 
been issued by the British Engineering Standards 
Association. Few changes were found necessary in 
this revision, although those made are of importance. 
One extra standard size (0-85 sq. in.) has been added to 
the list of stranded cables. ‘Tables, which cover the 
thicknesses of vulcanised-bitumen insulated and sheathed 
cables, have been added, and a full list of definitions 
relating to conductors and cables has been included. 
Copies of this revised specification may be obtained 
from the B.E.S.A. Publications Department, 28, 
Victoria-street, London, S.W.1, price ls. 3d. each, post 
ree. 

Hicu-Frequency FaticvE Tersts.—Reports and 
Memoranda No. 982, issued by the Air Ministry, and 
obtainable through H.M. Stationery Office at the price 
of 9d. net, gives an account of the experiments on high- 
frequency fatigue in copper, Armco iron, and mild steel 
carried out in the Engineering Laboratory, Oxford, 
by Professor C. F. Jenkin at the suggestion of the Elas- 
ticity and Fatigue Panel of the Aeronautical Research 
Committee. In 1911, Professor B. Hopkinson called 
attention to the importance of ascertaining whether the 
fatigue limit of metals was dependent on the rate of 
alternation of stress, He designed and made an electric 
alternating direct-stress machine, and published the 
results of tests on mild steel carried out at about 7,000 

riods per minute (116 per second), which was more 
than three times as fast as any tests made up to that 
time. The results at this speed were compared with 
those made by Dr. Stanton at the National Physical 
Laboratory on the same material at 2,000 periods per 
minute (33 per second). Professor Hopkinson con- 
sidered that the results showed that speed had a marked 
effect, but he did not regard his tests as conclusive. 
In the light of the knowledge gained on fatigue 
testing since that date, neither set of tests can be con- 
sidered satisfactory. After a large number of tests 
using the apparatus rotating at a frequency of 100 
periods per second, which was later increased for tests 
with torsional vibrations at large amplitudes to 5,000 
peed the experiments were ultimately abandoned. 

© apparatus was found not to be powerful enough to 
overcome the large hysteresis which appeared as the 
fatigue limit was closely approached, the power being 
apparently limited by the magnetic saturation of the 





iron in the armature. 
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LABOUR NOTES. 


AT meetings held in London on Thursday last week 
both the Mining Association and the Miners’ Federation 
rejected the Prime Minister’s proposals for the settle- 
ment of the coal dispute. The resolution passed by the 
miners’ delegate conference was as follows :—‘‘ This 
conference, having given long and careful considera- 
tion to the terms submitted by the Prime Minister as 
a basis for a settlement, together with a report of 
what transpired at the interview with Mr. Baldwin 
on Tuesday, arrives at the following conclusions :— 
We are largely in agreement with the legislative and 
administrative proposals set forth, and are prepared 
to render every assistance possible to ensure their 
success, but see no reason why such measures should 
be first reviewed by the Coal Advisory Committee. 
We are unable to recommend the miners to accept the 
Prime Minister’s proposals for a reduction in their wages 
which admittedly do not at present provide for a decent 
standard of living. We further object to the proposal 
that a Board with an independent chairman shall be 
empowered to abolish the national minimum and 
-enforce variable minima throughout the districts. We 
consider that in making these proposals the Prime 
Minister is not honouring the pledge he gave to the 
country in the message broadcast on May 8 as 
follows :—‘ I wish to make it as clear as I can that the 
Government is not fighting to lower the standard of 
living of the miners or of any other section of the 
workers.’ ”” 

The objections of the coalowners to the Prime 
Minister’s proposals were summarised by themselves 
as follows :—1. The coal industry, like other industries 
subject to world conditions, is governed by economic 
necessities from which there is no escape. To attempt 
to ignore them can only result in still further increasing 
unemployment, not only in the coal industry, but 
throughout the country generally, and adding to the 
burden of losses which the coal industry is bearing. 
2. There is only one way in which the drastic reduction 
in the cost of production of coal which the situation 
demands can be secured without involving hardships 
for certain of the workmen, particularly in the large 
exporting districts, and that is by the restoration of 
the eight hours’ day. The reduction in wage rates, 
which would then suffice to bridge the remaining gap, 
would not exceed about 10 per cent. when wages are 
at the minimum in the worst-placed district, and even 
this sacrifice would be more apparent than real, since 
it would result in fuller employment and higher actual 
earnings. 3. The industry requires freedom and 
stability in its operations as conditions essential to its 
prosperity, and the initiating of policies, either legis- 
lative or administrative, such as are contemplated in 
certain of the recommendations of the Royal Com- 
mission, must inevitably have the effect of restricting 
its operations and increasing the difficulty of a restora- 
tion to sound economic conditions based upon the 
interests of the community. 4. The coalowners are 
convinced that the proposals submitted to them on 
May 14, calculated as they are to limit freedom of 
administration, will not be helpful in securing the 
ultimate result that is aimed at, namely, the increased 
efficiency of the industry. Indeed, it must be stated 
emphatically that it will be impossible to continue 
the conduct of the industry under private enterprise 
unless it is accorded the same freedom from political 
interference as is enjoyed by other industries. 





Acknowledging receipt of the Mining Association’s 
letter, Mr. Waterhouse said: ‘‘The Prime Minister 
cannot refrain from the comment that in summarily 
rejecting the proposa! as one that ‘seeks to impart an 
element of coercion into the machinery of negotiation,’ 
your Association appears to show an inadequate 
appreciation both of the nature of the proposal and of 
the gravity of the present situation.”” The reply to 
the Miners’ Federation contained the following impor- 
tant passage: ‘‘ The Government have never concealed 
the fact that there are recommendations in the Report 
that they only accepted with reluctance, and could not 
have accepted except in the hope of a general settle- 
ment. This hope has been disappointed. In these 
circumstances, it must be clearly understood that the 
Government regain their freedom for all purposes, and 
no longer hold themselves bound by the terms of an 
offer which has been rejected. In particular, in view of 
the great and growing burden imposed on the national 
finances by the general strike and the present stoppage 
in the coal-mining industry, it will be impossible for 
the Government to hold open beyond the end of the 
present month the offer of any further subsidy.” 





Each of the engineering trade unions has received 
the following letter from the Engineering and Allied 
Employers’ National Federation :— 

“* The Federation has given very serious consideration 
to the action of the trade unions, whose members are 
employed by the federated firms, taken in connection 








with the recent general strike. The Federation feels 
sure that it is within the knowledge and appreciation of 
the trade unions that the action taken was a flagrant 
breach not only of agreement but of the whole course 
of procedure which has been followed for nearly thirty 
years in the engineering industry. 

“Tt is not assumed that the trade unions by this 
irregular action sought to terminate any agreement. 
Were this so, then obviously all agreements of whatever 
character between the Federation and the unions would 
necessarily come under review. The general strike, 
involving as it did the calling out of members of unions 
not directly affected by the mining dispute, raised 
national as well as industrial questions and was dealt 
with by the Government as a national issue. The 
national issue has now been disposed of by the general 
strike being abandoned. 

“In view of this, the Federation, while protesting 
most strongly against the irregular action taken by the 
trade unions, is of opinion that the interests of the 
industry and those engaged in it will be best served by 
abiding in the future by agreements and recognised 
proceflure. There is now but one duty for all con- 
cerned, and that is by co-operation and reduction in 
costs to do what they can, not only to overcome the 
effects of the recent dislocation and the resultant serious 
loss, but also to revive our industry at present so much 
depressed. The employers are continuing to do what 
they can in this direction and they look to the work- 
people to do their part.” 





In April the home branch membership of the Amal- 
gamated Engineering Union increased from 210,048 to 
211,566, and the colonial branch membership from 
25,643 to 25,836. Members on donation benefit decreased 
from 7,621 to 7,012, and the total number of unemployed 
members from 17,707 to 17,216. The percentage, 
reckoned in the usual way, is 7:79. In thé course of 
a reference to the London joint trades wages application, 
Mr. Brownlie, the president, states that in approving 
the taking of a ballot vote, “in accordance with 
rule,” the executive council requested the London 
District Committee “to direct the attention of branches 
to the financial state of the union.” 





British trade unionists are apparently not the only 
organised workers who take little or no interest in the 
affairs of their societies. A writer in the Machinists’ 
Monthly Journal, the organ of the American Inter- 
national Association of Machinists, states, as ‘‘a well- 
known fact,’’ that “about 10 per cent. of all the 
members make rules and regulations affecting all the 
membership.”” He blames the organisation for the 
lack of interest, and makes several suggestions which, 
given effect, would, he believes, work a change for the 
better. But as most of the ‘‘ improvements ” have been 
carried out here without any appreciable results, it is 
not easy to see how they can succeed in America. 





In his report for the first quarter of the current year, 
Mr. Appleton, the secretary of the General Federation 
of Trade Unions states that the total number of 
affiliated societies is now 116. The number of members 
on the higher scale is 313,139 and the number on the 
lower scale 422,329. Financially, Mr. Appleton adds, 
the position of the Federation is not unsatisfactory. 
The income for the quarter greatly exceeds the expen- 
diture, and “the accumulated reserves enables the 
Management Committee to regard with confidence its 
liability, under the Federation rules, to finance all 
those disputes which may arise through the efforts of 
its affiliated trade unions to maintain or improve wages 
and working conditions.” 





According to The Ministry of Labour Gazette, the 
improvement in employment, which had been in pro- 
gress since the beginning of the year, continued during 
April. Among the 11,892,000 workpeople insured 
against unemployment under the Unemployment 
Insurance Acts in Great Britain and Northern Ireland, 
the percentage unemployed at April 26, 1926, was 
9-2, as compared with 9-8 at March 22, 1926, and 
10-9 at April 27, 1925. Employment was good with 
brickmakers and with skilled building trades operatives, 
and fairly good in some sections of the metal, printing 
and clothing trades, in the furnishing trades, and with 
coachbuilders and millsawyers. In coal mining it 
was fair; but in iron and steel manufacture, ship- 
building, marine engineering, and the linen and jute 
trades it remained bad. Among the principal industries 
there was an improvement in coal mining, building and 
public works contracting, shipbuilding, and the clothing 
trades. In the jute industry there was a marked 
decline in employment. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes 
in rates of wages reported to have come into operation 


workpeople, and in an increase of nearly 2,400/. in 
those of 30,000 workpeople. The reductions mainly 
took effect under agreements whereby wages are 
adjusted in correspondence with movements in the cost 
of living or in the selling price of iron and steel. During 
the first four months of 1926 the changes reported to 
the department, in the industries for which statistics 
have been compiled, have resulted in a net increase 
amounting to 11,7001. in the weekly full-time wages of 
106,000 workpeople, and in a net reduction of 33,0001. 
in those of 354,000 workpeople. 





The number of trade disputes involving stoppages 
of work reported to the Ministry of Labour as beginning 
in April was 42. In addition, 26 disputes, which began 
before April, were still in progress at the beginning 
of the month. The number of workpeople involved 
in all disputes in April (including workpeople thrown 
out of work at the establishments where the disputes 
occurred, but not themselves parties to the disputes) 
was about 51,000; the estimated aggregate duration of 
all disputes during April was about 424,000 working 
days. 





The Ministry of Labour states that on May 17, 1926, 
the number of unemployed persons on the registers 
of Employment Exchanges in Great Britain was 
1,612,700, of whom 1,178,400 were men, 49,000 boys, 
331,500 women and 53,800 girls. Of the total number, 
70,300 were persons ‘“‘ normally in casual employment.” 
On May 10, 1926, the number of unemployed persons 
was 1,575,899, of whom 1,123,656 were men, 49,776 
boys, 344,076 women, and 58,391 girls, and on May 18, 
1925, it was 1,185,020, of whom 912,804 were men, 
34,183 boys, 207,492 women, and 30,541 girls. In 
addition to the total of 1,612,700 on May 17, notices 
of claims to benefit had been given, it is added, in respect 
of about 358,000 workers not at work in the mining 
industry on account of the dispute, and about 50,000 
who had been on strike in other industries and had 
not resumed work. 





At the Third General Meeting of the All-Russian 
Central Council of Trade Unions, M. Dzerjinsky, 
President of the Supreme Economic Council, stated 
that during 1924-25 industrial output had on the 
whole increased by 64 per cent. in comparison with 
the previous year, but had not even then come up to 
the pre-war level. In order to meet the growing 
demand for industrial products, the Supreme Economic 
Council had drawn up a plan for a 39 per cent. increase 
in output for the year 1925-26, but as State industry 
had already exhausted all its available capital, the 
success of this plan was largely dependent on the 
grant of subsidies, the opening of new credits and the 
importation of plant and equipment from abroad. 
Unfortunately, owing to the comparative failure to 
realise the grain export plan of the winter of 1925-26, 
imports and state credits for industry had had to be 
curtailed, and it was hardly to be expected that indus- 
trial output during 1925-26 would exceed by more 
than 25 per cent. that of the previous year. 





In these circumstances, continued M. Dzerjinsky, it 
was impossible to increase wages during 1926, the 
more so as wages had gone up during the last six 
months of 1925 more rapidly than output. Owing to 
the general adoption of piecework rates, output had, 
during the period October, 1924-May, 1925, increased 
by 31 per cent., while wages had remained practically 
stationary, but from July, 1925, nominal wages had 
risen by 14 per cent. (real wages by slightly less owing 
to an increase in the cost of living) till, in September, 
1925, they had reached 50-75 chervonetz roubles per 
month, although the average wage provided for in 
the wages budget for 1925-26 was only 47-62 cher- 
vonetz roubles per month. Notwithstanding this 
increase in wages, individual output diminished by 5 
per cent. during the last three months of 1925. This 
change in the situation, said M. Dzerjinsky, was a 
very grave symptom which hac resulted in a very 
heavy burden falling on the tinancial reserves of 
industry. In view of this, concluded M. Dzerjinsky, 
not only was it impossible to increase wages, but it 
was also going to be extremely difficult to keep them 
at their present level, unless an increase in output per- 
mitted a reduction in prices and, consequently, in the 
cost of living. 





In the discussion which followed, the trade union 
delegates, while not denying the decrease in individual 
output, endeavoured to show that it was due to 
defective industrial equipment. The representative of 
the metal workers’ union pointed out that, during 
a period of three months, work had had to be suspended 
41 times in the South Russian workshops on account 
of breakdowns in the plant. The majority of the 
speakers declared that industry was badly organised 





during April resulted in an aggregate reduction of 
20,5001 in the weekly full-time wages of 291,000 





and that the provisions for the protection of labour 
were inadequately enforced. 








Stee 





ed 


Tr wD 


” Oo 


ne 


Or 79DEeNS BAOMOPMD ew 


ee i 


oO AO co 


i ee 


~~ DoIpm 


—_—s 


ak eg 


—S ee CP RWS PRY 





May 28, 1926.] 


ENGINEERING. 





639 








MARINE OIL ENGINE TRIALS. 


Tue fourth report of the Marine Oil-Engine Trials 
Committee would normally have been presented for 
discussion at a general meeting of the Institution of 
Mechanical Engineers on Friday, the 7th inst., but 
owing to the National Strike, this meeting was cancelled. 
Under the circumstances it has been decided that the 
report should be considered as having been taken, and 
discussion by correspondence is invited. Contributions 
should be addressed to the Secretary of the Institution 
of Mechanical Engineers, for publication with the report 
in the Proceedings. This report deals with the results 
of tests on the M.S. British Aviator and her engines. 
It is divided into two main parts covering shore and 
sea tests, and subdiviled into sections giving descrip- 
tions of the ship, main engines, test plant and so on. 
The arrangement of the report, and the method of 
testing the engineiashore and the engine and auxiliaries in 
the ship at sea, thus follow those adopted in the first three 
reports (see ENGINEERING, vol. cxvii, page 750, vol. 
exix, page 397, and vol. cxxi, page 87). An addition 
was made to previous tests, in that the trials of the 
vessel at sea included a series of runs at progressive 
speeds on the measured mile. The report is too 
voluminous for us to be able to reproduce it in full, 
and following the method previously adopted, we 
confine ourselves in the summary given below to the 
experimental results obtained in the tests. 

The trials at sea were carried out using fuel of which 
the qualities were practically identical with those of the 
fuel employed ashore, and sufficient records of the 
performance of the main engine (e.g., fuel consumption, 
speed, and indicator cards) were made to enable the 
results of the tests ashore to be utilised in deducing the 
power actually delivered to the propeller shaft. The ship 
was tested in the fully loaded condition. No attempt 
was made to obtain direct measurements of the torque 
transmitted by the propeller shaft or of the thrust. 

The British Aviator is an oil-tank vessel and was 
built by Messrs. Palmer’s Shipbuilding and Iron Co., 
Limited (being their Contract No. 935), to the order of 
Messrs. British Tanker Co., Limited, and was designed 
to the following general particulars :—Length b.p., 
440 ft.; length overall, 455 ft.; moulded breadth, 
57 ft.; and mean draught to the bottom of the keel, 
26 ft. 63 in. When the vessel is fully loaded she normally 
floats on an even keel. The displacement when fully 
loaded is 14,705 tons, and the deadweight capacity 
10,040 tons. Under this condition, the estimated 
service speed is 11} knots, the design power of the pro- 
pelling machinery to give this speed being 2,700 s.h.p. 
at 86 r.p.m. developed on one shaft. The propeller is 
driven direct by the engine, and is of manganese 
bronze, with smooth surface, the four blades being 
bolted to the boss. The diameter of the propeller is 
18 ft. 1} in. over the tips, and the pitch of the blades 
15 ft., the blades being designed of uniform pitch. 
The rake-back of the blades is 1 ft. 1% in., and the 
expanded blade area is 90 sq. ft. The normal direction 
of rotation, viewed from aft, is clockwise. The co- 
ordinates of the centre of the propeller boss are 11 ft. 
above the keel, and 4 ft. 63 in. forward of the stern post. 

Table 1 gives particulars of the size, &c., of the deck 
machinery. The supply of steam is from a pair of 
Scotch-type boilers. The boilers also supply steam for 
heating purposes about the ship as well as to certain 
auxiliaries in the engine-room and to the cargo oil- 
pumps. 

TasLe I.—Particulars of Deck Machinery. 




















2 Weight 
Machi . Method of Nominal ; ; 
achine. Number. Operation. Size. = 
. | Tons. 
Steering gear* 1 | Electro- | 20h.p. motor 9-1 
f | hydraulic 
Windlass 1 | Steam 10 x 14 in. 10-5 
Winches n | {3 ” : - is} Pe | 16-0 





* Operates, through rams, directly on the tiller, and is con- 
trolled by telemotor gear from the wheel-house. 

The engine-room staff of the ship, in full sea-going 
condition, was expected to consist of one chief engineer, 
five other engineers and six greasers (one of whom would 
act as donkeyman). The dimensions of the machinery 
space are :—Length, 80 ft. 24 in., including 27 ft. 6 in. 
for thrust-block and shaft recess; breadth at floor 
level at forward end of engine-room, 52 ft.; and height 
from tank top to poop deck, 38 ft. 6 in., the height 
from the tank top to the top of the skylight being 
50 ft. 9 in. 

In Table ILI. are given the weights of the propelling 
machinery of the vessel in running condition, in- 
cluding the propeller and shafting, together with the 
Weights of the auxiliary machinery and other apparatus 
in the engine-room. The weights of the steam deck- 
machinery are given in Table 1. 

The main propelling engine, which is of the Fullagar 


Shipbuilding and Iron Company at their engine works, 
Jarrow-on-Tyne, being their Engine Contract No. 935, 
under licence from Messrs. Cammell Laird and Co., 
Birkenhead, and may be thus designated ‘ Palmer- 
Cammellaird-Fullagar’’ oil engine. The general con- 
struction of this type of engine was dealt with in our 
issue of July 27, 1923, page 128, in a report on a paper 
by Professor Mellanby, and a similar engine was 
described in detail in our issue of August 31, 1923, 
page 265. 

The rating of the engine is 2,700 brake horse-power 
at 86 r.p.m., the power being developed in six cylinders 
acting on the two-stroke cycle, with opposed pistons 
operating on six cranks. The engine is double acting, 
in the sense that each crank receives two impulses in a 
revolution, but combustion takes place only between 
the pair of pistons in a cylinder. The method of fuel 
admission to the cylinders is by blast air from an 


TaBLeE III.—Weitght of Machinery in the Engine Room. 








Weight 
Part. (Tons). 
Main engine, complete with all pipes and fittings, 
including thrust block and propeller, but excluding 
flywheel ae ee ae as ea oe 373 
Flywheel .. aa a ws ana era a 5 
Shafting and stern gear aos a a aa 32 
Boilers, condenser, oil-fuel burning plant, steam and 
steam exhaust pipes .. xe ee 8 83 
Auxiliaries, pipes, and fittings :— 
Fuel oil system ie ad a ea re 15 
Cooling water system. . “e ee “ 10 
Lubricating oil system ‘a ag a “ 12 
Gas exhaust system .. ea ea a be 10 
Pumping system (bilge, ballast, and general ser- 
vice pumps) me “a oe ae aE 23 
Electric generator system .. oa aa - 35 
Fittings on board: funnel complete, engine-room 
floors, ventilators, gratings, workshop, lifting gear, 
tools, and outfit ee = za e 55 


Air reservoirs .. ea ie a4 oe a 27 
Spares: main engine and auxiliaries, including spare 


propeller and tail end shaft .. 25 
Total .. Pe a a =e ae 705 

Water in system and in reserve +s oe we 11 
Water in boilers (two) .. ae ve ee via 28 
Water in reserve feed tank <a “ a io 60 
Lubricating oil in system and in reserve <a we 18 
Total .. ws we ae oh a‘ 117 

Total running weight a we $e 822 








engine-driven compressor, and firing is obtained by the 
temperature of compression. The overall dimensions 
of the engine are: Length, 36 ft. 1 in.; breadth, 15 
ft.6in.; and height, 31 ft. 11 in. The engine is 
bolted directly to the tank top, and the height from 
the centre line of the crank shaft to the top of the 
scavenge pumps is 27 ft. 8 in. 

The salient dimensions of the cylinders of the 
engine were measured for the committee by the 
Engineer Surveyor at Newcastle-on-Tyne of Lloyd’s 
Register of Shipping, and the following figures are 
averaged from the certificate* given :— 


Ins. 
Average stroke (each piston) __.... i ae 
Average bore Hits ; see eee 


The following quantities were given by the builders : 


Cub. Ins. 
Clearance volume faa Ash ay. * 5SG8 
Swept volume to edge of exhaust 
ports, plus clearance volume for 
one combustion cylinder ... 25,165 


From these particulars the following constants have 
been calculated :— 


I.H.P. factor for one cylinder for 1 
r.p.m. and | lb. per square inch 0-07554 
Ratio of compression .... sh 13-24 
Ratio Exhaust port opening i: a 
Stroke of one piston 


The tests ashore were carried out at Messrs. Palmer’s 
Shipbuilding and Iron Company, Engine Works 
Department, Jarrow-on-Tyne, the trials being con- 
ducted in the marine-engine erecting shop of the firm 
and extending from Monday, April 28, to Friday, 
May 2, 1924. 

The schedule of loads and speeds, calculated from the 
simple approximation to propeller law, in accordance 
with which the trials ashore of the engine were conducted, 
is shown in Table IV. The constant in the relation, 
torque = constant x (revolutions per minute)’, was 
determined from the condition of rated full power of 
the engine, namely, 2,700 b.h.p. at 86 r.p.m. For a 
given load on the engine, the speed calculated from the 
foregoing relation is referred to as A, that at 12 r.p.m. 








* Dated May 19, 1924. 
t Torque = constant x speed?, assuming constant 
slip, Frrst Report Proc. I. Mech. H., 1924 (vol. II), 





°pposed-piston type, was built by Messrs. Palmer’s 





page 892. 


above the calculated speed as B, and that at 12 r.p.m. 
below as C. 


TaBLE IV.—Schedule of Loads and Speeds. 
Test Numbers 1 to 13. 





Speed (R.P.M.). 





Applied External Load. 





Nearest | Calculated | High Low 
Torque. | Brake. | from Pro- | Speed. | Speed. 
Load. | peller Law. 


Nominal. 











Full torque ..| 165,000 | 11,000 86 98 74 
2 »» «| 128,750 | 8,250 75 87 63 
3 » ++] 82,500 | 5,500 61 73 49 
+ ee 41,250 | 2,750 43 55 31 











In the tables in which the results are recorded, 
Test Nos. 1 to 13 have been arranged in descending 
brake horse-power, that is, the engine speeds for a 
given torque follow the order B, A, C. The serial 
number merely shows the chronological order followed 
when conducting the tests. The fuel used on all the 
tests of the foregoing schedule, as well as the special 
tests referred to below, was British Petroleum Diesel 
oil. 

Several tests, additional to the schedule just described 
were carried out. These were: A test with the engine 
developing power in excess of its rating (Test No. 10) ; 
a test to determine the power absorbed in friction in 
the engine; and tests to determine the slowest speeds 
at which the engine would run. 

The procedure described in the former Reports was 
closely followed throughout the tests, namely, the 
attendants were informed what brake-load and speed 
would be required for a particular test, no other con- 
ditions as to running being laid down. By means of 
preliminary observations, it was ensured that a suffi- 
ciently long stabilising period had elapsed before any 
test was commenced. The timing of the fuel admission 
to the cylinders was that at which it was intended the 
engine should run at sea. The quantity of fuel passing 
to the engine was measured by direct weighing on a 
simple lever weighing machine manufactured by 
Messrs. H. Pooley and Son, Limited, Liverpool. The 
machine was new at the time the tests were undertaken. 
The capacity of the tank was approximately 1-7 tons. 
of fuel. A system of intermediate weighings through- 
out all tests was practised; in the case of the short 
tests, the weight of the tank and its contents was 
recorded every five minutes from the signal to start ; 
in the case of the longer tests, of two hours and up- 
wards, the interval between weighings was increased 
toten minutes. The intermediate readings were plotted 
during the tests, and a check on the uniformity of the 
fuel consumption was thereby obtained. No leakage 
at the fuel-pump plungers or fuel valves was observed 
during the trials. 

The absorption dynamometer used, which was 
of the compound-lever type, was by Messrs. Heenan 
and Froude, Worcester. The water for the dyna- 
mometer was supplied from an elevated tank pro- 
vided with means for keeping a constant water- 
level. At the conclusion of the tests, the weights were 
weighed on the fuel weighing machiue and were found 
to be satisfactory. The salient dimensions of the 
brake were also measured and were found to agree 
with the above expression for the power absorbed. 
The pressure-gauges throughout the engine were of 
Messrs. C. & A. Stewarts’ manufacture. The thermo- 
meters and the method of housing them were described 
in the First Report. 

All gauges and thermometers placed at important 
points were calibrated, and the tabulated results include 


the necessary corrections. The engine was fitted with 


a Siemens, 8-point dial, totally-enclosed pyrometer 
indicator, the thermo-couples for use with this instru- 
ment being iron-constantan. The couples were arranged 
at the exit of the exhaust gases from each cylinder. 
The temperature at the end of the exhaust manifold 
was read from a mercurial thermometer placed in a 
deep pocket. 

The dry and wet bulb hygrometer was suspended 
from the handrail on the top platform of the engine 
on a level with the intakes to the scavenge-pumps. ‘The 
barometric heights were read periodically on an 
Admiral Fitzroy barometer situated in the drawing 
office and about 100 yards from the test-shop. The 
atmospheric observations and the deductions there- 
from are recorded in Table V. 

The indicating instruments used on the power cy- 
linder were Maihak external-spring type oil-engine 
indicators. The intruments used on the injection 
air-compressor were two Maihak and two Dobbie 
McInnes external-spring type indicators, and the 
method of drive was by cord from a link actuated by 
the compressor crosshead. On the scavenge-air pumps 





Maihak indicators were used, the method of drive 
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being by cord from the gear used to actuate the drums 
of the indicators on the power cylinders. 

For the purposes of the tests ashore, the quantities 
of water passing to the different cooling circuits were 
measured and their terminal temperatures were 
observed periodically. The quantities were measured 
by means of hot-water meters lent by Messrs. Glenfield 
and Kennedy ; the meters were arranged as follows :— 
A 7-in. meter and at44 in. meter, respectively, were 
placed in the branches supplying the jackets and pistons, 


TABLE V.—Atmospherice Conditions and Deductions. 


























Date... oy Bt --| 28 Apl. | 29 Apl. | 30 Apl. | 1 May. 
| 
| | 
Test Number .. es ‘ ‘| i—3. | 4—6. | 7—9. | 10—13. 
| | 3 
Barometer, ins. of mercury ..| 29-3 29°5 | 29-5 29-7 
Hygrometer, dry bulb .. °F. | 62-1 67-0 65-0 61-4 
*» wet bulb .. °F. | 55-3 58-2 55-9 54-1 
Dew point “a .. °F. | 49°5 51-2 48-4 47-9 
In 1,000 cub. ft. of atmospheric | | 
air— 
Weight of dry air ..lb. | 73-68 | 73-41 | 73°63 | 74°86 
a +» moisture ..Ib. | 0-56 0-59 | 0-54 0:53 
Total weight... . Ib. | 74-24 | 74-00 | 74:17 | 75-39 





TABLE VI.—ANALySES OF FUEL-OIL. 
{Data determined by the standard methods of the Institution of Petroieum Technologists.] 


inches) and h = still-water head (inches). The co- 
efficient of discharge of the orifices, used in deriving 
the above formula, has been assumed, arbitrarily, to 
be 0-63. 

Samples of exhaust gas were withdrawn at a point 
in the manifold close up to the engine and on the way 
to the silencer, and were collected over mercury, as 
described in the First Report. All the samples were 
collected in tubes provided with glass stopcocks. 

All the analyses of fuel, &c., were carried out at 
H.M. Fuel Research Station, Greenwich. The analyses of 
the three samples of lubricant are recorded in Table VII. 

To simplify the calculations in making deductions 
from the fuel analysis, average figures from the 
ultimate analyses of the fuel used for the tests ashore 
have been adopted, namely :— 





Component. Per cent. 
Carbon 84-60 
Hydrogen £ ou 12-39 
Sulphur .... ne aes 1-40 
Nitrogen . .. ao Nes 0-19 
Oxygen .... is moe 1-40 
Ash rae oe ese 0-02 

100-00 








T 





Test. Numbers : | 1 to 3. 4 to 6. | 7 to 13. | Trials at sea. 
| | 
Trade description of fuel... r . as British Petroleum Diesel Oil. 
Calorific value (gross) B.Th.U., per Ib. ; = 19,130 | 19,120 19,105 19,130 
Specific gravity at 60°F. .. e . <a 0-892 | 0-892 | 0-891 0-895* 
Flash point (Pensky-Martin closed test) , mR: 171 172 | 170 178 
Burning point .. er 2 a af carats 196 | 189 | 188 198 
Viscosity by Redwood viscometer No. 1 .. a ie t t 
70° F. | 140-5 146-7 | 170-0 203-4 
Seconds at.. { 150° F. | 42-7 43°7 43-0 47-2 
200° F. 34-7 36-0 34-0 38°3 
Engler distillation— | 
Temperature of first drop 5% re i epee 193 195 175 155 
| ' 
Per Sp. | Per | Sp. Per Sp. Per Sp. 
|} cant. | Gr. | cent. gr. cent. Gr. cent. | Gr. 
| | | | 
[ie | (loa 
[eee S| 10-0 | 0-008 | 10-0 | 0-825 | 12-0 | 0-803 | 9-1 | 0-823 
, 200-250° C. -9 | 0-805 | 10-¢ 825 | 12: 5 | 9 +828 
veep yeseueeetillaee alien eines ael ta 250-300° C. | 20-6 | 0-835 | 20-5 | 0-815 | 21-3. | 0-825 | 16-5 | 0-818 
300-350° C. | 20-7 | 0-840 | 22-5 | 0-872 | 20-7 0-865 | 28-3 | 0-854 
Residue ae 47-8 | — | 47-0 | — | 46-0 — | 42-7| — 
| { 
Water content .. Per cent. | 0-74 | 0-50 | 0-42 0-07 
Ultimate analysis— | | | | 
Carbon : sh < is Per cent. | 84-00 | 85-00 | 84-80 | 85-73 
Hydrogen .. n a si ie a 2 | 12-50 | 12-76 11-90 12-40 
Sulphur A hry thea % 1-20 1:40 | 1:59 | 1-12 
na es Sire hy Lorre x 0-20 = | 0-18 | 0-20 | 0-05 
Oxygen and errors Sh af vn ” cs | 2-06 | 0-65 | 1-50 | 0-69 
Ash os _ ss é< a : % 0-04 0-01 | 0-01 0-01 
Carbon residue and free carbon 2°20 2°75 2:47 2-52 
Soft asphaltum.. ; s& 0-65 | 2-00 3°83 | 2-50 
Hard asphaltum Le } 0°86 | 0-94 | a ee 
|  Semi-soli 
Cold test Semi-solid between 18°-14° F. { between 
| 14°-7° F. 
| ( | A few specks, 
Impurities Very fine slight sediment 4 mostly 
| } L 


























| | black. 








TABLE VII.—Analyses of Lubricating Oil. 


| Power | Air- 
Crank | Cylinders, | Compressor 
Case and Crank 
(used). | Case | 
| } (unused), 
1 


Cylinders 
(unused). 





Trade description Rimer and Sons, Newcastle. 


Colour... “¥4 :| Dk. slate. | Clear, light brown. 
Specific gravity at 60° F.| 0-891 | 0-881 | 0-886 
Flash point sid fay ae | 387 | 399 | 401 
Viscosity (Redwood 
No. 1 viscometer—) | | | 
20k. 1,000 | 845 | 1,050 
Seconds _' 150° F. 110 103 | 126 
, (200° F. | 68 | 55 58 
Carbon residue percent.| 0-97 | 0-40 | 0-26 
Demulsification ee ae ' R | o 
value ie } mins. 20 (plus) | 11-5 | 12 


In the pipes supplying the upper piston and the lower 
piston, respectively, of Cylinder No. 3, a 14 in. meter 
was placed. 

The salt water discharged from the air-compressor 
jackets, from the air-compressor coolers, and from the 
main crosshead guides was measured in each case by 
means of orifice tanks, and the quantities are recorded 
in Table XIII, 8. The sharp-edge orifices were arranged 
symmetrically about the centre of the flat bottom 
of each of the rectangular tanks employed. The 
formula used to compute the discharge was— 

Q=38xaxh 
where a = aggregate area of orifices open (square 


* For curve showing variation of specific gravity of fuel oil with temperature, see Fig. 25. 
+ Viscosity, by Redwood viscometer No. 2, at 32 deg. F., at least 1 hour. 
t Viscosity, by Redwood viscometer No. 2, at 32 deg. F., about 20 minutes. 


From the foregoing average analysis, the following 
quantities have been calculated in respect of the 
combustion of 1 Ib. of fuel :— 





Ib. 
(a) Weight of CO formed oh ae = 3-10 
(b) + steam formed .. as as 1-12 
(e) > SO2 formed as - ee 0-03 
(”) ‘ oxygen required for (a) ye 2-26 
(e) » »” ” (>) a3 0:99 
(f) Pe Re ne (¢) és 0-01 
(7) Theoretical total weight of air required ++} 14-06 





The average gross calorific value has been taken to 
be 19,100 B.Th.U. per Ib. 


(To be continued). 





THE DISTRIBUTION OF SILICATES 
IN STEEL INGOTS.* 
By J. H. S. Dickenson, F.Inst.P. 

Various methods have been suggested for the 
estimation of slaggy matter in steel or wrought-iron. 
Eggertz dissolved drillings in iodine, in an ice-cooled 
beaker; Berzelius used copper-ammonium chloride ; 
while Wehl suggested an electrolytic method, using 
weak hydrochloric acid. None of these methods 
appears to be either satisfactory or necessary for the 
separation of the silicates existing in a steel ingot, and 





* Paper to beread at the meeting of the Iron and Steel 
Institute, London, on June 3 and 4, 1926. Abridged. 








certainly no process]demanding the use of drillings or 
small shavings is acceptable, as any separated slaggy 
residue consists of shattered particles unsuitable for 
subsequent microscopic examination. The method 
first tried by the author was based on that of Stead.* 
and has since been developed by Mr. Huxley, A.R.S.M., 
F.I.C., chief chemist of Messrs. Vickers, Sheffield. The 
process consists essentially of the gradual solution, 
in cold 10 per cent. nitric acid, of a sample of steel 
weighing 75 grammes, sawn into several pieces. The 
contents of the flask are continuously agitated by the 
passage of a brisk current of air through the liquid. 
Microscopic examination of the residues thus obtained 
shows that the globules of slaggy matter separated from 
ingots, and the elongated particles from forged or 
rolled sections, have not been affected by the weak 
cold acid used in dissolving the steel. The particles, 
particularly the globules from ingots, show a smooth, 
shining surface with no trace of pitting or roughening ; 
on the contrary, they usually shine like glass beads or 
pearls. Figs. 9 and 10 are photomicrographs, both at 
100 diameters, of typical residues separated from a 
10-ton carbon-steel ingot and a large nickel-chrome 
steel forging respectively. 

The general similarity in the results of analysis 
obtained from residues separated by complete solution, 
from slaggy matter detached from pipe cavities, and 
from ‘sandy patches” appearing on the exterior 
rough-machined surfaces of large forgings, strongly 
suggests that the three forms of slaggy enclosures 


Fig.5. 
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come from the same source, i.e., the silicate globules 
suspended in the fluid steel. The difference seems to 
be that, whereas the matter forming large external 
“slag streaks’’ had separated during casting, before 
the mould had filled, and had been entangled, the 
glassy particles within the pipe cavity had worked out 
at a later stage when the upper surface had frozen over, 
and any slaggy matter which succeeded in reaching the 
fluid surface must come to rest in the shrinkage cavity 
forming within the head. 

The Distribution of Silicates in Two Typical Ingots.— 
This section deals with the distribution of the scattered 
particles which remain, still finely divided, within the 
frozen steel. The two ingots to be discussed were both 
made of acid, open-hearth, nickel-chromium steel. 
Both were cast into octagon chill moulds, wider at the 
upper end, and provided with refractory linings for 
the feeder-head. One was relatively small, weighing 
15 cwt., with a diameter of 15 in. at the top of the body, 
and was bottom-cast in a group. The other was much 
larger, weighing 12 tons, with an upper-end diameter ot 
36 in., and was, of course, top-cast. 

The analyses were as follows :-— 

No. 1. No. 2. 
15-in. Octagonal 36-in. Octagonal 
Chill Mould. Chill Mould. 


Per cent. Per cent. 
Carbon ae a WO-as 0-21 
Silicon ee we 0°22 0-13 
Manganese .... a. «= 044 0-60 
Sulphur on cass OORT 0-026 
Phosphorus . 0-023 0-027 
Nickel = .. 3°650 3-76 
Chromium .... 0-64 0-40 


When cold, both ingots were longitudinally half- 
sectioned ; a complete slice }-in. thick, including head 
and body, was cut from the smaller, but, in the case 
of the larger, the head was first parted off just below 
the shoulder, and the body was cut in two to provide 
a half-section exactly across the central axis. After 
smooth-planing and scraping, both ingot sections were 
etched with 5 per cent. nitric acid. Despite the very 
considerable difference in the mass of the two ingots, 
the principal structural features were very similar and 
accorded with the internal arrangements of most of the 
nickel-chromium steel ingots which the author has 
examined. There were the same external columnar walls, 





* Iron and Steel Magazine, 1905, vol. ix, page 105. 
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built up of chill crystals having a decided upward | ingot, the carbon percentages varied from 0-20 in the 
inclination, a light-etching central pyramid of free | feeder-head to a minimum of 0-12 in the interior of 


crystals, resting on the bottom floor of chill crystals | the ingot towards the base. 


Corresponding percen- 


and extending upwards well towards the upper end! tages for silicon were 0-25 and 0-21, for manganese 























TABLE IV. 
| Details of Ingot. | Position in Ingot (see Fig. 5). 
| | 
No.j - | Mean a | | B. f = 
Class of Steel. | Diam. Weight. | | A. | B. Cc. D. | E. F. 
1 ' 
| ] 
| 

| Inches. | Tons. | | Per cent. Per cent. | Percent. | Percent. | Percent. | Per cent. 

1 | Héroult carbon 36 1 } Silicates ..| 0-030 | 0-009 0-003 0-002 0-002 0-002 

Carbon }. 0-22 | 0-22 0-29 0-34 0-34 0-28 

2| Acid O.-H. Ni-Cr}) 52 53 Silicates ..| 0-046 | 0-011 0-008 0-005 0-005 0-017 
3 | Acid O.-H. nickel. . 5 50 Silicates 0-068 | 0-007 0-005 — 0-005 0-007 

: Carbon 0-27 0-37 0-48 _ 0-44 0-38 

4 | Acid O.-H. Ni-Cr.. §2 44 | Silicates 0-040 | 0-010 0-007 0-004 0-006 0-009 

| Carbon 0-25 | 0-23 0-23 0-28 0-28 0-25 

5 | Acid O.-H. Ni-Cr. 52 44 Silicates 0-090 | 0-010 0-006 0-008 0-012 0-025 
Averages of silicate results r ri a 0-055 | 0-009 0-006 0-005 0-006 0-012 

Averages of carbon results .. a Me . | 0-25 | 0-27 0-33 | —_ | 0-35 0-30 

’ | 1 
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3 0-51 and 0-43, for sulphur 0-140 and 0-029, 
for phosphorus 0-060 and 0-022, for nickel 
3-81 and 3-60, and for chromium 0-68 and 
0-63. _On the other hand, the minimum 
percentage of slaggy matter was found in 
the feeder-head (0-016), and the maximum 
in the interior of the ingot towards the base 
(0-038). In the case of the larger ingot, the 
| maximum figure for carbon at the top of the 
| mass of metal and the minimum figure at 
the bottom were, respectively, 0-25 per 
cent. and 0-19 per cent. The corresponding 
percentages for silicon were 0-14 and 0-13, 
for manganese 0:62 and 0-58, for sulphur 
0-030 and 0-021, for nickel 3-84 and 3-73, 
and for chromium 0:42 and 0:36. The 
“ silicate ’’ estimations gave 0-006 per cent. 
at the top, and 0-024 per cent. and 0-036 
per cent. at the bottom of the mass of 
metal. The phosphorus variations closely 
followed those of the sulphur. 

The two ingots agree in showing the 
highest silicate content at or near the 
central axis near the bottom end, and 
within the lower part of the central pyra- 





Fie. 13. 
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of the body, and an annular zone of free crystals which 
etche | differently from those of the lower pyramid. It 
may be noted, in passing, that the annular zone in the 
larger ingot did not show the clearly defined ghosts 
which are usually to be found in medium carbon-steel 
ingots of similar mass. Probably because the carbon 
content is usually lower, but possibly to some extent 
because of the presence of chromium, it is found that 
large nickel-chromium ingots are less liable to show 
marked segregation than similar ingots of carbon steel 
or nickel steel made to comply with the usual specifica- 
tions for heavy special forgings. 

Samples for estimation of silicates and general 
chemical analysis were then removed from a number 
of points on each ingot section, those from the larger 
ingot being trepanned out. In the case of the smaller 





SILICATE GLOBULES FROM INTERIOR 








mid of free crystals. In both ingots, 
samples taken from tke columnar walls 
everywhere show a fairly uniform distribu- 
ticn of silicate, except one result near the 
bottom of the ingot, which is probably due 
to the trapping of some separated slaggy 
matter. In both ingots, also, the amount of silicate 
steadily falls on moving up the central axis from the 
region of maximum content near the bottom. In the 
case of the small ingot it actually falls to a minimum 
at the place of maximum sulphur, phosphorus, and 
carbon segregation in the head just below the pipe 
cavity. No doubt the same result would have been 
reached in the larger ingot had the head been sectioned. 

There is, however, one very striking feature shown 
by the 12-ton ingot, not to be observed in the smaller, 
this being the perfectly definite indication of an annular 
zone, in the upper half of the ingot, where the silicates 
are present in greater quantities than in the columnar 
wall on the outside, or in the core within. The 
significance of these observations will be briefly dis- 
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whole, that there has been an ordered arrangement 
of the silicate particles in these two ingots, which has 
led to a striking similarity in the distribution. 

The Distribution of Silicates in Large Ingots.—That 
the distribution in large ingots of the order of 50 tons 
weight follows a similar plan, quite distinct from that 
of the ordinary segregation of carbon, sulphur, and 
phosphorus, is proved by some additional evidence in 
Table IV. With the exception of No. 1, a 10-ton carbon, 
steel ingot which was sectioned for special investigation 
the large ingots in this table were all made into hollow 
forging, and the silicate estimations were necessarily 
made on samples removed from trepanned cores* 
and across the end surfaces of the top-end discards. 
The approximate relative position in the ingot from 
which each sample came is shown by Fig. 5, but as 
the spacing was not always quite the same, it must be 
understood that each result given is that of the sample 
nearest to the indicated position. Both the individual 
results and the average figures set out at the foot of 
the table show very convincingly that the migration 
of segregates and silicates has proceeded on different 








Fig. 10. Strrcate PartTicLes SEPARATED FROM LARGE 


x 100. 


lines, and, just as in the case of the two ingots in the 
previous section, the amount of silicate is higher near 
the bottom of the ingot than near the top. So far as 
the results go it is indicated that ordinary segregation 
has proceeded on normal lines, but in none of these 
examples is there any evidence of the upper annular 
zone ot higher silicate content mentioned above, and 
the amount on the line of the top-end discard parting 
cut decreases in each case from the columnar outer 
zone to the central axis. 

Microscopic Appearance of Separated Silicates.—The 

silicates separated both from ingots and forgings, but 
particularly from the former, provide microscopic 
objects of great beauty. Unfortunately, they are 
extremely difficult to photograph satisfactorily, 
chiefly because the particles vary so much in diameter 
that many are necessarily out of focus. Although the 
silicate residue obtained from any one ingot sample is 
composed of particles of greatly differing size, there 
appears to be a marked similarity in the general 
appearance and colour of the residues from different 
parts of the same ingot, which suggests a corres- 
ponding uniformity of composition. The author hopes 
later, by the solution of quite large samples cut from 
different parts of an ingot, to obtain sufficiently large 
residues for this point to be settled by analysis. There 
is, however, no doubt that the residues from the lower 
central part of an ingot, the region of high silicate 
content, are largely composed of globules of greater 
size than those found elsewhere. A photomicrograph 
of silicate globules obtained from the interior of the 
15 cwt. ingot is shown in Fig. 13. Away from the 
lower central portion, the residues do not appear to 
vary much in the mean size, or range of sizes, of their 
constituent particles. ; 
The residues from the larger ingots are usually made 
up of opaque, yellowish pear-like particles, but for 
some reason the residues from every part of the 15-cwt. 
ingot were chiefly composed of transparent particles 
looking like clear glass beads, This may be due to the 
fact that the percentage of SiO, was high in this case. 
The largest globules found in this 15-cwt. ingot, from 
the lower central region, are about 0-005 cm. in dia., 
and may be compared with the 0-015 cm. dia. globules 
of the lower-end residues of the 50-ton ingot. 








cussed later, but clearly they prove, considered as a 


* Except No. 3, which was trepanned before cogging. 
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SOME MECHANISMS OF TEXTILE 
MACHINERY.* 
By W. A. Hanron M.Sc. (Tech). 

Tue preliminary operations of spinning are con- 
cerned with mixing and cleaning the fibres, and forming 
them into an untwisted rope of sliver of uniform 
weight. The machines used for this work—bale 
breakers, openers, scutchers, and cards—are fairly 
simple from a mechanical point of view, though their 
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action on the fibres is not necessarily so. The process 
of drawing, which normally follows carding, gets the 
fibres parallel to each other in the sliver and renders 
the latter more uniform, and thus a very important 
operation is carried out by a simple machine, 
particularly when dealing with cotton. Between the 
carding and drawing processes, the better qualities of 
cotton are subjected to a combing process which cleans 
the cotton and takes out short fibres. Cotton-combing 
machines have been used for a comparatively short 
time, especially machines of the Nasmith type, which, to 
a large extent, have displaced the older Heilman type, 
except for the finest work. The processes after drawing 
consist in reducing the material to its final thickness or 
weight, twisting it to give the necessary strength, and 
winding it in suitable form. It isin connection with 
the winding of the material that many of the most 
interesting problems and mechanisms in spinning are 
found. The flyer frame processes, which immediately 
follow drawing, may be sail to be entirely for the 
ep of thinning down the material, which must 

done gradually, and only enough twist is given 
during these processes to allow the material to be 
handled and to enable it to stand unwinding. 

After drawing out by rollers, the material is led 
down the hollow leg of a flyer (Fig. 1), mounted on a 
constant-speed spindle, and so the small amount of 
twist is inserted. From the flyer arm or presser, P, 
the material passes to the bobbin, which, for cotton, is 
flangeless and wound with tapered ends to prevent 
damage by handling. Since the material has very 
little strength, the winding speed must be carefully 
regulated, and as the flyer rotates at a constant speed, 

* Paper read at the meeting of the North-Western 
Branch of the Institution of Mechanical Engineers, 
Manchester, Thursday, March 4, 1926. Abridged. 














the bobbin must be rotated faster or slower by a 
number of revolutions per minute sufficient to wind on 
theroller delivery. As the bobbinincreases in diameter, 
the winding speed must be reduced in inverse proportion 
to the bobbin diameter. The mechanism which has 
become standard practice in these frames is shown in 
Fig. 2. The speed variation of the bobbins is obtained 
by the use of tapered cones or by a friction bowl and 
disc drive, and by introducing an epicyclic wheel train, 
known as the differential motion, the speed variation 
from the cones is made to apply only to the winding 
speed of the bobbin, and not to its total speed. The 
bobbin gets, direct from the main shaft, a speed equal 
to the spindle speed, whilst the cones, through the 
differential, add or subtract the winding speed. This 





Fig.2 
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loose on the shaft rotate in the same direction as the 
shaft and at as nearly the shaft speed as possible. 
In some industries, such as jute spinning, the Houlds- 
worth type is still almost universally used, but the 
newer types are being introduced. One firm is 
making the Brooks and Shaw type (Fig. 5) which has 
not proved satisfactory for cotton frames, due to the 
inertia of the arm causing slack winding at starting and 
tight when stopping the frame. As applied to the 
jute frame, the casing or arm has been made as light as 
possible and that, together with the stronger material 
wound, will probably enable it to be used with success. 
The motion is certainly one of the simplest. A factor 
that is sometimes lost sight of is the effect of the velocity 
ratio between the cone and the differential. The arm 
of the Brooks and Shaw motion, for instance, moves 
more easily than that of the Houldsworth; but the 
velocity ratio between cone and differential is perhaps 
ten times as great in the Houldsworth as in the other, 
and the cone belt pull needed to overcome a given 
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reduces the load on the cone belt and also enables the 
same cones to be used to vary the speed of the lifter 
rail which spaces the coils on the bobbins, the 
speed of the lifter also varying inversely as the bobbin 
diameter. The original, or Houldsworth, differential 
motion (Fig. 2), is still widely used, but most makers now 
fit some other type, of which the best known are shown 
in Figs. 3, 4 and 5. For a bobbin lead, which is 
customary on cotton frames, the arm of the Houlds- 
worth motion and the bobbin wheel must rotate in the 
opposite direction to the main shaft, which results in 
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much loss by friction. In the newer types, all the parts 













BROOKS AND SHAWS DIFFERENTIAL MOTION 


amount of friction in the Brooks and Shaw will over- 
come about ten times as much in the Houldsworth. Or 
again, in the Curtis and Rhodes type, Fig. 3, the bobbin 
wheel and the internal wheel F are frequently of about 
the same diameter. The teeth on F or the pinion E 
are made only about half the pitch and half the width 
of those on the bobbin wheel, although the load on the 
teeth is practically the same, all the power for driving 
the bobbins being transmitted by the teeth of E and F 
just as it is by the teeth of the bobbin wheel. The 
best results from these motions appear to be got from 
those in which the arm is fixed to the main shaft, 50 
that the part driven by the cones is light and does not 
have much effect on winding due to its inertia. Also 
it seems desirable to arrange that the part driven 
from the cones should always rotate slower than the 
main shaft, so as to relieve the cone belt as much a8 
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possible, though it is probable that the driving of the 
lifter rail is generally responsible for most of the pull 
on the cone belt. 

The two alternative methods of spinning yarn from 
the product of the flyer frame—ring spinning and mule 
spinning—and carried out on very different machines. 
The ring-spinning frame is simple from the point of 
view of mechanism, and for that reason has not been 
considered here ; the mule, on the other hand, with its 
intermittent operations embodies some of the most 
interesting mechanisms in spi machinery. The 
mule carriage is moved out from the rollers at a slow 
and practically uniform speed; it then pauses for an 
appreciable time before the run-in, which is performed 
quickly and at a varying speed. During the outward 
carriage movement, the rollers are delivering yarn to 
the spindle tips, the spindles being driven at some 





at the end of the building of the bottom. This nut 
movement is done automatically and is governed by 
the yarn tension at the counterfaller ; the nut can also 
be adjusted by hand. After the bottom is built up, 
further speed variation is obtained by means of a 
nosing motion. These are of two main kinds; the 
commonest operates by deflecting the winding chain 
from the straight line between the nut and the drum 
towards the end of the run in, this, of course, increasing 
the spindle speed. In the other type, the unwinding 
radius of the drum is gradually decreased towards the 
end of the run in, this again increasing the speed. 
The latter method, although not so much used as the 
former, gives more nearly the correct speed variation. 

Incorrect winding speed at any instant has to be 
compensated for by movement of the counterfaller, this 
movement indicating at a glance where the quadrant is 





carriage, and in practice the inward movement of about 
5 ft. is carried out in from 2 to 4 seconds. When it 
is considered that the weight of the carriage may be 
nearly 4 tons and that, in addition to moving this mass 
without shock at start or finish, the drawing-up band 
has to transmit the force needed to rotate the tin 
roller and spindles for winding, it will be seen that these 
bands have no easy task to perform. The carriage is 
started up and stopped gradually, whilst a relatively 
high speed is reached in the centre of the movement. 
Further, to prevent over-running and to assist in 
bringing the mass gradually to rest, a check scroll S.1. 
(Fig. 7) is connected to the front of the carriage. If 
the check band tightens whilst the clutch is in gear, 
the check band is trying to speed up the scroll shaft and 
to cause the clutch to slip, the resistance to the pull of 
the check band being mainly the frictional resistance 
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9,000 r.p.m. to insert the twist in the yarn; during 
the Fpause between the out and in movements, 
the spindles are reversed for a few turns to unwind 
yarnSbetween the spindle tip and the cop, and the 
yarn is put in the winding position under suitable 
tension ; whilst the carriage is moving in, the stretch 
of spun yarn is wound on to the cop. Each of these 
operations requires more or less complicated mechanism, 
and there are many other auxiliary motions. A con- 
sideration of all of these is impossible, and two only 
have been selected—the quadrant winding motion and 
the carriage driving mechanism. 

During the inward run of the carriage, the spindles are 
driven from a winding drum D (Fig. 6) through the 
unwinding from D of a chain A. The unwinding is 
caused by the movement of the carriage, on which D 
is mounted, the variation in the speed of the spindle, 
to compensate for the changing diameter on which the 
yarn is wound, being mainly the result of movement 
given to the chain end Q which is fixed to a nut on the 
quadrant screws S. Although the carriage speed is 
varying during the run-in, it can be considered to be 
constant, since all the parts of the winding motion are 
driven by the carriage, and the rate at which the yarn 
must be wound is also proportional to the carriage 
speed. The length, or stretch, of yarn is wound on in 
two layers, the first 12 to 14 in. being wound on in 
widely-pitched downward spirals, whilst the remainder 
about 4 ft., is wound on in closely-pitched upward 
coils, this method giving a firm cop that will readily 
unwind. The winding faller or guide wire W gets move- 
ment through an antifriction bowl B from the shaper 
rail G, whilst the counterfaller wire C is weighted to 
press against the underside of the yarn and maintains 
approximately constant yarn tension when it would 
otherwise vary due to incorrect winding speed. 

The speed variations needed for correct winding is 
different—theoretically, at least—for every layer from 
the beginning to the end of the cop. Starting on the 
bare spindle, or a paper tube, the first layer needs 
nearly a constant speed. As succeeding layers are 
wound, the cop bottom is formed, the shoulder dia- 
meter increasing, whilst that of the nose or top of the 

chase” gets slightly less, due to the taper of the 
spindle, After the bottom is completed, the shoulder 
diameter remains constant, but the nose diameter gets 
less and less as the spindle tip is approached. The 
speed variation needed during the building up of the 
bottom is got by moving the quadrant nut further from 
the quadrant centre, the radius of the path of the nut 
increasing from 3 to 4 in. at the start to about 2 ft. 
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at fault. Movement of the counterfaller means varying 


tension on the yarn, for not only is there generally con- 
siderable friction to be overcome in moving the counter- 
but inertia effects are considerable. 
variations in yarn tension during winding are certainly 
undesirable, although it is doubtful whether they cause 
any appreciable variation in yarn strength or count, in 
comparison with those present in the yarn due to other 


faller, 


causes. 


The carriage is moved in and out by means of scrolls. 
The outward movement is slow and uniform, to give 
time for the roller delivery and the insertion of the twist 
by the rapidly rotating spindles. The scrolls, which 
control the outward carriage movement, are therefore 
of constant radius, except for the first few inches of 
movement, during which a gradually increasing radius 
is used to give a smoother start up. The inward run, 
on the other hand, is performed as quickly as possible, 
consistent with causing no damage to the yarn or 
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at the clutch faces. If the clutch were disengaged, 
then, so long as the check scroll radius is equal to the 
drawing-up scroll radius, practically no checking could 
occur, and the scroll shaft would race. If the check 
scroll radius is less than that of the drawing-up scroll, 
then the check band will stretch and apply a checking 
force to the carriage ; but, again, an effective check will 
only take place if the clutch is engaged, so that the 
resistance of the clutch opposes the carriage. If the 
clutch were open, the increasing load on the check band 
would stretch the drawing-up bands also, although the 
total pull in these would be slightly less than in the 
check band, owing to the greater radius of the drawing- 
up scrolls; but only a small checking force—the 
difference between the pulls of the drawing-up and 
check bands—would be applied to the carriage. When 
the carriage stopped, all the bands would be in an 
undesirable state of tension. It is probable that it is 
only at the very end of the run in that the check band 
is normally needed and comes into action, as, before 
that time, the friction of the parts driven by the carriage 
gives as much check as is necessary. Just at the end of 
the run in, no doubt, the carriage tends to overrun, and 
with the clutch in gear, the check band helps consider- 
ably to give a smooth stoppage. Then, if the clutch is 
late in disengaging, the drawing-up bands will pull 
against the stops, which may throw a great load on the 
bands. This cannot occur with most of the arrange- 
ments for disengaging the clutch, but when the clutch 
is opened, any load in the check band is transferred to 
the drawing-up bands, which, in addition, have to 
supply the stopping force for the scroll shaft. 
Although the scroll drive has much to be said in its 
favour, it has its disadvantages. It is silent and com- 
paratively easy to adjust, but it is probable that the 
carriage movement given, especially at the start and 
stop, is not so smooth as it appears to be, and the life of 
the bands is so short that their upkeep is a very consi- 
derable expense and source of trouble. The starting 
radius of the scroll is considerable, and, when the 
clutch is engaged the drawing-up bands apply as much 
force to the carriage as the clutch is capable of trans- 
mitting. This force, suddenly applied to the carriage, 
causes @ somewhat erratic start up. Different firms 
have come to different conclusions as to the best shape 
of these scrolls, and the outlines of the drawing-up 
scrolls of three well-known makers are shown in Fig. 8. 
The velocity of the carriage at any instant is, theoreti- 
cally, very nearly in proportion to the scroll radius, and, 
for comparison, the results of some tests of actual carri- 
age velocity are plotted on the diagrams of theoretic 
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velocity given in Fig.9. The mules on which the 
tests were made were unfortunately short ones, and, 
no doubt, full length mules would give somewhat 
different results. The starting radius is too great to 
give a very smooth start up, and the small increase in 
radius, for some considerable time after the start, does 
not help matters. Once the carriage is moving there 
should be no slackening off of the effort to keep up 
the acceleration, and the radius can be increased 
without throwing any more stress on the bands. The 
chief difficulty is having to provided for varying 
lengths of draw, which practically necessitates a con- 
stant radius for 3or4in. It is probable that a move- 
ment akin to simple harmonic—for half a period, starting 
from one extreme position—would be the most desirable 
movement. It is doubtful whether a _ period of 
constant speed in the centre of the carriage movement, 
such as is generally given, is an advantage. Without 
it, a slightly higher maximum speed is needed, if the 
run in is to be done in the same time, but longer time 
is available for the acceleration, and no greater load is 
put on the drive. A more important point is the size 
of the scroll and its speed. Most scrolls are made 
of about 5 or 6 in. maximum radius, making 2? to 3 
revolutions at a speed of 55 to 80r.p.m. Hetherington’s 
scroll is much larger, and makes only a little over 2 
turns at a speed of 40 to 55 r.p.m. Most points seem 
in favour of the large scroll. Although larger and 
heavier, its speed is less, and it ought to be no harder to 
start and stop. If the starting radius is kept the same 
as for the smaller scrolls, the lower speed of rotation will 
give an easier start to the carriage. Instead of doing 
this, Hetherington’s increase the minimum radius 
in proportion to the rest of the scroll, for the very 
good reason that thereby the bending of the rope is 
reduced, and it is the bending round the small parts 
of the scrolls that is mainly responsible for the short 
life of the ropes. The bands are stressed two or three 
times as highly as ropes used for power transmission in 
the ordinary way, but it is chiefly the small diameter 
round which the rope is wound that speedily destroys it. 
The drawing-up bands are badly bent at both ends, 
but experience shows that most of the breaks occur 
close to the carriage, where the rope winds on the 
small diameter at the end of the run in, and not at the 
outer end. The former part of the rope is subjected to 
great stress twice during the run in, first at the start 
when the carriage is being accelerated, and again at 
the end of the run in. Thus any increase possible in 
the minimum scroll radius is very important. 


(To be continued.) 








CHEMICAL ENGINEERING AND CHEMICAL CATALOGUE.— 
The second edition of ‘‘Chemical Engineering and 
Chemical Catalogue,” compiled by Mr. Leonard Hill, 
and edited by Dr. D. M. Newitt, was published recently. 
The subtitle of the book is ‘‘ A Catalogue of Heavy and 
Fine Chemicals, Raw Material, Machinery, Plant and 
Equipment applicable to Production Industries.” It 
is intended as a work of reference for chemical consulting 
and contracting engineers, works managers and others 
responsible for preparing specifications of and purchasing 
plant, equipment and material utilised in the manufacture 
of consumable products. The book is in two parts, the first 
being a classified index of chemicals and plant. This is 
intended mainly to facilitate reference to the commodities 
described in the second part of the work, which constitutes 
the catalogue ; it is not primarily, a directory of names 
and addresses. The work contains over 350 pages and 
is well bound; the publisher is Mr. Leonard Hill, 
173, Fleet-street, London, E.C.4, 





THE ARMSTRONG-SIDDELEY JAGuAR AERO ENGINE.— 
From the official report of the A.I.D. on the condition 
of the Armstrong-Siddeley Jaguar engine used by 
Mr. Alan Cobham in his recent remarkable flight from 
London to Capetown and back, we gather that the 
greatest amount of wear discovered in any part amounted 
to only 0-002 in., this being the wear measured on the 
outside diameter of one of the gudgeon-pin bushes. The 
vital parts of the engine, such as the pistons, piston rings, 
gudgeon pins, cylinders, master ring and bushes, crank- 
shaft, crankshaft bearings, anchor pins and tappet 
rollers, showed no signs of wear, while of many other 





arts the dimensions were within the production limits 

or a new engine. Before the engine was stripped for 
examination, it was subjected ‘o a test run on the bench 
and found to be in perfect running order, there being no 
loss of power throughout the range of the power curve. 
The petrol consumption varied between 0-56 and 0-58 
pint per brake horse-power per hour, and the oil con- 
sumption was 6 pints per hour, both figures being the 
same as were obtained A olore the flight. The results are 
the more remarkable when it is remembered that the 
distance flown was some 16,000 miles, through all kinds 
of weather, including tropical rain and sandstorms, and 
that the machine, oD. 50, weighing 4,400 lb. with ite 
load, was frequently pegged out in the open for the night 
under conditions which would be by no means conducive 
to longevity. They certainly go to prove the efficiency, 
reliability and durability of the static radial air-cooled 


engine, in the design an production of which important 
strides have been made in the last year or two. We 
illustrated and described an Armstrong-Siddeley Jaguar 





engine in our issue of December 25, 1924, on page 870. 





THE PEDWYN BALANCER FOR 
PNEUMATIC AND ELECTRIC TOOLS. 


TUBE-EXPANDERS, drills, stud-driving machines and 
all kinds of electric and pneumatic tools are frequently 
so heavy that their use is the cause of great fatigue to 
the men. This is not due solely .to the expenditure 
of energy in actual productive work; it is mainly 
because the heavy appliances have to be handled that 
the men become tired and their productive output 
is decreased. [cr this reison we desire to call 
attention to a device put upon the market by The 
Consolidated Pneumatic Tool Company, Limited, of 
Egyptian House, 170, Piccadilly, London, W.1., for the 
suspension, at any height, of a portable tool in such a 
way that the operator is completely relieved of support- 
ing any part of its weight. This appliance, known as the 
Pedwyn Balancer, when applied to very heavy tools, 
replaces the customary chain blocks and other adjust- 
able means of support and can be used with less loss 
of time than occurs with the latter. 

The balancer is shown in use in Fig. 1, supporting a 
tube expander, and its construction will be understood 
from Figs. 2 and 3. It consists of a deep-grooved 
pulley, which accommodates the wire rope from the end 
of which the tool is suspended. When the cover is 
in place, the inner end of the spring beside the pulley, 
shown in Fig. 3, is held fixed, and the pulley can then 
only be turned, as more wire rope is pulled out, against 
the action of the spring. It will be appreciated that 
the use of what amounts to a continuously varying 
diameter for the coil of wire rope, as it is wound upon 
itself, gives compensation for the changed tension of the 
spring and permits the possibility of balancing the 
entire weight of the tool at any height. Initial tension 
of any desired amount may be given to the spring of 
the Pedwyn Balancer by the turning of the pawl- 
held cap, shown in Fig. 2, the inner part of which 
accommodates the centre of the spring. Once the 
appliance is properly adjusted, the weight of a heavy 
tool may be taken completely by it at any position 
of use, and the operator can move the tool to any 
required height immediately and with only the 
slightest effort. 

The Pedwyn Balancer is proving highly satisfactory 
for its duty. It possesses the obvious advantages that 
it makes no use of suspended counterweights or other 
obstructions, it takes up very little space, and it 
includes no complicated device which might get out of 
order. When he is freed from the necessity of handling 
a heavy tool, the work done by the operator ought to 
be greatly increased, and the suspension reduces the 
risks of injury to the workmen and to the tools. It is 
found that when this Balancer is used, breakages of 
drills, reamers and taps are reduced, because the worker 
is not tired by holding the tools dead true to the 
holes. Three sizes of Pedwyn Balancer are made, 











PEDWYN BALANCER FOR PORTABLE TOOLS. 


THE CONSOLIDATED PNEUMATIC TOOL COMPANY, LIMITED, LONDON. 
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which support loads of 50, 100 and 150 Ib., respectively. 
They may be fitted with a chain-operated trigger lock, 
to secure the load at any particular level. 





Tue Atr-BuBBLE VISCOMETER.—Reports and Memo- 
randa No. 988, by Dr. Guy Barr, and recently issued by 
the Air Ministry, deals with some work on the air-bubble 
viscometer carried out for the Department of Scientific 
and Industrial Research. It was desired to find whether, 
and in what circumstances, the rise of a large bubble in 
a vertical tube containing liquid could be used as an 
indication of the viscosity of the liquid. The effects 
of length of bubble and diameter of tube have been 
examined, and the rate of rise determined for several oils 
of known viscosity and surface tension, for water and 
for glycerin, in different tubes. A dimensional analysis 
of the problem has been made involving certain assump- 
tions which seem to be capable of verification, in any 
particular case, from the appearance of the bubble. 
Above a certain limit, the length of the bubble is without 
appreciable effect on the rate of rise. For bubbles rising 
slowly in a given tube, ¢.e., at such a rate that not more 
than one thickened annulus of liquid appears between 
the bubble and the walls towards the rear end of the 
bubble, it has been found that the rate of rise is inversely 
proportional to the kinematic viscosity, provided that 
the surface tension is constant. An approximate 
determination has been made of the form of the function 
of r/a upon which, in addition to the viscosity, the rate 
of rise depends. In certain conditions, ¢.g., when light 
oils are examined in a tube of such a diameter as to give 
a convenient rate of rise, the rate may vary about 14 times 
as fast as the diameter and six times as fast as the surface 
tension, but these effects become very much less pro- 
nounced when viscous liquids are used in wide tubes. 
The air-bubble viscometer may be used with confidence 
for the approximate comparison of viscosities of materials 
of the same class. A simple modification is suggested 
which enables a check to be made on the assumed con- 
stancy of surface tension. The report is obtainable 
through any of the branches of H.M. Stationery Office, 
at the price of 9d. net. 
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THE HETEROGENEITY OF STEEL 
INGOTS.* 


By a Sus-ComMITTEE, on behalf of the No. 5 Committee 
(Metallography, Physics and Chemistry) of the 
Iron and Steel Institute. 


(Concluded from page 612.) 


A General Discussion on the Heterogeneity found in 
Steel Ingots.—The preceding sections dealing with 
observed facts, have the unanimous concurrence of all 
members of the Committee. This pres >nt section, deal- 
ing as it does with the theoretical aspects of the present 
problems involved, is a collective attempt to present 
various ideas worthy of consideration when an explana- 
tion of heterogeneity is being sought; the ideas put 
forward have not necessarily the unanimous support 
of all the members of the committee. In attempting 
to explain the heterogeneity existing in all cast masses 
of steel, the investigator experiences extreme difficulty 
in distinguishing between the various influences at 
work and in determining their comparative effect. 

(a) The data presented in a previous section indicates 
that all ingots, no matter what their size, relative 
proportions, method of casting, or processes of manu- 
facture, show segregation of certain elements in well- 
defined zones. Further, that the degree of segregation 
is highest for the elements carbon, phosphorus, and 
sulphur, but is almost negligible for manganese and 
silicon. A study of the equilibrium diagrams of the 
various elements concerned, first with iron alone 
and then in ternary mixtures, throws much light upon 
the subject. It is now established that, in the ranges 
of composition found in steel, the elements carbon, 
silicon, manganese, and phosphorus, are completely 
soluble in liquid iron, and more or less soluble in 
solid y-iron. Carbon and phosphorus, however, have 
a limited solubility in the solid y-iron, while manganese 
and silicon are completely soluble in the solid state. 

If the ternary systems are considered, it is found 

that more marked differences are to be observed. 
With manganese or silicon alloying with iron and 
carbon, the added element forms solid solutions with 
the y-iron or cementite, and there is no tendency to 
increase the heterogeneity of the crystals. On the 
other hand, if phosphorus is the third element with 
iron and carbon, the Fe,P has but a very slight solu- 
bility in y-iron and is insoluble in Fe,C. As a result 
there is a tendency to form a ternary eutectic—well 
seen in phosphoric cast-irons—and there is a notable 
depression of the solidus, i.e. the gap between liquidus 
and solidus is increased and the tendency to segregation 
is more marked. Another very important factor in 
this process of differential or selective freezing is the 
rate of cooling through the freezing range. It is con- 
sidered by some that, as the speed of cooling becomes 
less, the tendency to heterogeneity will diminish because 
more time is available for the diffusion of the con- 
stituents into the purer crystals first formed. It is, 
however, to be deduced from existing diagrams that 
very slow cooling is essential for equilibrium to be 
established. If the cooling is rapid, there is not the 
requisite time for the complete separation of the two 
phases, and the less marked is the heterogeneity of the 
crystals; the slower the cooling through the freezing 
range, the more marked are the differences in composi- 
tion. 
_ This effect is of particular importance. First, in all 
ingots the outer layers pass through the freezing range 
very rapidly on account of the great absorption of 
heat by the mould, and there is not sufficient time for 
the phases to separate; hence the crystals of steel 
formed show little or no variation in composition : 
there is little segregation. As the rate of cooling falls, 
the time occupied in passing through the freezing range 
increases and the variations in composition become 
more marked; it is suggested that in the central 
zone, where presumably the rate of cooling is slowest, 
the separation of the phases is the most complete, 
and the crystals show the lowest percentages of the 
segregating elements, carbon and phosphorus. 

Secondly, the cross-sectional area of the ingot has a 
fundamental bearing upon the process: the greater 
the diameter of the ingot, the slower must be the rate 
of cooling of the interior portions, and therefore the 
more marked will be the differences of composition 
observable. 

From such considerations it appears that even steel 
made under the most perfect conditions, perfectly 
free from extraneous material and of uniform composi- 
tion when entering the mould, must exhibit, when 
solid, certain variations of composition because of this 
selective freezing. The degree to which these variations 
manifest themselves will increase :. 

(1) As the carbon and phosphorus content of the 


steel increases ; 
(2) As the rate of freezing of the ingot falls; and 





* Report prepared for the annual meeting of the Iron 
and Steel Institute, London, 1926. Abridged. 





(3) As the cross-section of the ingot increases in 
dimensions. 

The factors governing the segregation of sulphur 

uire separate consideration. So far as can be 
ascertained from the studies already made on the 
question, it is very difficult to assign any definite 
composition to the sulphide which is present in liquid 
or solid steel. When manganese is added to the steel 
in the bath, the distribution of the sulphur between the 
two elements iron and manganese is determined by the 
relative amounts of the two metals present and their 
respective affinities, and the sulphide is always of 
a complex character (FeMn)S. It is generally accepted 
that this complex is insoluble in liquid iron, and its 
distribution is governed by a different law from that of 
the other constituents. In addition, there is no doubt 
that this sulphide is of lower density than liquid iron. 
It has been suggested that there are reactions between 
these sulphides and the oxides left in the metal, as they 
are sometimes found to be associated together in the 
segregated areas. 

Sulphur then, mainly exists in the liquid steel in 
the form of minute globules of an immiscible, complex 
sulphide. During the rapid formation of the columnar 
crystals in an ingot, these globules are pushed farther 
into the interior of the ingot by the growing crystallites, 
and as a result there is an increase of the sulphur 
content in the layer of mother liquor at the face of 
crystallisation. The small globules coalesce and com- 
paratively large masses collect at the tips of the 
columnar crystals. These, by virtue of their lower 
density, commence to rise, but are entangled by the 
growing crystals, and hence give rise to the first zone 
of segregate, which is found as string-like masses at 
the surface of the columnar crystals. In the mass of 
the still liquid steel of the ingot a similar process occurs. 
The small globules of sulphide coalesce and tend to 
rise, the larger the globule the quicker being the rate 
of rising. The globules from the central or axial parts 
of the ingot rise into the upper portion and ultimately 
into the head, leaving the lower central zone much 
lower in sulphur than any other zone. _In the inter- 
mediate zones, between the columnar crystals and the 
axial zone, the sulphur segregate will not be able to 
rise as far as the head before it is trapped by the con- 
tinuously advancing wall of the ingot as freezing 
proceeds. The particles in the outer zones will have but 
a small period of time to rise, and therefore only travel 
a short distance before the thickening wall intercepts 
their further progress. 

A further point of interest arises from these consi- 
derations. A study of the segregated areas, and in 
particular of the segregate isolated from Examples 
9 and 12, shows that although the segregation of 
carbon, manganese, silicon, and phosphorus proceeds 
by a physical law different from that governing the 
segregation of sulphur, yet the elements carbon, 
sulphur, and phosphorus are invariably found to 
segregate together. It has been suggested that the 
globules of sulphide may act as nuclei for the coalescence 
of the minute particles of the impure mother liquor 
resulting from the selective freezing outlined above. 
The globules at the surface of crystallisation would 
therefore become rich in carbon and phosphorus, and 
would act as carriers of these elements from the body 
of the ingot into the head. ; 

(b) As already stated, after teeming, the cooling of the 
steel at first takes place chiefly by absorption of heat 
by the mould walls. Subsequently cooling proceeds by 
transmission of heat through the mould, which heat 
is radiated from the outer surface. These two cooling 
actions occur simultaneously, but the first starts from 
a maximum value and decreases with time, and the 
second starts from zero value and increases with time 
up to a certain point, when it slowly decreases again. 
The first action is capable of freezing, at any particular 
section of the mould, a considerable mass of steel. 
Subsequent cooling by conduction through the mould 
may be, under some conditions, slightly more rapid 
at the top, owing to its thinner section, than at the 
bottom, and therefore the isothermal lines otherwise 
parallel to the surface may tend to become modified. 
Broadly, however, the freezing of an ingot can be 
considered to occur in three successive periods : 

(1) Almost instantaneous freezing. 

(2) Very rapid freezing. 

(3) Comparatively slow freezing. 
The duration of these periods depends, as previously 
indicated, upon the rate at which the heat escapes 
from the solidifying steel. 

The effect on the nature of the crystallisation of the 
tate at which heat is removed by the surrounding 
mould will obviously depend upon the conductivity of 
the steel, since up to a certain point, depending also 
upon the thickness of the wall of the mould, the 
more rapid the transference of heat from the interior, 
the greater will be the chilling effect. The heat conduc- 
tivity of steels of different compositions undoubtedly 
varies, and therefore a better knowledge of the conduc- 
tivity of steels both in the liquid and also the solid 





state, and of steels of different compositions, at all 
pertinent temperatures, is essential. 

The possibility and extent of convection currents 
within the still fluid portion of the ingot, as freezing 
continues, is also connected with the conductivity. At 
any time after the mould is filled the hottest zone will 
be in the neighbourhood of the centre of the axis, 
since heat is passing out at the top, sides, and bottom. 
Consequently the top half of the ingot will tend to 
have convection currents, especially if the temperature 
gradient is large, while in the lower half there will not 
be the same tendency, since here the coldest and most 
dense metal is at the bottom. Such convection currents, 
if they occur, will have an important influence on 
segregation. 

Again, the rates of diffusion of the various impurities 
in the solid and molten steel, which must also be taken 
into account, are unknown. The position, too, of the 
liquidus and solidus of the quaternary system Fe- 
C-P-Mn, which has an important bearing, has not yet 
been determined, even for the small area covering steel 
compositions. No idea can be formed, therefore, of 
the degree of segregation to be expected in different 
steels and under widely varying cooling conditions, 
except from investigations similar to those under 
discussion. The reason why manganese and silicon 
segregate very slightly, if at all, may be due, as 
previously suggested, to a very rapid diffusion of these 
elements. 

Whilst dealing with these matters it is well to put 
on record the possibility of another influence in pro- 
ducing heterogeneity. It may be shown that, as a 
result of the known laws governing osmotic pressure, 
temperature gradients in a solution will influence the 
distribution of the solute. In a dilute solution the 
osmotic pressure is proportional to concentration and 
to absolute temperature. Hence a solution, in which 
equilibrium has been attained in the distribution of the 
dissolved atoms or molecules throughout the mass, will 
always be less concentrated in the hotter portions, in 
order that the osmotic pressures shall be balanced. 
This deduction is substantiated by actual experiment 
with ordinary aqueous solutions. Time for perfect 
equilibrium can only be given if the temperature 
differences are maintained by external application of 
heating and cooling devices. The rate of diffusion, 
i.e., the rate of segregation, will depend upon tempera- 
ture gradients as well as upon the actual temperature 
differences. As to whether liquid iron solutions, such 
as those under discussion, can be considered to behave 
in an analogous manner, can only at present be con- 
sidered as within the realm of conjecture. 

One curious effect noticed in steel ingots of all the 
sizes dealt with in the present report is that the 
columnar crystals do not grow inwards in a direction 
exactly normal to the chill face, as might be expected, 
but have a definite upward trend. It has been suggested, 
as a result of experiments with stearine ingots, that this 
upward direction is given to the crystallites first 
forming at the chill surface as a consequence of very 
local outward curvature of the isothermals in the steel 
at the outer edges of the rising surface. Once this 
direction has been given, it is continued in each grow- 
ing columnar crystalline grain. It is interesting to 
observe that the upward trend is much more marked 
in wax ingots which have been slowly poured by means 
of a small nozzle, in the same manner as steel ingots, 
than in others where the mould has been filled in a few 
seconds by decanting the molten wax direct from a 
beaker. 

(c) The columnar region having formed, the interest- 
ing position is reached at which marked heterogeneity 
begins to be apparent. The liquid steel existing in 
proximity to the already frozen columnar region is 
apparently richer in carbon, sulphur, and phosphorus 
than the original liquid steel. The higher concentra- 
tion of the elements mentioned in this zone appears to 
persist in contrast to the average composition of the 
remaining body of liquid steel, and continues to do so 
in some degree until solidification of the ingot is com- 
plete. As a result of the reactions in the steel-making 
furnace, there exist, to a greater or less degree, oxides 
dispersed through the liquid steel in a more or less 
colloidal form. ‘‘ Manganese sulphide,”* which is held 
to be insoluble in liquid steel, is also dispersed in a 
similar manner, and it is an interesting and demon- 
strable fact that, in the region of high concentration 
adjoining the surface of the columnar growth, the 
sulphides, as one would expect, and the oxides also, 
as suggested by some, appear to segregate. As the 
growth of the columnar crystals proceeds, the degree 
of the concentration of the oxides in the adjoining 
liquid steel naturally increases, and zones of segregate 
become emphasised, .and the non-metallic matter 
coalesces. Some of the segregate and* non-metallic 
matter is entangled in the tips of and between the 
growing crystals, and some apparently rises by virtue 





*MnS is here used as an empirical description 
covering all those inclusions which are largely composed 
of MnS. 
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of” lower density. When the ascending segregates 
are impeded by the growing crystals, they tend to 
elongate and form typical string-like formations of 


ate known as “ ghost lines.”” If this description |, 


segreg no 

be correct then the position and the extent of the first 
zone of segregation will depend upon the depth to which 
thefearly columnar crystals are produced, which, 
indeed, would seem to be the case. 

(d) Whilst the columnar region is being formed the 
steel is contracting by the general cooling effect. Asa 
result, at a certain stage, governed by the size and 
nature of the mould, and the nature of the steel, 
portions of the shell of solid steel separate from the 
wall of the mould, as is commonly observed in the 
casting of ingots, and a gap is formed between the 
two. Up to this point heat has passed outwards 
through the growing layer of solid steel and the walls of 
the mould, by a continuous process of conduction. As 
soon as the gap is formed this conduction becomes dis- 
continuous, and cooling takes place practically only by 
radiation from the ingot to the mould. Under these 
conditions a marked reduction in the rate of heat trans- 
ference must occur, and with it a distinct retardation 
in the rate of freezing of the remaining liquid steel. It 
is suggested that this factor is largely responsible for 
the change in the type of crystal from the columnar to 
the equiaxed type. 

This change in rate of cooling cannot, however, 
alter the general nature of the process of freezing. 
The major portion of the heat from the liquid steel 
passes out through the walls and base of the solidified 
steel and mould. The outer layers of liquid in contact 
with the solidified steel may be considered to be the 
coldest portion of the remaining liquid, and freezing, 
however slow, to proceed as previously from the 
already solid shell, except, for instance, where 
differential composition in the liquid phase may 
produce crystals at temperatures above the freezing 
aap of the segregated material. It must, however 

borne in mind that in very large masses this frozen 
contour may be modified. In examples placed before 
the committee, etched sections from ingots even of 
large sizes showed a continuation of the columnar 
crystal axes from the surface to the centre of the 
ingot, there being no apparent break at the change 
from the columnar type to the free crystal. 

As this crystallisation proceeds on the thickening 
walls of the ingot, the crystals deposited or growing 
must still be purer than the liquid steel, and the layer 
of liquid in contact with this wall must have a higher 
concentration of those elements in solution than the 
remaining liquid. This layer of less pure liquid steel 
will be subject to two tendencies. In the first place 
it will tend to rise towards the head of the ingot, 
owing to its possibly lower density ; and in the second 
place, the carbon and phosphorus in this layer will 
tend to diffuse into the remaining liquid steel, a 
process which will continue for some time after 
solidification. It is experimentally demonstrable that 
the former tendency predominates, as examples have 
been before the committee in which liquid segregate 
had clearly arrived in the head of the ingot some 
considerable time before solidification was complete. 
Two processes, then, are proceeding simultaneously— 
the segregate is rising, and the walls of the ingot are 
growing inwards. It has been suggested that, as a 
consequence of the segregate rising, there is pre- 
sumably a responsive downward movement elsewhere. 
As the segregate rises it will be trapped at various 
~_ nearer and nearer to the centre of the ingot, 

y the in-growing crystals, as the head of the ingot 
is approached, thus giving the truncated cone of 
segregation. As the rate of cooling falls, the speed 
of crystallisation decreases, the time available for 
the rising of the segregate will increase, and thus 
separation from the growing crystals will be more and 
more complete, 

It will thus be clear that the amount and position 
of the central segregate can be controlled to some 
extent by the use of various factors ; on the contrary, 
the conical segregate seems stereotyped and difficult 
to mitigate. m the foregoing it will be evident 
that the last portion to freeze in the top of the ingot 
must, of necessity, be the richer in segregate, of lower 
density, and, as naturall:, follows, of lower melting 
point. As regards the unsoundness along the central 
axis of the ingot and elsewhere, it is suggested that 
this is due to the meeting of, and loose cohesion between, 
the differently oriented systems of crystals growing 
from the walls and base of the mould. These planes and 
lines of weakness are associated with planes of segre- 
gation, which affords evidence in support of the 
general view concerning the manner in which the hetero- 
geneity comes into existence. . If the crystals formed 
are purer than the mother liquid, and therefore leave 
@ more impure liquid, é.e., segregate, on the plane of 
crystallisation, then whenever two such planes meet 
there should be, as is indeed found, a collection of 
segregate. Further, the fact that the central axis is 
always a zone of looseness or weakness, seems to be 





THE EFFECT OF SEGREGATION 








“Fie. 4. SunpHur Prints oF TUBES SHOWING 
BapLty SEGREGATED MATERIAL. X 4. 





Fie. 6. SuLpHur Prints oF TUBES MADE 
FROM SounpD STEEL. 


direct evidence in favour of the progressive crystallisa- 
tion from the surface to the centre of the ingot. Such 
a process would, obviously, leave a central zone of 
weakness, whereas if the crystallisation were simul- 
taneous throughout the central or free crystal zone, 
as is supposed by some, there is really no very apparent 
reason why there should be any central weakness. 





THE INFLUENCE OF SEGREGATION 
ON THE CORROSION OF BOILER 
TUBES AND SUPERHEATERS.* 

By G. R. Woopvine and A. L. RosBerts. 


Rapip steaming, due to the use of high-pressure 
water-tube boilers and superheaters, which 
undoubtedly led to fuel economy, has also raised 
important questions relating to boiler-making materials. 
Whilst many valuable observations have been made on 
the treatment of feed-water, not much appears to have 
been done to improve the mild-steel vessels in which 
the treated feed-water is converted into steam. The 
general specification of tubes, for instance, stipulates 
an average chemical composition and certain mechanical 
properties, but it says nothing about the uniform dis- 
tribution of the chemical elements, which is likely to 
be fundamentally important if the electrolytic theory 
of corrosion is reasonably correct. With the fire-tube 
type of boiler, working at low pressures, the condition 
of the mild-steel tubes may be less important than in 
the case of water-tube boilers in which the tubes are 
usually smaller and have thinner walls. In the latter 
case, the condition of the interior of the tube is of great 
importance. It appears to be generally believed that 
steel tubes should be made from ingot material of the 
non-piping variety, i.e., instead of a shrinkage cavity 
the ingot contains blowholes the total volume of which 
is about equal to the shrinkage of the fluid steel. The 
outer portion of such ingots appears to consist of chill 
crystals formed by comparatively rapid cooling against 
the faces of the ingot mould. Within this envelope of 
chill crystals the fluid steel liberates its occluded gases, 
and is thereby kept in movement and at an equalised 
temperature until it freezes and fixes in position some 
of the liberated gas bubbles. This tyre of unsound 
ingot material has been described by Stead, Heyn, 
Brearley and others, and appears to be the source of 





* Paper to be read at the meeting of the Iron and Steel 
Institute, London, on June 3 and 4, 1926. Abridged. 





ON TUBES. 





Fic. 5. Toss arrer 12 Montus’ SERVICE. 
Lert, UNSEGREGATED ; RIGHT, SEGREGATED. 


tube troubles with which the present authors have 
been intimately connected. 

Whether the tube billets are pierced by a press or by 
a rotary piercer, the blowholes and segregates will, if 
present, be found in the interior of solid-drawn tubes. 
By the rotary piercer method, which is more severe on 
the billet, the pierced steel may be split internally in the 
position corresponding with the string of blowholes 
on the interior edge of the chill crystals. For some time 
the authors have been making sulphur prints of tubes 
chosen at random from consignments of new tubes 
supplied for water-tube boilers and superheaters. In 
most instances, the sulphur prints (Fig. 4) show that the 
interiors of the tubes consist of badly segregated mate- 
rial. From a sulphur print taken on photographic 
paper it is not always possible to distinguish spot 
segregates corresponding to blowholes in the ingot 
material, but a sulphur print taken direct on to a 
lantern slide can be projected on to a screen and 
examined at any desired magnification. Actual un- 
soundness can sometimes be detected in the segregated 
interior of a new tube. The composition of material 
machined from the inner and outer zones of tubes such 
as are shown in Fig. 4 is given below :— 


Inner Zone. Outer Zone. 


Per cent. Per cent. 
Carbon _.... a ss 10528 0:66 
Silicon is ... traces traces 
Manganese ine sts SED 0-40 
Sulphur .... ts .. 0°085 0-030 
Phosphorus at ... 0-030 0-020 


In order to determine the extent to which pitting 
and general corrosion in tubes could be ascribed to 
segregated ingot material, the following experiments 
were made under closely-watched service conditions. 
Two 12-ft. lengths of 1}-in. solid-drawn tube were 
selected, one segregated on the inside and the other free 
from segregates. These were arc-welded into one 
length and coiled to form a superheater. The coiled 
tube was placed in a boiler of 200 lb. working pressure 
and used as a superheater under normal conditions. 
The average steam temperature would be between 
600 deg. and 700 deg. F. (316 deg. and 371 deg. C.). 
After about twelve months’ use, perforations appeared 
in the segregated length, so the coil was removed and 
different lengths of the two joined tubes were split 
open. The unsegregated tube was sound and not much 
the worse for wear (Fig. 5, left), whereas the segregated 
tube was badly corroded and perforated (Fig. 5, right). 
The scale removed from the corroded interior of the 
segregated tube contained 0-19 per cent. sulphur. 
A second coil made from a single tube known to be free 
from interior segregation was in use at the same time 
under the same conditions. This, when dismantled 
after a similar period of service, was quite sound, 
except for a few isolated and comparatively slight 
pittings. The author’s practical experience of coi 
of this type is that they always fail in some segregated 
portion, and where it has been possible to get positive 
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SIDE-TIPPING RAILWAY WAGON. 


THE CAMBRIAN WAGON COMPANY, LIMITED, CARDIFF. 








evidence from service failures the trouble could usually 
be traced to segregated steel. The corrosion is not 
limited to the wet steam portion of the coil, nor to the 
part nearer the fire. 

Failures of a similar kind occur in water-tube boilers, 
the small pits first formed gradually joining up to 
form hollows and deep grooves. This trouble may be 
attributable, in part, to the use of bad feed-water, but 
it is undoubtedly largely due to electrolytic action pro- 
moted by blowhole segregates. Having concluded 
that tube failures were frequently due to the use of 
segregated ingot material, attempts were made to buy 
tubes free from segregates, but this was found to be ex- 
ceedingly difficult. Tubes made from special Swedish 
billets were not reliable. The difficulty was overcome 
eventually by purchasing a cast of steel made with all 
the care devoted to the making of high-grade alloy 
steel ingots. The ingot material was sulphur printed, 
and a number of billets made from stipulated parts of 
the ingot were similarly tested. Tubes made from this 
cast of steel were found to be free from segregates, 
as may be judged from the sulphur prints taken at 
random and reproduced in Fig. 6. The material was 
also notably free from slag. The composition of this 
steel is similar to that given in the usual specification for 
boiler tubes, except that the silicon is higher. This 
might be expected in acid steel, and it may have been 
helpful in making a sound steel. The results of using 
tubes made only from sound steel have been most 
gratifying. Laboratory tests have been carried out 
over a long period and no failures whatever have been 
recorded. The authors’ belief in the connection between 
segregated ingot material and defects in such tubes has 
been established by the observations and tests des- 
cribed. It may be that other tube failures, ranging 
from domestic hot-water systems upwards, are to some 
extent related to the same causes. 








SIDE-TIPPING RAILWAY WAGON. 


THe ordinary methods of discharging main-line 
wagons are not always convenient, particularly in 
cases where labour is not readily obtainable, even the 
drop-sided wagon needing spade handling to clear it 
effectively. 

The self-discharging wagon, which forms the subject 
of the above illustration, has been designed by Messrs. 
The Cambrian Wagon Company, Limited, East Moors- 
toad, Cardiff, to facilitate unloading from a train of 
wagonsmade up with ordinary main-line rolling-stock. 

As will be seen, it is a two-body wagon, the capacity 
of each body being 190 cub. ft. The frames, with a 
view to keeping down costs, are second-hand main-line 
frames of the standard gauge and buffer height, the 
length over the buffer beams being 17 ft. 10 in. The 
approximate length over the headstocks is 14 ft. 10 in., 
and each body is 6 ft. 3 in. long inside, tapering to 
6 ft.6in. The width of the body is 7 ft. 1 in., and the 
depth 2 ft. 3 in., both dimensions being inside. The 
total height above the rails is 8 ft. 6} in. 

The bodies are of elm, and each is carried on rockers 





; 


emer 


of quadrant form, the backs being vertical. As the 
motion of the bodies on the rockers is that of rolling, 
little effort is needed either to push them over for 
discharge, or to return them to the loading position, and 
these operations are readily carried out by hand. As is 
well known, the angle of repose of loose materials 
differs considerably, and a definite fixed tipping angle 
may be unnecessarily steep in some cases, or so flat in 
others as to involve hand clearing. The wagon illus- 
trated has provision for tipping at three different angles, 
which give a sufficient range for rapidly discharging 
any kind of material. 








CATALOGUES. 


Hand Tools.—A postcard, illustrating a number of 
standard small tools for wood and metal workers has 
reached us from Mr. Ventura Simone, Milan. 


Steel.— Practical information on heat treatment, chisels» 
drills, springs, &¢., is given in a recent issue of the trade 
journal published by Messrs. Kdgar Allen & Co., Limited, 
Sheffield. 

Oils.—Messrs. Sterns, Limited, Royal London House, 
Finsbury-square, London, E.C.2, have sent us a circular 
announcing new products, viz., a cutting oil and a 
quenching oil. 





Bearing Metal.—We have received from The Sumet 
Metal Corporation, Limited, 39, Grosvenor-place, London, 
S.W.1, a list of their bearing metals, which are made in 
eight grades suitable for various applications. 


Case Hardening.—An excellent practical treatise on 
case hardening is given in a new edition of their catalogue 
of case-hardening compounds, issued by Messrs. David 
Brown and Sons, Limited, Parkwood, Huddersfield. 


Cement.—A pamphlet containing detailed reports of 
tests of ‘‘ Ferrocrete,’’ a Portland cement with rapid 
hardening qualities, has been published by the Cement. 
Marketing Company, Limited, Tothill-street, London, 
8.W.1. 


Lathe Centres.—A priced list of lathe centres made of 
Mushet high-speed steel and hardened and ground ready 
for use has been received from Messrs. Samuel Osborn 
and Co. Limited, Sheffield. They are made with shanks 
of Morse tapers. Nos. 1 to 5. 


Submerged Piping.—The laying of mains under water 
for the conveyance of water, oil, gas, sewage, &c., is 
fully described, and the parts and operations illustrated 
in an interesting catalogue issued by Messrs. Stewarts 
and Lloyds, Limited, 41, Oswald-street, Glasgow. 


Driving Chains.—Messrs. Hans Renold, Limited, Dids.- 
bury, Manchester, have issued a small priced catalogue 
of chains for power transmission kept in stock. Bushed- 
roller and inverted-tooth types are shown, and chain 
wheels, gear cases, lubricators, &c., are also supplied. 


Electrical Machinery.—We have received copies of 
three recent issues of their monthly trade journal from 
the A.E.G. Company of Berlin, whose London office is 
at 76, Victoria-street, S.W.1. The contents cover a 
large range of electrical and other machinery and kindred 
technical matters. 


Coal-Cutting Machines.—A card illustrating various 
types of coal-cutting machines driven by electric motors 





or compressed air, and another card giving data of 18 


months’ work with one of their machines, is to hand from 
Messrs. Mavor and Coulson, Limited, 47, Broad-street, 
Mile-end, Glasgow. 


Crowbar.—A crowbar with a roller fulerum, made by 
Messrs. Holt & Willetts. Cradley Heath, Staffs., is illus- 
trated in a leaf catalogue of which we have received a 
copy. A roller is provided on each side of the lever 
which has. a wide lifting toe. Two sizes are made to lift 
3 or 5 tons. 


Lathes.—We have received from Messrs, Thomas. W. 
Ward, Limited, Sheffield, a special catalogue of new 
screw-cutting lathes, capstan lathes and other machine 
tools, of which they have purchased a large number from 
Continental manufacturers. The machines are _illus- 
trated and prices quoted. 


Fans.—Three new catalogues, dealing, respectively, with 
dust removal by fans.and piping, air-blowing and 
exhausting fans, and paddle-wheel fans, are to hand from 
the James Keith and Blackman Company, Limited, 27, 
Farringdon-avenue, London, E.C.4. These catalogues 
are fully illustrated, and contain tables of capacities, sizes 
prices, &c. 


Are Welding.—A catalogue describing their process 
and portable plant for electric are welding is to hand 
from the Consolidated Pneumatic Tool Company, 
Limited, 170, Piccadilly, London, W.1. Illustrations 
of work done are given, and the routine methods of 
working and the accessory tools and materials required 
are discussed, 


Electric Motors.—A new edition of their catalogue of 
medium-size alternating-current motors of the polyphase- 
induction type has been issued by Messrs, Bruce Peebles 
& Co., Limited, Edinburgh. Jt contains complete speci- 
fications, and tables of ratings, weights and dimensions 
for protected, enclosed-ventilated, textile. totally -enclosed 
and pipe-ventilated types. 


Pipe Fittings —Messrs. Walworth-Munzing, Limited, 
90, Union-street, Southwark, London, 8.F.1, have 
sent us a copy of a monthly periodical entitled Walworth 
Log, issued by their associated firm in the United States. 
Amongst the contents are an article on wedge gate valves 
for high pressures and another on the piping equipment of 
a very large glasshouse for horticultural purposes. 





Railway Wagons.—A catalogue of railway wagons, 
tipping trucks, axles, wheels, springs, and timber and 
ironwork generally, is to hand from the Cambrian Wagon 
Company, Limited, East Moors-road, Cardiff. The 
main items are coal wagons of 20 tons and 12 tons 
capacity, but the company make all kinds of wagons with 
doors at ends, sides or bottoms, tipping appliances, covers, 
tanks, &c., as required. 


Oil and Petrol Tanks,—An extensive range of tanks 
and pumps for the oil and petrol trade are illustrated in 
a special catalogue issued by Messrs. Dowson and Mason 
Gas Plant Company, Limited, Levershulme, Manchester. 
Among them are included tanks from 10,000 gallons down 
to 50 gallons capacity for petrol storage, lorry-tanks, 
kerbside pumps, barrel-emptying pumps, and everything 
necessary for storing and retailing oil and petrol. 


Wire Rope.—An improved process of making wire rope 
is to form each strand before laying to the shape it must 
take after laying. The laying operation does not pro- 
duce this shape permanently in the strands, as the un- 
laying of a rope will show. Messrs Bruntons, Mussell- 
burgh, Scotland, are now producing ropes of these.pre- 
formed strands, in ordinary and Lang’s lay, up to one inch 
in diameter and are preparing to make larger sizes by 
the same method. 


Flue-Building Blocks.—We have received from the 
Nautilus Company, 60, Oxford-street, London, W. 1, a 
catalogue of gas-flue building blocks for dwelling-houses. 
The blocks, made of concrete, are for ordinary wall 
thicknesses of 4} in. or 9 in., and will fit into partition 
walls, They have a long, narrow perforation which 
forms a continuous flue when built, and are supplied in 
sets to complete any specified work. The effect is to 
eliminate chimney-breasts, which take up space and add 
to the cost of building. 





THE Port or Hutt ANNvUAL.—The Board of Trade 
returns show that, on a basis of the value of trade, Hull 
ranks as the third largest port in the United Kingdom. 
The total value of imports and exports handled at Hull 
Docks during the year 1924 amounted to 121,186,3071., 
a figure which represents an increase of 19,149862I. 
over the previous year’s trading. The varied activities 
of Hull,'and of the other Humber ports, are set out in 
detail in the ‘‘ Port of Hull Annual,’ for 1926, edited 
and published by Mr. H. E. Cooper Newham, of Hull. 
The present edition of this year-book, which was founded 
in 1908, was issued recently at the office of the Port of 
Hull Monthly Journal, Bishop-lane, Hull. It contains 
statistical tables compiled from the latest returns of the 
Board of Trade, and also includes a number of articles 
of a technical and commercial character. These latter 
give a review of the industrial and economic situation 
and outlook in the Humber district, and deal with such 
subjects as the coal-export trade, inland water trans- 
port, shipping and shipbuilding, bulk oil handling, and 
the seed-oil industry. All the articles are well written 
and give full and complete information on the various 
subjects dealt with. They will prove of interest to the 
manufacturers and traders of the eastern, north-eastern, 
and midland counties of England. The book contains 
some 70 pages, measuring 9 in. by 12 in. It is well 
illustrated and contains several maps. The price is 





3s. 6d. net, or 3s. 9d. post free. 
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** ENGINEERING’’ ILLUSTRATED 
‘PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in eaohk ease; where none is mentioned the Specification is not 


Where inventions are communicated from abroad, the Names, é&c., 
of the communicators are given in italics. 


0, a a ed may be obtained at the Patent Office, Sales 
~-A 5, Southampton Buildings, Chancery-lane, W.C.2, at 


the uniform Page of 1s. 
The date of advertisement of the acceptance of a Complete 
BS} is, in each case, given after the abstract, unless the 


Patent has been sealed, when the word “ Sealed” is a. 

gp Pie ane may, at any time within two months from date of 

advertisement of the acceptance of a Complete Specification, 

ive notice at the Patent O, of opposition to the grant of a 
‘atent on any of the grounds mentioned in the Acts. 


PRINTING AND ALLIED MACHINERY. 


243,045. R. W. Crabtree and Sons, Limited, 
Leeds, and T. E. Phythian, Headingley, Leeds. 
Inking Mechanism. (2 Figs.) July 24, 1924.—The 
invention relates to inking mechanism for printing 
machines. According to the invention, an inking 
mechanism for printing machines comprises a duct @ to 
which ink is supplied and a plurality of valveless plunger 
pumps, each comprising two plungers c, cl and two 
cylinders d, d!, one plunger c! operating to withdraw 
ink from the duct a and to force it into the cylinder d 


yo 

AA Y ae 
“ah 
YY 


SY 

















of the other plunger, which latter plunger ejects the ink 
on to the distributing cylinder or drum 6. Each pump 
may be adapted to supply sufficient ink for one page of 
the printed product and may be controlled from the 
side of the machine. The ink is distributed by meais of 
orifices ¢ provided in a wall or cover plate e! of the 
duct adjacent the pump outlets with which the orifices 
are associated. The capacity or delivery of each pump is 
regulated by axial adjustment of the pump cylinders. 
(Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


240,218. Sir J. Dewrance, London. Water-Level 
Indicators. (3 Figs.) June 24, 1924.—The invention 
relates to apparatus for indicating the level of water in 











steam generators. The automatic ball-valve a is in a] Manchester, and R 


blow-off. On one side of the valve chamber b is a 
screw-valve g the spindle of which is at right angles to the 
boiler-face ; whilst upon the opposite side of the chamber, 
and parallel with the boiler-face, is a screw plug A for 
affording access to the automatic valve. This valve is 
mounted on supports 7 such that, when the plug h is 
removed, the ball -valve can be removed, the valve being 
free to roll out of itschamber. (Sealed.) 


243,420. R.B. Morison, Starcross, R. E. Tucker, 
Ashburton, and H. R. Evans, Broadhempston, 
legal representatives of D. B. Morison (deceased). 
Boiler Feed-Water Heaters. (5 Figs.) August 21, 
1924._The invention relates to the heating of con- 
densate in steam condensers under vacuum by means 
of exhaust steam. The invention consists of a method 
of heating condensate, or other feed water, wherein 
exhaust steam is passed through a vessel in rapid sur- 
face contact with highly divided streams of the water 
to be heated, at a velocity approximately equal to that 
of the exhaust steam flow into a condenser and in such 
great volume, relatively to the quantity of the water 
to be heated, that the condensate, or other feed water, 
is heated to a temperature which closely approximates 
to the vacuum temperature in the condenser with no 
appreciable condensation of the steam. 1 designates a 
surface condenser in the upper part of which the heater 
is arranged. This heater comprises a narrow vessel 2 
running substantially the whole length of the condenser. 
This vessel 2 is open at its upper end 3 and is arranged 
in the line of exhaust stearn flow into the condenser, 
baffles 4 being provided on the walls of the vessel. 
Exhaust steam passes into this vessel at the same velo- 








city as it does into the adjoining tube zone 5 of the 
condenser, and simultaneously the condensate is uni- 
formly delivered in a finely divided or filmed condition 
through the pipe 6. The volume of the steam entering 
the vessel is much in excess of the quantity that would 
be required to raise the temperature of the condensate, 
under the ordinary working conditions, to the tempera- 
ture corresponding to the vacuum in the condenser, so 
that a high velocity of steam flow through the condenser 
is maintained, the large surplus of steam passing out of 
the vessel into the tube zone of the condenser through 
openings in the walls of the vessel. By these means, 
the high velocity of steam flow over the large surfaces 
of the finely divided water results in such a high heat 
transfer efficiency from the steam to the water that the 
temperature of the condensate is brought into close 
correspondence with the vacuum temperature under the 
varying steam loads at which a condenser works in 
practice. The condensate is delivered into the vessel, 
as by a pump, and from the vessel the heated condensate 
passes by way of the pipe 8 to a pump under an advant- 
ageous suction head. The vessel may be placed else- 
where in the steam flow, preferably within the condenser 
shell or exhaust pipe, provided the characteristic essen- 
tials of the invention are obtained. (Sealed). 


243,439. W. R. Beldam, London. Piston-Rod 
Packing. (6 Figs.) August 27, 1924.—The invention 
relates to packing for piston-rods of the type wherein an 
integral or composite strip of metal A, (say white metal) 
of V-shape in cross-section, is embedded in a backing D 
of soft material, such as asbestos or other fibrous or 
textile substance, and is intended to be placed in the 
gland with the sides of the V transverse to the direction 





Pas 
(293939) gl 


of thrust of the gland-nut, so that such thrust tends to 


wedge the strip forward against the piston rod or other 


part to be packed. The invention provides a foot Al 
at the narrow end of the packing, as viewed in cross- 
section, which will extend laterally in both directions 
and is of such thinness as to yield, under the effort of 
the aforesaid thrust, so that the advance of the strip is 
not prevented but is checked. (Sealed.) 


241,758. Beyer, Peacock and Co., Limited, 
. H. Whitelegg, Manchester. 


chamber 6 directly below the passage c to the gauge-glass | Regulator Valves. (2 Figs.) December 31, 1924.— 


cl, and beneath this is arranged a valve-seating d and a| The invention has reference to regul 
screw-down valve e for controlling the outlet f to the] the double-beat type. 


ator valves of 
It consists of a regulator 





comprising a double-beat valve having separate valves 
B, B1 joined rigidly, but detachably, together, and a 
valve chamber A having one valve seating E! for the 























(241,758) 


inner valve B1, and an opening‘ A® for} admitting the 
inner valve B, the opening being provided with a detach- 
able flenged bush, or part cover, E also forming the 
seating E? for the outer valve B. (Sealed.) 


243,999. Davey, Paxman and Company,Limited, 
Colchester, and R. L. K. Hazell, Colchester. Boilers 
for Heating Apparatus. (4 Figs.) June 8, 1925.— 
The invention is an improvement in or modification of 
the boiler described and claimed in the Specificaticn of 
Letters Patent No. 236,016. The improved boiler is 
made up of a series of sections, each of which comprises a 
water chamber 1 of an inverted U-shape and an interior 
flue element 2 of a similar shape, but smaller size,i . 


I 





cross section. Each of the flue elements has two water 

assages 5, 5 through the crown thereof, the passages 
oe oe located at the junctions of the vertical parts of the 
elements with the horizontal part thereof. The passages 
5, 5, with the exception of those in the front section of the 
boiler, are as wide as the width of the section will allow, 
so as completely to shut off the vertical parts of the flue 
element from the horizontal part thereof, and in the 
rearmost section of the boiler the apertures 7 are formed 
in the inner faces of the legs of the water chamber for the 
purpose of putting the lower parts of the flue into 
communication with the furnace. The width of the 
water passages 5 in the front section of the boiler is less 
than that of the section, and passages 6 for the products 
of combustion are formed between the vertical and 
horizontal parts of the flue so that the products of 
combustion can pass from the lower part of the flue to 
the upper part thereof. The water chamber of the 
front section of the boiler is extended beiween the two 
legs of the said chamber so as to form a complete water 
jacket 8 at the front end of the boiler. (Accepted 
December 16, 1925.) 


MISCELLANEOUS. 


240,932. Aveling and Porter, Limited, Rochester, 
and T. L. Aveling, Rochester. Oil Burners. 
(1 Fig.) July 12, 1924.—The invention relates to oil 
burners of the type in which the oil is atomised by steam 
or other gas under pressure. 1 and 2 are passages to 
which steam under pressure is supplied through ports 3 
and 4, 5 is a passage to which liquid fuel is supplied 
through a port 6. The amount of steam passing to the 
passage 1 is controlled by a needle valve 7 formed on 
the end of a rod 8, which is screw threaded to engage 
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(240,932) 


a similarly threaded portion of a cone 9 in which the 
passage 1 is formed. Phe rod 8 passes through a packing 
land 10 and is provided with an actuating hand-wheel 
1. Grooves are provided in the rod 8 to allow the steam 
to pass to the passage 1 when the valve 7 is moved 
from its seating. The outer end of the passage 2 is formed 
with a number of slots arranged at such an angle that a 
whirling action is imparted to the steam passing there- 
through. 14 is an external casing provided Se 
through which air for combustion passes. (Sealed.) 
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THE RIMS OF ROTATING DISCS. 


A pornt of some interest and importance in the 
design of rotating discs is the width of rim which 
can be effectively supported by a central web. The 
problem here involved was virtually solved by the 
late Professor J. T. Nicolson in a paper on “ The 
Strength of Short Boilers,” which he contributed to 
the proceedings of the North-East Coast Institution 
of Engineers and Shipbuilders in 1891.* In this 
paper, he derived an expression for the deformation 
of a boiler shell in the immediate neighbourhood 
of the end plates, and this problem is mathematically 
identical with that involved in the determination 
of the width of rim which can be effectively sup- 
ported by the web plate of a rotating disc. 

If 1 (see Fig. 1) denotes the ‘“‘ overhang” of the 
rim, ¢ its thickness (taken as uniform), and r its 
mean radius; then on inserting in Professor 
Nicolson’s equation the proper values of the con- 
stants, it appears that up to a value of 1 = 0°3 \/71 
the rim will be almost perfectly supported up 
to its very edge. The support is still good if 
1=0-6 rt, but for greater values than this the 


support falls off rapidly and with 7 = 1-166 ,/ rt, the 
diameter at the edge of the rim will be exactly the 
same as that of a simple unsupported ring of the 
same thickness and diameter rotating at the same 
speed. 

tf the limit stated be exceeded, the ring stresses 
at the edge of the rim become actually greater than 
they would be if the supporting web were entirely 
suppressed. This anomalous result, which follows 
from Professor Nicolson’s equations was definitely 
established by the direct experiments of Mr. J. C. 
Spence, who, in 1890-91, tested to destruction a 
number of model boilers of three different lengths. 
In all but the shortest of these boilers he found 
that, with pressure in the boiler, the diameter of 
the shells was somewhat greater at a short distance 
from the end plates than it was anywhere else. 

Let us denote by R the mean radius, the rotating 
tim would have were it entirely unsupported, 
and by p its actual mean radius at a distance x 
from its junction with the central web. Let the 
difference between R and p be denoted by w, then w 
will bea maximum at the point of support, and will 
diminish as we proceed from this towards the edge 
of the rim. If at any part w = 9, the ring tension 
in the rim at this point will be exactly the same as 
if the rim were entirely free and carried of itself 
the whole of the centrifugal stresses developed 
by its rotation. As will be proved presently, 
if we denote by w, the value of w at the edge of the 
tim and by w, the value at the junction of rim and 
web, the ratio of w, to w) is given by 


ww) 


2 cosh al cos al 
«9 


~ cosh? al cos? al 
302 
(o2—1) r2t2 


\y 


In this expression a = ( 


1 ; ; 
where - denotes Poisson’s ratio. 


It will be obvious from this formula that w, = 0 


7 Pd P = 
when a! =-— and that since cos a/is negative when 


al lies between 7 and =. we shall have between 


these limits p greater than R, and the ring stress 
corresponding greater than it would be if the rim 
were entirely unsupported. 

I 


J/rt 


lated in the next column, and plotted in 
Fig. 2, which shows how very quickly the support 
of the edge of the rim diminishes when 


than 0-6. 
It will be evident from this table that in general 
the rims of the discs used in impulse turbines are 


are tabu- 





Values of << for different values of 


is more 





Jrt 


centrally applied stresses developed when the turbine 
is at work, the free ends of the hub tend to “ nip in,” 
thus tightening up automatically the grip on the 
shaft. From the formula given above, this effect 
will be obtained only if the ‘“‘ overhang” J lies 
between 1-166 rt and3-497 Vrt, and from Fig. 2, 
it is further evident that for a really effective nip 
the value of J should lie between, say, 1-5 vrt and 
2-4/rt. Outside of these limits the nipping 
action falls off rapidly. 
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Fig. 2. RELATIVE SUPPORT OF THE EDGES 
AND THE CENTRE OF RIMS OF 
ROTATING DISCS = V8 
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Relative Support Afforded to the Edges of the Rims of 
Rotating Discs by the Central Web. 





Values of | 





Values of Values Cy I Value of 

ans bs | wl 

Vv rt w, | Vr | “0 
0-0000 | 1-0000 | 1-0309 0-1570 
0.1484 0.9998 1-166 0.0000 
0-2968 | 0:9876 1-484 —0°2186 
0-4453 0-9367 1-855 —0-2569 
0-5936 | 0-8198 2-227 —0-1949 
0-7422 = | 0 -6237 2-598 —0-1131 
0-8901 | 0-3841 || 2-969 —0-0478 





Nicolson’s differential equation is very easily 
established by the method of least work. Under 
the joint action of the centrifugal forces and the 





very effectively supported, but it is perhaps a little 
doubtful whether this has always been the case in 
reaction turbine designs where comparatively 
wide rims have at times been used. 

Nicolson’s analysis has also a bearing on the 
design of hubs. In certain designs, these hubs 
bear on these seats at their edges only as roughly 
indicated in Fig. 1, and it is claimed that under the 





* See Encrveenina. April 17, 1891, page 468. 





restraint of the web the rim will curve somewhat 
as indicated in Fig. 3., and since this curve will 
always be a very flat one, the radius of curvature at 
any point x measured outward from the central 


0% ‘The bending 


web will be sensibly equal to iat" 


moment at this point is then given by the expression 
where E, is a modulus of elasticity 


M _1_@w 





deformation of the rim will, moreover, be prac- 
tically the same as if it were stationary; and we 
forcibly diminished its diameter at the web, by the 
amount w). The ring stress thus produced at 


any section would in this case be ~ E- The bending 


moment at the same section is as shown above, 
equal to E, 1. rae 

Let us next consider a strip 1 in. wide, extending 
from the web to the edge of the rim. Then, by 
Castigliano’s theorem, the material will deform in 
such a way that the work stored up in it by the 
deformation will be a minimum consistent with w 
having the given value w, when 2 = 0. 

The work done by the bending moment on an 
element of this inch strip dz in. long will be 


Me Ex ay de, 
2E,I 2 


. ? aw 
> . ad b 
where w” is Lagrange’s notation for 7 


= 





dz 


The work done by the ring stress on the same strip 
will be oe ut dz. Hence the total work of defor- 
mation will be given by the expression | 


l . 
as ‘| (Ey I . (w”)2 + tut) de 
0 
and this is fo be a minimum. By the usual rules 
of the calculus of variations (see Carr’s Synopsis of 
Mathematics, page 441) we then get as the necessary 
condition the equation : 
Etw , @ I aw 
“rt dat d xt 
In ordinary beam problems E, = E, since the beani, 
when bent, is free to expand and contract sideways. 
In our case the elementary beam considered is part 
of a complete shell and is therefore not free to expand 
and contract laterally. It is therefore a little stiffer 


than if it were an isolated beam. In fact, E, = ae E 


Ej = 0. 


Rt . 
where — is Poissons ratio. 


2 
If for brevity we write « for a4 and note that 


t is constant in the equation found above, we get 
as the final differential equation for w, the expres- 
sion 

d4w 
w+ ia? 0. 


12 
kt - 
The boundary conditions to be satisfied are that 
w = w, when x =09 and also w’ = o when « = 0. 
Again at the edge of the rim both the bending 
moment and the shear are zero. Hence when 
w = 1 we must have 
w’ |) =o and w’’),; = 0. 
3 
Pere the complete 
solution of the above differential equation, subject 
to the boundary conditions stated, is : 


If further, we write at = 


w : ; 
— =coshaxcosaz—sinhaxsinax. x 


wo 
cosh?al— cos?al 
cosh2al+ cos@al 
coshal sinhal+sinal cosal 
cosh? a1 + cos? al 
At the edge, i.e., when x = J, this reduces to 
w; 2 coshal cosal 
wy ~ cosh? al + cos? al” 


+ (coshaxsinaz—sinhaxcosax) x 











Fir£-ExtTINGuIsHING APPLIANCES ON BOARD SHIP.— 
A pamphlet, designated Circular 1658, containing 
instructions to surveyors upon the subject of fire- 
extinguishing appliances in steam and motor passenger 
ships, was recently issued by the Mercantile Marine 
Department of the Board of Trade. The regulations 
to be complied with by all vessels under survey for Board 
of Trade passenger certificates, are set out in detail, and 
recommendations regarding the detection and extinction 
of fire are also given. The circular also contains the 
approved specification for chemical fire extinguishers and 
a list of the portable chemical fire extinguishers which 
have been approved by the Board of Trade. The regu- 
lation will come into force on a date to be announced 
by the Board of Trade, and will apply to both new and ° 
existing passenger ships except in so far as the latter are 
specially dealt with. The present circular supersedes 
that part of Circular 1633, which deals with the firc- 
extinguishing appliances on passenger steamers. Copies 
of Circular 1658 may be obtained from H.M. Stationery 





Ei I d x2 
slightly different from Young’s modulus. 
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Office, Adastral House, Kingsway, London, W.C.2, 
price ld, net. 
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DUMPING PLANT FOR GRAIN CARS. 


ALTHOUGH the public of this country is generally 
aware of the fact that the prairies of Western Canada 
are one of the principal sources of its daily bread, 
comparatively few individuals ever stop to consider 
the means by which wheat grown in that fertile region 
is delivered into the granaries of Liverpool and 
other British ports. A large proportion of the wheat 
exports from Canada to this country, amounting to 
some 5,000,000 short tons annually, is shipped from 
Montreal, which is about 3,000 miles from Liverpool, 
but before reaching the former port has to be 
transported by rail and water an average distance 
of 1,500 miles, this being the distance of the centre 
of the province of Saskatchewan from Montreal. 
Moreover, as the above mentioned quantity of wheat 
exported represents only about one sixth of 
the entire grain crop of the country, it will be 
evident that the arrangements for the transport 
and storage of grain in Canada call for very special 
consideration, and also that the provision of equip- 
ment capable of giving a high degree of efficiency in 
operation is essential to the economic welfare of the 
Dominion. 

It would be interesting, if space permitted, to 
describe fully the transport arrangements at present 
inuse. Actually, we propose to confine our attention, 
on the present occasion, to one item of equipment 
by which an important saving in time and labour 
has been effected, viz., the Metcalf dumping plant 
for graincars. Before doing so, however, we propose 
briefly to indicate the route of the wheat from the 
Prairie provinces to Montreal. It will be obvious, 
of course, that it would be impracticable, and 
certainly uneconomical, to handle the grain in 
sacks. Bulk handling is therefore universally 
employed in Canada, from the time that the grain 
is delivered from the farms to the small country 
elevators, until it is loaded into the holds of steamers 
for the transatlantic voyage. The small elevators 
referred to, which have an average capacity of 
about 25,000 bushels each, are located along the 
main railway lines and feeders, and they act as 
storage reservoirs to equalise the flow of grain on the 
railways. The grain collected in the country 
elevators is transported by rail to Fort William on 
Lake Superior, where it is discharged into one of the 
great terminal elevators provided at this port. 
The elevator of the Grand Trunk Pacific Railway at 
Fort William, we may mention, has a storage capacity 
of 5,750,000 bushels. Here the preliminary cleaning 
takes place, and, after cleaning, the wheat is stored 
for a period depending upon market conditions and 
other circumstances. From Fort William, the grain 
is loaded into lake steamers and transported, 
usually to Port McNicoll or Depot Harbour on the 
eastern shore of Georgian Bay, Lake Huron, although 
some of the lake steamers proceed to Port Colborne 
or Buffalo, and tranship their grain to smaller canal 
boats which travel either by the Canadian route 
through the Welland Canal, Lake Ontario and the 
St. Lawrence River to Montreal, or through the 
Erie Canal and Hudson River to New York. The 
grain delivered to Port McNicoll or Depot Harbour, 
however, is transported by rail to Montreal, box cars 
having a capacity of 2,000 bushels, or 60 short tons, 
being used for the purpose. The cars are loaded at 
the rate of about 20 tons a minute and the total time 
occupied in filling a car and replacing it by another 
is only about 6 minutes. It is for unloading these 
cars at Montreal that the plant we are about to 
describe has been installed. 

The box cars employed are from 37 ft. to 45 ft. 
in length over the couplers, weigh from 30,000 Ib. 
to 50,000 Ib. and hive a carrying capacity up to 
150,000 lb. They are generally of steel-frame con- 
struction, with timber roof and sheathing, and have 
two sliding doors 5 ft. or 6 ft. wide, one on each 
side at the centre of the car. The central location of 
the doors is, of course, by no means the most con- 
venient arrangement for dumping the grain, but 
it must be remembered that the heavy traffic in 
grain occurs only for a comparatively short period 
each year, and that the cars are normally employed 
for the transport of ordinary merchandise, for which 
this design is quite satisfactory. When used for 
carrying grain, an inner temporary door constructed 
of boards is nailed on to the inner side of the door 


posts to relieve the outer sliding door from the 
pressure of the grain. The first task in unloading 
a grain car is to break down this inner door. This 
is usually done by means of crowbars, being carried 
out as rapidly as possible, no particular care being 
taken to avoid destroying the door. The usual 
method of removing the grain from the car is to 
employ power shovels, consisting of large two- 
handled scoops. These are plunged into the grain 
by hand and hauled out by ropes passed round sheaves 
leading to drums rotated by power. The grain 
brought to the door of the car in this way is dropped 
into hoppers supplying belt conveyors or elevators, 
which deliver it into the silos. The average time 
required to unload a car in this way is about 45 
minutes, 4 men being employed on the work. With 
the new car dumpers, however, the inner door is 
opened automatically with practically no damage, 








and the car is raised and tilted sideways and endways 
in one direction after the other, allowing the whole of 
the grain to run out through the door without assis- 
tance, the operation being completed in about eight 
minutes with a crew of three men. 

The installation which we propose to describe 
has been designed and constructed by the John §. 
Metcalf Company, Limited, of Montreal, for the 
No. 3 grain elevator of the Harbour Commissioners 
of Montreal. This elevator, we may remark, has 
also been constructed by the John S§S. Metcalf 
Company, its present capacity being 2,000,000 
bushels, but additions allowed for in the design 
will eventually give it a total capacity of 10,000,000 
bushels. The dumping plant. which we illustrate on 
Plates XLVII to XLIX, and on pages 651 and 652 of 
this issue, comprises four dumpers, each of which 
is capable of unloading seven cars per hour con- 
taining 2,500 bushels of wheat each, or over 10,500 
tons in 20 hours, if worked continuously, as is often 
necessary in the busy season. Plants also containing 
four dumpers of the above-mentioned capacity 
have been installed at the elevator of the Baltimore 
and Ohio Railroad at Baltimore, and also at the 
elevator of the Santa Fe Railroad at Kansas City. 
Our description, however, will refer exclusively to 
the Montreal plant. It is to Mr. L. Coke-Hill, 
M.E.I.C., chief engineer and director of the John 
S. Metcalf Company, Limited, that we are indebted 
for the information upon which our article is based. 

Longitudinal sections of the plant are given in 
Figs. 1 and 2, on Plate XLVIII and a half plan is 
reproduced in Fig. 3 on the same plate. From these 
the general arrangements may be followed and an 
idea of the principal dimensions obtained. The half- 
tone engravings, Figs. 4 and 5 on Plate XLVII, and 
Figs. 6 to 9on Plate XLIX, should also be examined 
at this stage, although they will be referred to more 
fully later. The outer sliding doors of a car having 
been opened by hand, the car is hauled on to a 
platform 58 ft. in length and corstructed of steel 
plate girders, the position of the platform at this 
stage of the process being such that rails secured to 
its upper surface are in line and continuous with the 
track rails at both ends. The cars are hauled by 
steel ropes taken round electrically-operated 
winches located in a shed shown at the left-hand 
end of the main building in Fig. ]. The platform 
itself is shown in Fig. 2, and is also visible in the 
half-tone engravings, Figs. 4 to 9. Full details of 
its construction, however, are given in Figs. 12 to 16, 
on page 651. It consists, as shown, of two main 
longitudinal girders, drawings of which are repro- 
duced in Figs. 15 and 16, strongly braced with 
angle irons and gusset plates, shown in the plan, 
Fig. 13, and carried on transverse girders located 
1] ft. 44 in. from the ends. The transverse girders, 
as will be clear from Fig. 12, are set at an angle of 
14 deg. with the longitudinal girders, so that they 
come into the horizontal position when the car is 
tilted sideways through that angle. The sheaves 
for the hoisting and tilting ropes are attached to 
the ends of these transverse girders, as is, perhaps, 
most clearly shown in Figs. 4 and 5 on Plate XLVII, 
and in Fig. 8 on Plate XLIX. 

It will be convenient to deal now with the hoisting 
and tilting motions, although before these are put 
into operation the car is clamped on to the platform, 
as shown in Fig. 6 on Plate XLIX, by mechanism 
which will be described later. Figs. 10 and 11 illus- 
trate the hoisting and tilting mechanism in diagram- 


matic form; the actual arrangements can be fol- 
lowed from the longitudinal sections and plan, Figs. 
1, 2 and 3, respectively, on Plate XLVIII. It may 
be as well first to explain the reason for hoisting 
the car above the rail level before it is tilted. The 
elevator buildings are almost: invariably situated 
alongside docks where the water level will be, 
perhaps, 15 ft. below the rail level, and if the bottom 
of the concrete pit for the hoppers under the dumpers 
can be kept above the water level, the work of 
construction is very materially reduced. A distance 
of about 21 ft. below the level position of the rails 
on the platform is required to accommodate the 
machine when tilted, so that if the depth below 
ground level is not to exceed 15 ft.. the platform 
-nust be raised at least 6 ft. Actually in the case 
we are considering, the platform is hoisted to a 
height of 10 ft. above the track-rail level, but this 
entails no waste of power as the car and platform 
are completely counterbalanced, and therefore the 
weight of the grain only has to be lifted. The grain, 
of course, has to be raised in any case, so that the 
bucket elevators are relieved of the work of lifting 
it through the height by which the platform is 
raised. 

As will be clear from the illustrations above 
referred to, the operating drums are situated on 
the upper machinery floor. There are four hoisting 
drums, one situated over each corner of the plat- 
form, all four being driven by a single motor. 
The two rear hoisting drums, seen in Fig. 3, are of a 
slightly larger diameter than the front drums, so 





that the rear side of the platform is raised rather 
more rapidly than the front side, giving the car a 
sideways tilt of 14 deg. when the hoisting operation 
is completed. The full lines in Figs. 10 and 11 
show the platform and car in this position, and 
Fig. 4, on Plate XLVII, is a photographic illustra- 
tion of the same stage in the cycle of operations. It 
should, perhaps, be mentioned that a vertical line 
through the centre of gravity of the car when tilted 
sideways by 14 deg., falls well inside the track rails, 
so that no special precautions need be taken to 
secure the car in this direction. The four hoisting 
drums are clamped when the hoisting operation 
is completed, and two tilting drums, driven 
by a single motor as shown in Fig. 3, are then 
set in motion. The hoisting ropes, in effect, are 
continuous round these drums, so that as they 
rotate, the rope is paid out in one direction and 
wound in in the other. By this means one end of 
the platform is raised and the other end lowered 
into the positions shown in Fig. 5 on Plate XLVII, 
and in Figs. 7,8 and 9 on Plate XLIX. The actual 
end tilt amounts to 35 deg., and the operation 
is repeated three times in all by reversing the tilting 
motor between each tilt. Most of the grain falls 
out through the open door on the side of the car 
remote from the observer in Fig. 5, on Plate XLVII, 
into the hopper during the first two tilts, but to 
prevent any that remains after the second tilt 
from passing the door on the third tilt and falling 
into the lower end of the car, a bafile plate is auto- 
matically placed in position on the floor to deflect 
the grain out through the door ; we shall deal later 
with the operating mechanism for the baffle plate, 
which, however, can be distinguished in Fig. 9 
on Plate XLIX. The opening leading to the hopper 
by which the grain is delivered on to the band 
conveyors is clearly visible in Figs. 4 and 5 on 
Plate XLVII. 

The driving arrangements for the hoisting and 
side tilting drums can be followed from Fig. 3, 
with but little explanation. As there shown, the 
motor, which is of the squirrel-cage type of 75 h.p., 
running at 1,200 r.p.m., has its shaft extended in 
both directions. The shaft carries, at each end, a 
steel worm which engages with a bronze wheel 
mounted on a transverse shaft, the ends of which 
are fitted with pinions engaging with internal 
gears on the drums. The worm gear 1s, of course, 
self locking,. but brakes are provided in addition, 
to come into operation automatically in the event 
of a failure of the current supply. By means of 
idlers on the upper platform and of four supporting 
sheaves on the transverse girders of the platform, 
the wire ropes are quadruple hitched, and, as all 
the ropes are duplicated, it follows that the load is 
divided among eight ropes at each corner, or 
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the motor, special counterweights are provided, as 
shown in Fig. 10, and these act on the drum in a 
direction which always opposes the torque due to 
the shifting of the centre of gravity of the car 
and platform from the centre of the system of sus- 
pension ropes during the end-tilting operation. The 
counterweight rope is attached to a specially- 
designed pivot on the circumference of the drum, 
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the pivot being so located that, when the platform 
is level, the rope leads off radially, producing no 
torque, but, with the platform in any other position, 
the rope leads off tangentially, either from the top 
or bottom of the drum, thus producing a torque 
which always tends to lift the lower end of the 
platform. 

It is, of course, necessary before lifting and 
tilting the platform and car to clamp the latter 
securely in position, and, furthermore, the car must 
be located centrally on the platform in order to 
bring the door exactly opposite the door-opening 
mechanism. The clamping is effected by two 
collapsible bumping posts, each of which is mounted 
on a sliding carriage at the opposite ends of the 
platform. The bumping posts are lowered to 
enable the car to be run on to the platform and 
then raised and drawn together equally, so that 
pads fitted on the upper ends of the bumping 
posts engage with the central buffer couplings of 
the car, pushing it along to the centre of the plat- 
form and clamping it firmly. Details of one of 
the sliding carriages and collapsible bumping posts 
are given in Figs. 17 to 21 above, from which 
their design and construction can be followed. 
The carriage, it will be seen, is supported on four 
shoes which slide in guides bolted to the main 
longitudinal girders of the platform. The two 
cuter shoes, i.e., those nearest the end of the plat- 
form, are rigidly attached to the carriage, while 
the inner shoes are mounted on the ends of a trans- 
verse shaft which is capable of moving horizontally a 
distance of 15 in. relatively to the carriage ; slots in 
the sides of the carriage, as shown in Fig. 17, permit 








this movement to take place. The bumping post 
consists of a strut and a tension member pivoted 
together at their upper ends, as shown, the lower 
ends of the tension member being connected to the 
transverse shaft above referred to. and the lower 
ends of the strut being supported on shoes which 
slide in inclined guides bolted to the carriage; an 
inspection of Figs. 17, 18 and 19 will make the 
arrangements clear. 

The carriage is moved by a long screw 4 in. 
in diameter working in a bronze nut bolted to 
the inner end of the carriage as shown in 
the illustration, the screw being driven by a 
10 h.p. motor through single-reduction spur gear- 
ing mounted at the centre of the platform below 
the rail level. One end of the screw, it should be 
mentioned, is formed with a right-handed thread 
and the other with a left-handed thread, so that, 
when the screw is rotated, the two carriages move 
in opposite directions towards, or away from, the 
centre of the platform. The motion of the carriage 
is made to raise and lower the bumping post by 
means of a system of racks and gears. As the 
carriage is moved along, dogs attached to the plat- 
form girders engage with the inner shoes of the 
carriage holding them stationary, and the continued 
movement of the racks attached to the carriage 
raises the bumping post through the gearing shown 
in the figures. When the bumping post has been 
fully raised, a release shoe mounted on the carriage 
disengages the dogs, and the carriage travels on until 
the pads on the tops of the bumping posts of both 
carriages come into contact with the car couplers, 





the car then being located centrally on the platform. 
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No further movement being possible, the motor 
actuating the screw is stalled and current is then 
automatically cut off. To release the clamps 
when the car has been emptied, the motor is started 
up in the reverse direction, and the carriages, with 
the bumping posts raised, are moved outwards 
together until, at a distance of 15 in. from the 
end of their travel, a second set of dogs engaye 
with the inner shoes of the carriage and thus 
operate the gearing in the reverse direction, to 
lower the posts. The travel provided is sufficient 
to accommodate cars ranging from 37 ft. to 45 ft. 
in length over the couplers. The clamps, of course, 
have to support the end load of the car when the 
platform is tilted, this load amounting to as much 
as 67,000 Ib. in the case of the largest cars handled. 


(T'o be continued.) 





RECENT DEVELOPMENTS IN THE 
ART OF FINE MEASUREMENT. 


In justifying the title of his Royal Institution 
discourse on May 21st, Mr. John E. Sears, super 
intendent of the Metrology Department of the 
National Physical Laboratory, said that metrolozy, 
while lying at the root of all quantitative science. 
was an art rather than a science. Each of the 
three forms of primary length standards in use had 
in turn received recognition: the end bar; 
the line bar, whose length was determined by the 
distance between two graduation marks; and the 
so-called natural standard based upon some physical 
constant independent of any material representation, 
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an example of which was the length of the seconds 
pendulum. The earliest English standard extant was 
the yard of Henry VII, an end bar of octagonal sec- 
tion, which agreed within 0-04 in. with the present 
Imperial standard yard. The square brass yard of 
Elizabeth did not differ by more than 0-01 in. 
from the present standard, though it had been 
broken and crudely repaired by two strips of sheet 
brass and by copper wire. It had remained the 
reference standard until 1824, when the first 
Imperial standard was created. This was a line 
standard, though the marks took the form of small 
dots. If ever lost or destroyed it was to be replaced 
by a seconds pendulum ; but when the fire of the 
Houses of Parliament did destroy the bar in 1834, 
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the committee found that greater accuracy could 
be obtained by comparison with secondary standards 
of the lost bar than by comparison with a seconds 
pendulum, and the new Imperial yard (finished in 
1844, and legalised in 1856), was again a line 
standard. The first metre standard (one ten-millionth 
of the earth’s quadrant) was a flat rectangular end 
bar, the later international prototype metre being 
a line bar of platinum-iridium. 

Comparison between the recent PC6 bar and the 
Imperial standard indicated that the former had 
within nearly 40 years contracted by about 0-0002 
in., but had remained constant within the last 
10 years as shown in diagram, Fig. 1. It was 
reasonable to assume that the original bar had 
likewise gradually contracted to a constant value, 
while the metre bar did not appear to have changed 
its length since its construction. With the improve- 
ment of the lines, preference has been given to line- 
standards over end standards; but recent experi- 
ence showed that it was not possible to get agree- 
ment of interpretation between different observers 
of lines better than 0-00001 in., and this accuracy 
could be surpassed at present by material end 
standards with ends finished optically flat and 
parallel, and by a natural standard based upon 
wave-lengths of light. The latter standard had the 
advantage of being reproducible in any part of the 
world without the risk of change, and the Inter- 
national Committee of Weights and Measures 
adopted, in 1923, the wave-length standard in 
principle. 

Before referring to the advance made in this 
direction, Mr. Sears described the methods* of 
finishing the end standards, introduced some seven 
years ago by Mr. A. J. C. Brookes, then at the 
National Physical Laboratory, now of The Pitter 
Gauge and Precision Tool Company, of Woolwich, 
Which manufacture the gauges. The cylindrical 
bar was held vertically in a lapping jig, above a 
surface plate resting with an annulus on an adjust, 





able base plate. A level was temporarily placed on 
the bar; the proof of verticality was that the bar 
could be rotated about its vertical axis without 
affecting the level. A flat, parallel lapping block 
was then worked between the surface plate and the 
lower end of the bar, and this operation was repeated 
on the other end after turning the bar upside down. 
By a lapping process Johansson slip gauges of 
hardened steel were then prepared at Teddington. 
The gauges—the manufacture of which had also 
been taken up by the Pitter Gauge Company—were 
made by hand in groups of eight and placed for 
lapping on a magnetic chuck divided into square 
facets which were themselves previously lapped 
flat and co-planar. The lapping was checked by 























* We illustrated these devices in our issue of August 25, 
1922, page 230. 
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re-arranging the blocks, partly reversed, in the 
manner indicated in diagram Fig. 2. Thus eight 
blecks of uniform and equal thickness were finally 
obtained of so perfect a finish that, when wrung 
together the blocks could only be separated by 
applying considerable force. 

Mr. Sears explained that the slips would not 
wring when perfectly dry; a film of moisture or 
grease was necessary to produce this effect. The thick- 
ness of this film was determined at Teddington by 
placing a drop of oil from the end of a fine wire 
on the steel surface, which was then covered by a 
proof plane of glass and observed under the micro- 
scope. From the known weight of a drop and the 
area which the spreading drop covered, the thickness 
of the film could be deduced, and this estimate was 
confirmed by optical observations. The spreading 
of the oil drop (shown in Fig. 3 and further magnified 
on a more highly-polished steel in Fig. 4) took place 
slowly in jerks, and hours passed sometimes with 
viscous oils before the film had attenuated to the 
wringing condition. The thickness was then always 
of the order a half-a-millionth of an inch, as in the 


superficial hydrocarbon molecules in the oil film 
probably formed a chain across the two surfaces. 
These film thicknesses did not impair the value of 
the slip gauges in building up long gauges out of 
several short slips. Mechanical measurements of 
such’ combinations within 0-000001 in. could be 
made by the machine illustrated in diagrams 
Figs. 5 and 6, in which friction was overcome by 
mounting the movable member on two parallel 
spring steel strips S, which constrained the member 
to move parallel to itself. The finger indicator 
carrying a wire stretched across a ring was attached 
by two similar strips S, one to the moving member, 
the other the fixed base ; the usual magnification of 








thinnest black soap films, and the two or three 
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100,000. In another machine the two bars were 
placed on a revolving surface plate and a level was 
brought down upon them by means of a cradle, so 
that one foot rested on each gauge; the level was 
then released, the plate turned through 180 deg., and 
a new level bubble reading was taken. This machine, 
which measured long bars wrung together within a 
millionth inch, depended entirely upon gravity, and 
had the further great advantage that the bars were 
not touched during the operation and not exposed 
to unequal temperatures. 

Passing to interference methods of measurement, 
Mr. Sears pointed out that direct measurement of 
the rings did not admit of high accuracy. But if 
the number of whole wave-lengths contained in 
the distance between the plates under observation 
were determined approximately, the measurement 
of the angular diameter of the rings gave the 
fractional excess above the wave-length; and, if 
the operation were repeated in turn with lights of 
different wave-lengths, the series of fractional 
excesses found could only be associated with one 
series of corresponding whole numbers of wave- 
lengths. Thus this whole number and the excess 
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could be measured precisely. Inthe demonstration, 
the rings produced by a mercury arc were seen to 
expand as the distance between the two plates 
inereased. Screens were then interposed so that 
the field was half green and half yellow. The 
half rings were not quite of the same diameters, 
and the two halves coincided only periodically, 
after the passage of 20 yellow and 21 green rings. 
Simece the yellow light really consists of two lines, 
two yellow ring patterns were produced, which 
came periodically into phase. In this way flat- 
ended gauges up to 4 in. in length had been 
measured by wringing glass proof planes on to 
their surfaces. The distance between two suc- 
cessive rings in green light corresponded to 
00-0000) in. separation of the plates, and it was 
easy to measure to one-tenth of this. But the 
maximum path difference so far found directly 
measurable, 8 in., corresponded only to a separation 
of 4 in. between the plates. By stepping-up, 
however, the length of the metre had been deter- 
mined in wave-lengths to one part in 15 millions, 
the final difficulty being the comparison with the 
line standard. These determinations had been 
made in white light. When tubular intermediary 
standards were used, the end bar of X cross-section 
could be placed inside the tube, and the measure- 
ments be made in a vacuum. Pérard had recently 
used quartz end standards for direct optical 
measurements, but these again were so far limited 
to lengths of about 4 in. 

The Triode valve had been applied to the 
measurement of small displacements in various 
ways by Dowding, Whiddington, &c. Mr. H. A. 
Thomas, of the National Physical Laboratory, 
demonstrated his method with a model of a loaded 
bridge and the Hartley circuit arrangement illus- 
trated in Figs. 7 and 8, in which A represents the 
deflected member. As A approached the coil C 
the anode current Ia increased, and the galvano- 
meter was deflected. By suitable arrangements the 
deflections and anode currents could be made 
proportional for displacements within 0°05 in., and 
the arrangement had been successfully used in 
bridge construction, but it did not admit of abso- 
lute measurements. 

Turning to measurements of internal diameters 
Mr. Sears demonstrated that a clean dry cylindrical 
plug of 1 in. could be fitted into a 1 in. ring, and 
that a plug, by 0°0001 in. smaller, gave a loose 
easy fit. When the latter plug was greased the 
fit became quite stiff. On the other hand a dry 
plug 0:0001 in. larger than the ring could not be 
forced into the ring, but that became possible 
when the plug was greased. The ring was, how- 
ever, widened in this operation, and Mr. Sears 
showed on one of his machines that the internal 
diameter had actually expanded by 0°00006 in. 
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Control on the Railways. A Study in Methods. By 
Puttre Burtrr. London: George Allen and Unwin, 
Limited. [Price 12s. 6d. net.] 

‘THE pecessary organisation is taken very largely 

for granted by many who do not stop to speculate 

upon the constant attention to detail requisite on 
the part of all engaged in the railway service, which 
results in the high perfection of our trains as regards 
safety in working, general comfort, and the main- 
tenance of the highest average speeds in the world. 
When a thought is given to the fact that, concur- 
rently with the provision of passenger facilities, the 
jess prominent but more complicated goods service is 
being carried on over the same system and without 
disturbance to the passenger trains, some conception 
of the high degree of efficiency attained, and of the 
able type of man such a training has evolved, can 
better be formed. Mr. Burtt, as a railway officer 
who held the post of Deputy General Manager on 
the North Eastern Railway prior to grouping, 
possesses the intimate knowledge which enables him 
to set down the features of the organisation in an 
interesting way. From the introduction one learns 
that his original intention was to deal with the 
phase of control frequently referred to as “ train 





control,” with especial reference to the extended 
use of telephone installations as an important factor, 


and the second half of the book, devoted to descrip- 
tions of present practice on the different systems, 
makes interesting reading and justifies the publishers’ 
claim that the book is a technical work. The steps 
are fully outlined that led up to the adoption of 
centralised traffic control, which had its beginning 
less than twenty years ago, and which relies upon its 
own telephone system linking up the central control 
office directly with reporting points over the whole 
of an area, or of a system, as the case may be. 

Although for many years the railways have used 
their own comprehensive telegraph systems—a 
point the author neglects—it is only by employing 
the telephone that it is possible for one office to 
keep in such intimate touch with a whole area that 
the controller in charge can direct how the trains 
are to be handled throughout his section, which, on 
the old Lancashire & Yorkshire Railway, consisted 
of the whole line in the case of goods traffic. The 
controller is able, further, to do most useful work 
in disposing of empty wagons and spare rolling 
stock to the best advantage, hour by hour, and in 
regulating the flow of traffic, such as coal consigned 
for shipment, in such a way as to eliminate altogether 
congestion on running lines, docks, and sidings. 
It was, in fact, to combat such congestion that 
telephone control methods were first developed, 
and their extended use indicates their success in 
this field, nor can it be doubted that the cost of 
running the organisation is a small proportion of the 
ultimate saving in this sphere alone. 

The details of the organisation vary with condi- 
tions on different railways, and much ingenuity has 
been expended in the equipment of control offices 
to give an accurate and continuous reproduction in 
diagram form before the operator of the position 
of all trains in his section. Perhaps the most 
striking is that in use at York, where clips repre- 
senting trains and carrying tickets of information 
respecting the nature of each, are kept moving by 
being attached to one of five moving strings at the 
back of a large diagram. Each string travels at a 
different speed, representing to scale the average 
speed of one type of traffic, and the position of the 
tickets is adjusted from time to time in accordance 
with reports received from points along the line. 

Mr. Burtt describes each system at work in 
detail, and fully discusses methods of rolling-stock 
control (passenger and wagon stock), as well as the 
more difficult problem of getting the best out of the 
locomotive power available, a matter calling for the 
co-operation of several departments. He also 
shows the important part the control offices are 
coming to play as sources of the data required for 
the elaborate statistics now prepared by the railway 
companies both for the Ministry of Transport and 
for their own use. 

Mr. Burtt expresses the opinion that the term 
“train control” is inadequate to describe the 
specialised organisations which are now growing 
up. We agree, and suggest that “traffic control” 
would be a more suitable title. Train control 
implies rather the mechanical control of trains 
regarded as portions of a moving machine, without 
reference to the influence of a directing intelligence 
that takes into account external factors imposed 
to meet the needs of the railways’ customers, 
which may be referred to as trafic requirements. 
The accepted phrase “automatic train control” 
illustrates the distinction, and it is the definite 
meaning attached to “train” control in this 
phrase, which points to the desirability of avoiding 
using it in another sense, where an alternative 
offers. 

The author's intention to confine himself to the 
aspect of control already described has been referred 
to, and we think the book would have been more 
readable and compact had he adhered to his 
original proposal. Instead of doing this he has 
allowed himself to be led into much discursive 
matter in the earlier half of the book which, while 
it allows the publishers to say that the work contains 
information useful and interesting to the general 
reader, has unfortunately tended to bring a work 
on a technical subject, at present ill catered for, 
down to the level of the popular works which 
railway companies issue for the benefit of the lay 
traveller. Thus he deals with signalling and 
automatic train control in four out of the first 











nine chapters in a popular manner, not altogether 
free from points open to criticism by the technical 
reader. For instance, in defining the block system 
of signalling rather completely, he makes no men- 
tion of the overrun which determines a minimum 
distance of approach between trains in adjacent 
sections. Again he states “there is nothing 
mechanical or electrical to prevent a signalman 
accepting a train, and taking off his semaphore 
signals to allow it to come forward when the 
section it is to enter is still occupied, if the man 
himself is not reliable.” It is true he subsequently 
mentions Sykes’s “lock and block.” though 
not apparently with full appreciation of the safe- 
guard provided by it, and he says nothing of the 
present-day use of track circuits linked up with 
signals. In describing power signalling he appears 
to attribute to it, over and above its admitted 
advantages, the merit of point detection, but manual 
levers are equally interlocked with point detectors. 
It also comes as a surprise to see a railway official 
write of the train stop used on the Underground 
Railways of London, that in the event of running 
past a signal at danger “‘ an automatic mechanism 
immediately springs (sic) into action, and, by 
releasing the engine brake” stops the train, where 
obviously applying the brake is intended. There 
are instances of looseness of phraseology of this 
nature in the book. 

A general chapter upon the use of the telephone 
devotes more attention than would appear 
necessary to this subject, when the constant use 
of the instrument is so general. On the other 
hand, no reference is made to the recent extensive 
installation of the automatic telephone on the 
Southern Railway. 

The method of generalising in the earlier chapters 
and then of describing the growth and results of 
individual control systems in later chapters, leads 
to a certain amount of repetition of what is some- 
times self evident from the first, and tends to 
distract one’s attention from much of real interest. 
An appendix contains examples of a train diagram 
and forms for returns as actually used, and other 
examples occur in the text. The book is not 
provided with an index. 


Applied Elasticity. By S.'TimosH»NKO, and J. M. LESSELLS, 
B.Se., A.M.I.Mech.E. First Edition. East Pittsburg, 
an: Westinghouse Technical Night School Press. 

In this book we have the unusual feature of three 

prefaces, the first a joint production of the two 

authors, and the other two relating to the particular 
work done by each. 

The joint production constitutes an illuminating 
essay on the state of present-day knowledge of 
the matters treated, and insists on the value of 
such studies in connection with difficult questions 
of practical design. Much of the first part of 
the book relating to the analysis of stress may be 
found in other works, but there is a considerable 
amount which, though not perhaps new, is collected 
from scattered sources and conveniently presented 
for the use of engineers. There are treated amongst 
other matters—statically indeterminate cases of 
bending, the bending of bars on elastic foundations, 
the combination of direct and bending stresses, 
and of bending with twist, the case of curved bars. 
including the buckling pressure for thin tubes 
under compression, and stresses induced by 
dynamical causes. } 

In treating of the flexure of beams the principle 
of superposition is enlarged upon, and the device 
of deriving flexure curves from the bending moment 
diagram, and also by the use of a trigonometrical 
series are dealt with. The methods are commonly 
analytical, but graphic simplification is also resorted 
to where practicable and convenient. The treat- 
ment is essentially theoretical in its nature, as 1s 
to be expected in Professor Timoshenko’s section 
of the book. 

The second part, prepared by J. M. Lessells, deals 
with the more practical aspects of questions 1n- 
volving the consideration of elasticity, and relates 
largely to experimental work and deductions there- 
from. In addition to what one might expect to 
find in @ treatise bearing upon the subject there 1s 
much of unusual interest. The effect of speed in 





testing is discussed in considerable detail as affecting 


























655 





JUNE 4, 1926.] 


different classes of material, and the influence of 
temperature on the elastic and other properties 
of materials, is also dealt with. Some little space 
is devoted to elastic stage modifications, as 
evidenced in material overstrained, cold work on 
metals, and quenching effects on steels. Hysteresis 
is considered, and impact testing receives attention. 
Hardness and scratch tests are also treated. In 
dealing with fatigue and the effects of form and 
surface finish the author furnishes matter of 
interest. There is a chapter on the theory of 
strengths given, with some conclusions on working 
stresses. 

This work is a useful résumé of the subject 
considered, valuable alike to the student and to the 
engineer. There is much within its pages repre- 
senting recent developments in the study of methods 
of design and of materials. The value of such a 
work is made evident as the book is read. It is 
manifest, considering the physical properties ot 
engineering materials, that since such materials have 
the baffling characteristics enlarged upon, these pecu- 
liarities cannot be ignored with wisdom, however 
obscure they may be and difficult to understand, 
or to bring into subjection. To know that these 
idiosyncracies exist is at least to be warned against 
the possibility of erratic behaviour, and in some 
cases to indicate a suitable procedure with a view 
to avoiding trouble. 

A valuable feature of this book is the systematic 
reference to sources of information—of these there 
are some 400 specific indications—given for the 
convenience of those wishing to inquire further 
into the subjects treated. 





Insulated Electric Cables. Part I. Materials and Design. 
By C. J. Beaver, M.I.E.E. London: Ernest Benn, 
Limited. [Price 36s. net.] ° 

ALTHOUGH, as pointed out in the preface numerous 
papers and articles relating to insulated cables 
have appeared in recent years, these have been 
devoted almost invariably to the electrical aspects 
of the subject. It does not appear that any work 
has hitherto been published dealing comprehensively 
with the general principles underlying the design 
and manufacture of cables and bearing upon their 
efficient utilisation and maintenance. If only for 
these reasons, apartfrom the author’s long experience 
and eminent position in the cable making industry, 
this book will be read with exceptional interest by 
cable makers and cable users alike. 

The present volume comprises the first half of 
the work, and is divided into two main sections 
dealing respectively with materials and design. 
These are preceded by a short introductory section 
which deals with the development of electric cables 
and shows how their evolution has resulted in four 
general types of insulation, viz.: paper, vulcanised 
rubber, vulcanised bitumen, and varnished cambric. 
The author points out that there is room for improve- 
ment in all of them, not only in regard to manufac- 
ture but also to the conditions of installation and 
maintenance, and his conclusion is that if the require- 
ments of the future are to be met, the burden 
of this improvement must be shared between the 
designer and the user, and that the general outlook 
should be such that research relating to production 
should not be hampered by inflexibility of practice 
on the part of the user. 

The section relating to materials used in the 
manufacture of cables, deals comprehensively not 
only with the properties, but in many instances 
with the methods of production, and the sources 
of origin of the conducting, insulating and protective 
and preservative materials employed. Of particular 
interest is the chapter devoted to insulating materials. 
After dealing with the various types of fibre which 
can enter into the composition of paper, a brief 
description is given of the actual process of paper 
manufacture. In comparing ligno-cellulose papers 
with those composed of pecto-cellulose fibres, of 
which the two most important examples from the 
cable makers’ point of view are respectively, 
chemical wood pulp paper, and manilla paper, the 
author expresses his preference for the latter on 
account of its greater chemical stability. This 
subject is referred to later in connection with the 
mechanical and electrical properties of these two 
types of paper respectively. 
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of two general classes, viz.: vegetable, typified 
by resin, and seed and resin oils; and mineral, 
represented by bitumens, using the word in its 
broadest sense. Some surprise will be felt at the, 
statement that for ordinary conditions of use most 
British makers employ a mixture of resin and resin 
oil, the proportions of which may vary, but which are 
placed at 50 per cent. by weight of each ingredient 
as representing fairly common practice. We are 
under the impression that the use of mineral oil 
as a basis of impregnating compounds for low, as 
well as for high tension cables,is much more extended 
in this country than would appear from the above 
statement. 

Turning to the subject of rubber, reference is 
made first to wild rubber, particularly Para rubber, 
and then to plantation rubber. The properties of 
the more usual compounding ingredients are dis- 
cussed. A comparison is made of the relative effects 
which the author has observed in using magnesia 
and litharge respectively as accelerators. Organic 
accelerators of vulcanisation are briefly discussed, 
and a list is given of a fewof the more commonof such 
compounds as used in the rubber industry. It is 
not stated, however, that all these materials are 
suitable for use in the manufacture of cables, 
and we believe that on account of their highly 
toxic and other objectionable properties, some of 
the accelerators mentioned, as, for instance, 
paraphenylenediamine, are now practically obsolete 
for any application in the rubber industry. On 
the other hand, paranitrosodimethylaninine is 
singled out as having given very satisfactory results 
in cable manufacture. (This in a later chapter is 
illustrated by means of a diagram comparing the 
variations over a period of 37 weeks of the insulation 
resistance of a rubber cable containing this accelera- 
tor, with those of one in which the accelerator used 
was litharge.) The superior ageing properties 
conferred on vulcanised rubber compounds by the 
use of organic accelerators are also discussed. 
This chapter concludes with a short description 
of the properties of vulcanised bitumen and of var- 
nished cambric. 

In the section relating to design the author deals 
successively with the mechanical principles of 
design, the properties of stranded conductors, the 
composition and design of dielectrics, the properties 
and limitations of dielectrics, the factors in voltage 
rating, and cable sheaths. In discussing shaped 
conductors it is stated that these must necessarily 
contain one complete twist per length of lay and that 
therefore a tendency to untwist permanently exists. 
Here it is overlooked that in recent years many cables 
of this type have been manufactured in which a 
method of stranding and laying up has been adopted 
which avoids this twist and the consequent torsional 
stresses, as well as the inconveniences due to serrated 
edges and reduced flexibility mentioned on a later 


e. 
The chapter dealing with the properties and 
limitations of dielectrics is of special interest. In 
discussing the subject of dielectric loss, references are 
made to numerous works which have appeared on 
the subject since the phenomenon of residual charge 
was first observed by Faraday in 1839. Mention 
is made of Ayrton and Perry’s theory of dielectric 
“* viscosity,” and of the later “ hysteresis” con- 
ception which came to the fore in the early ‘nineties 
and was followed by a flood of discussion extending 
into the early years of the present century, stimu- 
lated by the work of many investigators on the 
Continent and in England and America. Reference 
is also made to the comparatively recent publications 
of such investigators as Clark and Shanklin, R. W. 
Atkinson, Hochstidter, and Steinmetz; but funda- 
mental importance is attached to the classical 
theories of Clerk Maxwell on electric absorption, 
residual charge, and conduction in stratified 
dielectrics ; and the author points out that from 
whatever angle these theories have been examined, 
they have received general support. 
In discussing the well-known V-formation of the 
dielectric loss/temperature curve, some prominence 
is given to Hochstidter’s theory. No mention is 
made, however, of the valuable work of Emanueli 
on the subject of dielectric losses, and it may be 
appropriate to recall that he pointed out that if, as 


the descending portion of the curve at temperatures 
well below that of the minimum point of the curve 
were entirely due to hysteresis, which is proportional 
to the frequency, then the power factor must be 
independent of the frequency; whereas his own 
investigations have shown that this is not so, even 
at voltages considerably lower than those at which 
ionisation could take place. 

Since the book under review is likely to rank for 
many years as a standard work of reference, one 
cannot but regret that its date of publication was 
so nearly coincident with that of Dunsheath’s paper 
on “ Dielectric Problems in High-Voltage Cables ” 
as to permit of only a brief footnote reference, the 
final proofs of the volume having been passed to the 
printer. This was no doubt unavoidable, otherwise 
some reference to the theory propounded by 
Dunshegth could have been fittingly included in the 
chapter under discussion. 

Referring to the work of Proos, the author demon- 
strates how he has utilised the time effect observed 
by that investigator as an independent test for the 
comparison of dielectrics. 

In the chapter relating to the factors in voltage 
rating, the well-known logarithmic formula for the 
potential gradient is given, followed by a brief 
resumé of the discussion to which it has given rise, 
and of the various theories which have been pro- 
pounded regarding the electrical breakdown of 
dielectrics. The subjects of stress distribution, 
grading (with reference also to intersheaths), and 
the effects of stress distortion are then discussed. 
A number of curves are reproduced showing in- 
creased dielectric losses when using sulphate wood 
pulp paper instead of manilla, whilst in a previous 
chapter the former type of paper was shown to 
deteriorate more rapidly both as to its mechanica 
and its electrical properties under prolonged heating. 
Yet, as is admitted, a substantial weight of opinion 
both in Europe and America has during recent 
years been in favour of wood-pulp paper for high- 
voltage cables. Whatever may be the explanation 
of this, the results of the author’s experiments would 
appear to constitute a distinct challenge to the 
advocates of wood-pulp paper. 

An interesting theory is put forward pointing to 
transient effects as the cause of certain otherwise 
unexplained failures of super-tension cables; and 
a description is given of the experiments made by 
Partridge to detect pressure rises on the mains of 
the London Electric Supply Company. After 
mentioning the limitations of our present knowledge 
of transient effects, the author concludes that in the 
case of cables working under high dielectric stresses 
the provision of efficient means for the dissipation of 
oscillating energy which may become superimposed 
thereon would appear to be an absolute necessity. 

The book is written in a scholarly manner and 
every chapter bears witness to the author’s long 
experience and wide knowledge of his subject. 
There are a few obvious misprints, but in general the 
book is remarkably free from defects of this kind. 





LANTERN SLIDES OF DyYNAMOMETERS.—-We are in- 
formed by Messrs. Heenan and Froude, Limited, 
Worcester, that they have prepared a series of lantern 
slides illustrating the Froude dynamometer and the 
Heenan-Fell air brake. A paper recently read before 
the Coventry Engineering Society by Mr. G. H. Walker, 
chief engineer to the company, has also been reprinted. 
We are asked to state that this material will be placed 
at the disposal of engineers in technical schools and 
colleges, who may contemplate giving lectures on the 
subject of testing prime movers. 

THE CLASSIFICATION OF INSULATING MATERIALS.—The 
attention of the British Electrical and Allied Industries 
Research Association, 19, Tothill-street, London, S.W. 1, 
has been called to the possibility of confusion arising 
through the use, in its reports, of letters of the alphabet 
for the classification of certein insulating materials, 
according to properties, uses, &c. The British Engi- 
neering Standards Association has adopted a classifica- 
tion, also by letters of the alphabet, of insulating materials 
used in electric machinery and apparatus, according to 
the working temperatures for which they are suitable. 
In consultation with the B.E.S8.A., it has been decided 
that the Electrical Research Association shall in future 
avoid clashing by using Roman numerals for its classifi- 
cation. The reports Ref. A/S 3, Pressboard; Ref. 
A/S 5 Insulating Papers; and Ref. A/S 10, Non- 
Ignitable Boards, are affected by this alteration. In all 
the above documents, where the classification is Class A, 
Class B, Class C, &c., the designation will be, in future, 











Impregnating compounds are described as being 


suggested by Hochstadter, the loss represented by 


Class I, Class II, Class III, &c. 
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100-B.H.P. VERTICAL HEAVY-OIL ENGINE. 


CONSTRUCTED BY THE CAMPBELL GAS ENGINE COMPANY, LIMITED, ENGINEERS, HALIFAX. 

















THE CAMPBELL VERTICAL HEAVY- 
OIL ENGINE. | 


Ir is still a common contention by some engineers | 
that crude-oil engines, working on the four-stroke cycle, | 
are quite unsuitable for driving alternating-current | 
generators, should it be necessary to arrange for a | 
number of sets to be synchronised to work in| 
parallel on a network. This belief is persistent in | 
spite of the fact that many successful installat’ons 
are at work, particularly in the British Dominions 
and Colonies, where not the slightest trouble has | 
been experienced in synchronising. The Campbell Gas | 
Engine Company, Limited, of Halifax, who have had | 
considerable experience in meeting these requirements, | 
recently arranged an interesting demonstration to | 
show the suitability of their heavy-oil engines for such 
work. The demonstration took the form of tests 
conducted in their works by Messrs. Preece, Cirdew 
and Rider, the consulting engineers to the Crown 
Agents for the Colonies, on two engine-generator sets 
for the Government of Ceylon. These engines have | 
some very interesting features and, therefore, before | 
referring to what was demonstrated at the tests, we | 
may describe some of the characteristics of their design, | 
making reference to the illustrations on this page and 
on pages 657 and 658. Fig. 1 is a general view of one 
of the complete engine-generator sets, and Fig. 2 is 
a view of the arrangement of the cylinders, cam- 
shaft, oil pumps, valve gear and other details, while 
Figs. 3 to 6, on pages 657 and 658, show a similar, but 
smaller-powered engine, in elevations, plan and section. 

Each of the sets for Ceylon, as shown in Fig. 1, con- 
sists of a four-cylinder vertical cold-starting heavy-oil 
engine, with a normal output of 90 brake horse- 
power, but capable of dealing with a maximum load of 
100 brake horse-power, driving directly an alternator 
made by the Lancashire Dynamo and Motor Com- 
pany, Limited, of Trafford Park, Manchester. The 
powers specified are those obtainable with the use of 
Diesel fuel oil. The output of the generator is 
55 kw., or 67} kv.-a., the current being three-phase 
at 50 cycles per second and the voltage 450. At the 
outer end of the generator shaft there is an exciter 
which has an output of 29 amperes at 130 volts. 
The speedis 428r.pm. ~~ ~ se 778 

These engines work on the four-stroke cycle, and 
have the characteristic features of regular turning, 
very good balance, and capacity for momentary over- 
loads, while taking up very little floor space. Mechanical 











Fie. 1. 

















Fie. 2. 


injection is used for the fuel, and the charge is ignited 
by coming into contact with the high-pressure air 
in the cylinder, the temperature of the air being raised 
sufficiently during the compression stroke to effect igni- 
tion. Governing is accomplished by varying the quantity 
of fuel delivered to each of the cylinders by the oil 
pumps. For the actuation of the various valves and 
for the operation of the oil pumps, a camshaft runs 
alongside the cylinders, as shown in Fig. 2, the cam- 
shaft being driven by gearing from the crankshaft. 
The latter is made from a solid steel forging, 





and runs in five adjustable bearings. further support 
being provided by an external pedestal. The bearings 
are lined with anti-friction metal. The crankcase 1s @ 
separate casting secured to the bedplate by bolts and 
dowel pins. The cylinders are fitted with remov- 
able liners of sufficient thickness to allow for reboring, 
if wear renders that operation necessary. Ample water- 
jacket space is afforded between the liners and the out- 
side cylinder walls, and extends throughout the length of 
the cylinders. The combustion chambers are separate 
castings, mounted above the cylinders, and accom- 
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toothed type, but bevel gears are used for the drive from 
the half-speed shaft to the camshaft. By this arrange- 
ment, the bevel wheels are always in the same relative 
positions as originally set, and the wear is consequently 
much reduced. From the cams on the camshaft, 
motion is taken directly by means of pivoted valve 
levers to the valves on one side of the cylinder head, and 
through the intermediary of push-rods to the valve 
on the other side. The rockers on the far side of the 
engine from the camshaft, shown at the right-hand 
side of Fig. 6, are mounted upon small shafts of square 
cross-section, no keys being necessary with this con- 
struction. This, though but a small feature of the 
design, is typical of the attention given to detail, 
for keys have a tendency to get loose and work out. 






































of the oil to the cylinder varies, to some extent, with 
the speed. This characteristic is absent from the con- 
trol of the Campbell heavy-oil engine, for the entire 
mechanism is in actual contact all the time; there 
is no free motion, and the delivery is always at 
the same period in the cycle. The stroke variation, 
being obtained by altering the leverage of the 
operating mechanism, does not cause sudden changes 
in steps but gives continuous variation. It is due to 
this feature that smooth working is obtained at all 
times, and that the engine: are capable of meeting any 
alteration in working conditions immediately, without 
the characteristic of over-governing. As a result of 
this, it is found to be very easy to parallel alternators 
driven by these engines, each set taking up its proper 









































| 
“4 eater Air Silencer 
Oil Heater 
Fig.6. |} = LC FEISS 
| | 4 ) 
! ai / ~ 4'Air Pipe 
| | HT \y 
a a a | 
veLever a 
\ || Lever 
ao at 
e 
I) ar | 
Puel Ol) aa | 
Mau wa | 
1°2 Water Supply Pipe 
. on Opltndbre | \ 
| \ 
: 
|| 
an 
z — per . aac ——-— 
\ A a 
- 
-™ J “d | 
Fay 16 Sots e145 
eS S27 ail ENGINEERING” 


The usual form of adjustment for tappet clearance is 
provided, as will be evident from the illustration. As 
shown in Fig. 6, the air inlet valves are fitted in 
removable cages, with ground faces wherever joints 
are made with the cylinder head. The exhaust 
valves have renewadle seats and are also provided 
with removable guides. Every valve is provided 
with an enclosed compression spring. The atomiser is 
arranged with its axis vertical in the top of the cylinder 
head. It is easily removed and can be quickly dis- 
mantled for cleaning. The oil to each atomiser is 
delivered from the corresponding pump, the motion 
for the plunger being obtained from a cam on the 
main camshaft through a lever system, the leverage 
of which is varied in accordance with the load by 
the action of the governor. In the usual system of 


controlling the stroke of an oil fuel pump by the use 
of a wedge, the position of which is determined by 
the governor, the valve lever, the wedge and the valve 
spindle are not in contact at all times, which means 
that the time of starting and ending the admission 





share of the load instantly, no matter how rapidly 
the demands may be changed. There are no by- 
passes on the pumps, which are made of gunmetal 
with accurately ground hardened-steel plungers. The 
valves are of the ball type and located in removable 
plugs. The governor is of the spring-loaded centrifugal 
type. Itis driven by independent gearing from the 
crankshaft, and is fitted with a damping device. Hand 
adjustment is provided on the governor, permitting 
a variation of 5 per cent. in the speed to be made 
while the engine is running. Provision is made for 
varying the position of the roller of the pump gear on 
its cam to change the time of admission of oil at will, 
and prin ing by working the pump by the movement of 
a hand lever is also arranged for. 

Forced lubrication by the use of eccentric-driven 
plunger pumps is provided for the crankshaft, crankpins 
and gudgeon pins. In the oil system, a pressure gauge 
and strainer are provided, and there are also by-pass 
and relief valves. For each cylinder, independent forced 
lubrication is arranged, the oil for which passes through 








sight-feeds. The engines are started from the cold state, 
without any preliminary heating, by the introduction of 
compressed air into two of the cylinders. As the engine 
gets under way, the other two cylinders are supplied 
with fuel in turn ; following this the two cylinders used 
for starting are similarly brought into action. As soon 
as firing takes place in the cylinders used for air starting, 
the air-admission valve closes automatically, and thus 
the starting cock and the stop valve on the air receiver 
may be left to be closed at any time after the engine 
is working. i 

In the tests of the two engines for Ceylon, full load 
was applied to each generator set for a period of six 
hours, and observations made of the load and fuel used, 
The average load on the first engine was 55-06 kw., 
and the total fuel used in a five hours observed period 
was 180 lb. This works out at 0-65 Ib. per kilowatt- 
hour. With a generator efficiency of 86 per cent., this 
corresponds to 0-42 lb. per brake horse-power-hour. 
The figures for the other engine were 54-34 kw., and a 
consumption of 154 lb. of oil in four hours, corres- 
sponding to 0-70 lb. per kilowatt hour or 0-45 lb. 
per brake horse-power-hour. Overload tests for two 
hours were made at 68-4 kw., and proved quite success- 
ful. An extra overload with the engines in parallel 
was demonstrated for a few minutes at 73-8 kw. 
Governor tests showed that when the engines were 
run at 428 r.p.m. on full load, the speed rose to between 
450 and 455 r.p.m. momentarily on cutting off the load, 
and settled down to a steady value of between 430 and 
433 r.p.m. The engines were later put on half load; 
one was then cut out and the other instantly took the 
full load. Similarly the test was repeated, cutting out 
the other engine. Synchronising the machines seemed 
to be a matter of extreme simplicity and entirely free 
from hunting troubles, due to the nature of the governor 
control of the fuel pumps. Further tests were made 
with the machines running in parallel and subject to 
variations in load from the full value to one-quarter 
load, which was effected in 20 seconds. These changes 
were made the reverse way, and the actions continued 
alternately many times to demonstrate the performance 
of the sets in parallel under conditions which might 
occur in their actual service. In every way the tests 
proved successful and showed complete suitability of 
the Campbell heavy-oil engine for driving alternators 
in parallel. 





REINFORCED-CONCRETE BRIDGE 
CAISSON. 


A NovEL form of floating caisson made of reinforced 
concrete has been employed in the construction of the 
San Telmo bridge, which is to carry a highway across 
the Guadalquivir at Seville. We take the following 
information from an article recently published in the 
Revista de Obras Piblicas, Madrid. 

The bridge will consist of a centre steel span of 164 
ft., of the Scherzer roller-bascule type and two arched 
spans of about 148 ft. each of reinforced concrete. 
Between these and the river bank will be two flat 
flood-water spans on each side, the whole length of the 
structure being 780 ft. The roadway is 32 ft. 9 in. 
wide, with two sidewalks of a width of 8 ft. 3 in. each. 
The four centre piers of the bridge are in water 12 ft. 
3 in. to.13 ft. 10 in. deep, at low water. The river 
bottom consists of hard blue clay covered by deposits 
of mud, gravel and sand. The pier foundations are 
rectangular caissons, measuring 48 ft. by 27 ft. 3 in. 
placed with their longer sides normal to the current. 
They are being placed under compressed air, the 
caissons being floated to the site. The size of the 
caissons, together with the comparative shallowness 
of the water in which they were to be sunk, necessl- 
tated special consideration being paid to the question 
of draught, and the caissons had also to be stiff enough 
to withstand the strains incidental to flotation. 

The outline of the caissons in plan is, of course, 
that of the piers of which they are to form part, and 
is rectangular with bevelled corners. The depth of 
the concrete walls is 15 ft. 9 in., and their thickness 
5} in. The working chamber is not flat-roofed, as 1s 
often the case in compressed-air caissons, but 
consists of two shallow domes splayed out conically 
at their bases to meet the exterior walls. The height 
at the centre of the domes from the level of the caisson 
cutting edge is 9 ft. 2 in. The diameter at the base of 
the cones is equal to the width of the caisson, and each 
of them meets the vertical walls at three points, 
namely, two sides and one end. As the width of the 
caisson is 27 ft. 3 in. and the length is not double this, 
but 48 ft., the two domes intersect, and at the plane of 
intersection a vertical partition is carried right across 
the caisson for nearly its whole depth. This partition 
ensures stiffness at the +4 of the domes, — 

ierced by an opening in its lower part to provic 
asec saneanniion between the two chambers. 
At the apex of each dome, a working shaft of 4 ft. 3 7 
internal diameter is arranged. This is of reinfore 
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concrete up to the level of the top of the concrete part 
of the caisson wall. Above this a steel air chamber is 
fitted to each, with the usual air lock. A hoisting 
winch and two discharge pipes for excavated material 
are provided for each chamber. 

The steel reinforcement rods of the domes are taken 
from the shafts to the base in pairs. They are not, 
however, radial, but each pair is tangential to the shaft 
and unites at the base, resulting in close spacing and 
interlacing of the rods at the tops of the domes, where 
strength is chiefly needed. The thickness of the domes 
is 2} in. 

As stated above, there are no rectangular corners 
in the outer walls, but, instead, a narrow face inclined 
in plan, at 45 degs. to the adjacent walls. The contour 
of the circular bases of the domes is thus followed 
approximately by the outer walls. This design avoids 
large corner spaces requiring to be filled. The space 
between the upper side of the dome bases and the 
vertical walls is filled up with concrete to a height of 
about 4 ft., suitable reinforcement between the two 
surfaces being provided. This, together with the fact 
that the side walls are thicker than the domes, ensures 
concentration of the weight more directly on the 
caisson-cutting edges. The vertical walls are stiffened 
by a horizontal flange on the inside not far from the 
top. This runs all round the caisson and is connected | 
to each of the working shafts by four beams arranged 
crosswise. The whole external structure is very rigid, 
being tied at the bottom by its junction with the two 
intersecting domes, and at the top by the longitudinal 
and transverse beams, the practical continuity of 
which is not disturbed by the passage of the shafts 
through them. 

The necessary depth for working the caisson is | 
secured by adding an extension 8 ft. 2 in. in height to 
the outer walls, making a total depth of 23 ft. 11 in. 
This extension is of timber, and forms the shuttering 
for the upper part of the concrete base, when the 
caissons are properly bedded, the domes packed with 
concrete, and the air chambers removed. 

When completed ready for sinking, that is, with the 
air chambers and timber extension in place, ea*h 
caisson weighs 300 tons and has a normal draught of 
14 ft. 1 in. This draught results from the buoyancy 
of the caisson floating normally, but it is too great to 


| 


ENGINEERING. 








THE CHELVEY PUMPING STATION 
OF THE BRISTOL WATERWORKS 
COMPANY. 


Ear.y in 1922, the Bristol Waterworks Company 
| decided to extend the existing pumping plant at their 
Chelvey station by the addition of a triple-expansion 
engine driving deepwell and surface pumps, together 
with three Lancashire boilers, superheaters, econo- 
miser, and the usual auxiliaries. The specification 
issued by Mr. John A. McPherson, the chief engineer, 
called for a normal daily duty of 34 million gallons 


| of water raised against a total head of 330 ft., and a 


maximum duty of four million gallons against a total 
head of 420 ft. The contract for the whole of the 
machinery was secured by the Engineering Department 
of the Lilleshall Co., Limited, Oakengates, Shropshire. 

The boilers, superheaters and economiser are located 
in an existing building, modified and extended for 
their reception, and adjoining the engine-house built 
for the reception of the new pumping machinery. The 
three boilers are each 7 ft. 6 in. in diameter by 30 ft. 
ong, the two furnaces in each boiler being 3 ft. in 
diameter, the grate area 36 sq. ft., and the total heating 
surface 950 sq. ft. The boilers are designed for a 
normal working pressure of 160 lb. gauge, and are 
each fitted with a Sugden superheater provided with 





the space between the barrel and liner forming the steam 
jacket. The valves are located in the cylinder covers, 
and are carried in loose cages forced into bored seatings, 
the cages being held in position by the valve bonnet 
covers. The valves are of cast-iron with spindles of 
Firth’s stainless steel, and are guided in long 
labyrinth stuffing boxes which serve as metallic 
packing. The trip motion is simple in form and is of 
substantial construction. It is arranged so that the 
links are in tension during the opening period, and no 
overhung pins are employed. The cut-off is actuated 
by a tripping finger engaging with a cam roller, the 
position of the roller being determined by the governor 
in the case of the high-pressure cylinder, and by hand 
adjustment in the case of the intermediate and low- 
pressure cylinders. The exhaust valves are operated by 
rolling levers to ensure rapid opening, and the closing 
of all valves is by means of spiral springs contained in 
the dashpots in the usual manner. The valve motion 
is actuated by eccentrics carried on a horizontal lay 
shaft extending along the front of the cylinders. 
The lay shaft revolves in bearings located in trough- 
shaped castings, visible in Figs. 1, 3 and 4, attached to 
the cylinders, the troughs forming a receptacle for 
surplus oil, thus preventing any unsightly drips and 
at the same time ensuring economy by returning 
all waste oil to the filter. The lay shaft is driven 


PERFORMANCE OF ENGINE AND PUMPs. 





1st. Trial. | 





Duration of trial, hours 

Total steam used, lb. ve a 

Air pump discharge, lb. per minute 

Jacket drains, lb. per minute F od 

Temperature of air pump discharge, deg. F. 
Temperature of jacket drains, deg. F. .. - 

Steam pressure at engine stop valve, Ib. sq. in. abs... 
Corresponding temperature of saturated steam, deg. F. 
Steam temperature at engine stop valve, deg. F. a 
Average superheat at engine stop valve, deg. F. é 


Revolutions (average by counter), per minute A 


Average mean-effective pressure— 
High pressure, Ib. sq. in. 





allow the caissons to be got into position. To decrease | 
the draught, air is pumped into the working chambers, | 
when ready for floating out, thus increasing the buoy- | 
ancy. Stability of the caisson is maintained during this | 
operation until the draught is decreased to 12 ft. 6 in. | 
at which point the centre of buoyancy coincides with | 
the centre of gravity. From that level until a draught | 
of 10 ft. 6 in. is attained, the caisson becomes less stable. 
The latter draught is actually the minimum, and when 
it is reached the caisson tilts so that air escapes from | 
under one ‘edge, afterwards settling in the water to a 
deeper draught. | 

The caissons were built on the river bank and launched | 
in shallow water at low tide. At high tide, air was 
pumped in and they lifted as described above, being 
taken to the site under these conditions, that is, with a 
draught of between 12 ft. 6 in. and 10 ft. 6 in., the 
transport being no more difficult than that of anordinary 


Intermediate pressure, lbs. sq. in. 

Low pressure, Ibs. sq. in. 
Average indicated horse-power— 

High pressure... i 

Intermediate pressure 

Low pressure nN 
Total indicated horse-power es Pe cy 
Steam per indicated horse-power per hour, lb. .. 
Suction head, ft. .. “a ny a ‘ae 
Work done by suction pumps, ft.-lbs./min. 
Delivery head, ft. .. “7 ae PP 
Work done by force pumps, ft.-lbs./min. 
Total work done by pumps, ft.-lbs./min. 
Work done per lb. of steam, ft.-Ibs. 
Pump horse-power me ee <6 
Steam per pump horse-power per hour, Ib. 
pump horse-power 


Mechanical efficiency -—- - 
indicated horse-power 





Vacuum in Condenser (referred to standard atmospheric pressure) ins. Hg . .| 24- 








2nd Trial. 
| 
| Barometer 29-5. Barometer 29-45. 
8 8 
26,638 28,2€8 
.| 109-5 | 107-2 
4 207°3 206-8 
4 173-1 173-7 
| 370-0 370-2 
.| 474-3 466-5 
| 104-3 96-3 
9 25-0 
| 25°27 23°57 
Top. Bottom. Total. | Top. Bottom. Total. 
..| 64-09 66-07 — 66-0 68-5 —- 
| 16°66 15°86 —_ 20°3 19-7 -_- 
8-71 8-15 —_ 10-02 9-57 —_ 
«-| 54-31 52-34 106-65 51-6 50-3 101-9 
..| 43°17 40°34 83-51 48-7 46-5 95-2 
.-| 57-79 53-61 111-40 61-7 58-5 120-2 
a4 301-6 317-3 
wel 11-05 11-14 
2: 57-53 77-97 
os 1,681,000 2,125,000 
: i 253-18 278-9 
--| 7,114,000 7,309,000 
el 8,795,000 9,434,000 
ae 158,500 160,200 
? | 266-5 285-9 
-.| 12-50 12-36 
| 
: ‘| 88-56 90-1 
| 





isolation dampers. 


The superheaters are capable of 


from the crankshaft through machine-cut skew gearing 





barge. At the site they were placed in positions 
determined by timber piles, by which they were located 
soas to permit only of vertical movement. By regula- 
ting the air pressure they were then sunk accurately into 
their final positions. 

The work is being carried out by the Compania 
de Construcciones Hidraulicas y Civiles to the designs 
of the chief engineer, Don José Eugenio Ribera. — 





An AciraTor ror StrrRInc SLuRRY.—A travelling 
agitator, used for stirring slurry, described in a recent 
issue of Cement, Mill and Quarry, of Chicago, presents 
several novel and interesting features. The equipment 
Was installed recently at the works of the Glen Falls 
Portland Cement Company, Glen Falls, N.Y. ; it is used in 
connection With the wet process of cement manufacture. 
The Slurry is placed in a rectangular concrete tank, 
125 ft. long, 25 ft. wide, and 21 ft. deep. The material 
'S stirred by means of a number of horizontal revolving 
arms, arranged on two vertical axes, suspended from a 
platform, which travels automatically backwards and 
orwards along the tank. Air is injected into the slurry 
’y means of nozzles fitted on the stirring arms. The 
Platform is built on a structural steel frame and is 
Provided with wheels, which run on tracks along the 
edge of the tank. The time taken by the platform in 
'ravelling from one end to the other of the tank is seven 
oe and the direction of motion is reversed auto- 
sew All operating and controlling machinery is 
— led on the travelling platform. The power for 
yer the stirring arms is supplied by a 10-h.p. 
on we motor which runs at a speed of 570 r.p.m. The 
of 67 is propelled by a 5-h.p. motor ronning at a speed 
the t T.p.m. Suitable gearing is used in each case. As 
th ening platform moves backwards or forwards, 

© electric power cable and the air hose pipe wind and 


imparting any desired degree of superheat up to 
150 deg. F. when the boilers are working under normal 
evaporation. A Green patent economiser with 96 
tubes is provided for heating the feed water, the 
economiser being of the firm’s usual standard con- 
struction with automatic scraper gear operated by a 
small steam engine. The boilers were constructed and 
installed by Messrs. Edwin Danks (Oldbury) Limited, 
and the superheaters by Messrs. T. Sugden Limited. 
| The whole of the boiler fittings and valves in the boiler- 
house are of Messrs. Hopkinson’s manufacture. 

Between the boiler-house and the new engine-house, a 
small building has been provided to accommodate the 
auxiliary machinery, which consists of a Weir feed 
pump, retained as a stand-by to the feed pump on the 
main engine, and a 10-kw. British Thomson-Houston 
dynamo direct driven by a Pelton turbine, supplied by 
Messrs. Gilbert Gilkes of Kendal. This room also 
contains the feed storage tank, and a small distributing 
board for the lighting and power circuits. 

The main pumping machinery is installed in a 
spacious and well-lighted new engine-house of Bath 
stone, constructed to designs prepared by the Bristol 
Waterworks Company, the interior being lined with 
enamelled tiles, and the floor paved with coloured 
tiles worked into a contrasted border around the walls. 
The pumping engine is illustrated in Figs. 1, 3 and 4 
on pages 660 and 664, Fig. 1 also showing the surface 
pumps. The engine is of the inverted vertical type, 
with the cylinders carried on cast-iron standards behind 
and polished-steel columns in front. Double-beat drop 
valves are fitted to all cylinders, the steam valves being 
actuated by trip gear, while the exhaust valves have 
positive motion. The cylinders are, respectively, 20, 35 
and 56 in. in diameter, with a stroke of 42 in., and they 





unwind automatically. 


by means of a vertical shaft located at the high-pressure 
end of the engine bed, as shown in Figs. 1 and 4, the 
gearing being so proportioned that the motion of the 
lay shaft is an exact copy of the crankshaft motion, 
All gearing is totally enclosed and immersed in oil. 
As will be clear from the illustrations, the frame 
and motion work are generally of the marine type, 
the crossheads moving in flat slides attached to the 
back standards. The crossheads are machined from 
steel forgings, and are each attached to the four 
pump rods which connect them to their respective high- 
lift pump plunger. The crankshaft is of the built-up 
type, machined and polished all over, the intermediate- 
and low-pressure crank webs being fitted with ball 
adjustment to compensate for any small variation in 
alignment, due to settlement of the foundations under 
the impulsive load of the pumps. As shown in Fig. 1, 
the engine bed is carried upon deep cast-iron girders 
spanning the high-lift pump pit. Gravity lubrication 
is provided to all moving parts, the oil reservoir being 
mounted above the steam cylinders, so that the 
entire oil supply is controlled by opening a single 
master cock, and the individual feeds need not be 
interfered with when once adjusted. All waste oil 
is led to a filter located on the pump-room floor, and 
from thence the filtered oil is returned to the reser- 
voir. The latter is provided with an overflow pipe, which 
returns all surplus oil to the filter. ‘The cylinders 
are provided with a mechanical lubricator, located 
over the valve-gear trough, and operated from the 
valve-gear lay shaft. The governor, visible in Figs. 
1 and 4, js of the high-speed enclosed type, and is 
coupled to the high-pressure cut-off cams. It is 
fitted with a safety attachment which automatically 
throws the cams into the no-engagement position in 





are fitted with loose liners forced into the cylinder barrels, 


the event of excessive rise or fall of pressure in the 
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pumping main. Access to 
all working parts is provided 
by means of a double plat- 
form of chequer plating, 
with polished fencing. Stair- 
ways of easy slope lead to 
the platforms, the steps 
being provided with non- 
slip rubber treads. 

The high-lift pumps, 
shown in Fig. 1, are of the 
ram type, the rams being 
17 in. in diameter, driven 
direct from the engine cross- 
heads. The valve boxes 
are of circular form with 
multiple valves of double- 
beat type. The latter are 
carried in loose valve plates 
bolted into the main valve- 
box castings. The air pump 
is of the single-acting bucket 
type, driven direct from 
the crosshead of the low- 
pressure pump ram. The 
feed, lubricating and waste- 
oil pumps are driven by 
rocking beam from the ram 
crosshead of the high-pres- 
sure pump. The condenser 
is of the usual surface 
type, with solid-drawn brass 
tubes secured by screwed 
ferrules into  rolled-brass 
tube plates, cooling water 
being provided by passing 
the discharge from the well 
pumps through the con- 
denser on its way to the 
high-lift suction tank. The 
exhaust steam is led first 
through an oil separator 
and thence through a 
tubular feed-water heater 
before passing into the 
condenser. 


The well pumps, shown 
in Fig. 2, are of the bucket 
and foot-valve type, the 
buckets and foot valves 
being of the ‘“ Perniss” 
variety, with gun-metal 
seats and beats and leather 
seating rings. The buckets 
are 22 in. in diameter with 
a stroke of 42 in., and are 
actuated, through connect- 
ing rods and crossheads, 
from a built-up crankshaft 
coupled direct to the engine 
shaft. The arrangement is 
clearly shown in Fig. 3. 
The well pump shaft bed- 
plate is identical in design 
with the engine bed, so as 
to present a uniform appear- 
ance on the engine-room 
floor. Lubrication to all 
moving parts is supplied 
through the common 
gravity system. The well- 
pump rising main consists 
of cast-iron flanged pipes, 
and the barrel and suction 
valve box are also of cast- 
iron. The well pumps are 
carried by steel sling rods 
from the pump-head girders, 
and the suction valve box 
is located at a level of 
140 ft. below the engine- 
room floor. 

The engineer’s specifica- 
tion called for a two months’ 
reliability trial under ordin- 
ary daily service conditions, 
at the conclusion of which 
period the engine was to be 
subjected to two perform- 
ance trials. The latter were 
to be conducted jointly by 
the engineer’s representa- 
tive and the contractors, 
the conditions of the trials 
to be determined by the 
engineer, and to approxi- 
mate to the conditions of 
normal and maximum 
service, respectively. Each 
trial was to be of eight 





hours duration, with a preliminary run of one hour 
under the specified conditions. The performance trials 
were carried out on May 27 and 28, 1925, by Professor 
Andrew Robertson, D.Sc., and a staff of observers 
appointed by him on behalf of the Bristol Waterworks 
Company, check readings being taken by a separate 
staff of observers for the contractors. The results of 
these trials are given in the table on page 659, and also 
in abstract below, from Professor Robertson’s report. 

The steam consumption was ascertained by weighing 
the hot-well discharge and the drains from the jackets 
and interheaters. All the weighing machines had been 
previously calibrated, and immediately after the trials 
the pressure gauges recording the initial pressure, 
vacuum and head against which the pumps worked, 
were calibrated on a deadweight testing machine. The 
indicated horse-power was obtained by taking diagrams 
from each end of each cylinder at the end of every hour. 
The pump horse-power was obtained, in accordance 
with the specification, from the swept volume of the 
pumps and the difference in head against which the 
pumps worked. All observations were made at the 
middle of each half-hour during the course of the tests, 
which each lasted eight hours. 

Two tests were carried out, details of which are given 
in the table on page 659. It will be seen from this, that, 
in the first trial, the average suction lift was 57-53 ft., the 
delivery head 253-18 ft., and the r.p.m. 25-27. In 
the second trial the suction lift was increased by working 
the Watt engines also, and the corresponding figures 
were 77-97 ft., 278-9 ft., and 23-57 r.pm. The Watt 
engines are installed in a neighbouring engine house, 
and are arranged to lift water from wells of approxi- 
mately the same depth as that from which the new 
engine is pumping. As a result, if the Watt engines 
are in use simultaneously with the new one, the level 
of the water in the whole of the wells falls by reason of 
the greatly increased quantity lifted, the conditions 
then approximating more nearly to the maximum lift 
called for in the specification. 

The number of foot-pounds of work per 1,000 lb. of 
steam was 158-5 millions in trial No. 1, and 160-2 
millions in trial No. 2, the average of which was 159-4 
millions. The steam per indicated horse-power per 
hour was 11-05 lb. in trial No. 1, and 11-14 Ib. in 
trial No. 2. The steam per pump horse-power per 
hour was 12:5 lb. in trial No. 1, and 12-36 Ib. in trial 
No. 2. The mechanical efficiency was 88-56 per cent. 
in trial No. 1, and 90-1 per cent. in trial No. 2, the 
better mechanical efficiency in trial No. 2 being due to the 
greater suction lift on this trial. The duty guaranteed 
by the contractors as a mean of the two trials was 
158 millions, so that this duty was exceeded on actual 
trial by 1-4 millions. 





EXAMINATION OF MINE GASES AND 
NATURAL GAS. 


Tue United States Bureau of Mines has revised 
Bulletin 42, issued in 1913, and gives in Bulletin 197, 
drawn up by G. A. Burrell, F. M. Seibert and G. W. 
Jones, a summary of the methods now in use for 
examining mine gases and natural gas. Gas samples 
are usually taken in vacuum glass bulbs of 250 cub. 
cm. capacity, which are shipped in wooden boxes 
lined with corrugated paper. The experimenter 
holds one of these tubes in each outstretched arm, to 
avoid contamination of the gas with his breath, breaks 
off the drawn-out tip, previously scratched with a file, 
with a piece of wood, and closes the bottle after a 
few seconds with beeswax; while taking the sample, 
he faces the air current. Samples from behind parti- 
tions, fire brattices, &c., are taken by passing a metal 
tube, joined to an aspirator bulb, through the partition. 
Sampling by water displacment is only advised for 
methane, as other gases are soluble in water. Moisture 
determinations are mostly made by means of wet and 
dry-bulb thermometers. 

Various modifications of the Orsat apparatus are re- 
commended for the more or less complete.gas analyses 
required. Explosion methods are deprecated. Since 
methane-air mixtures are explosive only within the 
range 5-5 to 14:5 per cent. of methane, relatively 
large samples of such mixtures are required to ensure 
reliable results, or hydrogen has to be added to 
produce an explosion, which, however, may be too 
violent. Combustion, by means of a platinum spiral 
or of copper oxide, is generally preferred, the current 
being, in small apparatus, taken from storage batteries 
rather than dry cells. With the aid of a large copper- 
oxide Orsat apparatus, hydrogen and oxygen, carbon 
monoxide and dioxide, and methane and ethane 
can be determined without connecting or disconnecting 
any parts. The copper-oxide tube is placed in an 
electric heater of nichrome wire, asbestos and an 
alundum core, which is heated up to 300 deg. C. by a 
current. Carbon monoxide is separately determined by 
absorption in cuprous chloride, or, better, by being 
passed through a tube containing iodine pentoxide 
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which is quickly heated to 150 deg. C. in order to 
oxidise the CO to CO,. As the pentoxide is a some- 
what new reagent, not mentioned at all in Thorpe’s 
Dictionary of Chemistry, for instance, a few words 
might have been said on the character of this compound, 
which is a white crystalline body decomposing at 
300 deg. C. 

For small percentages of CO, the Bureau has recently 
adopted a blood test. A drop of normal blood, diluted 
with water, gives a brownish suspension when mixed 
with a solution of pyrotannic and pyrogallic acids, 
whilst the colour is light carmine in the presence of 
CO. Comparison tests are made by colorimetry, but the 
oxygen percentage of the air has to be allowed for. 
The flame of the safety lamp is not a reliable cri- 
terion for the presence of CO in mine air. The cap 
formed by CO is indistinguishable from that formed 
by methane, and no cap may be visible, although 
enough CO is present to incapacitate a man in five 
minutes. As a rough safety test, canaries are still 
brought into the air suspected of containing CO 
after fires or from other causes. If CO be present, the 
bird will fall from its perch, but may recover quickly 
if‘placed in fresh air again ; mice are less suitable. In 
the examination of natural gas for various hydro- 
carbons, petrol, &c., liquefaction and the action of 
solvents are resorted to, as we have mentioned on 
other occasions. There is no very exact method 
for the determination of oxygen in natural gas. 
Fortunately the amounts of oxygen so far found 
in the course of 17 years, by the alkali pyrogallate 
method, do not appear to exceed the experimental error. 
As leakage of air into natural-gas pipes would be a 
serious matter, however, the manganous hydroxide 
test is sometimes adopted as a precaution. Gas 
interferometers, originally made in Jena, for purity 
control tests of various gases, hydrogen, ammonia, 
&c., have also been found useful for determining the 
amount of methane and CQ, in mines, but the air used 
for comparison should be of the same composition 
as the suspected air, though free from the impurities 
to be determined. 





SPANISH FLOTILLA LEADERS. 


WHEN referring to the decision of the Russian Admi- 
ralty to order a number of flotilla leaders from Italian 
yards (see ENGINEERING of April 2 last, page 439), we 
gave some comparative figures relating to their design 
and that of the French constructors, taking for the 
purpose the Italian Leone and the French Chacal types. 
The latter class has a normal displacement of about 
2,360 tons, and is fitted with five guns of 5-1 in. calibre 
in single mountings, two 3-in. anti-aircraft guns, and 
six torpedo tubes. The speed is 35-5 knots, and the 
vessels of this class have an oil-fuel capacity of 540 tons. 
The Italian flotilla leaders of the Leone type have a 
displacement of 2,200 tons, and mount eight 4-7-in. 
guns in pairs in shields, two 14-pounder high-angle 
guns, and six torpedo tubes. Their speed is 35 knots, 
and they carry 400 tons of oil fuel. A comparison of 
these designs is now possible with the Churruca, the 
first of the Spanish flotilla leaders, which has just 
completed her trials, giving a mean speed of 374 
knots. There were indications that even this speed 
could be increased upon occasion, for some of the 
official runs on the measured mile at Cartagena were 
made at over 39 knots. These Spanish flotilla leaders 
are being constructed at Cartagena by La Sociedad 
Espafiola de Construccion Naval, in which firm British 
experience is available and British practice is used. 

The Churruca and her sister ships are twin-screw 
vessels of 320 ft. length, with a beam of 31 ft. 94 in. and 
a draught of 10 ft. 6in. The normal displacement is 1,650 
tons, and the machinery develops 42,000 shaft horse- 
power. They are armed with five 4-7-in. guns, one 
3-in. anti-aircraft gun, two sets of triple 21-in. torpedo 
tubes, and two depth-charge throwers. Their sea- 
keeping qualities are greatly improved by their high and 
long forecastles,. which give better accommodation for 
the personnel than would be possible if a low bow were 
adopted. In Britain, informed opinion seems to be con- 
vinced that the 4-7-in. gun meets all the requirements of 
the duties to be performed >y this class of vessel. Five 
guns of this calibre, single-mounted, compare very 
favourably with the five 5-l-in. guns on the French 
vessels, and it is possible that, in service, the rate of 
firing of the Chacal will not prove to be so satisfactory 
as that of the Churruca. Again, it is doubtful, owing 
to ammunition supply, whether any real advantage 
would be gained by twin-mounting the guns, as is done 
in the Italian-built Leone. 

On the official trials at Cartagena on April 14, 1926, 
the speeds obtained were: maximum, 39-76 knots, 
and average during a four hours’ run, 37-64 knots. 
From the standpoints of speed, radius of action, and 
armament, these-Spanish flotilla leaders appear to be 
superior to the French and Italian types, in which the 
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ments, with the loss of speed which accompanies it. 
The Spanish authorities are continuing the construc- 
tion of vessels similar to the Churruca, and in a short 
time Spain will be able to display on the Mediterranean 
Sea the most interesting and the fastest group of 
flotilla leaders in service. 





BOOKS RECEIVED. 


Department of Overseas Trade. Report on the Economic 
Conditions in Cuba, November, 1925. By M. H. C. 
KeEtHAM. London: His Majesty’s Stationery Office. 
[Price 1s. net.] 

Department of Scientific and Industrial Research. Second 
Report of the Adhesives Research Committee. London : 
His Majesty’s Stationery Office. [Price 3s. net.] 

Egypt. Ministry of Public Works. Physical Depart- 
ment. Meteorological Report for the Year 1920. Cairo: 
Government Printing Office. [Price P.T. 30.] 

Einfiihrung in die Lehre von der Warmenbertragung. By 
Dr. Inc HEINRICH GROBER. Berlin: Julius Springer. 
{Price 12 marks. ] 

Die Sicherheit der Bauwerke und ihre Berechnung nach 
Greuzkraften anstatt nach zuldssigen Spannungen. By 
Dr. Ing. Max Mayer. Berlin: Julius Springer. 
[Price 2-70 marks. } 

Proceedings of the Institution of Railway Signal Engineers, 
Session 1925-26. Part II. Reading: Offices of the 
Institution. [Price to non-members 7s. 6d.] 

Shirley Institute Memoirs. Vol. IV, 1925. Didsbury, 
Manchester: Shirley Institute. 

State of Illinois. Division of the State Water Supply. 
Bulletin No. 21. Public Ground Water Supplies in 
Illinois. By G. C. HABERMEYER. Urbana, Illinois: 
Department of Registration and Education. 

Ouroboros or the Mechanical Extension of Mankind. By 
GAaRET GARRETT. London: Kegan Paul, Trench, 
Trubner and Co., Limited. [Price 2s. 6d. net.] 

Kreisplatten auf Elastischer Unterlage. By Dr. Ing. FER- 
DINAND SCHLEICHER, Berlin: Julius Springer. [Price 
13-50 marks. | 

The Gas Engineer's Pocket Book. By the late HENRY 
O’Connor. Fourth edition, completely revised by 
A. T. GitBeRT and H. B. Morris. London: Crosby 
Lockwood and Son. [Price 18s. net.] 

Technisches Worterbuch enthaltend die Wichtigsten 
Aiisdrucke des Maschinen und Schiffbaues. II. English- 
Deutsch. By Erich Kress. Berlin and Leipzig: 
Walter de Gruyter and Co. [Price 1-50 marks.] 

Von der Bewegung des Wassers und den dabei auftretenden 
Kraften, nach Arbeiten Von Staatsrat. By Dr. Ing. e.h. 
ALEXANDER Kocnu. Edited by Dr. Ing. e.h. Max 
CARSTANGEN. Berlin: Julius Springer. [Price 28-50 
marks. ] 

The Advertisers’ A.B.C. 1926. 
Limited. [Price 2ls. net.] 
The Railway Year Book. 1926. 
Magazine. [Price 5s. net.] 
United States Bureau of Mines. Mineral Resources of the 
United States. 1:10. Antimony in 1924. By F. C. 
ScuravER. IT; 16. Silica in 1924. By F. G. Karz. 
II: 17. Fuel Briquets in 1924. By W. F. McKenny. 


London: T. B. Browne, 


London: The Railway 





IL: 19. Gypsum in 1924. By K. W. CorTrRett. 
IL; 20. Abrasive Materials in 1924. By F. J. Karz. 
IL: 21. Sand and Gravel in 1924. By E. R. PHILLIPs, 
II: 23. Asbestos in 1924. By B. H. Stropparp. 
{Price 5 cents each.] Washington: Government 
Printing Office. 


United States Bureau of Labour Statistics. Bulletin 
No. 402. Collective Bargaining by Actors. By P. F. 
GEMMILL, [Price 15 cents.] Washington: Govern- 


ment Printing Office. 

United States Department of Commerce. Revised Sim- 
plified Practice Recommendation No. 16. Lumber. 
[Price 15 cents.] Washington: Government Printing 
Office. 

Engineering Index, 1925. 
of Mechanical Engineers. 
7 dols. 

Gas and Fuel Analysis for Engineers. By Avucustus H. 
Gitt, Ph.D. Tenth edition, revised. New York: 
John Wiley and Sons, Inc. London: Chapman and 
Hall, Limited. [Price 8s. 6d. net.] 


New York: American Society 
[Price 6 dols., non-members 





LAUNCH OF THE §.S, ‘‘ SucrE.’’—The twin-screw oil- 
tank steamer Sucre, which is being built to the order 
of the Venezuela Gulf Oil Company, was launched 
recently from the Jarrow Yard of Messrs. Palmers 
Shipbuilding and Iron Company, Limited. The vessel 
is constructed on the Isherwood system of longitudinal 
framing. Her propelling machinery is being provided 
by Messrs. MacColl and Pollock, Limited, of Sunderland, 
The Sucre is the fifth oil-tank vessel, which Messrs, 
Palmérs have built for the same owners. 





PREMIUMS OF THE INSTITUTION OF ELECTRICAL ENGI- 
NEERS.—The Council of the Institution of Electrical En- 
gineers has awarded the following premiums for papers 
read, or accepted for publication, during the session 1925— 
26: The Institution Premium to Mr. L. C. Grant; the 
Ayrton Premium to Mr. 8S. Mavor; the Fahie Premium 
to Messrs. B. S. Cohen, A. J. Aldridge and W. West ; 
the John Hopkinson Premium to “Mr. 8. Ferguson ; 
the Kelvin Premium to Mr. P. Dunsheath; the Paris 
Premium to Mr. T. Carter; Extra Premiums to Professor 
S. P. Smith, to Messrs. J. L. Thompson and H. Walmsley, 
and to Dr. A. B. Wood; and Wireless Premiums to 
Messrs. R. A. Watson-Watt and J. F. Herd, to Mr. J. 
Hollingworth, and to Dr. R. L. Smith-Rose and Mr. R. H. 
Barfield. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday, 

The Cleveland Iron Trade.—Makers of Cleveland pig- 
iron are stated to have sold the whole of their stocks, and 
to be unable to accept further orders except for delivery 
when conditions admit of blast furnaces being re-kindled. 
Merchants are understood to have only very limited 
parcels to dispose of. Thus, with every reason to expect 
scarcity of iron for some little time, values are very stiff, 
and further upward movement would cause no surprise. 
For home use No, 1 is 75s, to 76s. ; No. 3, g.m.b., 72s. 6d. : 
No, 4, foundry, 71s. 6d, ; and No. 4, forge, 71s. Export 
prices are put at 6d. above the foregoing figures. 


Hematite.—Though there is still a good deal of unsold 
East coast hematite iron in stock, producers are not keen 
to negotiate. They report a few home and export 
inquiries still circulating and have advanced their 
quotations another 6d. Both for home purposes, and for 
shipment overseas, Nos. 1, 2, and 3 have become 77s. 6d. ; 
and No, 1 has moved up to 78s, 


Foreign Ore.—While there is no demand for foreign ore 
—consumers carrying considerable stocks and being very 
unwilling to accept delivery against running contracts— 
sellers are not at all disposed to lower quotations and still 
ask 21s, 6d. c.i.f. Tees for best rubio. 


Blast-Furnace Coke.—There is no market for blast- 
furnace coke. 


Manufactured Iron and Steel.—A fair number of in- 
quiries for manufactured iron and steel are reported, but 
they result in few contracts being arranged, producers 
being markedly disinclined to accept quotations that 
have been ruling for some time past. Messrs. Dorman, 
Long and Company’s sheet works have re-started this 
week, 


Shipments of Iron and Steel.—Strikes reduced the May 
shipments of iron and steel from the Tees to about a 
third of the normal monthly clearances, the loadings 
totalling only 33,429 tons, comprising 4,923 tons of pig 
iron, 753 tons of manufactured iron, and 27,753 tons of 
steel. Of the pigiron despatched, 2,450 tons went abroad 
and 2,473 tons went coastwise ; of the manufactured iron 
cleared, 670 tons went to foreign ports and 83 tons 
coastwise ; and of the steel shipped, 25,418 tons went 
overseas and 2,335 tons coastwise. Scotland was, as 
usual, the best customer for pig iron, taking 1,465 tons ; 
while Japan received 811 tons ; Belgium, 740 tons; and 
Sweden, 500 tons. The Cape, with an import of 128 tons, 
was the principal purchaser of manufactured iron, Among 
the chief customers for steel were: Japan, 6,078 tons ; 
Portuguese East Africa, 3,349 tons; the Argentine, 
2,922 tons ; Kenya, 2,414 tons ; Tanganyika, 2,126 tons ; 
Australia, 2,056 tons; and Natal, 1,989 tons. 





Personat.—Mr, L. J. Le Mesurier has left the staff 
of Messrs. Sulzer Brothers to take up an appointment 
with Messrs. the Anglo-Persian Oil Company, Limited, 
Britannic House, Finsbury Circus, London, E.C.2. 


Tue Late Mr. A. A. G. Dosson.—Mr, Arthur Austin 
Greaves Dobson, whose death, we regret to have to 
record, took place at Sydney, Australia, at the early age of 
55, was the second son of the late Mr. Austin Dobson, 
LL.D. In 1887, when 17 years old, he was apprenticed 
to Mr. James Murray Dobson, M.Inst.C.E., and on complet- 
ing his pupilage in December, 1890, was engaged as assist - 
ant engineer on the Buenos Ayres harbour works by 
Messrs. Hawkshaw, Hayter and Dobson, M.M.Inst.C.E. 
He was obliged to return to England in July, 1893, 
however, as the result of an accident, but was able to 
return to Buenos Ayres some two years later, to take up 
a position on the staff of the Great Southern Railways 
Company, being employed for some years on the 
surveys for that Company’s extension to Neuguen, and on 
other works. Mr. Dobson subsequently went to Australia 
and was residing at Sydney at the time of his death. 
He was elected an associate member of the Institution of 
Civil Engineers on February 2, 1897. 





ContRActs.—The East Ferry Road Engineering Works 
Co., Limited, East Ferry Road, Millwall, London, E, 14, 
have received a repeat order from the Port of London 
Authority for 27 portable hydraulic luffing cranes. These 
are of 30 cwt. capacity, at a maximum rake of 65 ft. and 
a minimum of 20 ft., with a total lift of 95 ft. They are 
capable of luffing through the full radius at the rate of 
150 ft. per minute and of slewing with the full load at the 
rate of one revolution per minute. The lifting speed is 
250 ft. per minute. The cranes are of the portal type, 
and in some of them the track is arranged at centres which 
permit of the passage of main-line traffic.—Messrs. James 
Pollock, Sons and Co., Limited, 3, Lloyd’s Avenue, 
London, E.C. 3, are building, at their Faversham ship- 
yard, another motor tug for the River Thames. This 
vessel will have a length of 60 ft., and the propelling 
machinery will consist of a 135 b.h.p. Bolinder direct- 
reversible heavy-oil marine engine.—The General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2, have received orders from the South Lancashire 
Tramways Company, for twelve 50 h.p. tramway-car 
motors, and from the Manchester Corporation Tramways, 
for fifty 50 h.p. tramway-car motors. These motors will 
be constructed throughout at the Company’s W itton 
Works, Birmingham.—Messrs. James Gordon and Co., 
Limited, Windsor House, Kingsway, Londan, W.C.°, 
have received orders, during the past month, for 50 sets 





of Cope’s feed-water regulators for various power stations. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Though the volume of new business 
tends to diminish, owing to the disturbance caused by the 
coal stoppage, the amount of work awaiting completion 
at many engineering and steel establishments is more than 
equal to the restricted productive capacity of the moment, 
despite the further cancellation of contracts. Steel- 
making has received a severe blow ; over 30 furnaces in 
and around Sheffield are idle, and there is no prospect of 
resumption until coal supplies become normal. 
huge tonnage is thus being lost. Barely enough work is 
filtering through rolling mills to enable them to operate 
three days a week on British steel, while re-rollers of 
imported steel are unable to keep pace with commitments 
through lack of fuel. The iron and steel trade of North 
Lincolnshire is similarly affected. Much of the business 
thus lost is believed to have gone to foreign competitors, 
but the opinion is widely favoured that an early settle- 
ment of the coal problem would witness the birth of a real 
revival in iron and steel products, providing production 
were assured for an indefinite period. Bookings in 
textile apparatus and electrical machinery have dimin- 
ished, but there is still an active inquiry for automobile 
steel, certain classes of tools, all kinds of hardware for the 
building trades, and farm and garden requisites. Makers 
of special steels are feeling the loss of French and Belgian 
business. There is very little movement in steel alloys. 
The position with regard to raw and semi-finished mater- 
ials is unchanged. Supplies are mostly being met from 
tocks at unaltered rates. 


South-Yorkshire Coal Trade.—The application of 
emergency regulations is being tightened so as to conserve 
stocks. Manufacturing demands are being met as well 
as the limitations of the supply will allow. The house- 
coal position is, to some extent, relieved by operations at 
outcrop seams. Official quotations are suspended. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Though business in the export coal 
trade remains at a standstill, and activity for inland 
consumptiom is very limited on account of the drastic 
application of the restrictions for conserving supplies, 
there have been several incidents of an interesting 
character. Patent fuel makers have bought some 
thousands of tons of small coal standing on the docks 
and in railway sidings at 15st per ton, with the result 
that fuel works, which have been idle since the general 
strike, have been restarted. Fishing trawlers have been 
bunkered with fuel at 32s, 6d. per ton and the local 
authorities have intimated their readiness to consider 
applications for patent fuel as bunkers to approved 
vessels in view of the fact that there is a fair amount 
of fuel available. Fuel is also being sold in increasing 
quantities for domestic purposes at 25s. per ton at works, 
A few ships have sailed from the Welsh ports to Brixham, 
where they have been bunkered with French coal, while 
one vessel with a cargo of coal was permitted to sail 
from Newport to France and another from Swansea to 
the United States. A steamer with 6,000 tons of patent 
fuel has also been permitted to sail from Cardiff to Rio de 
Janeiro, Each of these vessels had been detained in 
dock since the end of April. In the past week, 11,370 
tons of coal were officially declared as shipped abroad 
compared with 330,440 tons in the corresponding period 
of last year, Of last week’s exports, 2,750 tons were 
shipped from Cardiff, 2,200 tons from Newport and 1,610 
tons from Swansea, going in each case to France, while 
Port Talbot shipped 4,810 tons to the United States. 
In April, when there were 23 working days compared 
with 27 in March, 2,294,804 tons of coal, fuel and coke 
were exported from South Walys, a reduction of 452,662 
tons. In previous months of the year, the export trade 
has shown advances month by month, Shipments of coal 
in April were reduced by 429,055 tons to 2,180,199 tons, 
foreign cargo exports being lowered by 411,165 tons to 
1,752,624 tons, foreign bunkers by 16,165 tons to 308,693 
tons, and coastwise cargo shipments by 1,725 tons to 
118,882 tons, Exports of patent fuel were reduced by 
18,101 tons to 107,012 tons and coke by 5,506 tons to 
7,593 tons, The value of the foreign cargo shipments in 
April was 19s, 10d. per ton, f.0.b., which was similar to 
the figure secured in March, but ls. less than the price 
realised in February and 1s, 2d. below the January value. 





Norton AND GREGORY ENGINEERING SCHOLARSHIPS,— 
The Norton and Gregory Scholarships, for 1926, have 
been awarded to Mr. A. J. Moakes of St. Paul’s School, 
West Kensington, and to Mr. F. L. Lambert, of West- 
minster City School. The first of these has a value of 1007. 
Per annum, and is tenable for three years at Cambridge 
University, while the second is tenable for three years at 
London University, and has a value of 50/. per annum. 





Tae Lare Mr. G. Morumer.—Mr. Georges Moilliet, 
Tr ~ we regret to state, succumbed to typhoid fever at 
a ‘yo on May 17, had occupied the position of resident 
Po gr in Japan, for Messrs. Boving and Co., Limited, 
“ee 1906 ; he was also manager of their Tokyo office. 

: Moilliet, whose home was in ¥ orkshire, was of French- 
Pol origin and received his technical education at the 

olytechnicum, Zurich. He specialised in water-power 
P _ and, during his period of training, was in the 
intl oy of Messrs, Escher Wyss and Co. of Zurich, 
v ‘er entering the service of A, B. Karlstads Mekaniska 

erkstad, Kristinehamn, Sweden; he first became 
‘sociated with Mr. Boving in 1898. In Japan, in 
ition to his normal work, Mr. Moilliet was often called 

Pon to give advice on water-power plants, 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—Little change has taken place 
in the Scottish steel trade position during the week, and 
no improvement can be expected until a resumption of 
work takes place at the coal mines. It is generally 
anticipated here that the stoppage cannot last very 
much longer, and that an agreement will be negotiated 
in the near future. In the meantime, the demand for 
steel material has fallen away, and inquiries are of little 
account. The shipyards are consuming only small 
quantities, and where a larger tonnage could be used 
there are difficulties in the way of securing supplies. 
Some of the black-sheet makers are producing a fair out- 
put, and orders on hand are being worked off, but new 
business is almost negligible. Prices all round are a 
matter of arrangement. 


Malleable-Iron Trade.—The West of Scotland malleable- 
iron trade is practically at a standstill, and the quiet- 
ness of the past few months has been accentuated by 
the troubles in the labour world. There are few or no 
buyers in the market, and inquiries are very poor. 
Prices are nominally without change. 


Scottish Pig-Iron Trade.—Quietness continues in the 
Scottish pig-iron trade, and very little business is going 
through. The difficulties caused by the upheaval in 
the labour market can be surmounted for some time yet, 
because of stocks on hand and also because of the decrease 
in the home demand. When peace comes and work 
generally is resumed, however, there is a prospect of better 
employment for the pig-iron workers, Shipments during 
the past week were a trifle better, but local consumers 
are buying little at present. While quotations have 
scarcely altered, the price of each delivery requires to be 
negotiated. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, May 29, amounted to 1,508 tons. Of 
that total, 1,330 tons went overseas and 178 tons coast- 
wise. For, the corresponding week of last year, the 
figures were 365 tons overseas and 4 tons coastwise, 
making a total shipment of 369 tons. 


Wages in the Iron Trade Reduced.—Sir John M. Mac- 
Leod, Bt., C.A., Glasgow, has made the following inti- 
mation to Messrs. James C. Bishop and Owen Coyle, 
joint secretaries of the Scottish Manufactured Iron 
Trade Conciliation and Arbitration Board :—‘‘ In terms 
of the remit, I have examined the employers’ books for 
March and April, 1926, and I certify that the average 
net selling price brought out is 11l, lls, 1-98d.’’ This 
means that there will be a decrease in the wages of the 
workmen of 2} per cent. 

Shipbuilding.—The falling off in new tonnage launched 
at the various shipbuilding centres in Scotland is very 
noticeable from the returns for the month of May, and 
all districts show a decrease except the Forth. The 
following are the details :— 





Vessels. Tons. 

The Clyde... rae asa 19,744 
The Forth ... ae ea 3 1,705 
The Tay os <a ae — 
The Dee oe axe oa 1 34 
Total ee a 20 21,483 


With the exception of January, the Clyde total is the 
lowest for the year, and only brings the output for the 
five months to 68 vessels and 140,031 tons. That total 
compares badly with the figures for the same period of 
last year, which were 92 vessels and 259,506 tons, and are 
below the average for the first five months of recent 
years. Circumstances have been against production 
during the past month, as great difficulty has been 
experienced in securing materials and fuel, and that 
position is getting worse rather than better with the 
prolongation of the trouble in thé mining industry. New 
business has been scarce, and only:some three contracts 
were reported for last month-——two for Greenock and one 
for Burntisland. 


Shipbuilding Contract.—Messrs. Hall, Russell and Co., 
Aberdeen, have received an order for a cargo and pas- 
senger steamer from Messrs, Alfred Holt and Co., Liver- 
pool, acting on behalf of the Straits Steamship Company, 
Singapore. This vessel will be specially designed for 
the Straits Settlements trade. 





THe NationaL ILLUMINATION COMMITTEE OF GREAT 
Brirais.—The report of the National Illumination 
Committee of Great Britain, for the year 1925, states 
that work in connection with problems of ,standardisa- 
tion and kindred matters has largely been taken over 
by the Sectional Committee on Illumination of the 
British Engineering Standards Association, of which the 
National [llumination Committee has formed the 
nucleus. Sub-committees of this sectional Committee 
have been formed to deal with portable photometers, 
nomenclature and symbols, diffusing glassware, industrial 
reflectors, street lighting, and photometric integrators. 
Several specifications have already been issued, and others 
are approaching completion. Preparation for the,meeting 
of the International Commission on Illumination, which 
is to take place next year in New York, will necessitate 
considerable activity by the National Committee during 
the coming year. The National Illumination Committee of 
Great Britain is constituted by the co-operation of the 
Illuminating Engineering Society, the Institution of 
Electrical Engineers, the Institution of Gas Engineers 
and the National Physical Laboratory. The Hon, 
Secretary is Mr. H. Buckley, The National Physical 





Laboratory, Teddington, Middlesex. 


NOTICES OF MEETINGS. 





THE InstTITUTION oF MuvNICIPAL AND CoUNTY 
ENGINEERS: SovutTH-Miptanp Duistrict.— Saturday, 
June 5, at 10.45 a.m., at the Council Offices, Rudolph- 
road, Bushey. ‘‘ Notes on the Municipal Work of 
Bushey,” by Mr, E. E, Ryder. 


Tue Royat InstituT1Ion.—Monday, June 7, at 5 
p.m., at Albemarle-street, W.1. General Meeting. 
Thursday, June 10, at 5.15 p.m. Lecture. ‘‘ Science 
in Antiquity ’’ (Lecture II), by Dr. J. Newton Friend. 
Friday, June 11, at 9 p.m., “The Spectrum of the 
Aurora,” by Professor J. C. M’Lennan. 


THE InsTITUTE oF Puysics.—Monday, June 7, at 
5.30 p.m., at the Royal College of Science, South Kensing- 
ton, 8.W.7. Physics in Industry, Lecture No.10. ‘‘ The 
Relationship of Physics to Aeronautical Research,” by 
Mr. H. E. Wimperis. 


THE INSTITUTION OF AERONAUTICAL ENGINEERS.— 
Tuesday, June 8, at 6.30 p.m., at the Junior Institution 
of Engineers, 39, Victoria-street, S.W.1., “‘'The Modern 
Theory of Aerofoils and its Application to Aeroplane 
Design,” by Capt. W. H. Sayers. 


THE InstituTION oF MvNICIPAL AND CouUNTY 
ENGINEERS: NorTH-WESTERN DistRict.—Wednesday, 
June 9, at 10.45 a.m., at the Town Hall, Blackburn. 
** Notes on Blackburn, and some of its Recent Municipal 
Works,” by Mr. A, T. Gooseman. 


THE OpticaL Socirety.—Thursday, June 10, at 
7.30 p.m., at the Imperial College of Science and Tech- 
nology, Imperial Institute-road, South Kensington, 
S.W.7. ‘‘The Distribution of Light in Elementary 
Optical Images,” by Dr. L. C. Martin. ‘‘ Note on the 
Criterion for the Best Position of Focus,” by Mr. T. 
Smith. ‘‘ The Stationary Position of Axially Symmetric 
Functions,”’ by Mr. T. Smith. 


THE InsTITUTION oF CIvIL ENGINEERS: YORKSHIRE 
AssociaTion.—Thursday, June 10, at 7.30 p.m., at the 
Hotel Metropole, Leeds. Annual General Meeting. 


THe INSTITUTION OF MUNICIPAL AND CouUNTY 
ENGINEERS: Scottish District.—Thursday, June 10, 
to Saturday, June 12, at the Dick Institute, London- 
road, Kilmarnock. Thursday, June 10, at 7 p.m. 
Business Meeting. Friday, June 11, at 10.30 a.m. 
** Notes on Municipal Works in Kilmarnock,’’ by Mr. 
W. Dunbar. ‘ Description of Quarry Plant at Park- 
thorn Joint Quarry,” by Mr. J. Lang. ‘“‘ Regional 
Town Planning,” by Mr. W. A. Macartney. ‘“ Main- 
tenance of Unclassified Roads: The Cry of the Rural 
Districts,’”” by Mr. W. Ballantine. Saturday, June 12, 
at 10.15 a.m. Various visits. 





SoutHAamMPpTon Docxks.—A handbook, compiled by 
Mr. H. N. Appleby and bearing the title “‘ Southampton 
Docks,”’ was published recently by the Southern Railway 
Company. The book gives a description of the accommoda- 
tion and equipment of the docks, and furnishes particulars 
of rates, charges, rents and dues payable by shipping 
using the port. The matter is well arranged and the 
whole work nicely set out and printed. The volume 
comprises some 130 pages and contains a large number 
of excellent plates and diagrams; several large-scale 
maps and plans are included. 


CHANNEL IsLAND TELEPHONES,—Experiments in tele- 
phony between Guernsey and Alderney have been 
carried out in response to a petition addressed by the 
tradespeople of the two islands to the States Telephone 
Council. It has been found possible to use the single 
telegraph wire, which already connects the two islands, 
for carrying on a telephone conversation, and, at the 
same time, to send a telegraphic 1 Both n ges 
were clearly transmitted, and the necessity for laying a 
new cable is therefore obviated. It is hoped that the 
States Telephone Council may find it possible to accele- 
rate the scheme for regular telephonic communication 
between the two islands. This would be a great con- 
venience to both residents and visitors. The first step 
will probably be the erection of a call office in Alderney. 








RESERVE oF Arr Force Orricers.—The Air Ministry 
has informed us that there are a few vacancies in the 
Reserve of Air Force Officers for candidates requiring to 
be trained as pilots ab initio. Applicants need not have 
had any previous flying experience, but should be of 
good education and physique; they should be over 18 
and under 25 years of age. Suitable applicants will 
be interviewed by a selection committee, and if medically 
fit, will be gazetted to commissions in the Reserve as 
pilot officers on probation. Promotion to flying officer 
normally takes place after eighteen months’ service. 
Commissions are granted in the first place for five years, 
but at the end of this period extension may be allowed, 
at the discretion of the Air Council, for further periods, 
each of not more than five years, Flying training is 
arranged, as far as service requirements admit, at the 
civil-aviation centre which is most convenient to the 
officer, and consists of a three months’ course during the 
first six months of service, six hours’ solo flying during 
the second six months, and twelve hours’ solo flying in 
each subsequent period of twelve months’ service, The 
number of commissions under this scheme is strictly 
limited and the standard required is high, At the present 
time, 16 vacancies only are offered for competition. 
Application forms and further details can be obtained 
by applying to the Secretary (8.7 Reserves), Air Ministry, 





Adastral House, Kingsway, London, W.C. 2. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDR&SS, 
and that no conmection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIO } * ENGINEERING,” WESTRAND 

ADDEESS LONDON. 
TuLEPHONE NumBurs—3663 and 8598 GERRARD. 


~ SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and prea and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months payable 











in advance :— 
For the United Kingdom .................0000 £3 5 0 
For Canada— 
Thin paper Copies ............cces0 £218 6 
Thick paper copies. £3 3 0 
For all other piaces abroad— 
Thin paper Copies .............s0e0 £3 3 0 
Thick paper COpied...............scese0 £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 


When foreign subscriptions are sent by Post Office 
Orders advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch, Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed, 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, alterations 
for standing advertisements should be received 
10 days previous to the day of publication. 


All accounts are payable to “ENGINEERING,” Ltd. 
Cheques should be crossed “The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.O.2. 


AGENTS FOR “ ENGINEERING.” 


AUSTRALIA; Gordon and Gotch, Limited, Melbourne ; Sydney ; 
Brisbane, Perth. Angus afd Robertson, Limited, Sydney, 
N.S.W. TT. Willmett and Co., Townsville, North Queens- 
and. W.C Rigby, Adelaide, South Australia. Melville 
and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CANADA, Toronto, Ont.: Wm. Dawson and Sons, Limited, 

: 87, Queen Street East. 

EDINBURGH: John Menzies and Co., Limited, Rose-street. 

F RANCE, Paris: Boyveau and Chevillet, 22, Rue de la Banques. 
For Advertisements, Office de Publications Commerciales, 

: 167, Rue Montmartre, Paris (2e). 
ia J Hermann H. Fromm, Liitzowstrasse 84, Berlin. 























GLascow : William Love, 221, Argyle-street. John Menzies and 
{ Co., Limited, West. Nile-street. 
IxDiA, Calcutta: Thacker, Spink and Co., Bombay; Thacker 
and Co., Limited. 
IrALy : U. Hoepli, Milan. Anonima Libraria Italiana, Torino, 
and any post office. 
JAPAN, Tokio: Maruzen Co., Limited. 
LIVERPOOL: Mrs. Taylor, Landing Stages. 
ae: John Heywood, 143, Deansgate. 
: EALAND: Gordon and Gotch Proprietary, Limited, Wel- 
ai lington, Auckland and Christehureh. 
NORWAY, Oslo: Cam: " 
aunt as: mermeyer’s Boghandel, Carl Johans Gade, 
semen : H. A. Kramer and Son, Limited. 
8 orm Arnica: Central News Agency, Limited, Head Office— 
pabannesburg ; and Pretoria, Cape Town, Port Elizabeth, 
loemfontein, Durban, and various branches and book- 
Stalls throughout South Africa. Wm. Dawson and Sons 
. (South Africa), Limited, 29, Long-street, Cape Town. 
M rovrapacre : Gordon & Gotch, Prop’ty, Ltd.,Launceston ; Hobart. 
NITED STATES : For Subscription, New York: John Wiley and 
rm » 440, Fourth Avenue. For Advertisement: J. 8 
an, 30, Church-street, New York. 


CONTENTS. 
PAGE 
The Rims of Rotating Discs (Illus.) .........0..0..00 649 
Dumping Plant for Grain Cars (Illus.) ............0000+ 650 
Recent Developments in the Art of Fine Measure- 
A LE CO) Eile oo toe Rn Merge Llane beer 652 


Literature—Control on the Railways. Applied 
Elasticity. Insulated Electric Cables. Part I. 


Materials and Design:.........:..i6c0ccsscecssscbecesteeeecesnble 654 
The Campbell Heavy-oil Engine (Iilus.)  ................ 656 
Reinforced Concrete Bridge Caisson. .................:...+ 658 
The Chelvey Pumping Station of the Bristol Water- 

WOPEs Company (IUGR) oasics<cscescicacsesseg esi sgseonsg$s50e> 659 
Examination of Mine Gases and Natural Gas ........ 661 
Spanish Flotilla Leaders .................cccccsccseeseeeeeeeees 662 
Dogme Neodsyed 2b oe a. 662 
Notes from Cleveland and the Northern Counties.... 662 
Notes from South Yorkshire 20...0.00.0..0.0..cc cece 663 
Notes from the South-west ..............0.cccccccccceeseseeseeees 663 
NT cs 0 Ea eee Ree a ey ee 663 
TUS TUIRIOM Ci) MRIIIGRINI NE occ 5 ssc nies esch neo cosines ececeoenees 663 
Sie WMC Cle TRI 5. ai ececssacvess fecaseonsaereaets 665 
UR CUMRMECNO EY RETIREE IAS 2 ou occc use donceost scewendetedeetrcdonsseeite 666 
The Coal Industry Deadlock 0.0.....0....0.0.ccecceeees 666 
Corrosion, Tarnishing and Tinting of Metals............ 667 
The Iron and Steel Institute o.oo 668 
SHRINE 155 6550s ceca ec bes cident cxeveioseahendziee ews 668 


Letters to the Editor—The Resistance to Flow of 
Water in a Corrugated Pipe. Dopes and Detona- 


tion. The Coal Trade Negotiations .................... 669 
The Late Dr. T. W. Cowan (ZlltUs.).0........0..ccccsesssseee 670 
Danie Meters). os TEAC A he BRD. 2 lies Onder 671 
Diagram of Three Months’ Fluctuation in the 

Bipicem of Metab hic: 312. secs si cas coheed ed UE Ghee rteadleecss 672 
The Ratio of the Tensile Strength of Steel to the 

Brinell Hardness Number (Jllws.) ..........cccececeeee 673 
The Magnet Mechanical Refrigerator (Zilus.)  ........ 674 


Explosion from a Water-tube Boiler at Fleetwood 674 
Electric Ignition of Firedamp by Direct and 


PRRCRT AT CURTOINGG 5.555505 ni5ipancsiceccasciecessecseceoonsnes 675 
Marine Oil Engine Trials (Zllus.)...0.........cccccceseeeeee 675 
PS ACMORTEININT SSIE REIL cable i baditthaneteastenes 678 
The “ Combustibility ’’ of Coke and Direct Reduc- 

tion in the Blastfurmace  ..................ssccsessssssseeeees 679 
‘« ENGINEERING ” Patent Record (Illus.) ................ 680 


One Two-Page Plate and Two One-Page Plates.— 
DUMPING PLANT FOR GRAIN CARS AT 
MONTREAL. 


ENGINEERING. 


FRIDAY, JUNE 4, 1926, 














THE THEORY OF ‘ PINKING.”’ 


Every department of science, whether pure or 
applied, has to pass through what has been 
called a natural history phase, in which research 
can do little more than accumulate unco-ordinated 
data. In some branches of applied science this 
stage may endure for a very long time, and, in 
fact, many of the industrial arts, though pursued 
for centuries, still remain in this predicament, 
practice being based almost wholly on successful 
experience, and guided but little by any rational 
interpretation of this. In such conditions improve- 
ment is necessarily slow, since, until the individual 
facts of observation can be covered by some scientific 
generalisation, the experimenter can do little 
more than grope in the dark. The engineer is 
ever liable to be confronted with a situation of this 
kind. New processes and new methods often 
compel him to pioneer ahead of scientific theory, 
and it is not a little remarkable that in very many 
cases he has succeeded by pure empiricism in 
attaining results, which, when he has been finally 
overtaken by the slow march of science, leave but 
scant room for further improvement, 

Detonation in internal-combustion engines has 
long been a subject of investigation, and it cannot 
be said that theory has so far proved of any par- 
ticular value in co-ordinating the results recorded. 
It has long been known that the danger of detona- 
‘tion fixes a limit to the ratio of compression which 
can be usefully employed. When the heavy-oil 
engine first came into use trouble was frequent, 
and many makers adopted the plan of injecting a 
little water with each charge of oil. This procedure 
was successful, and seemed rational enough, since 


lowering of the temperature attained on the 
compression stroke, and might naturally be ex- 
pected to reduce the danger both of pre-ignitions 
and of detonations. 

Chemical combination, in fact, can occur only when 
the reacting molecules collide, and the number of 
collisions made per second is increased both by a 
rise in pressure and by an increase in temperature. 
The latter phenomenon, indeed, might quite 
legitimately have been expected to be the ruling 
factor in promoting detonation, since, in addition 
to the increase being accompanied by a rise in the 
speed of the molecules, the radiation energy goes 
up still more rapidly, and this ought to have an 
important bearing on the rate of reaction, That 
molecules can react with each is, in fact, no guaran- 
tee that they will do so. A mixture of hydrogen 
and chlorine remains unchanged at normal tem- 
peratures, if kept in the dark, but exposure to radia- 
tion brings about an immediate formation of 
hydrochloric acid. It is evident, therefore, that 
light in some way or other activates the molecules, 
which presumably absorb some quantum which 
disturbs the electrons from their normal levels 
and makes reaction easier. As combination occurs 
new radiation is shot out as the electrons fall into 
new stable positions, and this radiation activates 
other molecules, and thus promotes further combus- 
tion. 

From these general considerations it would be 
quite legitimate to expect that temperature would 
be, as above suggested, the ruling factor in the 
production of “pinking,’ but although some 
experiments have favoured this conclusion others 
are diametrically opposed to it, since it has been 
found, in certain cases, that detonation can be 
checked by an increase of temperature. Theory 
has hitherto been at a loss to account for this obser- 
vation, and another difficulty to which no obvious 
answer was apparent, lay in the marked effect 
of very small additions of lead ethide to petrol. 
A few grammes added to each gallon makes 
possible a very large increase in the highest 
useful compression ratio. Lead ethide is, however, 
an objectionable re-agent. It is poisonous and 
tends to deposit lead on plugs and valves. It is 
highly desirable, therefore, that some substitute 
should be found, which, whilst equally effective, 
will be innocuous ; but until some rational theory 
of the action of these dopes is available there is 
very little to guide the experimenter in his search. 

Such a theory seems to be provided by Professor 
H. L. Callendar, F.R.S., in the remarkable series of 
articles on “‘ Dopes and Detonation,” of which the 
final instalment was published in our last issue. 
Professor Callendar points out that detona- 
tion does not always originate in the same 
way. The extraordinary rapidity with which 
hydrogen explodes was, we believe, first noticed by 
Sir Dugald Clerk, F.R.S., in the “ eighties ” of last 
century, but Callendar brings forward strong 
reasons for believing that “ pinking” in petrol 
engines must originate in another way, and he 
suggests that it is due to two very unfamiliar 
physical properties of the various paraffins. In the 
first place, it appears that a low flash point does not 
indicate that a paraffin will ignite at a low tempera- 
ture. It is, in fact, the heavier members of the 
group which are the more readily ignited, although 
they are less easily vaporised. It is to the presence 
of these in petrol, that the liability to “ pinking ” 
is attributed. This liability is increased by another 
peculiarity of organic liquids. It is, of course, 
common knowledge that “saturated” steam con- 
denses when expanded ; whilst it tends to become 
drier when compressed. The very reverse is the 
case with the organic bodies, which constitute 
commercial petrol. 

Hence, in the compression stroke of a petrol 
engine the less volatile vapours will tend to precipi- 
tate in the form of a fog, and will do so if nuclei are 
present on which they can condense. Such nuclei 
are afforded by the carbon particles produced on the 
previous explosion stroke, an ample quantity of 
which will remain entrapped in the clearance space 
when the exhaust valve closes. On these particles 
then, the more condensable, which as stated are also 
the more inflammable constituents of the petrol, 
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well distributed throughout the whole volume of the 
gas, and if simultaneously ignited may lead to deto- 
nation, 

Professor Callendar suggests that, being in the 
form of droplets, these condensible components of 
the fuel will ignite more readily than had they 
remained in the state of vapour. The surface of 
every liquid is in a state of strain, due to its surface 
tension, and the molecules on such surfaces are 
therefore specially ready to react. If this be the 
cause of detonation, anything which will destroy 
the special activity of these surfaces will check 
‘“‘ pinking,”’ and the quantity required may well be 
exceeding small. 

In fact, catalysts in general depend on surface 
action, and it is known that their activities may be 
destroyed by quite minute quantities of poisons. 
In the synthetic manufacture of sulphuric acid, 
for example, extraordinary care has to be taken to 
protect the catalyst from arsenic and carbon 
monoxide. Hence, the hypothesis put forward by 
Professor Callendar affords a rational explanation of 
how it is that such minute quantities of “ ethyl 
fluid’ are so markedly effective. 

Moreover, the experiments of Fenning, in which 
highly compressed benzene mixtures were detonated 
ina bomb, appear to afford almost a demonstration 
of the accuracy of the theory that the liquid particles 
are mainly responsible for detonation in petrol 
engines. In these experiments detonation was 
stopped when the initiai temperature was raised 
from 100 deg. C. to 200 deg. C. This rise in 
temperature would promote the evaporation of 
any fog of condensed benzene, the highly reactive 
liquid surfaces would thus disappear and with them 
the liability to detonate. It is difficult to see any 
other explanation of this very anomalous result. 
Of course, as Professor Callendar has himself 
pointed out, not all detonations can originate in 
this way, since they may occur with purely gaseous 
mixtures, and it is thus quite possible that in the 
case of petrol engines pinking arises from more 
than one cause. 

Professor Callendar’s theory will, no doubt, be 
exhaustively tested, and, if substantiated, should 
afford most valuable guidance to those in search of 
some dope as effective as lead ethide, but less 
objectionable in use. It rules out at once all organic 
compounds with a low critical temperature, and thus 
greatly narrows the field to be explored. 








INDUSTRIAL FATIGUE. 


THE primary objection to avoidable fatigue in 
industry is, in fact, that it is a useless dissipation 
of energy, which reduces its productive return ; and 
it may be, in part. because till recently they do not 
seem to have realised this, that the enthusiastic and in- 
dustrious labours of the Industrial Fatigue Research 
Board have been less fruitful than might have been 
expected. This failure to recognise the perspective 
in which investigations into industrial fatigue 
should be regarded, is only one among several dis- 
advantages that have attended much of the Board’s 
work, through the fact that it has not been planned 
and carried out with the joint co-operation of 
scientific men practically familiar with the industries 
under investigation. For this reason, engineers 
welcomed the announcement that with the advice 
and co-operation of the Department of Scientific 
and Industrial Research, the Board had set up a 
joint Committee of engineers and physiologists to 
investigate problems of machine design in relation 
to the fatigue of the operator, and they will read 
with interest the preliminary survey of the subject 
made for the Committee by Mr. L. A. Legros, 
M.Inst.C.E., and Mr. H. C. Weston.* 

The data available at the present stage of the 
inquiry are not sufficient to allow a classification to 
be made of the circumstances which may tend to 
produce avoidable fatigue. The authors specify ten 
of those which seem to them the most important, 
with examples of the machines in which these 
circumstances have been found to occur; and in a 
second part of the report describe specific defects 





* Industrial Fatigue Research Board. Report No. 36. 
On the Design of Machinery in relation to the Operator. 
H.M. Stationery Office. Is. 3d. net. 


found in individual machines, and suggest measures 
for remedying them. They vary from simple 
influences, such as that of unfavourable posture 
due to laek of conformity between the height 
and position of the work and the average height 
of the worker, to complex effects, not yet fully 
understood, such as those of vibration. The illus- 
strations include examples in a variety of indus- 
tries ; one or two among machine tools, some from 
sheet-metal and woodworking machines, and a 
number from the textile, leather, tobacco, laundry. 
printing, and other industries. For the detail 
of these circumstances, and of the machines in which 
the defects are exhibited, reference may be made 
to the original, and is likely to indicate previously 
unsuspected directions in which fatigue may be 
avoided and labour consequently made more 
efficient. 

Two general observations are suggested by the 
experience of the authors in the course of their 
survey. A great deal of avoidable fatigue exists 
without the workmen or anyone else being aware 
of it. Men get so accustomed by habit to the ways 
of the machine that they do not recognise when it is 
causing them to work inefficiently or in discomfort, 
though these conditions may exist, and in the long 
run have to be paid for in fatigue or reduced output. 
In particular, when an operation previously done 
by hand is first put on to a machine, the designer 
is apt to follow closely the hand methods and 
motions, and the men, through familiarity, to accept 
and even prefer them ; and, like an error in a text- 
book, the defects in these methods and motions may 
be copied unthinkingly through a large number of 
stages in the evolution of the machine. The report 
traces the history of the bicycle not only as exem- 
plifying the designer’s habit of copying details 
that have been usual, but also as a machine that 
has been tested on occasion to the extreme limits of 
fatigue, and has been found to gain largely in 
efficiency through details reducing the fatigue 
involved in operating it, although as compared 
with the tall ‘ordinary’ the purely mechanical 
efficiency had improved relatively little. A still more 
remarkable fact, pointed out previously in the 
experience of Mr. Ford, to which the report makes 
reference, is that the saving in fatigue in a single 
operation may be so small as to be practically 
inappreciable, but may attain prodigious dimensions 
when integrated over a day’s work. After Ford, 
for instance. had succeeded, by subdivision of work 
and other means, in reducing the time of assembly 
of magnetos and chassis to a fraction of their 
previous amounts, he obtained further reductions 
of 46 per cent. and 73 per cent. by grading the 
working heights to suit the average height of each 
gang. 

In his paper submitted to the British Section of 
the Société des Ingénieurs Civils de France on 
“Economy of Human Effort in relation to Indus- 
trial Fatigue,” Mr. Legros has discussed the same 
subject in more general terms, and in considerably 
more detail has suggested some of the causes that 
permit the costly losses of energy that occur in 
present practice. On the theoretical side he 
examines the records made in various types of 
races, and by diagrams shows some remarkable 
uniformities between the best results of quite 
different methods of progression, which suggest 
strongly the importance of restraining speed from 
the outset in proportion to the intended length of 
the run. In present practice, however, this need 
is less evident in this country than that of bringing 
the habitual speed up to so much as can be main- 
tained during the period of work without inducing 
more fatigue than is made good during the period of 
rest. He draws attention to the fact that the most 
remarkable increases of production have been 
obtained by men, such as Taylor and Gilbreth, 
whose attention was given to reducing fatigue by 
regulating methods and speeds of work. He 
attributes their success largely to the fact that 
before attempting to teach workmen they had been 
workmen themselves, and were familiar at first 
hand not only with the crafts in question, but also 
with the mental atmosphere of the shops in which 
they were practised. In the course of his own 
experience, Mr. Legros himself had found repeatedly 


concerned, and/of the freemasonry between him and 
the workmen who recognised’ this, he was able 
to obtain rates of production far in excess of anythiny 
that had been reached in the same shops before. 

It is to be hoped that the suggestions for investi- 
gation into certain typical classes of tools and 
machinery, which are made in this paper, may receive 
attention, and that the engineering trades may 
benefit by really practical research into their fatigue 
losses. The difficulty of such investigations arises 
from the fact that material factors in practical work 
have to be put in by eye, and unless controlled 
by an eye that is experienced in the work as well 
as accustomed to scientific methods, the practical 
results to be expected must be much less than they 
might be, and may indeed be altogether misleading. 
The contrast between the order of magnitude of the 
results obtained up till now in this country and the 
far greater improvements reported from America is 
too great to be dismissed without careful inquiry. 
The outcome of the Industrial Fatigue Research 
Board’s committee’s work has up till now been to 
set out a valuable list of subjects for inquiry, and 
the suggestions which arise out of it have now been 
amplified in Mr. Legros’s paper. Both the report 
and the paper are valuable additions to the litera. 
ture of the subject, but a more voluminous litera- 
ture is not the country’s most pressing need. 
What is really important is to know the effect that 
is to be given to them. 





THE COAL INDUSTRY DEADLOCK. 


Last week we submitted to our readers a short 
examination of the miners’ case. It showed that 
those who are acting on behalf of the miners have 
refused terms by which, upon reverting to a nominal 
8-hour day, meaning for hewers an average of 6} 
hours at the face, their clients would be substantially 
better off in real wages than they were after the 
settlement of 1921. Their rates under the 1924 agree- 
ment were conceded under the threat of a strike, and 
in virtue of a boom in the coal trade, which, had it 
been permanent, might have justified the advance. As 
a fact, however, it was accidental and transitory. It 
collapsed almost as soon as the agreement was made ; 
and the refusal of the terms last offered is in effect 
a claim to retain the advance when the conditions 
by which it was justified have entirely disappeared. 
and the industry as a whole is working at a heavy 
loss. The allegations put forward in support 
of this unwarrantable claim have turned out to be a 
collection of pretences ; and up to the present time 
the miners’ representatives continue to insist on 
their claim that work should be resumed on the 
boom terms and the industry carried on at the public 
expense, as it was for the nine months before the 
strike, until a vast experiment has been carried out 
on its organisation, and the results have been seen. 

We will now turn to the position in which these 
proceedings have placed the country, and above all. 
the engineering trades. The 1924 agreement was 
not made without protest. It was pointed out that 
the boom, which alone made it possible, did not arise 
from the natural course of world commerce, and 
ultimately must disappear as abruptly as it had come. 
The advances of price, though for the time being 
they might provide more proceeds to be distributed 
within the coal industry, would depress the great 
industries that both depend on ¢oal and furnish the 
mines with their chief employment. When the 
boom disappeared, and prices fell nearer to normal. 
the coal industry would accordingly be carried on at 
a loss. The least opulent pits would have to be 
closed, unemployment would follow on an enormous 
scale, the export coal trade would fall away, and the 
home industries that consumed coal would both 
suffer themselves and in the reduction of their orders 
aggravate the suffering of the mining industry. The 
event justified these predictions only too soon. It 
is needless to dwell on the position of the dependent 
industries, which our readers know well enough for 
themselves. The coal industry has been kept in opera- 
tion at a huge expense to the public, which means 
literally out of the pockets of the other industries. 
whose men work longer hours, and on the average 
are paid much less money than even now are offe: 
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has suffered and is suffering heavily. Its share of 
the world’s consumption, apart from what was used 
in Great Britain itself, had fallen in 1925 by just on 
30 per cent. below its pre-war (1909-13) share. 

This is the present situation of the country and 
its industries, and in particular of the coal trade 
itself. The immediate cause is doubtless the 
intransigeant attitude assumed on behalf of the 
miners. If, however, the position is to be retrieved, 
it must be realised clearly that this is not the ulti- 
mate cause. The present trouble of the mining 
industry, and the industrial calamities that have 
followed on it, are the direct consequence of the 
1924 agreement. At the time it seemed, and doubt- 
less was vaunted as, a great victory for the miners, 
exhibiting the value to them of the Federation by 
which it was won. In fact, it was a Pandora’s box, 
which has landed the industry in a worse condition 
of unemployment than has ever been known through- 
out its history, with worse still in immediate pros- 
pect. if the industry is not saved from those who 
are wrecking it. Even the present obstinacy of the 
Miners’ Federation is the direct consequence of the 
same unhappy concession and others made before 
and after. Experience has shown that hitherto the 
Federation has had only to stick out long enough, 
and at the end, the Government of the day would 
interfere and procure a settlement in their favour, 
at the expense possibly of the owners, and certainly 
at that of other industries and of the State itself. 
Even at this moment th» hope is cherished and, it 
must be added, encouraged that the funds of the 
State will again be placed at the disposal of the 
industry as soon as those who speak for the miners 
have won the further concessions they are seeking. 

The present disastrous interruption to the trade 
of the country may not be fruitless if it impresses 
on all concerned that an apparently triumphant 
settlement may be the worst possible misfortune to 
the miners themselves, if it is based on an economic- 
ally unsound foundation. It is to such a settlement 
that the efforts now being made in the name of the 
miners seem to be addressed. Whether in their 
interest or in that of workers in other industries, 
the one thing that could make the present calamity 
worse would be that for the sake of peace it should 
be ended by an unsound settlement, which could 
only repeat the consequences of the 1924 agreement 
on a still larger scale. The Miners’ Federation is 
a composite body, and is subject to powerful influ- 
ences exerted for political and not for industrial 
purposes. For years past persons eminent in the 
political wing of the movement have admitted can- 
didly that their purpose is to take every opportunity 
of impoverishing the industry, so as to lead either 
to nationalisation or to guild syndicalism, according 
to which brand of political interloper happened for 
the time being to be in control of the Federation 
mechanism. The contribution of roundly 250,0001. 
from Russian miners, with the promise of more to 
follow at an early date, is represented as a touching 
example of industrial goodwill. It must, however, 
be borne in mind that even before the war the entire 
coal production of the Russian Empire, excluding 
Poland, was less than a-twelfth of that of Great 
Britain, and on the latest available figures (19?4), 
is less than half its former amount, being, in fact, 
13} million tons for the year. Among the blessings 
that the Soviet Government has brought to an 
oppressed people, high wages do not seem to have 
been conspicuous ; and every one is free to con- 
jecture for himself whether the substantial Russian 
contribution to the Miners’ Federation comes out 
of the superfluities of the workers in this relatively 
small industry, or has another and more sinister 
origin, 

If the facts are considered together, they seem to 
point clearly to a single course that should be taken 
forthwith, The present situation is the result of 
making unsound concessions in the hope of conciliat- 
ing the Federation, including its political wing. The 
miners themselves have not been balloted on any 
of the questions now in issue, and grave doubt exists 
whether they realise the extent of the offer their 
spokesmen are rejecting, and the injury they are 
inflicting on their own future prospects as well as on 
those of their industry, Certainly, as the law stands, 
hone of them are free to make an agreement for 


terms be given or allowed that are not economically 
sound. Such terms can only dissipate the goodwill 
of the business on which the miners, their industry, 
and the dependent or customer industries have to 
live. The miners should be set free to amend their 
hours of work by the immediate repeal of the 7-hours 
limitation. Simultaneously, an authentic ballot 
of the miners should be taken locally in each district 
under conditions assuring that the issues are set 
out intelligibly, that all men entitled to vote are 
reached, and that the ballot is absolutely secret. 





CORROSION, TARNISHING AND 
TINTING OF METALS. 


Ir it has long been understood that oxidation is 
in many cases the primary factor of metallic cor- 
rosion, 7.e., the waste of metals due to chemical as 
distinct from mechanical causes, recent researches 
also indicated peculiar aspects of the protective 
action of oxygen, which has likewise been long 
known. The noble metals are said not to corrode 
because they arenot easily oxidised. On the other 
hand aluminium is not corroded because it is easily 
oxidised, but covers itself with a fine film of oxide 
impermeable to oxygen which stops the further 
oxidation. A moist layer of iron oxide does not, 
however, prevent the further destruction of iron. 
There are thus protective and non-proteetive oxide 
films and the recent work, notably of Mr. Ulick R. 
Evans, M.A., of Cambridge, who gave two lectures 
on the subject last month at the Royal Institution, 
prove that the corrosion preferentially attacks those 
portions to which the oxygen has no direct access, 
and not those exposed to oxygen. 

Whether or not an oxide film is protecting depends 
upon its physical nature. Mr. Evans pointed out 
that when magnesium was heated, the layer of oxide 
formed occupied smaller volume than the metal, 
and oxygen gained further access through the 
pores in the oxide. In most other cases the oxide 
occupied the larger volume, and the rate of oxidation 
tended to slow down. But the film would be in a 
state of compression and liable to crack and to peel 
with alternating heating and cooling so that the 
oxidation of the metal could continue. When the 
oxide film did not peel, as on nickel-chrome wire, 
the film apparently added to the strength. 

The first visible effects of heating a metal was 
sometimes a tinting or tarnishing of the surface. As 
the film thickness on iron increased, the blue light 
wes first cut out by the interference of the light rays 
reflected from the outer and inner surfaces of the 
film, and the reflected light therefore appeared in 
the complementary colour, yellow. On further 
oxidation the green, yellow and red rays were ex- 
tinguished by interference, and the successive temper 
tints (of the reflected light) of steel were straw 
yellow, brown yellow, rosy-mauve, dark blue, light 
blue, steely gray. Second and third orders of inter- 
ference colours were then developed. Different steels 
gave different colours. The colours on other metals, 
which generally agreed with interference rules, might 
be disturbed by the superposition of different order 
films. 

If these oxidation tints and the many similar 
effects such as the spreading of iodine vapours over 
silver, the tarnishing in moist or sulphatic atmo- 
spheres, etc., were really due to interference, their 
sequence should be reversed when the films were 
gradually thinned down instead of thickened. 
Because that could not be done mechanically by 
polishing, Mallock and others had questioned the 
interference explanation. But Mr. Evans had 
succeeded in effecting this thinning by electrolysis, 
and he showed, moreover, that the brilliant film 
tints of lead oxide floating on molten lead were 
reversed into the complementary colours when 
viewed in transmitted light. Further, Mr. Evans 
had produced the temper heat tints at ordinary 
temperature, by combined oxidation and cathodic 
reduction on copper which, according to Tammann, 
always became covered by an invisible oxide film 
impervious to oxygen. The protective action of the 
oxygen film, the immediate effect of which was to 
render the metal passive, was demonstrated by plac- 
ing drops of chemicals, copper or silver nitrate, am- 





n 8-hour day. On no consideration should any 


monia, etc., on clean or tarnished metal ; the specially 


cleaned metal or the metal thickly coated with 
cracked or pervious layer, corroded more rapidly 
than the metal carrying the invisible oxygen film. 
The progressive corrosion is largely electrochemi- 
cal, and Mr. Evans demonstrated in the second 
lecture, by very simple experiments, that electric 
currents are set up by local differences in the oxygen 
concentration at the surface, and that corrosion 
occurs at the spots of least (not greatest) oxygen 
concentration. He placed strips of the same metal 
in both the compartments of a simple diaphragm 
cell filled with water. Quite a strong galvano- 
meter deflection was seen, as soon as, air was 
bubbled through the one compartment, and the 
anode of the current was the strip to which oxygen 
had no access, or relatively less access. These 
currents due to differential aeration were stronger in 
solutions of salts, alkalis and acids, of course, 
than in water, but were always distinct. When a 
drop of salt solution was placed on iron, the metal 
was anodically dissolved in the centre of the drop 
to which the air could not penetrate ; the cathodic 
area outside the drop, exposed to the air, did not 
change, and where the anodic ferrous chloride and 
the cathodic alkali liberated met on the surface of the 
drop, they formed a membrane of ferrous hydrate 





which became oxidised. In dry air metals kept well, 
especially if polished ; they corroded and tarnished 
in moist air, particularly if splashed or polluted with 
chemical vapours. As in the splashing, the irregular 
condensation of moisture on irregular surfaces 
promoted differential aeration and local corrosion. 
Whether the corrosion spread depended also on the 
solubility of the resulting product. Most metals 
were porous, sheet metal often unequally on the 
two surfaces. Rolling and cold work, also sur- 
face polishing, closed the pores, but only partly ; 
the corrosion afterwards followed the cavities 
parallel to the direction of rolling or the slag lines. 
Tron would swell on prolonged exposure to vapours 
of sulphuric acid, and could then be picked to pieces. 
When sheet zinc was partly immersed in salt 
solution, the chief attack took place at some 
distance below the waterline, and the mixing of the 
zine chloride and caustic alkali led to the formation 
of glove-like membranes of zinc hydroxide. Similar 
effects were observed with other metals immersed 
in solutions of salts or acids. The main attack 
might be in the splash zone intermittently covered 
by the liquid a little above the water-line, or 
at the true water-line, or below it. Mr. Evans, 
investigating this complex water-line corrosion of 
iron, observed pronounced differential aeration 
effects. Just below the water line of the salt 
solution the iron became covered with a protective 
oxide film, which was cathodic to the unaerated 
anode surface lower down; the latter was therefore 
attacked. The water line itself was exposed to 
rapid corrosion because there the adhesion of the 
film was most liable to fail; the caustic soda 
creeping up protected the metal above the water- 
line. A sheet immersed in potassium chromate 
remained uncorroded, as it did also in sodium 
carbonate. But if the chromate or carbonate con- 
tained some chloride, the corrosion was very bad, 
and usually concentrated along the water line, and 
also on other spots. 
These observations, which were in agreement 
with the results of experiments on the effects of 
drops of these chemicals, suggested the need of 
caution in the use of so-called rust inhibitors, such 
as sodium carbonate or potassium chromate. 
These salts should not be applied without due tests, 
and the loss of weight, which was frequently relied 
upon in corrosion tests, was a very misleading 
criterion. The total loss of weight might be 
small, in spite of bad local pitting and actual 
perforations. 





THE PropuctTiIon or Pic-IRon AND STEEL.—We are 
informed by the National Federation of Iron and Steel 
Manufacturers, Caxton House (East), ‘Tothill-street, 
London, 8.W.1, that the production of pig-iron in April 
amounted to 539,100 tons. The output for March was 
568,500 tons, and for April, 1925, 569,800 tons. There 
were 147 furnaces in blast at the end of April, a net 
decrease of four since the beginning of the month. The 
production of steel ingots and castings in April amounted 
to 661,000 tons; the output tonnage for March was 
784,100, and for April, 1925, 597,600. The decline in 
production between March and April of this year was 





largely due to the Easter holidays. 
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THE IRON AND STEEL INSTITUTE. 


Tue fifty-seventh annual general meeting of the 
Iron and Steel Institute, which was postponed 
from May 6 and 7, commenced yesterday, and is 
being continued to-day in the hall of the Institution 
of Civil Engineers, Great George-street, West- 
minster. Sir Frederick Mills, Bart., the retiring 
president, occupied the chair at the opening pro- 
ceedings yesterday. 

The usual preliminary business having been 
transacted, the annual report of the Council 
was taken as read. This stated that the number of 
members on the roll on December 31, 1925, was 
2,022. During the year 1925 the deaths of 
36 members of the Institute had been reported 
to the council, and among this number was the 
name of Dr. J. A. Brinell. The council specially 
wished to place on record their sense of the great 
loss to the Institute, and to scientific metallurgy 
in general, incurred through the death of this 
great Swedish metallurgical engineer, and Bessemer 
medallist of the Institute. They also had to 
deplore the loss of other distinguished members 
and faithful supporters in the persons of Baron 
Evence Coppfe, Captain H. Riall Sankey, C.B., 
C.B.E., and Mr. I, E. Lester. A further section 
of the report gave the names of members upon 
whom honours and distinctions had been conferred 
during the year. Reference was also made to last 
year’s meetings; these included a joint meeting 
with the Faraday Society, which had taken the 
form of a general discussion on the physical 
chemistry of steel-making processes. The report 
further recorded the grants made by the council, 
during the year, to various research workers, 
on the recommendation of the Carnegie Research 
Committee. Among other announcements it was 
stated that Mr. Alan E. Chattin, B.Sc., had been 
appointed to fill the position of assistant secretary 
rendered vacant by the resignation of Mr. L. P. 
Sidney. The report concluded by mentioning the 
different bodies on which various members of the 
Institute had acted as representatives, and by 
recording changes in the membership of the 
council. 

In presenting the statement of accounts, Pro- 
fessor Carpenter, the hon. treasurer, pointed out 
that the income for the year 1925, exclusive of 
the Carnegie Scholarship Fund and of the interest 
received from the Special Purposes Fund, amounted 
to 7,952/.; the expenditure for the year was 
8,084. 

Sir Frederick Mills then inducted into the chair 
the newly-elected president Sir W. Peter Rylands, 
whose first duty was to present the Bessemer 
gold medal to Sir Hugh Bell, Bart., C.B., a past- 
president of the Institute, and a trustee of the 
Bessemer Medal Fund. When making the presenta- 
tion Sir Peter Rylands paid a tribute to the services 
rendered to the Institute and to metallurgy by 
Sir Hugh Bell. In acknowledging the award of 
the Bessemer medal, Sir Hugh Bell thanked the 
council and the members of the Institute for the 
honour they had conferred upon him by selecting 
him as the recipient of the medal on the present 
occasion. 

Sir Peter Rylands then delivered his presidential 
address, which dealt with the world’s production 
of steel during the past fifty years, the present 
situation in the steel industry, and the outlook 
for the future. Measured in terms of present 
consumption, stated Sir Peter, the total production 
of steel was almost insignificant up to forty years 
ago, and the year 1885 might be taken as marking 
the commencement of what might fairly be 
described as the ‘Steel Age,” for which the 
discovery and development of the basic process 
was so largely responsible. The most striking 
feature of the world’s production of steel was the 
extraordinary uniformity in the rate of increase. 
Up till 1914, instead of any inclination for the 
rate of increase to diminish, the curve showing 
production tended continually to become more 
steep. It was difficult to avoid the conclusion 
that, had the normal development of the world 
not been interrupted by the European War, the 
world’s consumption of steel would have continued 
o increase at a rate not dissimilar to that previously 








experienced, and might to-day have exceeded 
100 million tons per annum. 

Until the year 1890 the respective productions 
of Great Britain, the United States, and the Con- 
tinent of Europe were approximately the same. 
Thereafter, the production of steel in the United 
States and on the Continent grew with amazing 
rapidity, while the production of Great Britain, 
although increasing, augmented at a rate in no 
way comparable with the general increase in the 
world’s demand. Turning to present conditions, it 
was apparent that, while the world’s demand, the 
production of the United States, and the produc- 
tion on the Continent showed, during the last two 
years, a healthy and encouraging improvement, 
the production of Great Britain, during the same 
period, steadily decreased. The present trend of 
British production must, therefore, give rise to 
feelings of profound anxiety. It could not be 
denied that, prior to the war, the heavy competitive 
trade passed largely into the hands of the manu- 
facturers on the Continent and in the United States, 
while such increase as was, in fact, secured by the 
British steel industry was rather in the direction of 
special lines and qualities, and with the assistance 
of special conditions. Even for the home require- 
ments of billets and sheet bars, a large proportion 
was imported from abroad. 

Great Britain was the cradle of the steel industry. 
Some of the most revolutionary advances in tech- 
nique originated in this country. She had bountiful 
supplies of cheap coal, and although the Minette 
ore fields were of great assistance to the German 
industry, much of their steel was made from ore 
derived from other sources, presenting no particular 
advantage. No doubt the United States derived 
great advantage from their immense and expanding 
home market, but it was a notable feature that the 
increase in production on the Continent kept pace, 
step by step, with the corresponding increase in 
the United States, and it was not easy to appreciate 
the exact advantage enjoyed by Continental steel 
makers over those who conducted the industry in 
this country. Between the years 1885 and 1887, 
the price of Cleveland iron reached the lowest 
figure ever recorded. Two important factors 
developed, both in the United States and on the 
Continent, approximately at that time; the first 
was the definite adoption by both the United 
States and Germany of a tariff policy designed to 
protect the home market; the second, arising 
without doubt from the depressed condition of the 
industry, was the development of a high degree of 
internal organisation of the trade in both countries. 
At the depth of the depression, the Carnegie group 
was formed in the United States, followed later by 
the United States Steel Corporation, while, in 
Germany, syndicates were created for controlling 
the coal, pig iron, and finally steel, by means of 
the Stahlwerks Verband. It would not be appro- 
priate to lay any stress upon the desirability of an 
import duty, or to draw any deduction as to the 
advantage which accrued from that policy to the 
industry in the United States and Germany. We 
were on safer ground if we argued that organisa- 
tion was the responsible and dominant factor. 

The commercial greatness of Great Britain was 
largely founded upon her production of coal and 
steel, and if that industrial position was to be 
maintained, the problem would have to be 
approached from the broadest point of view in the 
interest of the country as a whole. Some national 
responsibility attached to the steel makers of this 
country. It was not enough that a few steel works 
should be conducted with success. It was rather 
a matter of great national concern that the industry 
should secure the greatest possible share of the 
world’s steel trade, and give the utmost employ- 
ment to the industrial workers of the country. 
The Iron and Steel Institute had done much in the 
past to assist in technical development, but it 
seemed to him that still more intimate co-operation 
was now necessary, and that the vast world’s con- 
sumption of iron and steel demanded correspond- 
ingly large-scale production, the co-ordination of 
technical knowledge, and the most efficient applica- 
tion of every technical advance, if a steel-producing 
nation was to hold its position in the race. The 





manufacturers in the United States of America, 
and on the Continent, seemed to have realised this, 
and had set an example which might wisely be 
followed in this country if the steel trade of Great 
Britain was to overcome the pressing difficulties 
of the next ten years, and of the more remote 
period when we might gradually lose some of the 
national advantages which we at present enjoyed. 

The discussions, which took place at the morning 
and afternoon sessions.on Thursday and to-day, 
will be reported in our next issue. 


(To be continued.) 





SINGLE CRYSTALS. 


THE May lecture of the Institute of Metals was 
delivered on the 19th inst. by Professor H. C. H. 
Carpenter, F.R.S., and described the various 
methods by which large single crystals of different 
metals had been prepared. A single crystal of 
iron nearly 6 in. in length was accidentally pro- 
duced at Vickers works as far back as 1880, and 
similar ‘‘sports’? have been met with in other 
factories. It was not, however, till 1918 that single 
crystals were obtained intentionally from molten 
metals. In that year Czochralski obtained long 
threads of crystals by drawing out a rod at a 
particular rate from the molten metal. A wire 
thus produced, 4 mm. in diameter proved to consist 
of a single crystal. Another successful method was 
devised by Professor P. W. Bridgman, who has 
prepared single crystal rods up to 2-2 em. in dia- 
meter, by melting metal in vacuo and lowering into 
it, at a speed less than the velocity of crystallisation 
a tube tapered to a capillary at its lower end. In 
other cases single crystals have been produced by 
straining and heating normal bars. In this way 
Carpenter and Elam produced large single crystals 
of aluminium, converting into this form the parallel 
section of a 4-in. by l-in. by }-in. test piece. The 
metal was preheated to soften it completely and to 
reduce the existing crystals to a uniform size of 
about ;1,-in. diameter. These crystals were then 
strained to a definite extent and finally heated to the 
requisite temperature. Experience was required for 
success, which on the average was attained with only 
about one specimen in four. By a corresponding 
procedure single crystal test pieces 9 in. long and 
(0-564 in. in diameter have been produced. Under 
tensile strain a normal test bar, consisting of 
numerous small crystals erratically arranged, draws 
down with a roughening of the surface and gives a 
cup and cone fracture. The cross section remains 
circular. With the single crystal pieces the cross 
section changes to an ellipse and characteristic 
flow lines appear on the surface of the bar. Bars of 
square cross section can not be produced as single 
crystals, but may be obtained by machining down a 
round bar after its conversion. Under tensile test 
slip occurs at first along that crystal plane on which 
the shear is greatest. At a much later stage slip 
also occurs in a conjugate plane. A notable 
feature is the extraordinary uniformity of the 
extension throughout the whole length of the bar. 
The breaking stress is much the same as it is generally 
with normal bars, but in some cases is materially 
greater. The single crystals are also remarkably 
ductile. A 4-in. by 1-in. by }-in. specimen has been 
rolled down, without annealing, to a thickness of 
0-0094 in., and the metal was still perfectly malle- 
able. Single crystal bars 0-564 in. in diameter have 
also been drawn, without annealing, into wire of 
0-02 in. diameter, and this was perfectly ductile. 
Single crystals subjected to the Brinell test never 
show a round indentation, the mark made being 
nearly always square. 





Tue Late Mr. R. H. Haynurst.—We note with 
regret the death of Mr. Richard Henry Hayhurst, which 
occurred at Halifax on May 22 last. Mr. Hayhurst who 
occupied the position of chief draughtsman of Messrs. 
The Butler Machine Tool Company, Limited, Victoria 
Ironworks, Halifax, for more than twenty years, was 
born in Wyresdale, near Lancaster, in 1858. His con- 
nection with the Butler Machine Tool Company dates 
back twenty-seven years. He was a man widely known 
and highly respected, possessing broad general knowledge 
and exceptional technique in machine tool design. 
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LETTERS TO THE EDITOR. 


—_—_—_ 


THE RESISTANCE TO FLOW OF 
WATER IN A CORRUGATED PIPE. 


To THE Eprror oF ENGINEERING. 


Srr,—I am afraid that Major A. R. Low’s letter 
in your issue of May 28 is likely to give a reader an 
erroneous idea of the scope of the note which I con- 
tributed to the Philosophical Magazine of July, 1925. 
This was devoted simply to a determination of the 
effect on the loss of head in a given pipe, of changes 
in the kinematic viscosity » and density p of the fluid 
flowing through the pipe. It did not attempt to dis- 
cuss the derivation of the expression for the loss of 


head, but assumed the validity of the equation 

and of the form of this, viz. 

which is commonly adopted as valid over the range of 

this equation was used only as a basis of comparison 
vd 








» 44% *) 
1 d % (; d}’ 

P re cp v2 iV yr 

1 d \vd 
conditions throughout which the loss of head in a 
pipe is sensibly proportional to v”. 

Moreover, a reading of the note will indicate that 
of readings taken with the same values of J and of d 
in every case, hence the form adopted 

p oc p v2 (4) 


or, at a later stage of the note, 
P2 _. p2 (2)° ne 
Prop \M%1 x 
I cannot think it likely that the form in which the 
results were stated will have misled any readers of the 
note who are at all interested in the question of 
dynamical similarity. 
Yours faithfully, 
A. H. Grsson. 
Manchester, June 1, 1926. 


To THE Eprror oF ENGINEERING. 


Sir,—In your current issue, Major A. R. Low criticises 
the form of an expression obtained by Professor Gibson 
for the resistance to flow in a corrugated pipe, and 
makes some observations on the assumptions by which 
the principle of dynamical similarity is applied in this 
particular case. The earlier criticism is academic, 
but the validity of the assumptions made is fundamental 
to any application of dimensional analysis, and appears 
to present some difficulty. 

The real nature of these assumptions and the poten- 
tialities of the method cannot better be appreciated 
than by following its original development by Riabou- 
chinsky. 

In the type of flow under review, if we accept as 
complete Major Low’s statement of the “‘ physical quan- 
tities involved,” u, p, 1, t, then any quantity connected 
with the motion can be expressed in the form X = 
f (4, p, l, t). The assumption that this list is necessary 
and sufficient constitutes the only assumption made 
in the development, and is in every case necessarily 
a posteriori,* for selection depends on accumulated 
experience and experimental verification of the results. 

To satisfy the demands of homogeneity it is necessary 
that every term in the expression f shall be of the 
same dimensions as X. This in itself limits the possible 
form of the function, and by equating dimensions we 
find at once that it must be of the type :—- 


X=7.¢ (*) 
v 
U 
where ¢ consists of one or more terms of the type ( ay " 
vi 


n having any value whatever. 

m™ is any product of the independent variables 
v, ©, l, t, which has the same dimensions as X, and 
with this reservation may be freely chosen to suit the 
convenience of any particular problem. This choice, 
moreover, does not affect the final result in any way. 
_ Ifin the case in point the resisting force is required, 
it is usually considered convenient to choose = = p v, 
giving :— 


F=pe.g(*), 


which, for a single pipe, takes the form given by Pro- 
fessor Gibson. 





a It would be interesting to know, for example, what 
@ priors justification Major Low has in omitting from the 
list of “ physical quantities involved” the gravitational 
constant g, which occurs explicitly in the general differ- 
ential equations of motion to which he appeals, 





If, in deference to Major Low, the alternative choice 
Tz) 


tT then we write :— 


vl 


be made + = 
ya #?.y, (28) ope, —% 
l v nner way 

vy 


and arrive at exactly the same result as before. 

Dimensional analysis is incapable of defining the 
form of the expression ¢, its function is merely to 
reduce the number of arguments upon which it depends. 
The form of the expression must be determined by 
quantitative physical considerations or, more com- 
monly in hydraulics, by experiment. 

It will be seen, therefore, that to make complete use 
of the principle of dynamical similarity, it is necessary 
to have recourse to experience for two purposes : 

(a) To confirm the initial assumptions, 

(b) to determine the form of the expression ¢ ; 
and it will be clear that, so long as the results are 
essentially based on experiments, the application of 
the law deduced is limited to the range of these experi- 
ments themselves. : 

Professor Gibson, in the paper under discussion, 
obtains confirmation of the initial assumptions by 
variations in speed and viscosity, and does not apply 
the results beyond the range of his experiments. It 
would appear, therefore, that he is justified in his 
results, which is all that can be said of any application 
of dimensional analysis. 

In all such work, to use a popular phrase, “ the proof 
of the pudding is in the eating.” 

Yours faithfully, 
H. W. Swirr. 

The University, Leeds, May 30, 1926. 





=p. ¢ (*1) 


[Our correspondent seems to have missed entirely 
the point of Major Low’s criticism. Major Low quotes 
the statement that “it may be readily shown from the 
principle of dynamic similarity that the loss of pressure 
per unit length of a pipe conveying a virtually incom- 
pressible fluid, should be given by :— 

pe pr (=) ‘ a « @) 
v 

He pointed out that a statement of this kind is 
inaccurate, although it is unfortunately very frequently 
made. As Mr. Swift himself states, the theory of 
dimensions gives us, in general, no information about 
the form of the functions involved, and it was to 
emphasise this and to call attention to the misleading 
character of the statements so commonly made about 
the theory of dimensions that Major Low wrote his 
letter. Major Low also seems to be correct in pointing 
out that the opposite sides of equation (2) are not of 
similar dimensions. Mr. Swift’s reference to the 
gravitational constant is curious, since Major Low, in 
his footnote, protested against the use, in inquiries of 
this kind, of units in which the gravitational constant 
has to be introduced. If C.G.S. units are used g does 
not appear in the differential equations for fluid 
motion.—Eb. E.] 





DOPES AND DETONATION. 
To THE Eprror oF ENGINEERING. 


Srr,—In connection with the subject of ‘‘ knocking ” 
in petrol engines, recently discussed in your columns, 
the following rough calculations may be of interest. 

The actual noise that is heard always appears to 
come from the head of the cylinder, and one would 
naturally suppose it to be some vibration of the 
cylinder. Two very possible sources of this noise 
would therefore be :— 

(1) The vibratory radial expansion and contraction 
of the cylinder, analogous to what is, I think, called 
the “hum ’”’ note of a bell. 

(2) The longitudinal vibration of the cylinder and 
cylinder head; the cylinder being considered as 
anchored at or near the place where it is fixed to 
the crankcase. 

The formule for the frequencies in these two cases 
are respectively :— 

(1) Radial frequency = V/277r, and 
(2) Longitudinal frequency = V/2 71 Ca) 1/2. 


In these, V denotes a/ =, which is well known to 


be the velocity of sound waves in the material. 

r is the mean radius of the cylinder, 

1 is its length, 

w, the weight of the cylindrical portion, 

w, the weight of the head portion, and 

n is a number varying between } and 4/n?=0-41 
according as w,/w, is very large or very small. 

It will be noticed that in neither case does the 

thickness enter the formula. 








Take as a particular case 


7 = 2 ina., 
bise°8 inn, 
Wh 
— =1/2 
w, /2, 
and n = 1/3, 


then since V for cast,iron = 14,000 ft. per second, the 
two frequencies work out approximately at : radial 
11,000 per second, and longitudinal 3,700 per second, 
both within the audible range. 

Owing to the small length of cylinder walls exposed 
to pressure, the first type is hardly likely to have 
any appreciable size. The longitudinal one, however, 
should be very noticeable, and its frequency, which 
is somewhat higher than that of the top note of the 
piano, is in agreement with experience. 

It should, of course, be the same as the fundamental 
portion of the note produced by knocking with a mallet 
the cylinder endways. 

In order that the gas pressure shall set up this 
vibration to any great extent, the time taken by 
the gas to reach its maximum pressure must be com- 
parable with a quarter period of the vibration, %.e., 
1/15,000 of a second. 

Yours faithfully, 
T. W. V. CLARKE. 

Lindley, Salisbury Road, Farnborough, 

May 25, 1926. 








THE COAL TRADE NEGOTIATIONS. 
To THE Eprror oF ENGINEERING. 


Str,—Your footnote to my letter on the above 
subject unfortunately evades the point of my criticism 
of your article. I dealt with certain very significant 
omissions which, if taken into consideration, would 
have modified your verdict. Briefly these were: 
good profits and bad management; the coal industry 
not a coal mine only; an ancient fundamental prin- 
ciple concerning the fruits of toil; a hint at re- 
organisation and the present enlightenment of the 
workers, 

I purposely refrained from plans, proposals or sug- 
gestions for action, since numerous Parliamentary 
Committees and two quite recent Royal Commissions 
have presented volumes full of these in great variety 
and rich profusion. Incidentally, it may be noted 
that the very last thing recommended by the latest 
Royal Commission is a reduction in the miners’ wages. 

My letter was really a protest against the way in 
which distinguished technical periodicals, while claiming 
to keep their busy readers thoroughly up to date in 
scientific thinking, lend their great influence to en- 
couraging employers in a blind adherence to outworn 
economic creeds, the chief articles of which are reduced 
wages and State aid. 

The level of original or penetrating thought disclosed 
in your article on this subject is woefully below what 
we are accustomed to in your columns. I need go no 
further than your opening sentences in proof of this, 
and in contradiction of your statement that you were 
not “ against the workman ”’ but against my ‘ baseless 
enthusiasms.” 

If your homely proverb about the cat and skin has 
any application at all, it means that the coal industry 
may be considered as analogous to a cat complete with 
skin. That is exactly the miners’ contention, and if 
the industry were so regarded it would be instantly 
seen how unjust it is to try and persuade him that he 
is getting a fair share of the whole proceeds of the 
animal, as you tried to do. The skin of an animal is 
its external organisation devised by nature for special 
purposes. The cat is not complete without it, and of 
the two the skin is by far the more valuable. 

Now, sir, if there is one thing which stands out in the 
Samuel report, over and above the neglect and mis- 
management of the owners and controllers, it is the 
exposure of the way in which they have very skilfully 
separated the skin from the cat. I refer particularly 
to those chapters in the report which deal with distri- 
bution, by-product and other subsidiary companies in 
which the mine owners and managers have large 
interests. These external organisations return sub- 
stantial profits which are not reckoned in the proceeds 
for the ascertainment of wages. 

The pithead price of the coal, therefore, represents 
the cat. The difference between that and the final 
price at the hearth or furnace represents the skin, and 
we all know what a thick skin it is. Take household 
coal alone (and that is one of the largest items in total 
coal sales), 2s. 9d. per ton to the hewer and 2s. 9d. per 
cwt. to the purchaser! Twenty times! Yet in your 
footnote to my letter, you would still further mislead 
your readers by stating that the miner already enjoys 
seven-eighths of the profits of the industry. 

What really happens, if your figures are correct, is 
that he gets seven-eighths of the bare cat, whereas 
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somebody else gets the other eighth, plus the whole of 
the skin ! 

Even that is not the whole story, for the skin might, 
without unreason, be thickened up so as to include the 
energy at the terminals in the home or the factory, 
instead of stopping, as I do, at the dirty coal bags and 
trucks ; but it is sufficient to show that the miners are 
not so “‘ fatuous as those who pursue perpetual motion 
or rebel against natural law.” It further proves, what 
I also contended, that here, as elsewhere, we have an 
enlightened body of men, forcibly teaching the con- 
trollers of industry that economic law is not natural 
law, fixed and immutable: but, being a matter involv- 
ing the human will, it must of necessity be subject to 
change. 

My chief complaint against your diagnosis of the 
situation as it stood in your last issue (viz., April 30) is 
that while your advertisement pages and scientific col- 
umns are blazing out to the whole world the engineer’s 
achievements in fashioning ** nature’s rude materials ”’ 


THE LATE DR. T. W. COWAN. 


A LINK with engineering developments of some sixty 
years ago was broken last week by the death of Mr. T. 
W. Cowan, D.Sc., Ph.D., in his eighty-seventh year. 
Although for many years Mr. Cowan had devoted 
himself entirely to other branches of science, there 
are still a few engineers who will remember his early 
connection with their profession. 

Born on January 2 (Russian style) in 1840, in St. 
Petersburg, Thomas William Cowan was the son of 
John Cowan, a Scotch engineer who was in the service 
of the Russian Government for something like thirty- 
five years, and held a state appointment which carried 
with it the rank of general. The son received his early 
education at the public school of St. Peter and St. Paul 
in St. Petersburg. On the outbreak of the Crimean 
War, in 1854, the family returned to England, and the 
boy’s education was continued at Brighton. This 
was followed later by a course of study at the Royal 





to the use and service of man by the progressive 
application of new ideas as science divulges them, your 
leading columns seem utterly blind to and unconscious 
of the emergence of anything new in the realm of 
economics as applied to human relationships. 

It may be that you are scared by such words as 
‘“ Socialism ” or ‘‘ Nationalisation,’’ but surely such a 
fear is in the scientific mind irrational. We must push 
on with our tests and experiments in every branch of 
activity whether it be in the workshop or the laboratory ; 
and as reliable engineers, make out our reports and 
state our conclusions no matter where they lead. To 
do otherwise is obviously to thwart progress and 
* delay settlement.” 

You may perhaps be inclined to reply that this 
would lead you into the realm of politics, which is not 
your sphere. Here again the scientific mind should 
rebel, for economic science to-day could be truly defined 
as the science of human material relationships. You 
are, therefore, not entitled to exemption from this 
study, if you claim to deal with the factor called 
‘“ wages ’’ in industrial problems, for that immediately 
leads you into the stormy arena of politics. 

Engineers can surely claim without egotism or ques- 
tion that it is their achievements which have made 
possible what is called the advance of civilisation ; 
but the type of mind which produced say, St. Paul’s 
Cathedral, the Forth Bridge, the Mauretania, or 
Barking Power Station, etc., must be heartily ashamed 
of a social structure, a human highway, or a body 
politic, which has few elements of beauty, shows no 
signs of destiny, and which is utterly incapable of 
stability or continuity either of operation or supply. 

Recently in one of your leaders on the subject of 
the physical properties of steam you drew attention | 
to a complete misconception regarding its latent heat. | 
The remarkable thing about that illuminating article 
was the interesting fact that the fallacy was disclosed 
in the recent writings and speeches of prominent and 
influential engineers. 

If recognised authorities can thus be shown to enter- 
tain faulty conceptions in a realm so fixed and familiar 
to them as thermodynamics, how much more do they 
need guidance and leadership in the ever changing 
sphere of economics ? 

Greenwich time was, until recently, held to be an 
unalterable law of the universe (farmers have called it 
God Almighty’s time) and it took a world wide war 
to shake our rulers into changing that conventional 
superstitition. 

There are many conventions in our industrial order 
which by custom have become similarly sacrosanct, 
and it is time the engineering mind applied its special 
training to these. Such terms as wages, capital, 
finance, credit, and the gold standard, should be taken 
into his research laboratories and made to reveal to 
what extent they represent realities, and exactly how 
they are related to life. 

If engineers neglect to do this they will cease to be men. 
If (being forced to consider them by the organised 
intelligence of manual workers) they handle them with 
prejudice instead of on principle, they will cease to be | 





engineers. 
Yours faithfully, 
J. GOLDER, 
M.I.Mech.E. | 
102, Tyrwhitt Road, Brockley, S.E.4. 
May 25, 1926. 


[Our article was concerned not with creeds but 
facts, which are more certain and easier to understand. 
The only ‘ fact’ that this correspondent purports to 
quote is & statement as to wages for which there appears 
to be no foundation. According to the quarterly statis- | 
tical summary, published in Vol. III of the Report | 
of the Royal Commission, the miners receive an average 
of approximately 13s. per ton in wages, out of a total 
cost of 18s, 4d. This coal was sold for an average of 
17s. 5d. per ton. Under the agreement of 1924, the 


miners get 87 per cent. of any profit that may be made. 
—Ep. E 
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School of Mines, London, and an apprenticeship which 
was served with the well-known firm of Messrs. J. and 
G. Rennie, marine engine builders. In the days of 
which we are now writing, engineering was making very 
rapid strides in this country, and we were laying the 
foundation of the great industrial prosperity which 
has since raised the nation to its prominent position in 
the world. They were days in which many young men 
were fortunate enough to be responsible for, or asso- 
ciated with, early efforts which had marked effect on 
the trend of developments. With rapidly expanding 
business there was more than enough work to go round. 
The effect of the great exhibition of 1851 was producing 
results which brought orders to this country from all 
parts of the world. The still larger exhibition of 1862 
held in the gardens of the Horticultural Society in South 
Kensington was equally successful. At this display, 

















which, as compared with that in Hyde Park of 1851, 
covered an area 10 per cent. greater, while it attracted 
about 60 per cent. more exhibitors, and 200,000 more 
visitors, Mr. T. W. Cowan, then aged only 22, was 
responsible for three interesting exhibits, which had 
been built at his works, the Kent Ironworks, Green- 
wich. In view of subsequent developments, perhaps 
the most interesting of these was the Yarrow and 
Hilditch steam carriage, of which we reproduce here- 
with a small contemporary photograph. Reference 
to the steps which led to the design of this vehicle, 
and to young Mr. Yarrow’s conne:tion with Mr. Cowan 
in this mitter, is made in the biography of Sir Alfred 
Yarrow, published a couple of years ago by Messrs. 
Edward Arnold and Co. 

The carriage accommodated 12 passengers. The 
main frames were of ash, with flitch plates of } in. 
iron, on both sides. The steam cylinders were 5 in. 
in diameter by 9 in. stroke. The drive, as wiil be 
seen, was direct on to outside cranks, the driving 
wheels being 3 ft. in diameter with tyres of 3 in. 
tread. The driving wheels were set only 3 ft. 3 in. 
apart, while the wheels of the fore carriage were 5 ft. 6 in. 
apart. The difference was adopted in order to reduce 
the slip of the drivers when taking curves. The load 
was transmitted to the driving wheels by long laminated 


| springs, the bearings being maintained in position by 


a radius rod arrangement similar to that commonly 
used on mechanical vehicles of more recent date. This 
ensured correct operation of the slide valves, and 
avoided the wear and tear of axle-boxes in horn-plate 
guides. 

The boiler was of the vertical tubular type, 2 ft. in 
diameter and 3 ft. 6 in. high, providing 65 sq. ft. of 
heating surface. The grate was 20 in. in diameter. 
The total weight of the carriage was 2} tons fully loaded. 
Steering was effected by means of a handwheel, revers- 
ing and brake levers being placed conveniently much as 
they are in modern vehicles. With 50 to 70 lb. of 
steam the vehicle could be started with the front wheels 
fully locked. This carriage was driven about the South 
Eastern counties to a considerable extent by Mr. Cowan 
(shown at the wheel in the photograph reproduced) 
and excited a great deal of interest. Although a very 
careful driver, inspiring a great deal of confidence in 





his passengers, the excitement of the latter was often 
considerable when ‘ whisking’? round corners at what 
were then very uncommon speeds. The handiness of the 
machine in steering was the subject of frequent com- 
ment. One journal reported that “‘ The man at the 
helm had no difficulty in steering it in any direction 
he might think proper.’ Another contemporary 
aecount states ““ We were struck with the apparent 
ease with which Mr. Cowan steered it, although running 
at the rate of 15 to 20 miles per hour.” The report 
continues “ We may also observe that so little noise did 
this steam carriage make, that it did not frighten the 
horses, as is generally the case with traction engines.” 
Other reports, it must be admitted, were not always so 
favourable on this point. In hill climbing it is 
described as having “‘ acquitted itself in a manner which 
fully justified its maker in believing that its usefulness 
will be generally acknowledged.”’ In slightly improved 
form it was able to perform journeys of about 30 miles 
without a stop, but the story is told how on longer trips 
the passengers had to disperse and forage among the 
Sussex hedgerows for likely fuel. As related in the life 
of Sir Alfred, it failel to obtain an award at the 1862 
exhibition, as the jury on ca‘riages considered it an 
engine, while that on engines classed it as a carriage. 
Legislation ultimately put a stop to progress in this 
country. The particular machine, of which we give a 
picture, ended its days, we believe, in Ireland. 

As an apprentice of the firm of Rennie, it was natural 
that Mr. Cowan should be interested in marine engines. 
One of his exhibits in 1862 was a horizontal trunk engine 
for screw propulsion. This was a joint patent taken out 
with Mr. Burgh. The design was an attempt to overcome 
the high frictional and condensation losses, due to the 
large trunk stuffing boxes then in use and the exposure 
of the trunk piston to the cooling effect of the atmos- 
phere. The engine had a fixed trunk or guide projecting 
inwards from the cylinder cover, and the piston was 
fitted with two small rods working in small stuffing 
boxes and connecting with a T-head working in the 
fixed trunk. The cylinder was arranged in such a way 
that loss of working area was avoided. This engine 
was employed to drive * the French pumps for supply- 
ing the fountains in the Horticultural Gardens ”’ during 
the exhibition. 

The third item which Mr. Cowan had at the 1862 
exhibition was a compressed-air hammer, the only 
one of its class, the others being all steam driven. 
In view of the popularity of air hammers at the present 
time, and especially those of the belt-driven type, it 
is an interesting fact that Mr. Cowan exhibited a 
belt-driven hammer of the overhung type capable of 
delivering blows varying, according to accounts, 
through a range from a light blow equivalent to the 
fall of 1 oz. up to 50 cwt. The regulation was obtained 
by means of cocks at both ends of the vertical cylinder. 
As many as 360 blows could be given per minute. 
The hammer was self-contained and required no heavy 
foundations. 

As was frequently the case in those days, works 
took up a wide range of manufactures and, among 
other classes, Mr. Cowan built at Greenwich agricul- 
tural machinery and steam fire engines. In the latter 
a very considerable business was built up with Russia, 
owing to his former connections in that country. He 
also interested himself in sewage and drainage works, 
and was engineer for several schemes at one time and 
another. 

In view of the fact that the Channel tunnel is now 
only barred by political factors, it is interesting to 
note that when Mr. John Fowler, in 1870, was strongly 
advocating train ferries, in order to improve com- 
munication between England and France, Mr. Cowan 
entered the discussion and advocated a single tunnel 
through the chalk, lined with flanged cast-iron segments, 
much of the style employed to-day for “ tube” work, 
in conjunction with concrete 1 ft. thick. The section 
proposed was the typical one of that date, namely, 
horseshoe shaped, with an invert struck to a large 
radius. It w’s large enough to accommodate two lines 
of track, and 22 it. high. Mr. (afterwards Sir) John 
Fowler had proposed large paddle ferry steamers 
drawing 12 ft. of water. Mr. Cowan pointed out the 
difficulty of obtaining the depth and area for 
manceuvring large boats in the channel ports and © 
the risk of independent paddle engines as Mr. Fowler's 
desigfi of train ferry involved. 

In the early seventies, Mr. Cowan, unfortunately , 
we may almost say, for the engineering profession, 
began to direct his chief attention and interests to 
natural history subjects, ultimately devoting himself 
wholly to this side of science. His particular interest 
in the end became bees and bee-keeping, on which he 
was reputed to be the world’s leading authority, and 
was consulted from all quarters of the globe, being also 
responsible for many inventions and improvements 10 
methods. This, of course, must be left for others to deal 
with. He was a Fellow of the Linnean Society and of 
many other scientific bodies, and the author of numerous 





works, some of which have been translated into seven 
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languages. He travelled widely, and as he was a 
linguist of considerable attainments, his intercourse 
with foreign scientists was greatly facilitated. This 
tended to widen greatly the circle of his friends, which 
was truly international in character. His manual 
skill, which in his early engineering days he applied 
by way of recreation to the making of models and 
scientific instruments, he retained until the last. He 
was a wood carver of quite exceptional ability, and 
even as late as last winter, though his touch had lost 
some of its former firmness, was able to execute highly 
creditable work. 





LABOUR NOTES. 


WorKERS who incline to be critical of the action of 
the Trades Union Congress General Council in calling 
a national strike, are being told not to discuss the 
matter in public until the General Council has had an 
opportunity of reporting to another conference of 
executives. Man and Metal, the journal of the Iron 
and Steel Trades Confederation, duly instructs members 
of that organisation to follow the official advice, but 
unfortunately neglects to take it itself. In its latest 
issue it gives an account of the negotiations leading up 
to the strike and following the collapse. ‘‘ These facts 
need to be borne in mind,” Man and Metal says, ** when 
we see in the Press that Labour has made an uncon- 
ditional surrender and that Labour has been defeated. 
This has been reported so often that even some of our 
own men are believing it ; but the fact remains that we 
have had one of the greatest industrial fights, crowned 
with victory, of all time. The miners have had offered 
to them terms which include a return to work on the 
old basis, extension of subsidy for a period sufficiently 
long to allow of further discussion of employers’ 
claims, and at least a statement to the effect that men 
receiving 45s. a week or less now should have no further 
reduction ; that there be no recruiting to the mines of 
adults until all the unemployed miners have been 
found work; and that the Government accept respon- 
sibility for the transport of miners from one coal-field 
to another in the event of certain mines being closed 
down and others opened up. These are immensely 
better terms than those demanded by the employers 
in their lock-out notices. It was on this understanding 
that the General Council called off the general strike.” 





The Cologne correspondent of the Manchester 
Guardian, writing on Sunday last, states that the labour 
situation in Rhineland and Westphalia is rapidly ap- 
proaching a climax. Official figures just published show 
that in Westphalia there are 240,228 without work— 
five times the number in April last year, while nearly 
200,000 are receiving either whole or partial relief. 
Owing to the general shortage of capital no elaborate 
scheme of emergency work can be considered, and 
the greatest misery is being experienced in all branches 
of labour. In the cutlery industry at Solingen and 
Ohligs short time is being worked in nearly every factory 
owing to lack of orders. The great firm of Henckel, 
Solingen, were recently compelled to give notice to a 
large number of their employees owing to the restrictions 
placed upon their exports to America. An-agreement 
with the Customs authorities of America, however, was 
reached and the notices suspended. In spite of this, 
however, the situation in this industry is rapidly 
becoming serious. 





The Joint Committee which recently balloted the 
London members of the engineering trade unions for 
or against a strike in support of the application for a 
20s. per week wages advance, met on Monday to 
receive the completed figures. At the close of the 
meeting the secretary stated that, owing to the general 
strike and the consequent dislocation of industry and 
the postal service, it had been impossible to obtain 
the full results. The matter had, therefore, been 
postponed, It was hoped, it was added, that the 
complete figures would be received by June 30 for 
yore to a meeting of the joint committee on 
July 2, 





At the Bournemouth Congress of the National Union 
of General and Municipal Workers, a long discussion 
took place on the relation between the union and other 
unions representing skilled workers. It was stated that 
a number of the skilled workers’ unions had taken as 
members general workers or labourers, and were thereby 
departing from the basis on which the skilled workers’ 
unions were first founded. It was finally decided to 
remit to the national executive of the union the question 
of any further action, and to consider instances where, 
if skilled workers’ unions took in labourers, the General 
Workers’ Union should retaliate by accepting skilled 
workers as members. 





_{t was reported to the congress of the National 
Union of General and Municipal Workers at Bourne- 
mouth that in a few cases serious internal difficulty 


had arisen because of members attaching themselves 
to Communist sections, and to what was known as the 
Minority Movement. The council of the union some 
time ago decided that branches of the union which 
were connected with trade councils should sever their 
connection if such trade councils supported the Minority 
Movement. <A resolution to instruct the general 
council to reverse that decision and to permit branches 
to be connected with the Minority Movement was 
defeated by 85 votes to 8. 





The Ministry of Labour states that on May 24, 1926, 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain was 1,597,700, 
of whom 1,174,200 were men, 47,000 boys, 326,400 
women, and 50,100 girls. On May 17, 1926, the 
number was 1,612,744, of whom 1,178,406 were men, 
48,991 boys, 331,507 women, and 53,840 girls; and 
on May 25, 1925, it was 1,186,522, of whom 925,506 
were men, 32,947 boys, 199,797 women, and 28,272 
girls. Of the 1,597,700 on the registers on May 24, 
1926, 72,500 were “ persons normally in casual employ- 
ment.” In addition, notice of claims to benefit had 
been given in respect of about 307,000 workers not at 
work in the coal-mining industry on account of the 
dispute. 





Up till Wednesday afternoon no move that could 
safely have been described as even promising had been 
made by either side in the coal dispute. There were 
signs, however, that the rank and file of the miners 
themselves were getting a little impatient with the 
formula, ‘‘ Not a cent off the pay ; not a minute on the 
day,” largely because it left no margin for negotiations. 
The proposals of Mr. Varley, Mr. Hodges and Mr. 
Spencer, and the Northumberland resolution which 
was narrowly defeated at a county delegate conference, 
unmistakably indicated that such a change of mind 
was working, although only in the scheme of the 
general secretary of the Miners’ International Federa- 
tion did there appear to be a disposition to face the 
hard facts of the economic situation. Under Mr. 
Hodge’s scheme the Coal Commission’s recommenda- 
tions relating to permanent reconstruction would 
stand. The Government, in conjunction with the 
owners and workmen, would carry the recommenda- 
tions into practice, beginning immediately with those 
which, in their joint judgment, were the most likely 
to have an early practical and beneficial effect upon 
the finances of the industry. It had always to be 
remembered, Mr. Hodges said, that whatever were the 
starting terms of the industry, any new revenues from 
reconstruction were shared in the proportions of 
87 per cent. to wages and 13 per cent. to profits. The 
Government would provide, through the Trade 
Facilities, financial aid, where required, for such 
schemes of reconstruction as were proposed and 
approved, particularly those schemes which might be 
approved for the recovery of oil and by-products from 
coal itself. 


A number of proposals relating to wages and hours 
were submitted by Mr. Hodges for discussion. They 
were as follows:—The National Agreement of 1924 
with its national minimum percentage of 334 per cent. 
on standard rates, to remain in force for five years. 
No reduction in wages for any day-wage worker under- 
ground or on the surface. The hours of labour under- 
ground to be increased from seven hours to seven and 
a-half hour per day, by a change in the law, and the 
hours of surface workers to be increased accordingly. 
Piece-work percentages to be adjusted by the existing 
district boards to correspond with the increase in hours 
before-mentioned, but in no case to be reduced by 
more than half of the increase obtained when the 
hours were reduced from eight to seven. Either party 
to the agreement to be able, at the end of the fourth 
year after the date of signing, to give notice to bring the 
question of the revision of hours before the National 
Wages Board for consideration, and the determination 
of the necessary procedure for effecting such changes 
in the law one year after that date, if any change be 
agreed on by the authority created by the board for 
final decision. 





The National Wages Board would undertake :— 
(1) The control of the recruitment of the personnel 
of the mines. (2) The task of laying down principles 
for the guidance of the districts for the simplification 
of the wages system in the districts. (3) The task of 
determining the method by which the workmen can 
have representation upon any centralised or district 
selling agencies contemplated in the Report of the 
Royal Commission. According to Mr. Hodges, British 
hours would still be, after the proposed change, below 
the shortest German hours, viz., in the Ruhr, which are 
eight hours from the descent to the ascent of each man, 
and also below American hours, which countries are 
our greatest competitors. An increase in the working 





rate, as prices invariably tended to approximate to any 
minimum wage established. A low minimum would 
tend to keep wages down for the period of the agreement. 
Such a minimum would tend to become the maximum. 
On the other hand, any increase in revenue due to 
lowered costs consequent upon higher productivity 
under the new hours agreement, would be divided as to 
87 per cent. to wages and 13 per cent. to profits. 





Mr. Hodges assumed that the Government would 
re-offer to pay the temporary subsidy of 3,000,0001. 
to assist the most needy mines, the offer to hold good 
pending a decision of the men and owners, if necessary, 
by ballot vote, whether they would accept or reject an 
agreement along these lines. On that point, the Prime 
Minister said, in the course of Tuesday’s debate on the 
Ministry of Mines Vote, that while he was ready to 
resume negotiations, he could not pledge indefinitely 
the taxpayers’ money to a single industry. But it was 
obvious, he added, that assistance in some form or other 
—to, for example, the poorer districts—must be given 
upon a resumption of work. 





Late on Wednesday night it was stated in a well- 
informed quarter that the coal owners had approached, 
or intended to approach, the miners with a proposal to 
resume negotiations under an independent chairman. 
What the basis of the resumed discussions will be is not 
at the moment clear, but, obviously, if the settlement is 
to be economic it must include the question of hours. 





The final report of the Joint Committee, which has 
been, since May of last year, inquiring into the condition 
of the British shipbuilding industry, and the effect upon 
it of foreign competition, is to be presented to a meeting 
of the trade unions concerned at York on June 18. 
An interim report dealing with costs within the control 
of the industry was issued, it will be remembered, in 
October last. The complete report, including the 
conclusions reached in the second stage of the investi- 
gation on the subject of costs outside the industry 
but entering into the cost of the completed ship, is to 
be issued for publication immediately after the meeting 
of the unions. 





At the end of April, 22,294 members of the United 

Society of Boiler Makers and Iron and Steel Ship- 
builders were “ signing the book’? as compared with 
23,381 at the end of March. The expenses for April 
were 111,609]. 12s. 6d.; in March they were 96,5661. 
4s. 8d. Five weekly payments are included in the 
April total. The membership of the organisation 
decreased during April by 437. In the Society’s 
annual report it is stated that in 1925, the member- 
ship dropped from 82,432 to 74,287, and the total 
funds from 152,669]. to 143,308/. The net loss in 
assets was 232,262/. in 1921, 179,642. in 1922, 180,558/. 
in 1923, and 88,913/. in 1924. As the decrease was 
only 9,3611. in 1925, hope is entertained that the Society 
will be able to balance its budget this year. 
A circular letter sent to affiliated organisations by 
Mr. Citrine states that the General Council have had 
under consideration the position of those unions which, 
owing to stress of financial circumstances, have been 
unable to pay strike benefit to their members directly 
engaged in the General Strike. The funds which have 
been placed at the disposal of the General Council have 
made it impossible, he points out, to provide strike 
pay in such cases, and it has been suggested that pos- 
sibly there is a danger that advantage may be taken 
of the position of unions adversely affected to induce 
members to transfer to other organisations which, on 
account of being in a better financial position, have been 
able to pay strike benefit to their own members. The 
General Council feel convinced, Mr. Citrine says, that 
no affiliated union will, as a consequence of such an 
unfortunate position, attempt to encroach upon the 
membership of other unions, as such an action would be 
contrary to the principles of Trade Unionism, and would 
be entirely out of harmony with the spirit animating the 
mass of the workers who took part in the General Strike. 
Societies are asked, in conclusion, to be good enough to 
instruct their districts and branches, under no circum- 
stances, to “‘ attempt to exploit the position of any other 
union or encroach upon its membership.” 








According to Mr. D. Merson, a member of the execu- 
tive of the Amalgamated Society of Woodworkers, 
and recently a fraternal delegate to a conference in 
Moscow of the All-Russian Woodworkers’ Union, 
wages in the Russian woodworking industry are 
mainly regulated on a payment by results basis. 
First, he says, there is a basic rate determined by 
the aggregate output of the factory over a period of 
three months. The average basic rate is approxi- 
mately 60 roubles per month (6l.); beyond that the 
individual worker is paid what he earns which, “ as 
in every such system of payment, varies to such a 











day was to be preferred, he added, to a low minimum 


degree” that Mr. Merson refrains from giving any 
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figures. The hours worked are 46 per week—eight 
hours per day for five days, and six hours on Saturday. 
The Russians “ were surprised,’ Mr. Merson says, 
“that the British woodworker was opposed to pay- 
ment by results, and used many of the arguments 
which employers in this country use in its favour. 
I explained our hostility to the system and, while they 
accepted our objections as sound, they argued that 
the evils which I cited could not exist under their 
system of control.”’ 





A report recently published on short time in Den- 
mark, based on statistics collected by the Danish 
Confederation of Trade Unions, shows, says Industrial 
and Labour Information (the organ of the International 
Labour Office), that 14,750, or from 5 to 6 per cent. of 
a total of 271,767 trade union workers in the country, 
were employed on short time owing to industrial 
depression. To these figures should be added normal 
winter short time in the building trades, the regular 
seasonal reduction in breweries, and the irregular 
stoppages when work is slack in the tailoring, shoe- 
making, and similar trades. As a rule, where short 
time was introduced, fewer days were worked in the 
week. This plan was applied to 8,334 workers, for 
whom the average weekly loss was 16$ hours. The 
plan of working fewer hours in the day was applied 
to 6,416 men, who lost on an average 11} hours a week. 
Among the important industries, those in which short 
time was mainly practised were the textile industry 
and the boot and shoe trade. 





INSTITUTION OF NAVAL ARCHITECTS: SUMMER MEET- 
tnc.—As already announced in our issue of May 21 last, 
page 588, the summer meeting of the Institution of Naval 
Architects will be held in Belgium from June 21 to 27 
next. The first business meeting will take place on the 
morning of June 22, at the Palais des Académies, Brussels. 
A diploma of honorary membership will be presented to 
H.M. the King of the Belgians. she following papers 
will be read: ‘‘The Belgian Mercantile Marine,” by 
Mr. A. Pierrard; ‘‘ A Comparison between Steam and 
Diesel Machinery for Cargo Vessels,” by Sir J. H. Biles ; 
and “ Inclining Experiments with Ships of Small Initial 
Stability,’’ by Professor W. Hovgaard. A reception will 
be held in the evening at the Hétel de Ville. On June 23, 
visits will be paid to the battlefield of Waterloo, to the 
University buildings, and to the Colonial Museum at 
Tervueren. Members will proceed to Antwerp by motor 
on June 24, and in the evening a banquet, given by the 
Burgomaster and civic authorities of Antwerp, will be 
held. The second business meeting will take place on 
the evening of June 25, at the Ecole Normale, Rue 
Quellin, Antwerp. The following papers will be read : 
** A Description of the Antwerp Docks,’’ by Mr. Bollen- 

ier; ‘‘ Oil Separators for Bilge and Ballast Water,’’ by 
ofessor H. 8S. Hele-Shaw; and ‘‘ Some Ship Strain 
Observations,” by Mr. J. Lockwood Taylor. On June 26, 
the Antwerp Docks and the dock extension works will 
be visited. In the evening a banquet will be given by 
the Institution at the Zoological Gardens Restaurant. 
Members will return by special steamer from Antwerp to 
Dover on June 27, The journey will be broken at 
Zeebrugge for the purpose of visiting the mole and 
museum and in order to unveil a memorial tablet. 





TENDERS.—The Department of Technical, Industrial 
and Commercial Education, Ministry of Education, 
Cairo, Egypt, is inviting tenders for the supply and 
delivery of machine tools and workshop equipment 
required for the Cairo model workshop, Boulac, Tenders 
should be sent direct to the Controller of the Department 
and should reach him not later than June 19, 1926. The 
plant required is as follows: one milling machine for 
cutting straight and helical gear wheels up to 14 in. in 
diameter ; one horizontal boring machine with revolving 
table; one capstan lathe, 8-ft. bed, with all automatic 
operations and hollow spindle; two portable electric 
drilling machines to bore holes 1 in. diameter in plate 
4 in. thick ; one plate-roiling machine, to roll up to 7 ft. 
in length and 4 in. thick; one two-ton foundry cupola 
for melting cast iron; one brass furnace of }-ton capa- 
city ; five die-casting machines for brass, aluminium and 
cast iron; one complete liquid-spraying outfit; two 
electric engraving machines; and three power presses 
for general work. Illustrations and catalogues must also 
be submitted. Local representation is essential.— 
The Union Tender Board of South Africa is inviting 
tenders, to be presented by July 1, 1926, for the supply of 
flush-jointed piping (bore-hole casing). Local represen- 
tation is essential—The Municipality of Alexandria 
is calling for tenders for the construction of a steel bridge 
over the Mahmoudieh Canal at Moharrem Bey, Alexan- 
dria. Copies of the specification and plans may be 
obtained from the Director General, Municipality of 
Alexandria, at a cost of Pt, 80 per set. No specifications 
or plans are available in the Department of Overseas 
Trade. The adjudication is fixed for November 10, 1926. 
Local representation is regarded as essential.—The 
Postmaster-General’s Department, Melbourne, Australia, 
is calling for tenders, to be presented by August 10, 1926, 
for telephone-exchange indicators (Schedule No. C.99). 
—The Victorian Government eg Australia, are 
inviting tenders, to be presented by July 14, 1926, for 


an A.C, power interlocking machine (Contract No. 39543). 
Further information regarding any of the above tenders 
may be obtained from the Department of Overseas 
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those for steel rails are for heavy sections. 
Cleveland iron, both of No. 1 quality. 
which vary from 70 lb. to 80 lb. The price 
cases the prices are per ton. Each vertical line 
horizontal lines represent ll. each, except in the 
which they represent ls. each. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Norz.—In the diagrams, the figures plotted for tin and copper are the official closing cash 
quotations of the London Metal Exchange for “fine foreign’? and “standard” metal, respectively. 
The prices shown for lead are for English metal, whilst those for spelter are for virgin metal. 
Middlesbrough prices are plotted for steel plates and rails, and also for hematite and Oleveland 
pig-iron. The prices given, in the case of steel plates, are for ship, bridge and tank qualities, and 
The pig-iron prices are for East-Coast hematite and 
The price of quicksilver is per bottle, the contents of 


of tin-plates is per standard box, but in other 
in the diagram represents a market-day, and the 
case of the diagram relating to tin-plates, 1 











Royat Arr Force ; SHortT-SERVICE CoMMIssIons,—A 
communiqué received by us from the Air Ministry states 
that vacancies exist for short-service officers in the 
general-duties branch of the Royal Air Force, Applica- 
tions are invited from candidates who are physically 
fit, who are between 18 and 25 years of age, and who 
have received whole-time education at least up to the 
age of 16. The course of flying training will commence 
in July next. Short-service commissions are granted for 
five years’ service on the active list, followed by a period 
of four years on the Reserve. Selected candidates will be 





Trade, 35, Old Queen Street, London, S.W.1. 





gazetted as pilot officers on probation, and, provided 





they make good and pass the tests laid down, they are 
eligible for promotion to the rank of flying officer after 
18 months’ service. Short-service officers who have 
completed two years’ service, and who are under 25 
years of age, may be permitted to take part in a com- 
petitive examination with a view to selection and reten- 
tion on permanent commission. Success in this exam! 
nation will depend largely on mathematical and scientific 
attainments. Requests for forms of application and for 
copies of the detailed regulations should be made 12 
writing to the Secretary, Air Ministry, Adastral House, 
Kingsway, London, W.C.2. 
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THE RATIO OF THE TENSILE 
STRENGTH OF STEEL TO THE 
BRINELL HARDNESS NUMBER.* 
By R. H. Greaves, D.Sc., and J. A. Jonzs. 


(Communication from the Research Department, 
Woolwich.) 

Ever since the introduction of the Brinell hardness 
test, it has been held that there is a more or less 
constant relation between the ultimate tensile strength 
of steels and their Brinell hardness number. It has 
never been claimed that the ratio of these quantities 
is exactly constant ; on the contrary, there is general 
agreement that it is slightly different for different 
classes of steel, but on the question of the magnitude 
of these differences and of the degree of variability 
of the ratio for a given class of steel, there is a marked 
divergence of opinion. The Brinell hardness test as 
carried out in practice is an empirical and arbitrary 










































































hardness testing machine or in a single-lever testing 
machine. (3) A ball of 10 mm. diameter was used 
under a load of 3,000 kg. The load was applied 
gradually, and held for at least 30 seconds. In the 
single-lever machines the balance was approximately 
adjusted at a lower load, the jockey weight was then 
moved slowly to the necessary position, held there 
for 30 seconds, and slowly rolled back to avoid all 
oscillation of the beam with the full load on. The 
impressions were measured with a measuring micro- 
scope fitted with a vertical illuminator, and reading 
to 0-001 mm. (4) The test-bar was then turned to a 
tensile test-piece (usually 0-564 in. in diameter) and 
tested in a single-lever testing machine (Buckton 30- 
ton or Avery 15-ton). All machines used, including 
the hardness testing machine, were calibrated several 
times during the period in which the tests were being 
made; the error in the loads measured throughout 
the tests probably never exceeded 1 per cent., and 
was usually much less than that figure. 

Tests were made on medium-carbon steels in the 


to about 0-211 for steels with a hardness of 375, above 
which the ratio increases slightly. McWilliam and 
Barnes* have published details of 117 tests on nickel, 
chromium, and vanadium steels. From these they 
concluded that the ratio of tensile strength to Brinell 
hardness number for all the steels examined in all 
conditions as regards heat treatment was about 0-24. 
The average is considerably higher than that obtained 
by most investigators, and individual results are 
scattered over a wider range of values ; it seems probable 
that the values are affected by a constant error. 
There are many sources which might be explored for 
information on the tensile-Brinell ratio, quite apart 
from publications which formally deal with a deter- 
mination of the ratio. Prominent among these is the 
Report of the Steel Research Committee of the Insti- 
tution of Automobile Engineers,} in which the neces- 
sary data (tensile strength of longitudinal test-pieces 
and Brinell hardness number of the material of the 
test-piece) are available. This report is especially 
valuable, as it combines the work of a number of inves- 


























annealed and heat-treated conditions, and on oil-| tigators, but for that reason also, the deviation of the 
hardened and tempered nickel, nickel-chromium, and | results from the mean is rather greater than might be 
other alloy steels. Results were first classified accord- | expected for determinations made under standard con- 
8 700 i ing to (1) composition and hardness; (2) composition | ditions in one testing laboratory. A useful set of 
5 | and yield ratio. A preliminary examination of the| results referring to 113 heat-treated carbon steels 
f figures showed that, between certain limits, the hard-| containing carbon 0-5 to 0-6 per cent., and manganese 
3 | ness and the yield ratio of the steel had a smaller} 1-1 to 1-3 per cent., is given by Shepard.t Hardness 
8 effect on the value of the tensile-Brinell ratio than} tests were made on flats ground longitudinally on 
Ss {| had been expected, and it appeared to be justifiable | machine-gun barrel steels from which longitudinal 
> | to combine all the results on heat-treated alloy steels | tensile test-pieces were afterwards cut. Other con- 
with a Brinell hardness number between 200 and 349| veniently collected results are those recorded by 
e 50 | u | in one diagram, Fig. 1. It is evident that grouping by | Gillett and Mack.§ They give the results of a number 
~ 
N | | TABLE III.—Vatve or tHE Ratio oF TENSILE STRENGTH TO BRINELL HARDNESS NUMBER. 
i | 
L | | | | 
v ! | 
€ | | | | | Carbon Steels. Alloy Steels. | From Tables. 
{ | 
| | Hi | | nar ew Institi Instit 
Wil Hardness nstitu- nstitu- 
oU_O Pall Ll U iE | The i Number, tion of tion of | 
190 -200 210 220 250 10 mm. | Research Auto- Research Auto- | | 
(9603.4) Value of LO. -encnacunc diam. Depart- | mobile Depart- | mobile Gillett 
Ball, ment, Engineers | Shepard. ment, Engineers | and Mack.| Strauss. | Hadfield. | Brearley. Hanby. 
3,000 kg. | Woolwich.| Research Woolwich. | Research } 
Fie. 1. FREQUENCY OF OCCURRENCE OF DIFFERENT] Load. Com- Com- | 
VaLuzs OF THE Ratio OF TENSILE STRENGTH TO mittee. mittee. | | 
BRINELL HaRDNESS NUMBER FoR 1161 Hxgart- mina a 
TREATED ALLOY STEELS. 150 0-223 0-229 _ —— _ _ -~ | 0-240 0-229 0-228 
175 0-218 0-221 _ 0-214 0-217 — — 0-234 0-224 0-230 
225 0-215 0-216 0-212 0-211 0-213 0-224 _ 0-227 0-220 0-215 
275 —_— 0-212 0-218 0-211 0-215 0-217 —_ 0-218 0-217 0-217 
200 Pixa' 325 — — 0-220 0-210 0-218 0-214 0-214 0-212 0-218 0-215 
375 - —_ _ 0-212 0-220 0-219 0-211 0-211 0-219 0-216 
425 “= _ _ 0-213 0-222 0-222 0-210 0-216 0-219 0-217 
475 -- -- oo - — 0-222 0-225 0-218 0-214 
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Fig. 2. FREQUENCY OF OCCURRENCE OF DIFFERENT 


VaLUES OF THE Ratio FoR 1161 ALLoy STEELs. 
Resutts GRouprep In Steps or 0:002. 





test. Investigation of the ratio of tensile strength to 
Brinell hardness number is therefore essentially a 
statistical problem. A fundamental connection 
between results of ball hardness tests and tensile 
tests may be, and has been, sought; but there is not 
much likelihood that theoretical considerations will 
reveal the best working value of the ratio of tensile 
strength to Brinell hardness number, or indicate the 
extent of the numerical variations to be expected in it. 
A difficulty which arises in treating any statistical 
problem is the necessity of securing a large mass of 
reliable data to work on. The results which have accu- 
mulated during the last few years at the Research 
Department, Woolwich, form a contribution to the 
total data necessary, and they are now put forward, 
summarised and discussed in conjunction with results 
derived from other sources. 

Ih all the tests carried out in the Research Depart- 
ment, W oolwich, the following conditions were observed 
a) The Brinell hardness tests were made at not less 

three positions along the length of at least one 


ground and polished face of a bar of rectangular section, | the range 200 to 400. Sir Robert Hadfield’s tablet 


on —_— the test-piece was subsequently turned. 
€ tests were made either in an Amsler ball. 


eee 





* 
I Paper presented tothe Iron and Steel Institute, 
-ondon, June 4, 1926. Abridged. 




















steps of 0-001, or less than 0-5 per cent., is rather 
too fine; groups of double the width gave the smooth 
curve, Fig. 2. 

The probable error in these determinations of the 
ratio happens to be small, since the tests were made 
systematically under standard conditions on material 
which was for the most part uniform.. It could, no 
doubt, be made much smaller if extreme care were 
taken to ensure that the hardness number adopted in 
the calculation expressed the hardness of the material 
exactly at the position where fracture subsequently 
occurred in the tensile test. A series of tests made under 
‘‘workshop” conditions, the hardness impressions 
being made in an Alpha press on filed surfaces on the 
outsides of billets from which the tensile test-pieces 
were taken, and measured to 0-05 mm., gave for 
carbon steel of hardness 150 to 200, a probable value 
of the ratio 0-231 + 0-011. The results of the tests 
were obtained indiscriminately from longitudinal and 
transverse tests, 75 per cent. of the tests on carbon 
steel and 40 per cent. of the tests on alloy steel being 
on longitudinal test-pieces. This has some effect in 
flattening the maximum, since the ratio deduced from 
transverse tests is slightly less than that obtained from 
longitudinal tests. The difference in the average of the 
ratio based on longitudinal and on transverse tests 
(about 0-002 for alloy steels, and perhaps a little more 
for carbon steels) was, however, too small to necessitate 
separate treatment of the two sets of results. 

Some authorities, instead of giving ratios, prefer to 
give a tabular statement of Brinell hardness numbers 
and equivalent tensile strength. The table given by 
Brearley* for forged and heat-treated steels embodies 
the following values of the ratio: 0-230 when the 
hardness is less than 170, falling to 0-220 when the 
hardness increases to 180, and then to a constant value 
0-218 for all material having a Brinell hardness number 
exceeding 200. Hanbyt gives a table which shows a 
ratio of 0-24 for very soft steels, decreasing to 0-21 for 
steels of hardness 500, the value being about 0-215 over 


displays a fall in the ratio from over 0-25 for soft steels 





* “ The Case-Hardening of Steel,’’ 1921, page 115. 
+ “ Metals in Aircraft Construction,” 1920, page 22. 


of their own tests, and quote tests carried out by 
J. Strauss of the American Naval Gun Factory. 

Table III. summarises the ratio of tensile strength 
to Brinell hardness number calculated from data 
obtained in the Research Department, Woolwich, and 
from the sources indicated. Values of the ratio deduced 
from three published tables of Brinell hardness number 
and corresponding tensile strength are added for com- 
parison. From this table a close approximation to the 
correct ratio for any hardness can be obtained, but in 
practice it is often desirable to make use of a simple 
factor which can be easily remembered. The values 
recommended are :— 


(1) For heat-treated alloy steels, with a Brinell 
hardness of 250-400 es ied wee OSI 
(2) For heat-treated carbon steels and for alloy 
steels with a Brinell hardness below 250.... 0-215 
(3) For medium carbon steels, as rolled, nor- 
malised, or annealed Es = wee O22 
(4) Mild steels have not been examimed in the Re- 
search Department, Woolwich, in sufficient 
number to make it possible to give a definite 
ratio, but published work indicates that 0-23 
is a suitable value to adopt for these steels as 
rolled, normalised, or annealed. 


These ratios do not apply to severely cold-drawn nor 
to austenitic steels. 

The British Engineering Standards Association sug- 
gests for general purposes a ratio 0-22, while the corres- 
ponding German Association recommends : 


For carbon steels, tensile strength 19 to 63-5 
tons per square inch gel re we 0°23 
For alloy steels, tensile strength 41 to 63-5 tons 
per square inch __.... iia ‘ue we 0-215 
Systematic users of Brinell hardness tests are well 
aware of the differences in the Brinell hardness number 
determined with reasonable accuracy at points a short 





* Journal of the Iron and Steel Institute, 1915, No. 1, 
page 125. 

+ Institution of Automobile Engineers, Report of 
Steel Research Committee, 1920. 

t American Machinist, 1919, vol. 1, page 739. 

§ ‘‘Molybdenum, Cerium, and Related Alloy Steels,’’ 





t T. H. Burnham's “‘ Special Steels, 1923, page 186. ' 





1925, pages 123, 187 and 188. 
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THE MAGNET MECHANICAL REFRIGERATOR. 
CONSTRUCTED BY THE GENERAL ELECTRIC COMPANY, LIMITED, ENGINEERS, LONDON. 
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in diameter. The vertical tubes connecting these plat 

| drums are in four groups and number 378; they are strik 

| 3} in. in external diameter and 0-128 in. in thickness. flask 

Horizontal tubes are also fitted to connect the groups oman 

Fic. 1 of upper drums and the lower drums. The usual rods 

Ae mountings are provided and include two spring-loaded ag 

safety valves adjusted to lift at 130 lb. per square inch. Tee 

: . : \ : : ; ._|A mechanical stoker of the underfeed type is fitted, i 
distance apart in the same specimen. ‘These differences | is revolved, the compressor cylinders will remain | ang forced draught is employed. inelit 
give a numerical indication of actual variations in pro- | stationary, but since the eccentric will revolve with the| ,, the above-mentioned date, one of the vertical fixed 
perties from point to point and are useful as an indica- | shaft, the piston will traverse the cylinders. /tubes in the front row exploded with violence, dis- whic 
tion of the departure from uniformity of a piece of steel,| The arrows in Fig. 2 indicate the path of the refri- | placing some of the tubes in its vicinity. The ‘tube, ment 
but they are a source of error in determining the ratio | gerant, and it will be observed that the suction ports | which ruptured, opened out over a length of 9 in., at copp 
of tensile strength to hardness number unless special | of the cylinders are connected through the hollow | point about 6 th. Oia. whews the grate level, and the of th 
precautions are taken. Thus, it is rarely that the | shaft to the evaporator. When the rotor is in motion, | hojJer contents were dispersed and blew open the fire meres 
value of the ratio for a series of steels is known with | gaseous refrigerant is therefore drawn from the evapora-| doors. The steam pressure at the time amounted to ing ¢ 
a probable error of less than +: 0-003. The existence | tor, it is then compressed by the pistons, and discharged | 119 jb, per square inch. The conclusion arrived at was 120 v 
of this probable error is a further argument for the use | through the exhaust ports directly into the condenser. | that the tube had become overheated and was unable 0-48 
of an approximate ratio in round numbers. Until the | A trickle of water from an external source is constantly } +) withstand the boiler steam pressure. Severe stron, 
probable error is reduced, the accuracy with which the | playing on the outer surface of the latter, and the | external wastage over the front of the tube in way of the not t 
forecast of tensile strength can be made from the | refrigerant is, therefore, cooled and liquefied in this | fire had also weakened it, and this was judged ‘to be a equal 
Brinell hardness number is but little affected by the chamber. The latter also contains lubricant, and the | eontributory cause of the explosion. Specimens of metal 
use of an approximate rather than the true mean value | mixture is carried by centrifugal force to the top of the | the ruptured tube were subjected to chemical analysis cadmi 
of{the ratio. | chamber from which a continuous stream is caught by | and were also examined under the microscope. The plicat 
ee ee & SCOOP, shown in Fig. 2 projecting from the stationary | opinion was formed that the material was originally of -~ 
THE MAGNET MECHANICAL compressor. The mixture of oil and refrigerant jormal tube quality, but had subsequently been severely _ 
In his review of the evidence submitted, ™ 


| passes into the separating chamber shown, where the | overheated. : | 
REFRIGERATOR. | oil, being lighter, rises to the surface and passes over | the Engineer Surveyor-in-Chief observes that the — 


For certain purposes, such as food preservation, | @ weir on to the working parts of the compressor. The | enlargement suffered by the tube could only have been 
there is a considerable demand for a simple refrigerator | latter is thus running practically submerged in lubricant. | brought about by overheating to bright redness. The cells h 
which can be operated with perfect safety by an entirely | The liquefied refrigerant flows from the separating | facts of the case point to very severe conditions of fire ee 
unskilled person, and the General Electric Co., Ltd., | chamber through the pipe shown into a float-valve | in this corner of the boiler, but, continues the report, Hash 8 
have recently put a machine on the market, called the | chamber, from which it passes through the central | no reason could be assigned for this. It is felt, however, ameea, 
Magnet, which has been specially designed to fulfil | tube into the evaporator, where it expands and gasifies.' that the principle of massed fire, with insufficient circuit: 
these requirements. We illustrate this machine in| The evaporator dips into a brine bath and the cooled | combustion space or with no other means of neutralising pores 
Figs. 1 and 2 above. The simplicity and compactness | brine is utilised for cold storage or other purposes in| the volatile elements of the fire, causing direct flame at is 
of the design will be evident from the first of these | the usual way. The amount of water required for | action on the tubes, is not consistent with good practice. y we 
figures. Before describing the mechanism in detail | condenser is very small, a 2-in. pipe, supplying 5 to | The owners have, therefore, arranged to keep a strict oe 
it will be convenient to refer briefly to the leading | 15 gallons per hour, being sufficient for the purpose. | watch on the fires to keep them levelled, in order to a 
characteristics of the refrigerator. The whole of the) The machine is normally supplied fitted with a motor | ayoid a repetition of the accident. Further, in addition B ucta 
refrigerating elements, including the compressor are | in the base as shown in Fig. 1. The motor may be| to systematic gaugings and inspections, they are record- ris thi 
contained in hermetically sealed enclosures, and the | for either direct current or alternating current, and | ing the hogging with a view to the checking of marked -\ appa 
machine is charged with the refrigerant and lubricant | the consumption is rather less than 250 watts per hour. displacements and the renewing of doubtful cases. jena 
uf 


When required for food conservation, the machine | in ka 
g 


before despatched from the works. No recharging is 
























therefore needed at any time. The hermetically sealed | can be supplied in four sizes complete with cabinet, | we f 
enclosures are in the form of a dumb-bell, and form a/| but it will be evident that it is equally applicable to Tue Texrite Recorper Year Book, 1926. F “ar grea 
. F * | . . . ae : iled and edited by Mr. F. Nasmith, editor of The Textile impres 
rotating element driven from a small electric motor | various other industrial uses, such as oil cooling on} P. he Textile Recorder Year Book, 1926, contains press 
ther power source, The rotor, together with its | air drying Ragecsasrpidenche yk cnagtllgpeaypomr taper te aang As re 
salen water tank, cover a ian form a self ree a vast amount of information on such subjects “wool had obs 
D yvater tank, cov I nd fc - snarati inni -eavi " ’ 4 
ceenebeal wnbiiee shown in Fig. “¢ hich merely requires | EXPLOSION FROM A WATER-TUBE Sd, aon: jute sail Sn teenies hosiery ey dij 
bolting down on the site. and the production and preparation of raw silk, waste ne ms exp 
Turning now to the details of construction, the rotor BOILER AT FLEETWOOD. and artificial silk. No attempt is made to a 98 ts dir 
is shown in cross section in Fig. 2. The left handcham-| In accordance with the provisions of the Boiler | "®w devices and appliances, but rather to descr! difica- T Saape 
“i : ° : . é - aes : 5 principles involved and leave descriptions of the modi 9 chee] 
ber in this figure forms the condenser, and contains | Explosions Acts, 1882 and 1890, a preliminary inquiry | ;;..; to the technical textile press, The volume contains @ series 
the compressor. At the right-hand end, the condenser | has been conducted by the Board of Trade Surveyor | 960 pages of literary matter, an increase of nearly 100 ig es 
is connected through a shaft, which is hollow, to the | at Liverpool, with reference to an explosion from a/| pages over the contents of the previous year’s issue. "a on 
second chamber, seen on the extreme right in Fig. 2, | water-tube boiler, which occurred on April 5, 1921, | The present edition has, moreover, been completely might } 
which constitutes the evaporator. At the left-hand|at the Ammonia Soda Works of the United Alkali | revised and a considerable amount of matter = minim 
end, the condenser is provided with a short spindle| Company, Limited, Fleetwood. The report of the | added to several of the sections. Aa oseatistioal experim. 
carrying a driving pulley. The compressor is suspended | inquiry, which was published recently, states that the pia ng ee — deavour has beet ame 
from @ bearing on an extension of the interconnecting | boiler is of the Stirling water-tube type; it was! ode to render the inode ge ae as possible. The ——. 
shaft, and is retained in a vertical position by counter-| made by the Stirling Boiler Company, Limited, | year book is published by Messrs. John Heywood, reed 
weights. The pistons are operated by an eccentric} Motherwell, and was installed in 1917. The upper| Limited, 121, Deansgate, Manchester; the price » Iring on 
on the shaft. It will be apparent that when the rotor | drums of the boiler are 4 ft., and the lower drums 8 ft, | 7s, 6d. net, or 8s. 3d. post free. 
pp | E 
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ELECTRIC IGNITION OF FIREDAMP 
BY DIRECT AND ALTERNATING 
CURRENTS. 


Gas mixtures probably ignite when their molecules 
are sufficiently energised, by heat or shock, to combine, 
but the energy of a flash produced by the separation 
of metallic contacts carrying current is not only a ques- 
tion of the intensity of the current flowing in the circuit 
before interruption. In a further contribution to the 
study of these problems,* Paper 20, ‘‘ Safety in Mines 
Research Board.” [H.M. Stationery Office; price 
ls, net], Dr. R. V. Wheeler distinguishes six variables 
as affecting the igniting power of break flashes: the 
nature of the metal of the spark gap, the rate of break 
of circuit, the area of contact at the moment of 
break, the self-inductance of the circuit, the impressed 
volts, and the current flowing before rupture. Some 
of these variables admit of more or less independent 
control; but the second and third items covering the 
rate of break and area of contact, are very difficult 
to regulate. Each spark changes the contact surface ; 
when the flashes are repeated to obtain ignition by 
a succession of sparks, as is frequent in these experi- 
ments, the conditions do not remain constant, and 
when in single-flash working the contacts are cleaned 
after each spark, equal conditions are not assured. 
For these reasons Dr. Wheeler and others, though 
experimenting with various metals, generally use 
platinum contacts. The rate of break has to be regu- 
lated by mechanical means. ; 

In his recent experiments, mostly with the highly- 
explosive methane-air mixture of 8-5 per cent., 
Dr. Wheeler made use of three types of apparatus, 
distinguished as A, B, C. The A is a glass sphere 
of 100 cub. cm. capacity, in the centre of which a 
platinum strip is suspended from a brass rod ; a rod of 
platinum, which is operated from outside the sphere, 
strikes the strip every 5 seconds, and produces the 
flashes when leaving the strip. In the B sphere the two 
contacts are platinum cones at the ends of horizontal 
rods; the one electrode is fixed, the other is pushed 
against it by a cam and immediately withdrawn again. 
The cylindrical C apparatus is similar to the one used 
by Professor Thornton in 1916. The cylinder is 
inclined, the electrodes are axial; the lower one is 
fixed, the upper one is attached to a solenoid plunger, 
which drops once every five seconds. Some experi- 
ments made with electrodes of zinc, aluminium 
copper, iron, platinum, &c., showed that the intensity 
of the weakest currents, able to produce ignition, 
increased in the order stated, which is also the ascend- 
ing order of the boiling points of the metals. At 
120 volts that current rose from 0-25 ampere (zinc) to 
48 ampere (platinum) ; at 80 volts the currents were 
stronger (0-34 to 0-65 ampere), and the sequence was 
not the same, indicating that the maintenance of 
equal conditions was very difficult with oxidisable 
metals. The duration of the break flash, long with 
cadmium and zinc, short with platinum, further com- 
plicates matters. The further work was, therefore, 
done with platinum electrodes. When 0-25 ampere 
produced ignition at rapid break, 0-6 ampere were 
required at slow break, which kept the electrodes longer 
In position for carrying off heat. 

In these experiments direct currents from dry 
cells had been used. With a direct-current inductive 
circuit the amount of energy appearing in the break 
flash should be $4 Li. Introducing different induct- 
ances, ranging from 0-008 up to 0-695 henry, into 
arcuits of 30, 60, 90 volts in mixtures of increasing 
methane percentage, U-shaped curves were obtained, 
that is to say, the 8-5 per cent. mixture was ignited 
by weak currents, while stronger currents were 
required to ignite both weaker and stronger gas mix- 
tures. As regards the relation between current and 
inductance, the product Li!-+ seemed to be constant. 
But this was only when all the experiments were made in 
A apparatus, and it is indeed not likely that the induc- 
tance could be varied without altering the whole 
character of the spark. It would appear, however, that 
in high-induction circuits the current intensity is of 
far greater importance for the igniting power than the 
impressed potential. 

As regards direct and alternating currents, Thornton 
had observed that much stronger alternating currents 
than direct currents were required for ignition. He 
had exploded a methane mixture by 0-5 ampere at 200 
Volts direct, whilst he needed 20 amperes (r.m.s.) and 
Ti amperes (crest values) at 200 volts and 100 periods. 
” check this remarkable result Dr. Wheeler produced 
* Series of 50 sparks and admitted more methane if 
ra sation had occurred while increasing the current 
a age ampere ; in this way several hundred sparks 
Rt 1ave to be passed in order to ascertain the 
‘ immum current strength required for ignition. The 

‘periments made in the A and the © apparatus 


cass 





ma dealt with a Paper on Electrical Explodersfor Shot 
ng On page 91 of our issue of January 15, 1926. 


(the alternating current being produced by a motor 
generator) at different pressures (35 and 288 volts), 
in gas mixtures of different strengths, gave practically 
the same minimum currents for alternating current 
(crest values) and direct current. In further experi- 
ments alternating current of 150 periods from a con- 
verter were used in the A and C apparatus. In these 
cases the minimum ignition currents were much 
higher—a point to which attention is not drawn. 
But the alternating currents required were actually 
smaller than the direct currents 2-50 amperes against 
3-30 amperes, possibly because the transformer used 
added some inductance to the circuit. | The general 
observation was that the alternating current were as 
efficient as the direct current for ignition, using the 
current intensity as criterion in default of an absolute 
measure of the energy in the break flash. But there 
was a difficulty with alternating currents in so far as 
the production of a spark at the crest value of the 
current was a matter of chance. As the results obtained 
differ from those of other experimenters, the Board is 
arranging for further investigation. 





MARINE OIL ENGINE TRIALS. 
(Continued from page 640.) 

THE general conditions governing the tests ashore 
are given in Table VIII. The results of these 
tests are recorded in susequent tables as the 
averages of the periodical observations, duly corrected 


Fig. 15.FUEL CONSUMPTION (OBSERVED) AND 
1.H.P. (FROM CARDS). B.H.P. 






























































page 639 ante, had been exactly adhered to, divided 
into the corresponding indicated horse-power from the 
fair line of Fig. 15, has been taken to represent the 
quantity required. 

Curves connecting various sets of observations are 
shown in Figs. 16 to 23. In general these may be 
regarded as self-explanatory. The “ Characteristic 
Diagram” (Fig. 19) of the engine (from which the 
torque exerted for any given fuel consumption and 
r.p.m. can be read off) has been derived by a simple 
construction from Fig. 18, the latter being plotted 
from faired values of the fuel consumption. The 
following curves, &c., are also reproduced namely :— 
Fig. 164: Mechanical efficiency—mean indicated 
pressure. Fig. 168: Mechanical  efficiency—brake 
equivalent mean effective pressure. Fig. 17: Brake 
equivalent mean effective pressure, or torque—mean 
indicated pressure. Fig. 20: Fuel per indicated 
horse-power per hour and per brake horse-power 
per hour—horse-power. Fig. 21: Thermal efficiency 
(both i.h.p. and b.h.p. bases)—-horse-power. Fig. 22: 
Exhaust gas composition—mean indicated pressure. 
Fig. 23: Exhaust gas temperature—fuel per minute, 
or indicated horse-power. 

The arrangement of the Tables of observations, VIII. 
to XIV, and the curves plotted therefrom, are sub- 
stantially in the order followed in the previous reports. 
There are, however, certain remarks to be made im 
respect of the present trials. wee 

In the tabulated values of fuel per indicated horse- 
power-hour and thermal efliciency, for the calculation 
of which faired values of fuel consumption and 
indicated horse-power were employed as explained 
above, no correction has been made for the fuel 
equivalent of the energy required to drive the various 
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90 
Compressor .P. 
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(9613. A) Brake Horse -Power “ENGINEERING” (8) Brake Equivalent M bs per Sh 
TABLE VIIL—GENEBAL CONDITION GOVERNING THE TESTS.* 
| ! | ! 
pls a Ba | aw Pm Pe Pw fe bt be Pied oe: Ped gee) Qe 
Teh Wantier : a ae a ee & | ter |e B..f) i | 3. | 2. | 4. / | Reo 18, 
12a ye | = am i. ee ee ee era aes | me i 
24 e ea ..| May 1. April 30. ~ April 29. April 28. May 1 
ee xe ix a 10.15 | 9.307} 1.0 j 10.50] 9.30 ) 1.20 {10.55} 11.0 ; 2.55 ; 1.25 | 1.80 | 2.40 | 8.55 
Duration, minutes * .. se 60 60 240 60 60 180 | 60 | 60 120 | 60 | 60 | 60 | 60 
servations, 
ea) lt gl sit|s6i|sitmilei|s fs ts 
Average speed, I.p.m. .. ..| 88-9 98-8 | 87-5 | 72-0 | 87-4 | 73-0 | 63-0 | 73-7 | 62-2 | 49-8 | 58-9 | 40-5 | 34-2 
Load on brake, 1,000 Ib. -.| 12-85 | 11-12 11-06 |11-14 | 8-27 | 8-43 | 8-25 | 5-55 | 5-81 | 5-59 | 3-14 | 3-09 | 2-96 
Fuel-pump control, numeral 18-9 17-0 | 16-5 | 16-5 | 13-0 | 13-0 | 13-0 | 10-0 | 10-0 | 10-0 | 6-0 | 6-0 6-0 
Fuel-valve control, numeral .. | 48 | 48 48 45 42 38 33. | 33 | 33 36 36 36 
: ion throttle, | | | 
———— pees i | 20 | 22 37 | 28 | 26 | —. | 210 | 20 | 34} 13 | 9 10 
| if | \ ! \ ' 1 











required, in respect of the subsequent calibra- 
mag instruments used. The deductions made 
follow immediately from the observed particulars, 
and sufficient information is recorded to permit o 
further deductions being made. A process of “ fairing ” 
the fuel consumptions and indicated horse-powers 
has been adopted, thus the observed values of these 
quantities have been plotted to a base of brake horse- 
power (Fig. 15), and a representative line has been 
drawn through the points obtained; the fuel and 
indicated horse-power corresponding to @ given brake 
horse-power have been determined from the fair line. 
The original observed quantities and the corresponding 
faired values are recorded in Tables IX and XJ. The 
deductions have been calculated and the curves plotted 
in respect of the faired values. A similar process of 
fairing has been adopted to derive the values of the 
mechanical efficiency recorded in Table XI. Thus, 
the brake horse-power which would have been 





* The pointer attached to the manceuvring hand-wheel indicated the legend, “ Ahead, 6-Oil,” throughout the Tests. 


pumps other than those driven by the engine. Pending 
a decision from the Committee on Tabulating the Results 
of Heat Engine and Boiler Trials, it is not proposed in 


f | this report to give a figure for the thermal efficiency 


of the standard of comparison. The results of one of 
the tests, namely Test No. 10, is tabulated along with 
those of the schedule of Table IV, as the observations 
and deductions are identical in all cases. The description 
of the conditions under which this test was made}is 
dealt with later. 

Pyrometer readings of the thermocouples and of 
the mercurial thermometers placed in the outlets from 
individual cylinders, and readings of the thermometer 
placed at the end of the common manifold were 
observed throughout the tests, and the averages of the 
periodical observations made during each test are 
given in Table XII. Samples of the gases were taken 
from the manifold during each test, and the analyses are 
also recorded in Table XII. The oxygen and carbon 
dioxide contents of the exhaust gases, plotted to a 





developed if the loads and speeds set forth in Table IV, 
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base of mean indicated pressure, are shown in Fig. 22 
Owing to the effect of the scavenging-air, no use has 
been made of these analyses for the purpose of com- 
puting the amount of heat carried away in the exhaust 
gases. The colour of the gases escaping from the 
-exhaust pipe were noted under two couditions of back- 
oes namely, against the sky and against the black 

uilding. Except in the case of two of the tests at 
low power, Test Nos. 12 and 13, the exhaust as it 
showed agaiust the sky was perfectly clear, the colour 
in the two exceptions being recorded as very faint 
straw. When viewed against the dark background the 
following are the records of the colour observed: Test 
Nos. 10 and 7, just visible; Nos. 9 and 8, clear; the 
remainder being faint grey. 

The heat carried away in the exhaust gases is shown 
under the heading “ Radiation, &c.,”” which quantities 
are obtained by subtracting the heat accounted for 
from the thermal input to the engine. The thermal 
equivalent of the horse-power expended in friction 
(being: indicated horse-power—brake horse-power— 
compressor horse-power—scavenge horse-power), is 
excluded from the amounts of heat brought to account 
as the principal amount of heat generated in friction, 


namely, that of the rings against the walls of the | 


cylinders, is dissipated into both jackets and piston 
cooling water circuits, and is therefore already included 
although indeterminately, under these amounts. The 
heat rejected to the compressor jackets and coolers 
has also been excluded from the thermal balance 
sheets. 


Turning now to tests additional to the programme | 


already dealt with, a trial of the engine developing 
power in excess of its rating was made, using the fuel of 
which the analysis is given in Table VI, Col. 3, page 640 
ante. The external conditions under which the engine 
developed the excess power, namely, the brake load and 
the speed, were calculated from the relation, torque = 
constant x speed’, used in the compilation of Table IV, 
the amount of excess power developed being 16 per 
cent. above the rated full power of the engine. The 
duration of the test was one hour, and the averages of 
the periodical observations are recorded in the tables 
in Test No. 10. 

A slow running test was carried out on May }, after 








TABLE 1X.—Inpicator Carps (Power CyLInDERS)—DEDUCTIONS, 








Test Number : 





Pressure (Ib. per square inch)— 
At end of compression .. 
Maximum during firing. . 

At end of expansion 


Mean indicated pressure (lb. per 
square inch)— 


Cylinder No. 1 forward) Upper 
ma, ae 
a Nos: x by aed 
- ot ee 
» No.6 (ait) J Upper 


Indicated horse-power 
Indicated horse-power (corrected, 
Fig. 17) 





Thermal equivalent of indicated | 
{1 


horse-power (corrected)* 
Mean indicated pressure from 
indicated horse-power (cor- 


| 
| 
| 
rected), lb. per square inch 
| 





























71 56 54 
95 76 if 
73 58 60 
99 82 79 








| 2,740 2,720 | 2,280 





| 2,900 | 2,640 | 2,280 
123-0 | || 112-0| 96-7 | 
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* Tn units of 1,000 B.Th. vu. per minute. 
TABLE X.—A, InJEoTION Arr-CoMPRESSOR : PRESSURE BY GAUGE IN RECEIVERS ; TEMPERATURE OF AIR 


AFTER AND BEFORE EACH STAGE; INDICATOR CARDS—DEDUCTIONS. 


B, ScaveNGE AtR-PumPs: PRESSURE IN REOEIVER ; TEMPERATURE IN RECEIVER; INDICATOR Carps— 











the conclusion of Test No. 13. The brake was full of 
water and carried a load of 1,000 lb. The slowest | 
speed maintained over a period of five minutes was | 
22-8 r.p.m.; at the conclusion of the test the engine | 
was accelerated up to full speed. The fuel-pump 
control numeral was 54, the fuel-valve control numeral 
was 35, and the pressure of the injection air was 
460 Ib. per square inch. The exhaust was clear except 
after very occasional missfires. 

A determination of the mechanical efficiency by the 
brake method was carried out on May 2. The fuel 
supply and the injection air together were cut off from 
each cylinder in turi, and the brake load on each 
occasion was immediately reduced so that the speed 
remained normal, other conditions being kept as 
nearly constant as possible. All readings were com- 
pleted with a minimum of delay, in order to avoid undue 
cooling of the inoperative cylinder, and thereby changes 
in the frictional resistance. 

The principle, upon which depends the deduction of 
the mechanical efficiency of the engine from the 
observations made during this test, is set forth in the 
First Report, the mean indicated pressure of the cylinder 
out out being :— 

Reduction of brake load 
~ Brake constant x cylinder constant 


Reduction of brake load 








= 350 x 0-07554 














































































































The general conditions (full power) under which the Brake load (normal) ... 

test was carried out are as follows, the ianaiens| 

made being given in Table XV :— 
Engine speed by tachometer 


Injection-air pressure 





Fuel-pump control numeral... 


1,000 Ib. per 
square inch. 


DEDUCTIONS. 
I] 
c | B A A B 
Test Number : | 
7 & jf sa 6 2 11 
| i} | 
A, Injection Air-Compressor— | HI | 
Pressures by gauge—(lb. per | | | | 
square inch) — i| 
Blast-air so ch ROSL 924 || 935 | 930 910 | 570 
3rd stage delivery ‘a acl 200 345 295 325 805 | 243 
2nd stage delivery .. 103 85 97 90 7 
Low-pressure delivery 28 20 26 24 14 
| 
Air Temperatures (deg. F.)— | | 
At blast-air bottle. ae 92 | 99 89 85 | 61 
delivery | 245 206 239 213 199 | 171 
High pressure suction 95 || 103 | | 95 88 70 
delivery | 216 2 231 215 201 166 
Srd stage =< —= 82 | 91 84 77 60 
9 elivery | 231 224 232 2238 197 167 
2nd stage suction | 100 100 || 106 | 102 92 69 
Low pressure delivery | 198 192 || 203 192 175 141 
| 
Indicator Cards—Deductions— | 
Pressure (lb. per square inch) 
High-pressure delivery {1,087 990 ||1,003 {1,010 {1,010 968 590 
stage suction | 213 240 207 243 222 155 
delivery | 301 360 329 343 326 195 
ard stage suction 70 || 59 | 70 65 35 
2nd s elivery 103 || 90 97 89 50 
Sat stags suction 1g || 12 | 15 14 2 
Low-pressure delivery* 34 || 29 32 29 13 
stage suction ah 66 4 5 8 
Mean indicated pressures | 
(Ib. per square inch) — j 
High-pressure stage . . «-| 477 477 || 490 475 466 264 
3rd stage os oe --| 153 181 || 169 169 162 97 
2nd stage a BA 48 || 44 46. | 42 26 
Low-pressure stage 19-3|| 17-0} 19-0) 17-5 9: 
| 
Indicated horse-power— 
High-pressure stage . . 40 || 49 | 40 33 16 
8rd stage 48 || 54 | 45 | 37 19 
2nd stage : 40 || 45 39 | 30 16 
Low-pressure stage 51 || 55 | 51 | 40 18 
Total indicated horse-power ..| 191 179 || 208 1175 | 140 | 69 
Thermal equivalent of com- | | 
pressor indicated horse- | {| | | 
powert be : 7°6\| 8-6 7-4) 5-9 2- 
| | 
~—— me aan ee 
B, Scavenge Air-Pumps— | iH | 
Pressure in receiver by mano- | | | 
meter, (in. of water) : 33 | a | 7 21 14 
' 
Temperature in receiver (deg. F.) 83 83 | 85 | 76 75 75 
Indicator cards—deductions— 
Mean delivery press, (Ib. per i| 
square inch) s 1-7|} 2-3 1-6) “5 1-2 0- 0- 
Mean suction press.* ‘(ib. per 
square inch) : 5} 0-8|| 0-5} 0-4] 0-3! 0- 0-2 
Mean effective press. ‘(b. pet | | 
square inch) M 1-7 2-3 1-6 1-2 0- 0- 
Indicated horse- -power os} 262 83 135 81 50 25 29 
Thermal equivalent of sca- | 
venge indicated horse- | 
powert . “s ap 3-5] 5°7 3-4) 2-1 1- 
| | 
* Below atmosphere. ¢ In units of 1,000 B.Th.U. per minute. 


.... 10,950 Ib. 
Brake mean effective pressure (normal) 69 Ib. per 


Injection-air compressor indicated 


horse- power (total) ; 
Scavenge-air pumps indicated horse- 
power (total) : ‘s 


203 


138 
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Fig.19. PALMER-CAMELLAIRD-FULLAGAR ENGINE 
(RATING 2700 B.H.P. AT 86 R.PM). 


49 cad 20 Deduced from Observations of the Engine 
E ; during Trials on the Test Bed. 
~ RPM.sTorque 
5250 


4 Torque 
| e 8 
% 70 20 50 4O 50 60 70 80 90 100 
2613.0 ) Revolutions per Minute “ENGINEEKING 
Fig. 20. FUEL PER B.H.P. PER HOUR-BRAKE HORSE-POWER. 4 
FUEL PER 1.H.P PER HOUR- INDICATED HORSE-POWER. 


¢ 


= 

Le 

or 

Tal 

& ats Fuel per * per, 
3 7 

ko-00 


|Fuel per LHP. per 


Fuel 
—) 
So 
S 
Ss 


9613 F) »-Power 


Fig. 22.CONTENTS OF EXHAUST GAS. 
MEAN INDICATED PRESSURE. 
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100 


123,750 


Torque - 7,000 Lb- Fe. 


27, THERMAL EFFICIENCY (BOTH B.H.P. AND 1.H.P. BASES) 


HORSE -POWER. 


P Basis) - LHP. 
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Thermal Efficiency > Basis) -B.H.P. 
1600 2400 3200 
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TABLE XI.—A, Brake Horse-Power; B, Friction Horse-Power ; C, MECHANIOAL EFsIcieNcy; 
, FUEL QuantITIES AND DEDUCTIONS. 






















































































10 {| | | | 
- BOB Ay 26 B A Cc } B A ec |i Bl a | C 
[ Test Number : | 
: | | | ey So 8 4 6 5 1 3 | 2 | it 12 |] 13 
. . ] ose Se ee ee) Ee | Le eee: {| u ot ' 
tr D Le * ] | 1} 
a carbo +a (A) Absorption Dynamometer— | | | | 
ae =. Brake horse-power . | 3,135 |] 3,140 | 2,760 | 2,290 || 2,065 | 1,760 | 1,485 || 1,165 | 1,030 | 795 || 485 | 360) 290 
s ' : | . . e Brake mean effective pressure | i} | | 
fr 20 40 60 80 700 (Ib. per sq. in.) | 77-9 || 70-3 | 69-8 | 70-4 52-2 | 53-1 | 52-0 34°9 | 36-7 | 35-2 | 19-8 | 19-5 | 18-7 
ER the mer te tek, Thermal equivalent of brake i} i| | 
anes “P F horse-power for one minute* . ,|133-0 ‘i 117-0 | 97-2 || 87-6 | 74:7 | 63-0 || 49-4 | 43-7 | 33-7 {| 20-5 | 15°3 | 12°3 
| | | | | 
: (B) Friction— || | | 
Fig. 2 ar EMER ATURE orf EXHAUST CESES. Friction horse-power .. .| 332 ] 273 | 310} 348 || 237] 264] 259 |] 164] 180] 162], 147 | 143) 141 
|__4 Friction mean effective pres- 1 | | | 
FUEL PER MINUTE. btn > sure (Ib. per sq.in.)| 8-3 } 6-1 | 7-8 | 10-7 6-0} 8:0} ~9-1 4:9] 6-4] 7-2 6-0} 7:3} 91 
i . Thermal equivalent of friction 1] | | | 
°- At End of Manifold, Thermometer a horse-power for one minute* | 14-1 || 11-6 | 13-1 | 14-7 || 10-1 | 11-2 | 11-0 || 7-0] 7-7] 6-9 || 6-3] 6-11! 6-0 
x: »Exat from Gla) a ya 1] | | | 
y Lennie Pi = |(C) Mechanical efficiency, brake i] | | | 
= 400 - Ne horse- ema aati horse- | | | 
§ ry . power .. ° 0-823 ||0-819 0-806 |0-792 ||0-783 |0-773 |0-762 ||0-747 j0-732 0-719 yee 10-620 0-561 
3 ; | ,4 (D) Fuel quantities and deductions— | i} | | 
& 300 | Vy, Quantity per hour (observed) | i} i} | 
* re S Ib. | 1,288 || 1,302 1,112 | 918 || 864} 717] 621 || 547| 462| 368 |) 259 195 | 164 
Mt Fae /] 8 Quantity per minute corrected 1] | | | 
& r [A si 25 Ib. | 21°5 21-6 | 18-5 | 15-3 13-9 | 12-0 | 10-3 8-4 7-6 6-1}; 4:2] 3-4] 3+ 
> 4] ‘ Temperature .. deg. F.| 51-5 || 48-7 | 52-9 | 48-5 || 49-2 | 52-3 | 50-9 || 53-5 | 53-0 | 55-7 || 51-1) 54-7) 55-2 
 200|——+} / 20 Weight per brake aihiaek \| | 
* ot | Va = per hour R lb. |0-412 |/0-413 |0-402 |0-401 ||0-404 |9-409 [0-416 ||0° 433 0-443 (0-461 |'0-520 |0-567 |0-621 
L ' 415 Weight per indicated horse- i | 
| Pressure § power per hour .. Ib, |0-389 ||0-339 [0-325 |0-317 |/0-316 |0-316 |0-317 ||0-323 |0-326 |0-332 |/0-345 |0-358 |0-368 
100 ad 10 Heat carried in fuel per | {| | 
| nN 5 minute* --| 411 412 353 292 266 229 197 || 160 145 116 jj} 80} 65 57 
> % Weight of CO: formed per h {| | 
3 r } 15 8 minute. Ib. | 66-7 || 67-0 | 57-4 | 47-4 || 43-1 | 37-2 | 31-9 || 26-0 | 23-6 | 18-9 |; 13-0 | 10-5 9°3 
SN | 4 c Weight of. steam formed per 1 | 
sr : . 0 minuté. . Ib. | 24-1 |} 24-2 | 20-7 | 17-1 || 15-6 | 18-4 | 11-5 9-4 8-5 6-8 || 4:7 3°38 | 3-4 
. 16 2” Theoretical weight of air re- |} 
nel oar tia Lbs, quired per minute for com- 1] 
bustion 303 304 261 216 196 169 145 118 107 | 86 | 59 48 42 
Thermal efficiency, brake beeen | | | 
. 5 10 15 35 40 power basis . .|0-324 |/0-324 |0-332 |0-333 |/0-331 |0-326 |0-320 |/0-309 |0-301 [0-291 ||0-257 lo 236 |0-216 
%36) Indicated Horse-Pow 3 Hundreds. Thermal efficiency, indicated || 
er (App Jin “ENGINEERING” horse-power basis .. ..]0°393 ||0-393 |0-409 |0-421 ||0-421 |0-422 |0-420 ||0-414 |0-409 ‘wheel | \lo- 386 jo 372 (0-365 
——____ TaBLe XV. j * In units of 1,000 B.Th.U. 
| . . M.I.P. from | The mechanical efficiency is therefore :— compression—re-expansion curve should, therefore, 
Cylinder | Net Load |Beduetion | Reduction Cards. 69-0 appear as a single line on the indicator diagram if the 
Cut Out. | carried at} “from | M.E.P. = 9.47 83-8 per cent. drive is satisfactory. Inspection of the cards shows 
* | Normal. M.LP. | Upper | Lower | pe See : that no serious error is involved. 
Piston. | Piston. | The mean indicated pressures calculated by this method Ee 
differ from those obtained from the cards taken imme- (To be continued.) 
| Ib. lb. Ib. per sq.| Ib. per sq. in, | ately before and after the test, the difference being : 
ee Powe in. ascribable to errors both in the indicating arrangements| Taste or Wire GaucEs.—We have received from 
rae ard | 8,750 2,200 83-4 78 99 | and in the experimental procedure adopted. In com-| Messrs. James McMillan and Co., Clun House, 17, Surrey- 
ease oo fe 7 | 10% | paring these indicated pressures with those recorded in | street, Strand, London, W.C.2, a copy of a wall chart 
{ + | 8.850 | 3'100 79-6 72 | 95 | Table LX, Test 9, regard should be had to the fact that | of wire gauges issued by pay red oe gpa om 
6 aft” 8,650 2,300 87-2 77 98 |the speed at which Test No. 9 was conducted, was (1) the Imperial Standard ; (2) Birmingham or Stubs’; 
8,850 | 2,100 79-6 74 | 102 87-5 hin inieatd i Bante t off (3) American Steel and Wire Company’s; and (4) 
oars i 5 /-OT.p.m. AS injection air as well as fuel was Cut Of | American Standard B. & S. All diameters are given in 
“veracze Mean Tndicated Pressure 82-4 87-0 from an inoperative cylinder, its charge of scavenge air | both inches and millimetres. The tables are printed on 
a nee was merely compressed and re-expanded. The! a stout card measuring 12 in. by 9} in. 
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MARINE OIL TRIALS. 


TABLE XII.—Exuavust Gas OssEervatTions: A, ANALYSIS BY VOLUME; B, PRESSURE IN MANIFOLD; C 
TEMPERATURE By PyROMETER AT ExIT FROM CYLINDERS; D, TEMPERATURE BY THERMOMETER aT EXIT FROM 


CyuinpEeRs; E, TEMPERATURE BY THERMOMETER AT END oF MANIFOLD. 








CATALOGUES. 


Electrical Sundries.—Messrs, Electra, Limited, Rupert. 
court, London, W.1, have issued a catalogue of elec. 
trical apparatus and sundries for domestic and office 
use, 


Hoisting Blocks.—Messrs. Herbert Morris, Limited, 





















































| | re loo Il | | | Loughb h, have issued a further catal f pulley 
es ; aor B a ee B A c ll B Be, ih ue Se bak | .oughborough, have issued a further catalogue of pulley 
Test Number. wo |} 7 | @--)s i] 4 | rial ee eee | | es | © 1 3 | a blocks as well as lists of battery trucks and vertical 
~~. Vere \ | | i| | | | | | boilers, 
y Zz I ' | a | | Electrical Sundries,—M Premier Electric H 
(A) Analusis | i | | Electrical Sundries.—Messrs. Premier Electric Heaters 
) gas, a fy wanes of dry | | | \| | | Limited, Keeley-street, Watery-lane, Birmingham, have 
Carbon dioxide .. C02 | 4-67 | 4-40 | 4-25 | 4-08 | 3-14 | 3-10 | 2-98 | 2-39 | 2-80 | 2-28 || 1-00 | 1-44 | 1-35 issued priced lists of electric bowl fires, grate fires kettles 
Carbon monoxide .. CO | 0-10 || 0-06 | 0-06 | 0-06 || 0-06 | 0-05 | Nil. || 0-11 | 0-05 | 0-07 — | 0-07 | and smoothing irons for domestic use. 
Oxygen ote _ Og |13-77 |/14-74 [14°85 [15-33 ||16-44 [16-50 |16-52 ||17-56 |17-45 |17-73 || 18-50 |18-65 }18-35 
Nitrogen .. ——.._—- Ng |81-46 |/80-80 |80-84 |80-58 |/80-36 |80-35 160-50 ||70-94 [80-20 |79-92 ||80-50 |79-84 {80-30 Clutches.—A catalogue of automatic centrifugal 
soe Fn naga in manifold, inches | | il | oe | ae | | ee ,| clutches fitted to pulleys, couplings, and brakes, has 
() Teanmielione a 24°5 | 27-9 | 22-8 | 16-0 || 19-7 14-6 | 11-4 |] 11-8 | 9-9) 10-5 || @-7 | 3-8 ‘2 | come to hand from Messrs. Thomas Broadbent and Sons, 
(deg. F.) at exit A | i] | HI HI Limited, Huddersfield. Much usefv] technical informa- 
Cylinder No. 1 (forward) ..| 517 || 502 | 468| 425 | a2] 33] 312 || 269| 252] 240 |! 175| 168 | 165 | tion is given in the catalogue. 
9 «; o 4 € © wd © ® | wa iy . ° ~ 
ASS 2) BRP BR) Be) SY) Sk) aes] Bt] Be | HR] 488) A) Barc Zempe-—A catalogue of Neronlnmys made by 
»  No4 "- **} B90 |] 306 | 460] 425 || 356| 337] 315 || 265| 2511 239 || 175| 170| 166| the Osram Company of Berlin has come to hand from 
» Nod: <1} 538 || 517] 480] 432 || 363] 344 | 315 || 272] 256] 240 || 180] 170] 169| Neron, Limited, 1, Brixton-road, London, 8.W.9. The 
xs No. 6 (aft) .. ..| 533 511 | 477 4380 360 | 339! 314 | 271 | 2531 240 178 | 170| 166| Standard lamps range from 15 watts to 100 watts and gas- 
Average, all cylinders .. .-| 628 506 | 468 | 425 355 | 3836! 312 || 269] 253] 240 || 178] 170] 167] filled lamps are made up to 1,500 watts. : 
(D) Temperature by thermometer | | | . . we “ 
(deg. F.) at exit from :— | 1 Gland Packing.—A new edition of their handbook on 
Cylinder No. 1 (forward) ..| 479 || 469] 450] 410 || 339| 341 | 310 || 260} 258| 240 || 201 | 185 | 181] metallic packing has been issued by Messrs. Crane 
A No. 2 nae ..| 493 486 462 421 356 348 325 || 278 272 253 || 217 201 200 | Packing, Limited, of Windsor, Ontario, Canada, and of 
” oe | 491 480 459 425 349 347 326 275 263 a | 203 195 191/ Slough, Bucks. There are 15 chapters dealing with 
No. 5 5 ‘ F 97 5 : Ps . ° 3 
* ee . - = = ry = — oor ao | pits aoe poe = oo =. various glands in steam, pumping, refrigerating and other 
averaze, aoe @td -- «| 807 || 510 | 470) 498 || 364 | 364 | $25 || 274 | 261/ — || 205) 188) 176 apiece de 
foo seen ge yr Ale 498 485 463 421 | 353 348 321 269 260 245 i 205 193 187 Oil pond acai yh stationary, portable and 
(deg. F-.) at ‘ tae | os cy | | = aot = marine oil engines ranging from 5 h.p. to 42 h.p. and 
8. F.) at end of manifold ..| 551 530 | 526) 476 | 378 | 387 | 360 | 286 | 284) 272 i 230} 215 1! running on crude oil, residual oils or refined petroleum, 
: : : has come to hand from Messrs. Petters, Limited, Yeovil, 











* Spot analysis by Orsat apparatus. 


This catalogue is a new edition containing excellent 
descriptive and other matter on small power installations. 


TABLE XIII.—A, Fresu-Warer Coonine, JACKETS AND Pistons; B, SaLT-WATER COOLING, AIR COMPRESSOR Secondhand Machinery.—A new edition of the list of 


AND FRESH WATER COOLERS. 


secondhand machinery and materials issued by Messrs, 
Thomas W. Ward, Limited, Sheffield, contains 500 




















































































































| \| | | | |} | | | 
are | a ll B A c ifs 8B A. 3G. Boden Be Wh ak) loge 
Test Number. | i] |} j 
| 1 |} 7] 9 | 8 |} 4] 6] 5 fl s | 2 | 1 | 12 | 18 
i} 1] | | 
——— en - = ee ee eee ai fi | 
| ) 1|~ | 1 } | | 
(4) Fresh water cooling— i | | | | | | 
Temperatures (deg. F.) :— 1 | | | | 
At common entry to jackets i] | | | | 
and pistons. . me ..| 98-9 {1103-1 |105-9 |106-4 | 5-3 | 94-5 |] 90-1 |93-1 | 91-1 || 84-3 | 92-7 /102-3 
At exit from :— | | i| | | 
Jackets (common) .. ../129-2 |/140-9 /139 4 |184-5 +4 |114-1 ||110-0 |105-6 |106-3 || 96-1 |101-5 {110-3 
Pistons (common) .. ..{120-8 ||131+4 130-8 [131-8 d+1 {111-1 |/106-0 /100-5 |101-3 || 94-3 |100-4 |109-9 
Upper piston, cylinder No. 3 {119-4 ||124-1 126-8 }125-6 2°7 |107-6 1105-3 | 98-8 | 99-9 || 95-5 | 96-6 |106-2 
Lower piston, cylinder No. 3 {129-4 |/132-9 |127-2 j124-4 || 5+7 {109-9 |/L04-9 | 99-3 | 98-9 || 93-0 | 99-1 |107-8 
Jackets water cooler, . ../106-3 1106-4 }104-1 |106-3 || -3| 91-0 || 91-3 | 89-0 | 87-6 || 83-0 | 99-1 |107-9 
Pistons water cooler ., .-|102-9 }}110-1 }108-5 |107-9 Ht “4 | 97-5 |} 94-0 | 91-8 | 91°5 89-9 | 99-9 |108-7 
Quantities (gallons per hour*) : | | | | | 
Passing through— | Ht | | | | 
Jackets oe ve 18-6 |] 10-8 | 11-2 | 11-7 |] 11-8 | 9-4 | 11-2 || 11-2] 11-1] 10-9 |] 9-9] 7-9] 5-7 
All pistons... se ..| 88 || 6-5 7:7 | 7-61) 8-1 6-8 | 7-6 || 10-4 8-6 7-4 6-3 5°5 4: 
Upper piston, cylinder No. 3} 0-77|| 0-65| 0-65] 0-63|| 0-75} 0-57| 0-68|| 0-83| 0-73| 0-66|| 0-451 0-38] 0- 
" a eevee gg No. 3 | 0-48]| 0-46] 0-66) 0-70|| 0-51! 0-63) 0-64]! 0-63 0-72) 0-65| 0-60) 0-53) 0O- 
eat rejected (B.'Th.U. per i | 
minute*) :— | | | 
From jackets .. ..| 68-7 || 64-9 | 62-5 | 54-8 || 40-6 | 39-3 | 36-6 || 37-1 | 23-1 | 27-6 || 19-5 | 11-6] 7- 
» allpistons ..  —..} 32-1 |] 30-6 | 31-9 | 32-2 |] 24-4 | 23-6 | 21-0 |] 27-6 | 10-6 | 12-6 || 10-5} 7-1] 6- 
” “— piston, cyl. | | i| | | | 
Nes. ..| 2-63 || 2-28 | 2-26 | 2-02 || 1-61 | 1-65 | 1-48 |] 2-10 | 0-69 | 0-97 || 0-84 | 0-38 | 0: 
» Lower piston, cyl. | | | | || | | | 
ms. ..| 2-44 | 2-28 | 2-34 | 2-10 || 1-90 | 2-14 | 1-64 |] 1-56 | 0-74 | 0-85 || 0-87 | 0-57] O- 
(B) Salt water cooling— | | | 
Temperatures (deg. F.):— | | | 
At common entry to all | | } | 
Po = oa “+ 46-5 i| 46°5 | 44-7 | 46-9 | 47-5 | 45-3 | 46-5 47-0 | 46-5 | 44-9 | 44-5 44-5 | 44°: 
Guides os oe sil 47-0 | 48-0 | 46-0 | 48-0 || 48-0 | 46-7 | 47-5 -— 47-1 | 45-0 45-3 | 45-0 | 44-6 
Air-compressor jackets | 53-8 55-0 | 53- 54-1 | 55-9 | 53-2 | 538-3 57°6 | 52-9 | 49-8 48-3 | 47-5 | 47- 
Air-compressor cooler ..| 87-1 || 92-3 | 90-0 | 86-2 || 94-6 | 89-1 | 85-1 |} 83-2 | 81-7 | 72-5 || 60-9 | 56-3 | 55- 
Jackets’ fresh water cooler | 71-0 | 94-7 | 82-8 | 82-4 || 70-4 |100-0 | 68-3 || 84-5 | 76-5 | 74-7 || 73-2 | — —_ 
Pistons’ fresh water cooler | 72-0 || 76-0 | 71-6 | 78-3 || 69-9 |104-9 | 70-1 |] 71-9 | 70-5 | 69-5 || 86-5 | — | — 
Ts | | \ 
Guides fe ae ..| 12-20|} 11-72] 10-98] 11-40]] 10-62] 8-95] 10-05]/ 10-89] 10-00 10-46|| 12-72| 12-48] 11- 
Air-compressor jackets 2-54/| 2-48] 2-36) 2-42)| 2-75) 2-66; 2-66) 1-86) 2-06) 1-87 | 2-38) 2-30) 2- 
- mt ane a 1-011| 0-99) 0-93) 0O-96)| 0-91) 0-86; 0-87 1-24) 0-88} 1-01]; 0-96 0-91) 0- 
eat rejected (B.Th.U. per | i} | | \| | 
minute*) :— | i] | | | 
nase = | 1-02|| 2-98) 2-38] 2-09]| 0-89] 2-09! 1-68] — 1-00} 0-17)| 1-70} 1-04) 0-80 
»» air-compressor i | H | 
jackets .. | 3-09]! 3-51) 3-42] 2-90/] 3-85) 3-50) 3-02], 3-28| 2-20) 1-53/| 1-51] 1-15] 1- 
»» ait-compressor i| | | {| | {| 
coolers... ..| 6-83]| 7-56] 7-02) 6-29]| 7-14) 6-27) 5-60]| 7-48) 5-16) 4-65/| 2-62! 1-79) 1-2 
| H} | | {| | | || | iI 
* In units of 1,000. 
TABLE X1V.—THERMAL BALANCE SHEETS (ALL QUANTITIES OF 1,000 B.Th.U. PER MINUTE). 
wits) | A plale | pial c ioe he lets fa c 
Test Number : H | | | |] | \| 
1 || 7 | 9 | s 4 | sie} 2 | # | #4) a¥ ae [a 
eee en Oe ee ae ee. ee a ' ' 
i | ; | is on een | RRS 
Toheatinfuel ..  .. —..|411-0 Ila12-0 |353-0 |292-0 ||266-0 229-0 |197-0 160-0 }145-0 |116-0 || 80-0 65-0 | 57-0 
1} | | H | 
By thermal equivalent of — | | | | 
Brake horse-power -+/133-0 |/133-2 |117-0 | 97-2 87:6 74-7 | 63-0 | 49-4 | 43-7 | 33°7 | 20-5 | 15-3 | 12°3 
Air-compressor horse-power ..| 8-1 || 8:7] 8-3] 7:6 |) 8:6) 7-4 | 6-5 | 6-7 | 5-9} 5-0 |] 2-9] 2-3) 2-2 
Scavenge horse-power . . ..| 65 |} 85 | 6-1 | 3-5] 5-7 | 3-4 | 2:2 | 8-1] 2-1 1-1 | 1-2| 0-5} 0-3 
By heat rejected from— | | | | 1| 1 | 
Jackets a ate .| 68-7 64-9 | 62:5 | 54-8 || 40-6.) 39-3 | 36-6 || 37-1 | 23-1 | 27-6 | 19-5 | 11:6; 7: 
| 
Pistons ..| 32-1 |] 30-6 | 31-9 | 32-2 |] 24:4 | 28-6 | 21-0 || 27-6 | 10-6 | 12-6 || 10-5 | 7-1! 6- 
Guides |. 1:0°]] 2:9) 2-4 | 2: | 0-9 | 2-1] 1-7 |) — | 10] 0-2] 1-7) 1-0) O- 
| | i | | ' 
By heat carried away in exhaust } | | | | | | i | | 1 } | 
Bondi “ “ag ie sare ||163-2 nw | 94°6 | 98-2 | 78-5 66-0 | 36:1 | 58-6 | 35-8 | 23-7 27-2 | 27-6 
y radiation, &c. .. ak | | | 
mniee } | || | i] ee, Carer 
411-0 ||412-0 [353-0 [292-0 ||266-0 [229-0 [197-0 [perro /145-0 j116-0 80-0 | 65-0 | 57-0 
I | i} t ! 











octavo pages and deals with engines, boilers, pumps, 
cranes, machine tools, building contractors’ plant, &c. 
Stocks are held at the principal seaports and some of the 
large inland industrial centres, 


Engine Ignition.—An automatic ignition system is 
described in a circular received from Messrs. F. A. 
Wilkinson and Partners, Limited, Gretton, near Ketter- 
ing. It is intended to be used in place of mechanical 
contact breakers or magnetos or to be employed with a 
magneto as an alternative. It requires current when 
starting up, but acts automatically after the cylinder is 
heated, 

Sheet-Metal Work.—Circulars illustrating store bins, 

window frames, wall and roof corrugated sheeting and a 
patented pierced galvanised and corrugated sheet are to 
hand from Messrs, Frederick Braby and Co., Limited, 
Petershill-road, Glasgow. The pierced sheets have 
narrow ridged slots at the top of the corrugation, and 
these are found sufficient to admit light and air while 
practically excluding rain. 
Air Compressors.—We have received catalogues of 
portable air compressors on four-wheel trucks for 
deliveries ranging from 100 cub. ft. to 300 cub. it. per 
minute, and also a catalogue of vertical compressors for 
belt-driving from the Consolidated Pneumatic Tool 
Company, Limited, 170, Piccadilly, London, W.1. 
A leaf catalogue of small air-driven hoists for lifting 
500 Ib. or 1,000 lb. is also to hand from this firm. 


Hot-Water Boilers.—Boilers for hot-water supply 
suitable for domestic use or for hotels and institutions 
are shown in great variety in a catalogue received from 
Messrs. Robert Jenkins and Co., Limited, Rotherham. 
The boilers which are made of welded wrought steel, 
are either independent or are arranged to be built into 
cooking ranges, grates, &e. Jacketed pans, circulating 
tanks, and all piping and fittings are also dealt with. 


Electric Motors.—A new edition of their catalogue of 
small motors is to hand from Messrs. Higgs Motors, 
Witton, Birmingham, who specialise in the production 
of machines ranging from } h.p. to 50 h.p. Within these 
limits they produce single-phase, two-phase, and three- 
phase motors of the squirrel-cage and slip-ring types, 
as well as direct current motors and generators and also 
motor-generator sets, The specifications, dimensions, 
and prices are fully stated. 


Telephone Repeater Stations——A pamphlet recently 
issued by the General Electric Company, Limited, 
Magnet House, Kingsway, W.C.2, contains a reprint 
of an article describing the thermionic-valve repeater 
stations on the trunk telephone cable between London 
and Bristol. The article, which was written by Mr. A. B. 
Hart, and published in the issue of the Post Office 
Electrical Engineers’ Journal for October last, deals 
with the whole of the equipment of the two stations 
at Marlborough and Taplow, which was supplied by 
the General Electric Company, Limited, the repeater 
equipment having been manufactured at their Peel- 
Conner Telephone Works, Coventry, and the power 
plant at their Witton Works, Birmingham. These two 
stations were the first of the new series of permanent 
repeater stations to be completed in connection — 
the underground trunk telephone cable system, ane 
were put into service in June, 1924. Since that time, 
we understand, they have been in constant use under 
commercial conditions, and no fault of any kind has 
developed. Altogether, at the time the article was 
written, there were 17 repeater stations in existence ? 
different parts of the country, 11 more were authorised, 














and others were projected. 
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THE ‘“‘ COMBUSTIBILITY ’’ OF COKE 


AND DIRECT REDUCTION IN THE 
BLASTFURNACE.* 
By the Late Mr. W. W. Hotties. 


As far as the author has been able to ascertain, the 
doctrine of ‘‘ combustibility ” originated in a paper by 
H. P. Howland, entitled ‘‘ Calculations with Reference 
to the Use of Carbon in Modern American Blast- 
Furnaces,” read before the American Institute of 
Mining and Metallurgical Engineers, and published 
in their Proceedings for the year 1917, p. 339. In that 
paper the working results of a large number of American 
furnaces were passed in review, and, as they appeared 
to show that no greater proportion of carbon was burnt 
at the tuyeres in furnaces working on very low con- 
sumptions than was burnt in furnaces working on 
comparatively high consumptions—indeed, rather the 
reverse—the author (Howland) assumed that the 
importance usually assigned to indirect reduction in 
the furnace was misplaced, and that a certain amount 
of direct reduction was desirable. “‘ It seems clear, 
therefore,’’ he said, “‘ that in the low coke furnaces 
one of the most important, if not the most important 
function of the carbon burnt at the tuyeres is to produce 
heat to enable the carrying on of the direct reduction 
rather than to produce CO for indirect reduction.” 
And again, “‘ On this basis it becomes very essential 
that our carbon shall burn instantaneously to CO in 
order that the resulting heat shall be localised where 
needed. . . . We would say, therefore, that the most 
desirable thing about coke is that quality in the carbon 
which shall allow of its being instantaneously burnt to 
CO, and thus result in the maximum concentration of 
heat where needed.” 

This idea that a concentration of heat could be 
obtained in the hearth by means of a special “ free- 
burning ” quality in a coke was widely taken up, and 
a number of investigators once again demonstrated 
that the solubility of different cokes in a current of 
CO, differed widely at various and corresponding 
temperatures. Some even suggested that the measure 
of the solubility of coke in CO, should be accepted as 
an index of its free-burning qualities and of its 
suitability for work in the blast-furnace. As, generally 
speaking, the softer a coke the greater its susceptibility 
to the action of CO., the above view would seem to be 
directly contrary to practical experience, where soft 
coke is not regarded with much favour. These experi- 
ments, however, were all carried out at temperatures 
greatly inferior to that ruling before the tuyeres in 
the blast-furnace, so that they do not seem to serve 
any useful purpose. On the other hand, researches 
by the American Bureau of Mines on furnaces in 
actual work demonstrated the fact that there was no 
difference in combustibility in commercial cokes before 
the tuyeres of a blast-furnace—i.e. that at.a temperature 
approaching 2000° C. and with the blast heated above 
the point of combustion of the coke, all cokes were 
consumed equally within a given space from the tuyeres. 

Any conclusions drawn by Howland with regard to 
the advantages derived from direct reductions are 
annulled by the statement that, in the calculations 
on which he based his views, no allowance had been 
made for the moisture contained in the atmosphere, 
nor for the nitrogen contained in the coke. Indeed, he 
specifically stated that he considered them of no 
Importance, ‘‘ aside from the fact that there may be 
some nitrogen from the coke and that we have assumed 
the air to be dry at 62 deg. F., the method (employed 
in his calculations) isexact. In my (Howland’s) opinion, 
heither of these points is of enough value to counteract 
the complications introduced by them.” Far from 
these points not being of enough value to counteract 
the complications introduced by them, they are just 
the factors which control the accuracy of any estimate 
of the amount of carbon consumed by direct reduction. 
Were a sample of gas to be collected from a blast- 
furnace working under extreme summer conditions, 
and the amount of direct reduction taking’ place in 
the furnace estimated therefrom on a basis of dry air 
at 62 deg. F. and with no allowance for the nitrogen 
in the coke, it can be shown by calculation that there 
would be an error of practically 60 per cent. in the result 
obtained. 

Howland also assumes that only the carbon burnt 
at the tuyeres is capable of taking part in the indirect 
reduction of the ore. This is not so. The reduction 
of the silicon, phosphorus, and manganese, and the 


fixation of the sulphur in the slag, according to the 
Teaction ; 


FeS + CaO + C = Fe + CaS + CO, 


all take place at temperatures superior to 1,000 deg. C., 
8 that any carbon oxidised under these circumstances 
can only be in the form of the lower oxide (CO, cannot 
*xist in appreciable quantities in the presence of carbon 
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at temperatures above 1,000 deg. C.). As the decom- 
position of the limestone only takes place to any con- 
siderable extent at temperatures above 800 deg. C. 
(the American Bureau of Mines gives the dissociation 
temperature of limestone as 892 deg. C.), it follows that 
there must be a certain proportion of carbon burnt 
to CO by this means also—the product of the solution 
of carbon by the CO, at the above temperature. At 
the temperature of decomposition of CaCO, and under 
the conditions prevailing only about 2-0 per cent. of 
carbon can exist as CO, to 98 per cent. existing as CO. 
This means that if the carbon introduced by the lime- 
stone amounts to 10 per cent. of the total carbon in the 
gases, then about 80 per cent. of it will be reduced to 
the state of CO, taking with it an equivalent amount 
from the coke. So far, then, from it being true that 
only the carbon burnt at the tuyeres is capable of per- 
forming indirect reduction, it is seen from the above 
that 98 per cent. of the total carbon found in the gases 
from all sources may assist in this process. 

The author has long been of the opinion that the 
carbon primarily oxidised by the oxygen of the burden 
is confined, in a correctly designed furnace run under 
satisfactory conditions, to that required to reduce 
the silicon, phosphorus, and manganese in the pig- 
iron—that involved in the fixation of the sulphur in 
the slag and the amount called for to establish the 
carbon, iron, oxygen equilibrium at the mean tempera- 
ture of the zone of decomposition of the limestone. 
So far as the iron itself (Fe) is concerned, Gruner’s ideal 
—that the whole of the reduction should take place 
indirectly by means of CO gas—should be fulfilled in 
practice. If the above view be correct, then it follows 
that the amount of carbon burnt above the tuyeres 
for any given burden and grade of pig-iron is a fixed 
amount per ton of pig-iron made. The lower the 
consumption of fuel per ton of pig-iron, the higher 
will be the proportion of carbon involved in the so- 
called direct reduction. Support is given to the above 
theory in the discussion on Howland’s paper, where it 
transpired that there was a remarkable constancy 
exhibited in the amount of carbon supposedly occupied 
in direct reduction, independent of what the total 
consumption might The researches of the Bureau 
of Mines on their experimental blast-furnace at Minne- 
apolis showed that it was possible to run a blast-furnace 
without any direct reduction taking place whatsoever. 

In fact, in the experiments referred to, not only was 
the whole of the silicon, phosphorus, and manganese 
reduced by indirect means—in this case obviously by 
means of carbon deposited in the upper reaches of the 
furnace by the reaction : 


200 = CO, +, 


reaching a point in the furnace where the above 
reactions became possible, but about 4 per cent. of the 
carbon burnt at the tuyeres re-descended in the form of 
deposited carbon to be again burnt by the oxygen of the 
atmosphere. Direct reduction must involve a greater 
demand for heat from the furnace, and so should be 
avoided as far as possible. The author thinks that if a 
series of trials were carried out on a hematite furnace, 
where the amount of carbon entering the furnace in the 
form of carbonates could be accurately estimated and 
correct allowances made for moisture in the blast and 
nitrogen in the coke, it would be found that much of the 
supposed direct reduction was non-existent. Any 
hypothesis that free-burning coke so concentrates the 
heat in the hearth that an extra amount of direct 
reduction can take place, or is even desirable, would 
then fall through. If, however, another characteristic 
of free-burning coke is considered, namely, its porosity, 
there would seem to be grounds for admitting its 
superiority over dense non-porous coke—always 
provided that it stood up to its work in the furnace. 
There must always be a considerable difference 
between the mean temperature of the various individual 
pieces of burden and coke, and that of the gases imme- 
diately surrounding them during their descent in the 
furnace. This being so, a coke exposing a relatively 
greater surface per unit of weight to these gases will 
arrive at the tuyere level at a temperature more nearly 
approaching that of the combustion temperature than 
would a less porous, coke, and the higher will be the 
temperature attained by its combustion in consequence. 
Similarly, the materials composing the burden when 
broken down before charging offer an increased surface 
area per unit weight, and so promote the same efficient 
preheating on which the temperature of the hearth so 
much depends. The remarkable figures furnished by 
some furnaces running on fine Mesabi ores, once the 
initial difficulty of treating these fine ores had been 
overcome, are to be attributed largely to the great 
heating surface these fine ores expose relatively to their 
weight. The marked superiority of charcoal as fuel 
in comparison to coke may also be largely accounted for 
by the fact that, weight for weight, charcoal offers an 
incomparably greater heating surface to the surrounding 
gases than doescoke. Weight is lent to this view by the 





fact that the observed temperatures of metal and slag 


in a charcoal furnace are as high or higher than that of 
a coke furnace blown with blast at a temperature many 
degrees higher. 

Finally, the series of reactions for indirect reduction 
which are usually grouped under— 

Fe,0, + 3CO = 2Fe + 3C0, 

is so slightly exothermic that the excess heat which 
could be conveyed to the surrounding gases as a result 
of this reaction is insufficient to counterbalance: the 
normal radiation loss. That is to say, however large 
orsmall a proportion of CO we may burn to CO, there 
is no actual increase to the sensible heat of the gases 
themselves. The sole source of heat to furnish the 
sensible heat of the gases is therefore that supplied 
by carbon burning to CO at the tuyeres. Itis not, then, 
the proportion of carbon which can, or cannot, be burnt 
to CO, by means of the oxygen of the burden which 
controls the fuel consumption of the furnace, but the 
amount of carbon which must be burnt to CO at the 
tuyeres to supply all the heat demands other than that 
of the mere reduction of the iron. For a 36 to 37 per 
cent. burden the limit approached from this angle lie 
round about 21 cwt. under present practice. This is in 
close agreement with Sir Lowthian Bell’s 20-5 cwt. 
coke for 40 per cent. burden running on No. 3 Cleveland. 
This observation led Sir Lowthian Bell to the belief 
that the limiting factor was the proportion of CO, 
to CO in the gases, and that, when the figure 1 CO, 
to 2 CO was reached, the gas was saturated with CO, 
at the temperatures prevailing at the outlet and ceased 
to react with the ore. This proportion is, however, 
constantly exceeded in furnaces in the States, and the 
true explanation of Sir Lowthian’s limit is, of course, 
that to supply the heat demands for the furnace in 
question, working on the grade of iron mentioned, so 
much carbon had to be burnt to CO at the tuyeres that 
the O, subsequently extracted from the burden only 
sufficed to produce the proportion CO,: CO =1:2, 
on which he based his limiting factor. 

The only lines on which it would seem possible to 
make any considerable saving on the side of the heat 
demands of a modern blast-furnace would appear to be : 

(I) A very considerable enrichment of the blast with 
oxygen. 

(II) The substitution, so far as may be practicable, of 
pulverised quicklime blown in at the tuyeres for lime- 
stone added at the top of the furnace : 

(1) Would result in increasing the rapidity of the 
cooling curve of the ascending gases, resulting in a 
lower top temperature for a very considerably 
diminished volume of gas per unit of carbon burnt. 

(2) Would mean the saving of :— 

(a) The carbon now lost by solution with the CO, 
of the limestone in the reaction CO, + C = 
2CO. 

(6) The very considerable amount of heat required 
to balance the above strongly endothermic 
reaction. 

(c) The heat required to decompose the CaCO, into 
CaO and COQ,. 

All the heat required for (b) and (c) has now to be 
furnished by carbon burning to CO at the tuyeres, which 
carbon would be saved in addition to that lost by 
solution in the shaft of the furnace (a). 





CoNDENSER TUBE FAILURE: PRACTICAL CHART.— 
We have received from Messrs. Crane Packing Limited, 
Slough, Bucks., a copy of their ‘‘ John Crane ”’ practical 
chart of condenser tube failure. ‘The three main causes 
of tube deterioration are stated to be faulty mechanical 
design, corrosion, and erosion. The gradual failure 
of the tube is followed out step by step and is set out on 
the chart in graphicalform. The chart has been prepared 
by Mr. F. C. W. Wilkinson ; it is printed in two colours 
on thick paper, and is priced at 2s, 





ELECTRIFICATION IN LiTHuanta.—The Lithuanian 
Parliament has considered and adopted the first reading 
of a bill which proposes to grant the Galybé Company 
exclusive rights for the construction of hydro-electric 
stations at certain places on the rivers Niemen and Neris. 
This, however, is no new question, for as long ago as the 
time of the reconstruction of the Lithuanian State, the 
idea was mooted of utilizing the Niemen water-power, 
especially at the Birstona loop, to produce electric 
energy, while the idea itself was known and entertained 
even before the war, and by the Germans during the 
war, when they occupied the country. According to 
the text of the bill, just published, the Galybé Company 
will be granted sole rights to build hydro-electric stations 
on the Neris, from the Eiguliai Bridge to Jonava, and on 
the Niemen from the mouth of the Verkné at Birstona to 
Alytus, and to operate the same for 50 years, at the end 
of which, the stations, with all equipment, movable and 
immovable machinery, will pass to the State, without 
compensation. The company must build a station on 
the Neris not later than in three years, and on the Niemen 
not later than six years from the day when the bill 
becomes law. The proposal to grant this concession to a 
private company has given rise to a lively controversy, 
there being a strong section in favour of making the 





undertaking a State monopoly. 
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** ENGINEERIN' ILLUSTRATED 
PATENT RECORD. 

SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is the Specification is not 


illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

— <4 ions may be obtained at the Patent Office, Sales 
bv ti 5, Southampton Buildings, Chancery-lane, W.C.2, at 


uniform F sage of 18. 
The date of advertisement of the ay “oad of a Complete 


Speci, ton is, in each case, a the abstract, unless the 
atent has been sealed, when “* Sealed ”’ is \ 
two months from date of 


?. may, at any time within 
ory he ep ey 
7) sition grant of a 

Patent on any of the grounds porte By in the Acts. 

STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 

243,416. A. W. Bennis, Bolton. Water-Heating 
and Steam-Generating Boilers. (1 fig.) August l, 
1924.—The invention relates to water-heating and 
steam-generating boilers. According to the invention, 


a set, or a number of sets, of water-heating or steam- | 
are subject to the direct heat on | 


9 


-> 


generating tubes 
one side solely from a grate 1, and on the other side 














(243, 4/6) 


from one or more fuel jets 4 arranged in the roof of 
the furnace. By this means the grate 1 is protected 
from the intense heat of combustion of pulverised, 
gaseous or liquid fuel, and further the tubes provided 
according to the invention receive the heat from both 
heating-elements at the time or times when both the 
upper and lower heating elements are operated in 


unison. (Sealed.) 
TEXTILE MACHINERY. 
241,351. J.O. McKean, Westfield, Mass., U.S.A. 


Winding Yarns. (19 Figs.) September 8, 1924.— 
The invention provides improvements in a belt-driven 
tube or cone-winding machine for winding thread. The 
base for the winding head is mounted on bars 2, 2, 
from which base projects the bracket 6 for holding the 
thread-tension device. The housing 7 of the winding 


i 


























machine head is movable from its winding to its 
non-winding position. The housing is pivoted at 8 to 
have a limited rocking or tilting movement on the base. 
Within the housing 7, is located the rotary cam 9 
fixed to the shaft 10, which cam controls the recipro- 
cating movement of the thread guide 11. A spring 12 
extending between the base and the housing 7 tends 


breaking of the thread or the exhaustion of the supply. 


(Sealed.) 
MISCELLANEOUS. 

240,533. R. A. Smith, Westminster, London. 
Treating Granular Material. (4 Figs.) July 1, 1924. 
—The invention relates to apparatus for cooking, roast- 
ing, drying or sterilising edible nuts, oil seeds and other 
granular materials by a continuous process. The im- 
proved apparatus comprises a vessel or hopper a, through 
which the material under treatment, guided in thin or 
shallow streams by partitions, baffles or the like d, 
descends by gravity to an outlet f, beneath which, at a 
convenient distance, a controlling gate or table g is 
arranged so that when the gate or table is in repose, the 
material which has passed through the outlet forms 
@ heap thereon choking the outlet, and when the gate or 
table is moved, the material is caused to travel across 
the gate or table, and consequently a continuous flow 
of material takes place through the outlet. The vessel 
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or hopper through which the material under treatment 
descends, is constructed so that the paths along which 
the material moves, as determined by the arrangement 
of the partitions or the like d, are all of substantially 
equal length, and these paths all converge to a single 
outlet f. In the parts of the paths approaching the out- 
let, the arrangement of the baffles is especially directed 
towards ensuring that each of the confluent streams of 
material discharges at an equal rate into the combined 
stream. The rate of discharge of the material through 
the outlet is controlled by the gate or table g, which may 
consist, for example, of a rotary oscillatory or recipro- 
catory plate or drum arranged beneath, and adjustable 
towards or away from, the outlet, for effecting variations 
in the rate of discharge and thereby increasing or 
diminishing the time taken by individual nuts or grains 
in passing from the inlet to the outlet. (Sealed.) 
239,912. R. W. Paul, London. Liquid-Level 
Indicators. (4 Figs.) June 12, 1924.—The inven- 





tion relates to apparatus for indicating the height of a 
liquid above a datum point, of the type in which air is 
forced through a pipe open at that point and a measure- 
ment is made of the static air pressure when flow ceases. 
In such apparatus, it is usual to drive the air through 
the pipe by means of a hand-operated air pump, with the 
result that the manometer may easily be damaged by 

































































applying excessive pressure too suddenly. According 


to the invention, a single expansible chamber serves the 
double purpose of forcing air through the pipe and of 
measuring the pressure at which the flow of air through 
the pipe ceases. Also, according to the invention, a 
mechanically-operated non-return valve is employed to 
control the inflow of air to the expansible chamber, 





to rock the head to its non-winding position when the 
stop motion mechanism releases the head, due to the 





means being provided for measuring the pressure at which 





the flow of air through the pipe ceases. In a preferred 
construction incorporating both features of the invention 
the expansible chamber C is in the form of a collap- 
sible bellows, which is normally held in its contracted 

osition by means of a spring E, and actuating mechanism 
is provided comprising a spindle J! adapted to be rotated 
by hand and carrying two cams K, L which act, respec. 
tively, on the non-return valve H! and on a member 
connected to the bellows C, the arrangement being such 
that, when the spindle J! is rotated, the valve H! will 
be opened, the bellows C will be expanded against the 
action of the spring E, the valve H! will be closed, and 
the bellows C will be released to drive air through the 
pipe until the position of equilibrium is reached. F is a 
very light chain attached at one end to the bellows € 
and at the other end wound round and fixed to a spindle 
F! carrying a pointer F2 which moves over a graduated 
dial G. A hair spring F5 acts on the spindle F! in a 
direction to wind up the chain F on the spindle, so that 
it tends to move the pointer F2 from the zero to the 
maximum position, the pointer being held normally 
in its zero position owing to the action of the spring FE. 
Thus when the bellows C is expanded against the action 
of the spring E, the tension in the chain F will be re- 
leased and the hair spring F® will move the pointer 
from its zero position in accordance with the expansion 
of the bellows. The operation of the device can best be 
understood by reference to Fig. 3, which shows its appli- 
cation to the measurement of the depth of liquid con- 
tained in a petrol tank M and in an oil container N. 
The outlet B® from the bellows C communicates with 
a pipe M! which is open at its far end M? at a datum point 
in the tank M. The outlet B3 from the bellows C simi- 
larly communicates with a pipe N} leading to a datum 
point N2 in the oil container. If it is desired to 
measure the depth of petrol, the handle D! is placed 
in the position in which the pipe M! is in com- 
munication with the interior of the bellows. If, on 
the other hand, the depth of oil is to be measured, 
the handle D! is moved over to the position in which the 
pipe N: is in communication with the interior of the 
bellows. When the handle D! has been adjusted into 
the desired position, the shaft J! is rotated by hand. 
This causes the opening of the valve H! and the expan- 
sion of the bellows, the pointer F? meanwhile being 
moved round to its maximum position. When the 
bellows is left free to contract under the action of the 
spring E, the contraction forces air through the pipe 
M! (or N}) since the valve H! is now closed, and the 
flow of air through this pipe continues until the pres- 
sure within the bellows balances the hydrostatic pres- 
sure due to the head of liquid at the datum point Mé (or 
Ne). The pointer F? follows the contraction, of the 
bellows and, when equilibrium is established, indicates 


on the dial the head of liquid. (Seaied.) 
243,464. E. Wilson, London. Refrigerating 
Apparatus. (5 Figs.) September 4, 1924.—The inven 


tion relates to refrigerating plants such as are used in 
hotels and for domestic purposes for maintaining a 
refrigerating chamber or safe approximately at a constant 
temperature—or rather, between an upper and a lower 
limit of temperature. In such apparatus a supply oi 
water is required for carrying away the heat. According 
to the invention, in a refrigerating apparatus an electro- 
magnetic relay 16, 17 is employed, the circuit of which 
is controlled by a thermostat 13 placed in the system, the 
relay serving to move a water-supply valve 3 into the 
open and closed positions, with the result that the main 
switch 8, 9 of the electric motor driving the refrigerating 
machine is actuated, the circuit of the one thermostat 
contact is broken, and another circuit prepared for 
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closing by the thermostat in its other contact-making 
position. Preferably this is effected by causing the 
main motor switch 8, 9 to operate auxiliary contacts 9a 
in the respective circuits of the thermostat contacts 
14, 15. The thermostat 13 employed is of the type 
which, on reaching either of the predetermined limits of 
temperature, makes contact with one or other of a pair 
of electrical contacts 14, 15; for example, it may be 4 
bimetallic bar which bends when the temperature 
changes. The movement of such a bar is very slow. 
and if the circuit were to be broken on these contacts 
sparking might occur. The preferred form of electro- 
magnetic relay has two windings 16, 17, the circuits 
of which are operated alternately, under the contro! of 
the thermostat, to move the gare 34 valve 3 inte 
the open and closed positions. (Sealed.) 
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THE CEMENT WORKS OF MESSRS. 
GREAVES, BULL AND LAKIN, 
LIMITED, HARBURY, LEAMINGTON. 


AttHoueH Great Britain was the birthplace of 
the cement industry, the present annual production 
is only something like four million tons, as against 
that of the United States, which is given officially 
as twenty-six million tons. The rapid development 
of ferro-concrete in so many directions is increasing 
the demand for cement, and one of the most pressing 
needs of the industry here is the reduction of pro- 
duction costs to assist this country to regain its old 
supremacy. 

It is an axiom in the industry that the output of 
the kiln fixes the output of the works, and a method, 
such as that with which we are about to deal, by 
which the kiln output can be increased by something 
like 30 per cent. with the same fuel bill as before, 
merits, therefore, very close attention. 

Frequently illuminating examples of progress 
are to be found in older establishments rather than 
in newly-created works, and it is easier, and often 
very instructive, to observe the steps by which 
the advance has been made. The first works in 
this country to adopt one of the most interesting 
improvements in methods of production, at all 
events as regards the handling of slurry, was also 
one of the earliest to manufacture cement. 

The firm in question is that of Messrs. Greaves, 
Bull & Lakin, Limited, of Harbury, Leamington. 
This business was founded by the uncle of the present 
chairman as long ago as 1820. The works were 
originally engaged in burning lime, being situated 
on an extensive deposit of blue lias limestone and 
clay. &These are stratified alternately in bands of 
from 3 in. to 2 ft. thick down a quarry face of a 
hundred feet or more in depth. 

Aspdin patented his process of making Portland 
cement in the year 1824, and we understand that 
it was not long after that event that Mr. Richard 
Greaves, the founder of the firm, realising how 
fortunate he was in possessing both of the necessary 
raw materials of cement actually in the same quarry 
took up its production. Cement manufacture was 
certainly proceeding in the year 1847, for Major- 
General Sir Charles Pasley in his book on 
“Cement” of that date, mentioned Mr. Greave’s 
works as being one of the three places in Great 
Britain at which cement was being made, and wrote 
appreciatively of the quality of the product. In 
1855 works were built exactly on the present site, 
and an output of about 60 tons per week was main- 
tained. Of the views we give on Plate L, Fig. 1 
shows the works some time in the early “ forties ” ; 
Fig. 2 is reproduced from a photograph taken 
about the year 1905. At the left-hand side of the 
latter view are to be seen the drying and calcining 
kilns, which were, at that time, of the Johnson 
intermittent type. The grinding was done by 
means of millstones. The works as recently recon- 
structed, are shown in Fig. 3. 

Before dealing with the recent developments which 
form the subject of this article, the course of the 
raw materials up to the kilns may be briefly described. 
The clay and limestone are separated in the quarry, 
and are delivered to the works in small tipping 
wagons which are emptied directly into the hoppers 
of the crushers. There are two of these for the 
limestone, a Hadfield gyratory machine of a capacity 
of 50 tons per hour, and a Goodwin-Barsby jaw 
crusher, of 20 tons per hour capacity. The clay, which, 
from the nature of its formation, is somewhat shale- 
like, is also passed through a jaw crusher. The 
broken material from the crushers is delivered 
directly on to bucket elevators which convey it to 
three storage hoppers. These hoppers are arranged 
in line above a belt conveyor on to which they dis- 
charge through regulating slides. The conveyor, 
though its primary function is that of transport, 
forms a mixing table for the dry raw materials, the 
proportions of limestone and clay being controlled 
by the chemist according to the results of his 
analysis of the slurry. The material, thus roughly 
mixed, is then lifted by a bucket elevator into a 
small hopper which delivers it on to a table feed of 
the circular revolving type fitted with the usual 
sliding collar regulator. The material is scraped 
off the table by a plough and falls into the inlet 





trunnion of a combination wet slurry tube-mill, the 
necessary water being added at this point. The 
elevator and hopper are visible in Fig. 4, Plate L, 
which illustrates an Edgar Allen wet combination 
tube mill of the latest type. 

This mill is 6 ft. 6 in. in diameter by 36 ft. long, 
and is divided into four compartments containing 
a total charge of about 36 tons of steel balls. It is 
driven by a motor of 450-brake horse-power, running 
at 244 r.p.m. The gearing is of the double-helical 
machine-cut type and gives a reduction to the mill 
of about 10 to 1. The equipment also includes 
two separate ball and tube mills of the older 
pattern, such as are commonly used in cement 
works, 

The slurry discharged from the mills flows along 
open conduits to the storage house. This house 
contains six steel storage tanks, each of a capacity 
of 150 tons. The slurry is delivered to the tanks 
from the conduits by bucket elevators, and is 
agitated intermittently by compressed air to prevent 
settlement. The outlet from the tanks is fitted with 
a control valve and the several pipes are coupled up 
to deliver into a closed conduit leading to the slurry 
pump. This is a belt-driven three-throw pump of 
the Edgar Allen type, with rams 103 in. in diameter. 
Before reaching the pump, however, the slurry 
passes through a centrifugal machine designed to 
separate out any foreign matter or unduly large 
particles. The pump delivers the slurry direct to 
the kilns, the feeding arrangements for which con- 
stitute a distinct departure from ordinary practice. 

There are three rotary kilns at work, all of which 
are fitted with the new type of feed. These are all 
now about 160 ft. in length. Two of the kilns were 
originally shorter, but have been lengthened to the 
above dimension by Messrs. Edgar Allen and Co. 
They were originally made one by Messrs. Krupp, 
and one by Messrs. Newall, the diameters of shell 
being 7 ft. 4} in. and 8 ft. respectively. The third 
kiln is a comparatively new one, supplied by Messrs. 
Edgar Allen in its present form. It has a shell of 
8 ft. diameter, with a burning zone of 9 ft. diameter. 
The kilns were lengthened before the new process 
was developed. 

All the kilns are fitted with clinker coolers of 
standard type, arranged below them. The clinker 
is discharged, properly screened, on to a belt 
conveyor which delivers into a rotary clinker 
weigher of the spill-bucket type, of 1 cwt. capacity 
per bucket and fitted with an automatic counter. 
The rate of output is thus readily ascertained at 
any time. 

From a chute under the weigher, the clinker is 
taken direct to storage hoppers, situated over the 
grinding room. The conveyor used for this pur- 
pose is made reversible so that the clinker can also 
be put, either wholly or partly, on a stock-heap 
outside the buildings. The stock-heap and elevator 
are visible at the left-hand side of Fig. 3 (Plate L). 

In the process of feeding the slurry into the kilns 
a very considerable improvement has been made, 
and many of the difficulties inherent to the old 
system have been overcome. The new system 
consists of spraying the slurry into the kilns. This 
process has been evolved by Mr. Thomas Rigby, 
M.I.Mech.E., F.C.S., the managing director of 
Messrs. Industrial Driers, Limited, 72, Victoria- 
street, S.W.1. This company controls all patent 
rights issuing licenses direct or through subsidiaries 
to cement manufacturers to use the process, or 
to engineering firms to construct the machinery. 
Messrs. Edgar Allen and Co., Limited, Imperial 
Steel Works, Sheffield, constructed the new machi- 
nery described below, and were associated with Mr. 
Rigby in its development, the process being known 
as the Rigby-Allen system. We also understand 
that Mr. F. S. Watt, the manager of the cement 
works with which we are now dealing, rendered 
valuable assistance in the practical application of 
the process. 

Quite remarkable results, from a cement manu- 
facturer’s point of view, are achieved by the process, 
as the successful utilisation of the large amount of 
heat usually wasted up the chimney of a rotary 
kiln has effected economy in coal with a con- 
siderable increase in the clinker output. In these 
works the coal consumption used to be in the 
neighbourhood of 32 per cent., by weight, of the 





clinker produced. This has been reduced to some- 
thing like 24 per cent. or 25 per cent.; that is, 
there is a saving of coal of approximately 25 per 
cent. per ton of clinker. As the kilns, however, 
remain suitable for burning the same amount of 
coal as formerly, this decrease in the fuel consumed 
per ton of clinker enables the clinker output to be 
increased - without an increase in the total coal 
consumption. This applies to all the kilns, the 
increase in output being about 30 per cent. to 
35 per cent. 

As is well known, the wet process of cement- 
making has received most attention in this country. 
The undoubted advantages it possesses in facilita- 
ting correct proportioning of ingredients, their 
intimate mixing and control, have been recognised 
from an early date in the history of the industry. 
In other countries, however, e.g., the United States, 
the dry process became the recognised method, due 
to the obviously greater output obtainable from the 
same amount of fuel when fusing dry materials 
rather than wet ones. The wet process with the old 
method of slurry feed may be safely taken to give a 
10 per cent. to 15 per cent. less output from the kiln 
than the dry process for the same fuel consumption, 
and, on reference to the figures given above, it will 
be seen that, by means of the new spray-feeding 
process this can be more than made good. Thus 
the wet process can be now made to give from 
10 per cent. to 15 per cent. greater production than 
the dry one, while at the same time the amount of 
fuel required is no more than in the dry process. 

This is, however, not the only advantage possessed 
by the spray feed. In the ordinary wet process, 
whatever kind of feed is employed, e.g., spoon, or 
tank, the slurry is introduced in a very localised 
manner. The resulting stream flowing slowly down 
the kiln, is apt to produce troublesome circular 
deposits, known as slurry rings, which may almost 
block up the kiln area. When this does not occur 
there is a tendency to form large balls or aggre- 
gations not favourable to the effective transfer of 
heat from the gases to the materials. A fall in 
output naturally follows such conditions. The 
method of introducing the slurry in a fine spray, 
effectually stops the formation of slurry rings, 
while large pieces are very rarely produced. The 
average size of the clinker itself is much less than 
with ordinary feeding methods, a handful picked 
at random from the stock heap will usually show 
about eighty per cent. of stuff about one-eighth 
of an inch in diameter. 

The way in which the spraying is effected is illus- 
trated in Figs. 10 to 13 on page 682. In the first place 
it may be explained that the existing kiln heads 
themselves required little alteration, the condition 
of the brickwork, &c., in Fig. 6, Plate L., clearly 
indicating previous usage. A modification of the 
gas outlet to the chimney was, however, required, 
and to this reference will be made later. 

As indicated in Figs. 11 and 12, the atomising 
of the slurry is effected by two nozzles arranged to 
spray into the cool end of the kiln at different angles. 
They are arranged with screw adjustment so that 
the position of the cones of spray may be altered 
relatively one to the other. The object of this is 
to obtain precise control of the cones of spray in 
order that they may not only fill the sectional area 
adequately, but may be properly distibuted along 
the kiln. This distribution is, moreover, assisted 
by a difference in the atomising pressure of the two 
jets, one working at about 70 Ib. per sq. in., the other 
at somewhat less. From Figs. 11 and 12 it will be seen 
that there is a double barrage of wide total area put 
across the path of the hot gases. These gases 
enter the atomising area at a temperature of over 
600 deg. C., when slurry containing about 40 per 
cent. of water is being sprayed for conversion into 
clinker. They come into contact with a portion 
only of the total spray, and are partially cooled 
thereby, then, passing on, meet the second portion 
of fresh cold slurry and are further cooled. There 
is thus a successive “ washing” and cooling of the 
gases which meet the spray in suspension before it 
falls on the kiln walls. It is found in practice that 
the particles of the different cones of spray, although 
the cones interpenetrate, have no appreciable 
tendency to coalesce. The higher pressure cone 
appears to go right through the lower pressure one 
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and delivers at the designed zone further up the 
kiln. In this connection it will be realised that more 
spray can be dried to a given water content in 
the zones near the hotter gases than in those near 
the outlet of the kiln owing to the greater tempera- 
ture difference between the gases being cooled and 
the slurry being dried. This is obviously greater in 
one zone than in the other. An important result 
of this method of spraying in zones, is that the 
gases can be cooled to very low temperatures. It 
is claimed that they can be taken lower than the 
150 deg. C. which is normal with two zones, if 
more zones be used. At the time of our visit two 
nozzles were in operation and the pyrometer stood 
at about 140 deg. C. 

As already stated, the slurry is delivered to the 
atomising nozzles from the ram pumps. It passes 
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through the upper of the two pipes visible in 
Figs. 6 and 7, Plate L. This pipe is fitted with a 
relief valve, and is also connected to an automatic 
pressure governor seen in front of the corrugated 
iron shed at the end of the kiln in Fig. 6, Plate L. 
This works automatically in the event of one of these 
nozzles being closed, aid the surplus slurry is led 
back to the conduit feeding the pump. A portion 
of the slurry is led through the smoke chambers 
described later, and overflowing from there, is mixed 
with the raw supply feeding the pump. The connec- 
tion between the nozzles and the supply pipe is made 
of armoured hose to allow freedom of the nozzles. 
These, as will be seen from Fig. 11, are optside the 
kiln head and separated from it by a steel plate. 
They are, therefore, not exposed to the hot gases, 
and are easily accessible for inspection, adjustment 
or renewal. They are of the type in which the 
slurry is atomised by pressure, and need no special 
attention, being looked after by the ordinary kiln 





men as part of their normal routine. The nozzles 
are formed with a parallel bore of small diameter 
at the outer or kiln end, and an inner portion 
which is conical and contains a separate part 
with spiral vanes giving “spin” to the issuing jet 
of spray. 

The slurry is, of course, sprayed across the gap 
which forms the outlet passage for the gases from 
the kiln. This outlet is carried downwards by 
means of two brickwork baffles so arranged that 
the stream of gases flows over the surface of a 
considerable mass of slurry which is kept agitated 
by means of paddle arms, as shown in Figs. 11 and 
13. These arms rotate in opposite directions, and 
are operated by bevel-wheel gearing with a belt drive 








from a 6 brake horse-power motor. This gearing 
is clearly shown in Fig. 8, Plate L. In the centre 
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of this illustration is to be seen the motor-driven 
fan which exhausts the gases, and delivers them 
to the chimney. This fan runs at a variable speed 
to provide different degrees of draught, and is 
controlled by a rheostat arranged on the burner 
platform. The adoption of a fan draught, of 
course, renders it unnecessary to use tall chimneys, 
and these have now accordingly been reduced, in 
height, as will be apparent in Fig. 3, Plate L. The 
slurry is kept at a constant level in the slurry lute 
by an overflow grid and disposed of as mentioned 
above. The supply pipe to the lute appears in 
Fig. 3. The gases from the kiln carry with them 
some of the dust common to all rotary kilns, and 
also intercept some of the spray. There results 
from this a semi-dry mixture which is caught in 
the slurry in the smoke chamber and immediately 
passed out for re-use mixed with the slurry. 

This contrivance practically eliminates a trouble- 
some feature in all the usual arrangements of 











rotary kilns, namely, the disposal of flue dust. 
In the dry process about 5 per cent. in weight 
of the raw materials is usually carried out of the 
kilns with the hot gases. This has to be treated 
by some recovery method, but quite frequently 
as much as | per cent. gets past the most elaborate 
apparatus, and, being ejected into the air at a 
considerable height by the hot gases, becomes 
spread over a large area. Serious trouble was 
experienced, as a matter of fact, in some of the 
fruit-growing districts of California from the 
deposition of dust emitted from a cement works 
no less than 8 miles away from the orchards. In 
the ordinary wet process the difficulty persists, 
though it is not nearly so great. The atomising 
process practically cures the trouble. ‘ 

The course of the slurry through the kiln may be 
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conveniently considered at this point and is best 
discussed with a reference to the temperature curves 
shown in Fig. 14, page 683. This figure gives two 
pairs of curves, the upper pair being gas temperatures, 
and following the path of the gas, reads from right 
to left. The lower pair are the slurry-clinker tem- 
peratures and read from left to right consistent with 
the path of the slurry. Of each pair the dotted lines 
show the temperatures in a wet process kiln fed 
by the old method; the full lines indicate the 
temperature for the same size of kiln with the atom- 
izing feed. In each case the kiln is coal fired, and 
the maximum temperature of combustion 1s shown 
to be about 1,800 deg. C. The length of the com- 
bustion zone is, of course, the same in both cases, 
but beyond this the curves separate, the tem- 
peratures being given at different points to corres- 
pond with the different zones of treatment of the 
slurry-clinker mixture and are calculated on the 
known quantities of heat absorbed in raising the 
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temperature of the material. The outlet temperature 
with the spray process is 150 deg. C. as against 
400 deg. C. with the usual method. 

Coming back from this point along the Iower 
pair of curves it is seen that the slurry enters the 
kiln in both cases at the same temperature, namely 
10 deg. C. With the old process, as shown by the 
dotted line, approximately 50 per cent. of the length 
of the kiln is traversed by the slurry before it is 
dried. When this takes place the water has been 
removed in the form of steam, and the time required 
to raise the dried slurry to the point at which decom- 
position of the calcium carbonate, &c., usually 
commences, viz., 700 deg. C., is comparatively 
small, only about 7 per cent. of the length of the 
kiln requiring to be traversed. 

The operation of calcining takes about 30 per 
cent. of the kiln length, during which the tempera- 
ture of the raw material is raised to 1,050 deg. C. 
at which calcining is usually found to be completed. 
At this point the CO, has all disappeared, and 
there is a marked reduction in weight of material. 
Thus, in practice, approximately 1-56 lb. of raw 
material (calculated dry), are needed to make 1 |b. 
of clinker, the difference representing the loss of 
CO, and other gases. At 1,500 deg. C. the clinkering 
or sintering, is usually finished, an exothermic re- 
action having taken place uring the fusing of the 
material and adding to the heat in the kiln. The 
zone of maximum temperature of combustion is 
taken to be about 15 ft. from the firing end of the 
kiln, and may be considered as coincident with the 
maximum clinkering temperature. This point 
is shown on the curve as a fairly well defined peak. 
This, it must be admitted, is conjectural only, 
but it is known that the temperature of the clinker 
does fall again before leaving the kiln, due to the 
relatively cold air, required for the combustion of 





the fuel, passing over it. 

There are two features which stand out promin- 
ently in Fig. 14. One of these is the rapid abstrac- 
tion of heat from the gases, which occurs in the 





atomising zone, as shown by the slope of the curve 
of the new method, i.e., the full line. The 
low final temperature, viz., 150 deg. C., disposes 
of one problem, commonly by no means easy to 
solve—namely, the effective employment of the 
waste heat of the chimney gases. When the high 
temperature of the gases discharged from kilns 
fed in the old manner leads to the employment of 
a waste heat boiler in an attempt to economise, 
serious difficulties are apt to arise in practice from 
stopping the kiln temporarily, as this automatically 
cuts’ off the steam supply ; other troubles are also 
present. Obviously with a temperature of only 
150 deg. C. available, there is no necessity to fit a 
boiler or other means of waste heat recovery, and 
any steam required can be economically generated 
in independently fired boilers. As a matter of 
fact, in the plant under discussion no steam is used 
in the works, the whole of the machinery being 
electrically driven. The current is brought into 
the works at 12,000 volts and transformed to 
433 volts A.C. for distribution. 

The other outstanding feature indicated in the 
diagram is the greatly increased length of the 
calcining zone with the atomising system of feed. 
This follows naturally upon the decreased time 
required for drying the slurry, and leads to one or 
other of the two main advantages presented by 
atomising the feed. Thus, as in Messrs. Greaves, 
Bull and Lakin’s works, with the length of the 
kilns unaltered, the capacity can be markedly 
increased. In new works, however, designed for 
a given capacity, the length of the kilns could be 
considerably shorter with the atomising process 
than it would be with the ordinary feed method. 
This not only reduces the length of the building 
housing the kilns, but, as they are inclined, the 
height of the building can be made less also. Again, 
difficulties in connection with the rotation of the 
kilns, and the power required for this are both 
reduced with the decrease in length. The overall 
effect of such a plant is to reduce the capital cost 
of new cement works. 

An idea of the amount by which a kiln can be 
shorfened can be given by an example. A kiln 
of 206 ft. long, with the ordinary method of feed- 








ing, could be reduced to 166 ft. by adopting the 
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atomising method. Fig. 15, page 683, shows the slurry- 
clinker temperatures and the gas temperatures for 
such a short kiln: for ready comparison with Fig. 14, 
both diagrams are made to the same scale. The two 
figures are aligned at the firing’ end, and it will be 
noticed that both the firing and atomising zones 
are the same actual length in both instances, though 
naturally of different proportionate length to the 
whole kiln. 

Before leaving this part of the subject, it may be 
said that, owing to the absence of slurry rings, the 
life of the kiln lining appears to be somewhat pro- 
longed with the new atomising feed, while the 
smaller size of the clinker tends to reduce grinding 
costs. No exact figures are, however, available in 
these connections. 

At the firing end of the kilns, improvements have 
also been introduced. The coal used is obtained 
from local collieries, and is of the small refuse 
variety, sometimes known as “duff.” It is de- 
livered in ordinary open wagons, so that its con- 
dition on arrival varies with the weather. For 
example, in careful consumption tests made in 
July, 1925, the fuel as received contained 11-7 per 
cent. of water, which reduced its gross calorific value 
from 10,789 B.Th.U. to 9,403 B.Th.U. per lb. The 
first figure is the result of a laboratory test on a 
dried sample ; the second figure is the actual value 
as fired. 

Formerly, the coal was dried, ground in tube 
mills, and blown into the kilns by a fan. The 
necessary plant for these operations not only took 
up a great deal of space but required a good deal 
of labour. Recently, however, all the kilns have 
been fitted with pulverisers of the ‘‘ turbo ” type. 
Three of these are made by Messrs. Clarke, Chapman 
and Co., Limited, Gateshead-on-Tyne, for Messrs. 
Edgar Allen, who hold the agency rights for rotary- 
kiln installation. The fourth pulveriser is an 
attritor, made by Messrs. Alfred Herbert, Ltd., 
Coventry. One machine of the four is generally kept 
idle as a stand-by. 

One of Messrs, Clarke Chapman’s turbo-pulverisers 
is shown in Fig. 5, Plate L, from which it will be 
seen that it is a motor-driven machine of very 
compact design. 

Wagons are run in under a bucket elevator, which 
lifts the coal to a storage hopper situated immediately 
above the turbo-pulverisers, to which it is fed 
without any preliminary drying or other prepara- 
tion. The pipe from the storage hopper discharges 
into a small conical control hopper over a rotary 
table on the pulveriser. This rotary table regulates 
the feed and is driven by a belt from a small pulley 
on the end of the main shaft, a further reduction of 
speed being effected by a worm and wheel drive on 
the table spindle. The essential features of the 
pulveriser are a number of discs on the centre shaft, 
which carry manganese-steel beater plates, hinged 
on nickel-chrome steel bolts, on their peripheries. 
Each ring of beaters revolves in its own chamber 
with as little clearance as possible, the coal being 
passed from chamber to chamber by the action of 
the beaters assisted by the suction of the fan, and 
becoming finer in the process. The fan is carried 
on the same shaft and is housed in a separate casing. 
It has vanes of the usual spiral form. The coal is 
pulverised so as to pass through a 180-mesh sieve, 
with a normal residue, and is delivered to the kiln 
by the fan, through the pipe shown in the centre of 
Fig. 5, Plate L, at a pressure of about 2 in. of 
water. The air inlet is by way of the vertical pipe 
at the feed end of the machine. This pipe is led 
down to the clinker coolers, drawing hot air from 
them. About 25 per cent. of the volume required 
for combustion is prcevided in this way. The 
remainder of the air from the cooler passes up the 
clinker chute in the firing hood of the kiln, and 
through the kiln to the chimney, as described above. 
Some cold air also finds its way in at the joints of the 
firing hood. The object of using heated air in the 
pulverisers is to obviate the use of the complicated 
apparatus hitherto considered necessary for drying. 
The turbo-pulverisers have worked very satis- 
factorily with coal containing as much as 15 per cent. 
of moisture. With cold air they are quite effective 
when coal of a 5 per cent. to 6 per cent. moisture 


4,000 lb. of coal per hour. They are driven by 
direct-coupled motors of 90 h.p., running at 
1,450 r.p.m. As the coal is taken direct from the 
wagons, it is not uncommon for it to contain pieces 
of iron such as bolts, nuts, spikes, and so forth. 
These are separated automatically in the first 
pulverising chamber, and fall into a collecting pocket 
in the bedplate of the machine. 

The pulverisers are under the control of the 
burner attendant, who is able to regulate the coal 
and air supply from the pulveriser, as well as the 
chimney draught, from the firing platform. This 
platform and the firing end of a kiln is shown in 
Fig. 9, Plate L. 

The rotary clinker coolers under the kilns do not 
call for special mention, other than at Harbury it 





has been found that, though the coolers were not 
lengthened, they are adequate to deal with the 
increased output. The degree of cooling is satis- 
factory, as is evidenced by the use of rubber 
conveyor belts, and the ability to cool the larger 
quantities now being handled is, perhaps, attribu- 
table to the smaller size of the clinker produced 
with the new slurry feed. 

There are three cement-grinding mills in use, two 
of them being combination mills and the other a 
ball-and tube mill.“”One of the combination mills 
was made by Messrs. Newall. The other is of Messrs. 
Edgar Allen’s make and is 6 ft. in diameter by 
32 ft. 6 in. long inside the tube. Two slotted cast- 
steel diaphragms, permitting the passage of the 
material, divide it into three compartments. The 
first two of these are lined with stepped plates of 
chrome steel. The last, or finishing compartment, 
which is the longest, has a special hard cast-iron 
lining. All contain steel balls, the total weight 
being about 25 tons. Those in the first compart- 
ment are 3 in. and 4 in. in diameter, while the 
finishing balls are 1} in. in diameter, the middle 
chamber containing an intermediate size. The 
mill is driven by a 400-h.p. motor, running at 
590 r.p.m., through a double-helical totally enclosed 
reduction gear, the speed of rotation being 25°3 r.p.m. 
The clinker is fed from the storage hopper on to 








content is being used. 


a rotary table feeder which delivers it into a feeding 





Each machine can deal normally with about 








drum at the end of the mill. This drum contains a 


steel spiral partition which lifts the clinker from 
the periphery as it rotates, imparting in the process 
sufficient impetus to carry it through the hollow 
trunnion into the grinding chamber of the mill. 
Effective dust-collecting apparatus is fitted through- 
out. 

The cement is ground to a high degree of fineness, 
the residue on a 180 by 180 sieve being anything 
between 4 per cent. to 8 per cent., with only a 
fractional residue on a 76 by 76 sieve. This com- 
pares very well with the new British Standard 
specification, 1925, which limits the residues to 
10 per cent. and 1 per cent. respectively. 

In order to verify the claim that the quality 
of the cement has not been affected adversely by 
the new atomising process, we are able to give 





some test figures, by the courtesy of Mr. A. W. 
Ward, Borough Surveyor and Engineer, Shrewsbury, 
Messrs. Wm. Muirhead, Macdonald Wilson and 
Co. Limited, the contractors, and Messrs. David 
Kirkcaldy and Son. These show the results of 
tests of cement used in the construction of a 
bridge at Shrewsbury. These tests were made 
at Messrs. Kirkcaldy’s testing and experimenting 
works, 99, Southwark-street, S.E., in February, 
1926. The mean tensile strength of six samples of 
neat cement, gauged with 23 per cent. water, was 
958 lb. per square inch at seven days (B.8.S. 600 lb.). 
Similar tensile strengths for 3 parts standard sand 
and 1 part cement, gauged with 8} per cent. water, 
gave 433 lb. per square inch at seven days (B.S.S. 
325 Ib.) and 519 lb. per square inch at 28 days 
(B.S.S. 456 Ib.). The fineness tests showed a 
residue of 6-9 per cent. on the 180 sieve, and 0-2 
per cent. on the 76 sieve. The initial setting time, 
gauged with 23 per cent. water, was 2} hours, 
the cement being set hard in 3} hours. : 

These figures refer to the standard cement. Two 
other qualities are made at Harbury, namely, 4 
quick-hardening cement for special purposes, and 
a cement for use in reinforced-concrete work, having 
hardening properties midway between the other two. 
. After grinding, the cement is stored in large bins 
which are connected at the bottom by a screw con- 
veyor. 

This conveys the cement to the hoppers of the 
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bagging machines which are of the Bates type, 
supplied by Messrs. Edgar Allen and Co. There are 
two of these, of the two-bag pattern, each capable of 
handling 25 tons of cement per hour, with one man 

r machine in attendance. The principle of this ma- 
chine may be gathered from our illustration, Fig. 17, 

ve 684. The flow of the cement into the feeding 
chamber is controlled positively by a rotating vane- 
wheel a, so that the head of cement in the chamber 
is approximately constant. A second vane-wheel b, 
running at about 1,000 r.p.m., discharges the cement 
throvgh a beak-like nozzle, which is inserted into 
the bottom of the bag through a small hole in one 
corner. This hole is covered inside by a flap of 
material which acts as a non-return valve. The top 
of the bag, which is filled when upside down, rests 
on a cradle d, the neck being previously closed by a 
wire wrapping and sealed. The bag is held on the 
nozzle, while filling, by the cam gearc. The cradle 
dis carried upon one end of a double-scale beam e, 
loaded at f, and provided with a fine adjustment 
atg. A sliding valve across the base of the nozzle 
at h, is connected at one end to a trip gear i, and 
at the other to a spring in tension, these details not 
being shown. An empty bag being slipped over the 
nozzle, and clamped to it, the attendant starts the 
feed, and the cement is rapidly discharged into the 
bag. When it is full, its weight depresses the cradle. 
This releases the trip gear, and the spring closes the 
nozzle valve. The bag is then pushed off the cradle 
by an eccentrically-operated pad j, or by a hand 
operated device, and falls down a chute on to a 
truck, from which in this case it is directly loaded 
into the company’s own wagons. The valve in the 
bottom of the bag is quite effective as regards preven- 
tion of leakage, and the average departure from 
accuracy of weighing is stated to be well within 
] per cent. of the gross weight. 

Fig. 16, page 683, shows one of the machines as 
actually installed. It illustrates very well the scale of 
the plant. Two bags are seen in position, just above 
the platform on which the operator sits with his 
legs in the centre well. Below him is the chute to 
the loading platform. The pulley at the top of this 
view is that of a screw conveyor. The pulleys of 
the feeding vane are shown at the hopper foot, and 
beyond the bags may be seen the motor for driving 
it. 

All-steel covered wagons are now used by the 
company, in place of the older wooden type, and a 
special shop is maintained to keep them in good 
repair. 

Messrs. Greaves, Bull and Lakin have not limited 
their attention to the mechanical side of their busi- 
ness only, but devote themselves also to welfare work. 
A notable direction in which this has developed 
has taken the form of a scheme under which the firm 
is actively engaged in constructing houses for its 
employees, which, by a system of easy rental pay- 
ments, will ultimately become their own property. 








THE IRON AND STEEL INSTITUTE. 
(Continued from page 668.) 


CONTINUING our report of the annual meeting of 
the Iron and Steel Institute, held in the hall of the 
institution of Civil Engineers, Westminster, London, 
8.W.1, on Thursday and Friday, June 3 and 4 last, 
we now propose to deal with the papers, which 
were presented at the morning and afternoon 
sessions on Thursday, June 3. 

An important announcement made by the 
Tetiring president, Sir Frederick Mills, was that 
Mr. Illtyd Williams had found it impossible to 
continue his duties as honorary treasurer and had 
been obliged to resign. This resignation had been 
reluctantly accepted by the Council, and Professor 
re C. H. Carpenter, a member of the Council, had 
een asked to fill the vacancy. Sir Frederick further 
announced that Mr. Williams had generously offered 
‘0 present a sum of 3,000/. to the Institute, the 
interest on which was to be devoted to the award 
of prizes for papers of practical interest submitted 

y the younger members of the Institute. A sub- 
“ommittee was at present engaged in drawing up the 
“onditions under which the awards were to be made, 
and a detailed announcement would very shortly be 
made to the members, 





HETEROGENEITY OF INGoTS. 

The first contribution, considered by the meeting, 
was the “Report on the Heterogeneity of Steel 
Ingots,” prepared by a sub-committee, on behalf of 
the No. 5 Committee (Metallography, Physics, and 
Chemistry) of the Iron and Steel Institute. The 
report was introduced by Dr. W. H. Hatfield, and 
by Mr. J. H. 8. Dickenson, respectively, Chairman 
and Vice-Chairman of the sub-committee. We 
reproduced this contribution, in abstract, in our 
issues of May 21 and 28 last, on pages 610 and 645. 

The discussion was opened by Mr. E. H. Saniter, 
who said that the very reliable and helpful report 
before the meeting was the result both of the 
generosity of the firms mentioned therein, who had 
financed the costly investigations, and of the energy 
and ability of Dr. Hatfield and his committee. It 
was impossible to deal with the whole report, with 
which, in the main, he agreed, and he would refer 
only to some of the pointsraised. The heterogeneity 
of solid ingots was due, he said, to differences of 
crystallisation and to segregation of metallic and 
non-metallic compounds. It could be seen in the 
very fine illustrations in the report how striking were 
the differences in structure. At the same time, as 
stated in the paper, it should be remembered that 
the method of sulphur printing by which the pictures 
were produced had a tendency to exaggerate ; 
whilst therefore excellent for illustrative purposes, 
the result was somewhat alarming to the beholder. 
It should be noted, however, that the report also 
gave figures which would serve to correct the 
impression obtained by the eye. The figures 
relating to the purity of the steel showed the 
importance which attached to the making of the 
steel in the best possible way so as to minimise 
segregation ; to the obtaining of steel of the greatest 
possible purity, so that, even in the segregated 
portions, sulphur and phosphorus particularly 
should be below the danger limit. 

In regard to the very complex subject of segre- 
gation, a general statement was made in the report 
to the effect that the more rapid was the freezing the 
less was the heterogeneity encountered. He agreed 
with this statement in a general way, but it required 
qualification, since, for example, the chill crystals, 
which were very rapidly formed, squeezed carbides, 
sulphides and phosphides into the interior, which 
became the more segregated the thicker were the 
chilled crystals. He had seen in small test ingots 
1 in. in diameter, which took only a minute or two 
to become solid, serious segregation caused by the 
chill crystals in this way. With reference to silicon 
and manganese, there appeared to him to be no 
material evidence in the report that these elements 
or their metallic compounds segregated at all. 
Figures given appeared in some cases to show 
segregation, but in his opinion these instances were 
due to silica and manganese oxide. The report also 
stated that manganese and silicon were not markedly 
segregating elements owing probably to their ready 
diffusion ; he did not quite understand the meaning 
of this phrase. These elements were generally 
added at a late stage of the steel-making proceedings. 
They readily diffused throughout the liquid steel, 
but they were surely no better diffused than the 
sulphur and the phosphorus which had been in the 
steel from the scrap and the pig stage. It seemed to 
him highly probable that, in the percentages in which 
these elements were present in the ingots investi- 
gated, they were in such a state of combination that 
their melting points were sufficiently high to prevent 
their ejectment in the liquid form as the steel 
solidified. 

In regard to the question of sulphur and its 
segregation, Mr. Saniter referred to the figures in the 
report, adding that they showed a much greater 
segregation of sulphur than of manganese. From 
these figures it was evident that sulphur and man- 
ganese did not segregate together, yet if this were 
the case, it was evident that when the segregation 
was taking place the sulphur and manganese were 
not chemically combined. It was, however, a fact 
that in the solid steel the sulphur and manganese 
were chemically combined, and it could only be 
assumed, therefore, that, at or about the tempera- 
ture of solidification, the manganese was able to 
rob the iron of its sulphur. It was well known that 
at the temperature of molten pig-iron, the manganese 


was combined with the sulphur, and was able, 
through its insolubility, to rise out of the metal ; 
this, however, was not the case with molten steel. 
He would like to add that while the ingots illustrated 
might be average ingots in some works, they were 
better than the average ingots made throughout 
the country. 

Sir Robert Hadfield said that the Committee was 
to be heartily congratulated on the presentation of 
this exceedingly thorough and useful piece of 
British research work. He regarded this as an 
illustration of the importance and great practical 
value of individual research, one quite different in 
nature from those carried out by means of Govern- 
ment aid. As there was no minority report, it 
was to be presumed that all the Committee were of 
one mind on the various highly-technical points 
raised, and considered by them. There appeared to 
be little room for criticism, and anything now men- 
tioned was not intended to question the conclusions 
arrived at by the Committee. He wished to say, 
however, that it seemed to him that there had not 
been sufficient attention paid to the respective 
characteristics of the soundness of each of the 
different materials examined. This quality of sound- 
ness had, without doubt, great influence on the 
after-behaviour of the steel poured into the ingot or 
other mould. For example, steel which was known 
to be fiery and of rising nature, that is, boiling up 
even if only slightly, showed, without doubt, apart 
from these two qualities, much greater tendency to 
increased segregation. It was true that such steels 
were not altogether under consideration in the report, 
but there were molten steels of intermediate stages, 
on the better side, and not displaying such markedly 
unsound qualities, which nevertheless were liable 
to the defects mentioned. After carrying out a large 
number of experiments, he had found that no matter 
what process was employed, whether crucible, 
electric, converter, or open hearth, there was one 
general law, namely, that molten steel, specially 
when cast in large masses and allowed to solidify, 
was liable toshow a certain amount of unsoundness. 

The term soundness was meant to cover steel 
which not only did not rise in the mould but which 
showed distinct settling or piping. Steel in such 
condition would be free from blowholes ; steel which 
was proved to be sound by pouring small samples 
of it into green-sand test moulds, would give ingots 
of good quality, which would be freer from segrega- 
tion and ghost lines. It was quite possible to have 
steel which settled or sank very well in a cast-iron 
chill mould, whereas the same material, poured into 
green sand, rose up and gave an unsound material 
containing blowholes and increased segregation. 
He did not suggest that sound steel, which settled 
in a green sand mould, would necessarily be free 
from all imperfections. On the other hand, he felt 
certain that such a steel would be superior to the 
average heats poured into ingot moulds. In order 
to illustrate his arguments, he had brought a number 
of specimens with him, and he presented them for 
the inspection of those present at the meeting. Some 
of the specimens were cast in green sand, some in 
dry sand, and some in cast-iron chill moulds. In 
conclusion, he thought the excellent work of 
Mr. Cosmo Johns, on the effect of occluded gases 
on metals, and on the origin of non-metallic inclu- 
sions in steel, should be given due consideration, 
since it brought out the relation which existed 
between occluded gases and segregation problems 
in steel ingots. 

Mr. Cosmo Johns said that the report was really 
a statement of facts, and what was now required 
was that a critical analysis of these facts should be 
written. All the ingots referred to in the paper had 
been carefully made by metallurgists who specialised 
in these matters. The results obtained once again 
showed that steel was not a homogeneous sub- 
stance, and the report would enable engineers to 
understand better the difficulties which lay in the 
path of the steel maker. 

Sir William Ellis rather regretted that the audi- 
ence was not composed of his fellow members of 
the Institution of Civil Engineers rather than 
those of the Iron and Steel Institute. He would 
like the contents of the paper to be read before a 
representative body of engineers. He felt that 
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Institute had received for some time. He had 
been waiting for some one to allude to the leading 
feature of the report. This was that it placed 
before the members the working of the laws of 
nature in regard to the setting of large masses of 
steel. These laws were clearly reflected in the 
illustrations. Sir Joseph Whitworth and Mr. Harmet 
had tried to govern these laws by utilising com- 
pression. The Harmet process went a long way to 
prove that a measure of perfect homogeneity was 
obtainable when the dimensions of the press were 
great in comparison with the size of the ingot. 
When, however, ingots increased greatly in size, 
they outdistanced the dimensions of the press, and, 
in the case of large masses, the process could not be 
applied. 

The paper was largely useful, because many 
of our leading steel makers had been asked to take 
a share in it, and there had been a pooling of 
difficulties. It was quite impossible for a member 
to come forward and state that he had not experi- 
enced the difficulties encountered by the Committee. 
With reference to the 172-ton ingot, he thought the 
trepanning method employed was a very ingenious 
one. By that means it had been possible to obtain 
the history of the ingot without destroying it. He 
had to admit quite candidly that none of the 
figures given in the paper surprised him, and their 
importance to engineers who were designing plant 
for very large power stations could not be too 
strongly emphasised. He had heard it said, by 
way of criticism, that the paper “ told us what the 
difficulties were, but it did not tell us how to avoid 
them.” This was somewhat unfair criticism. It 
was equivalent to telling the committee to edit the 
laws of nature. The paper had set before us the 
manner in which the elements, sulphur, carbon and 
phosphorus, behaved if allowed free play; it was 
for the steel maker to ascertain to what extent these 
unruly elements could be harnessed. 

Mr. J. P. E. C. Stromeyer hoped that engineers 
would not be over-alarmed at the results and 
conclusions arrived at in the paper. Engineers said 
that 0-06 per cent. of phosphorus was a safe limit, 
but it had been demonstrated that there must 
exist areas in steel containing 0-06 per cent. of 
phosphorus, in which the percentage of this element 
was greater. He knew a case inwhich a shell plate 
of a boiler had stood for 32 years, and had then 
cracked, Upon analysis, a figure of 0-161 per cent. 
of phosphorus had been obtained. He had recently 
come across another case, in which the shell plates 
of a water-tube boiler had cracked near the front 
end. The cracks did not extend to the rivet 
holes, and it appeared to be a case of segregation. 
He had not yet fully investigated the matter, 
but he had caused the faulty areas to be cut out. 
He thought the remaining portions would prove 
to be sound. He had investigated 47 cases of 
failure, and had been able to explain them all 
except 13, in which the material was very pure, 
i.e., low in phosphorus and nitrogen. The paper did 
not throw any light upon the effect of the presence 
of nitrogen in steel, but it did improve our knowledge 
of segregation. 

Mr. H. Brearley referred to the cost of the investi- 
gation, and thought that the committee and the steel 
firms responsible deserved the gratitude of the 
Institute. He went on to say that persons who drew 
up specifications sometimes stated that ghosts 
must not appear in large ingots. The steel maker, 
therefore, by suitable treatment, caused the ghosts 
to occur beneath the surface of the ingot in order 
that they should net be seen by the inspector. 
This forcing of the ghost into another position had a 
bad effect on the ingot. It was quite evident that 
the fact that ghosts were not apparent on the 
surface of the ingot did not mean that they were 
absent from the steel. The paper, which they were 
discussing, dealt with two kinds of segregation, the 
large mass and the localised segregation. The large 


mass segregation had come to be generally accepted, 
but what caused anxiety to engineers was the line 
segregation. The authors had stated that after 
sectioning and polishing an ingot the surface was a 
bright metallic one, and apart from the pipe cavity 
at the top of the ingot, no other indications of note 
were disclosed except, perhaps, here and _ there, 





slight minor cavities and looseness along the central 
axis. They should not have used the word “ per- 
haps,” they ought to have said that these pinholes 
were always found. 

With regard to the matter of the sectioning of the 
ingot down the centre, the tool used, whatever it 
was, possessed thickness, and it seemed to him that 
the real centre of the ingot was cut away. Referring 
to a certain stage in the cooling of the freezing 
ingot, the authors had stated that the liquid steel 
and segregate, remaining in the head, would tend 
to be drawn down the comparatively narrow central 
channel of remaining liquid steel, to counterbalance 
the contraction due to loss of temperature. The 
segregated material would thus be drawn with it, 
giving rise to the ‘‘ V-shaped zones on the central 
axis of the ingot. This drawing down of the 
segregate was entirely at variance with anything 
which he had observed, and could be refuted by 
considering the authors’ own pictures. In Figs. 
2g and 3g there was a space of from 6 in. to 1 foot 
below the head in which there was no “‘ V ’’ segregate 
atall. If this segregate had been drawn down from 
the feeder head he could not see how there could 
possibly be a zone free from it just below the feeder 
head of the ingot. 

The authors had suggested that the upward 
direction given to the crystallites first forming at the 
chill surface was due to the very local outward 
curvature of the isothermals in the steel at the outer 
edges of the rising surface. He thought this state- 
ment very difficult to understand, and a more 
practical explanation was that chill crystals must 
“throw up” because each layer of metal, as it 
froze, had a thicker wall than the preceding layer. 
If one “ bled’ an ingot, the thickness of the shell 
was always greater at the bottom than at the top. 

Dr. H. Moore stated that the merits of the sulphur 
print had been briefly discussed by the authors. 
They had said, that this method of examination gave 
a graphic but intensified representation of the degree 
of heterogeneity, based upon an unequal distribution 
of the sulphur. Some two years ago at a previous 
meeting of the Institute, he had heard sulphur 
prints spoken of in a disparaging manner. It was 
essential to know what were the sound methods of 
investigation which could be employed. The report 
was a valuable foundation for any future work which 
might be undertaken on the subject. 

Dr. W. Rosenhain welcomed the report as an 
example of co-operative research on the part of our 
steelmakers. The views expressed were those of 
the steelmaker and, as such, would have to be 
accepted by the steel user. The facts were well 
stated. If the requirements of the engineer were 
unreasonable, they should be modified ; on the other 
hand, it was all very well to speak of laws of nature 
over which the steelmaker had no control. It was 
not so much a question of the laws of nature as of 
the phenomena which were the result of the laws 
of nature. The conclusion to be drawn from the 
report was that we did not know enough about these 
phenomena. It was clear from statements made in 
the paper that we knew little concerning the solidi- 
fication of a large mass of metal. The knowledge 
which was lacking must be obtained, and the binary 
and ternary equilibria of iron and of the various 
segregating elements must be determined. Further, 
we must know something more with regard to the 
changes in physical properties, which iron and 
alloys undergo previous to the freezing point of 
molten steel. Finally, Sir Robert Hadfield had 
alluded to the part played by gases present in the 
liquid steel. This was a very important subject. 
The real lesson for all metallurgists was that there 
was room for a vast amount of detailed work on the 
whole question of the solidification of steel. 

Professor C. H. Desch said that one was struck 
with the great improvement which had come about 
in recent years in the casting of ingots. If one 
compared the diagrams appearing in the present 
report with those contained in papers published 
some years ago, notably those produced by Brinell 
and Talbot, one found that the range of segregation 
was much smaller; this was largely due to the 
practice of casting with hot tops. He would like 
to suggest that the solidification of ingots was not 
quite so obscure as had been considered in the paper. 








A clear picture of the freezing of an ingot had been 
given in Mr. H. Brearley’s book on the subject. 
The function of the sulphides was a very complicated 
question, as Mr. Saniter had said, these might be in 
solution at high temperatures. The density of 
iron at various temperatures was of great interest, 
when considering the behaviour of the crystallites 
of solid steel in the liquid metal. The density of 
the steel at the melting point was between 7-2 and 
7:4. Professor C. Benedicks, in the course of a 
Carnegie Research, had determined the density of 
liquid steel at 1,550 deg. C.; the figure found by him 
was 6:92 (his samples contained a little carbon). 
The difference between this figure and the density 
of the solid metal which was in the neighbourhood 
of 7-88, was appreciable, and he (Professor Desch) 
felt quite justified in saying that the crystallites of 
solid steel were heavier than the liquid, and sank 
through it. One point raised by the authors was 
that at a certain stage in the cooling of the freezing 
ingot, the temperature of the remaining liquid would 
approach the freezing point, and it would become 
very viscous. In his opinion, this was not quite 
true. 

At this stage of the proceedings, the Chairman 
adjourned the meeting until the afternoon. The 
members reassembled at 2.30 p.m. and the dis- 
cussion on the heterogeneity of steel ingots was 
continued. 

Mr. T. H. Turner thought that the report dealt 
largely with heterogeneity as indicated by the 
analysis of drillings. As pointed out in the paper, 
these analyses were, after all, only average indications 
of the composition of the portion of steel included 
in the drillings. A }-in. or 3-in. diameter hole was 
large enough to include local segregation streaks 
together with normal steel. He was of opinion that 
sulphur prints did not exaggerate matters, and that 
the sulphur print showed points which the analysis 
might overlook. The danger of fatigue failure must 
always be borne in mind. In his opinion hetero- 
geneity was worse in many alloy steels than in carbon 
steels ; the cone of segregation which occurred at the 
bottom of large ingots was found oftener in the case 
of alloy steels than in the case of carbon steels. He 
thought that a simple method of testing the sound- 
ness of ingots was by density ; the best steel would 
always be the densest steel. In his opinion, simple 
density tests should have been carried out on the 
material situated close to the points from which the 
analysis samples were taken. 

Dr. 8..W. Smith stated that various forms of 
segregation in non-ferrous metals had been known 
for the past fifty years under the name of liquation. 
The direction taken by segregates in chill castings 
was exactly the reverse from what one might 
expect from the equilibria of the systems. In the 
majority of the non-ferrous metals the constituent 
which lowered the freezing point of the metal 
tended to segregate, not towards the interior but 
towards the periphery of the mass. A temperature 
gradient from the outside to the interior might 
be responsible for this. Benedicks had drawn 
attention to the behaviour of steel and cast-iron 
in this connection, and a careful examination of the 
authors’ results showed that they confirmed the 
views put forward by Benedicks. In the course 
of their general discussion on the heterogeneity 
found in steel ignots they had stated that it might 
be shown that, as a result of the known laws 
governing osmotic pressure, temperature gradients, 
in a solution, would influence the distribution of 
the solute. They further stated that it could only 
at present be conjectured as to whether liquid iron 
solutions, such as those under discussion, could be 
considered to behave in an analogous manner. 
Curiously enough, however, they did not apply 
their own conclusions on the lines indicated by 
their remarks. In one of their examples, a 3-ton 
ingot, the carbon percentages at the chilling edge 
were all higher than elsewhere. This was quite 
in accord with non-ferrous metal casting practice ; 
a richness was found at the chilling edge. He 
would like to suggest, therefore, that some import- 
ance might be attached to liquation phenomena 
in connection with steel and cast-iron. 

Professor D. Hanson said that he would like 
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which was to the effect that very rapid cooling 
tended to suppress segregation because there was 
not the requisite time for the complete separation 
of the different phases. What really happened was 
that segregation did take place, but it was only 
on a small scale; macro-etching would not reveal 
it, but micro-etching would. When alluding to 
the association of carbon and phosphorus with 
sulphur, the authors seemed to suggest that the 
globules of sulphide might act as nuclei for the 
coalescence of the minute particles of the impure 
mother liquor resulting from selective freezing. 
He could not agree with this statement as it stood, 
and desired the authors to go into the matter 
more fully. The presence of a central zone of 
weakness was also noted by the authors, and the 
suggestion made that it was due to the fact that 
it occurred at the boundary between two zones 
of crystallisation. He would like to ask the 
Committee if they did not think that the main 
cause of that zone of weakness was unsoundness, 
and not simply that it was the boundary between 
two zones of solidification. 

Mr. E. Atkins stated that during the discussion 
some attention had been drawn to the fact that 
the ingots dealt with by the committee were rather 
better than the average; he would like to see 
results obtained from ordinary ingots and also 
from badly-made ingots. A point of interest, he 
thought, was the behaviour of the sulphur and of 
the manganese. It seemed rather a mystery that 
the percentage of sulphur should vary greatly in 
various portions of the ingot while the percentage 
of manganese showed little change. It seemed that 
in the migration of the sulphides during cooling a 
change in their composition took place. When 
sulphur occurred in highly segregated areas, a large 
proportion of it was in the form of iron sulphide, 
and the steel was consequently in a very dangerous 
condition, especially for wire drawing purposes. 
He thought it would have been better if each 
member of the committee had written his own 
opinion on the problems they were discussing. 
He would like to ask them to lay down a few 
practical rules and regulations to enable steelmakers 
to obtain the minimum amount of heterogeneity 
in ingots. 

Mr. J. M. Service, who replied, reiterated that 
the ingots examined were not specially made ; they 
represented average practice in the various works. 
concerned. The only difference was that they were 
made of piping steel and not of open steel, such 
as that used for ship-plate work. In answer to 
Mr. Brearley’s question the sulphur prints were 
taken from the exact centre of the ingot. These 
were sawn to within half an inch of the centre line ; 
they were then machined down to the exact centre 
line and sulphur prints taken. Some reference had 
been made to falling crystallites ; this was a point 
which was found in text-books. He had never 
found any evidence in support of this. In aningot, 
the chill crystals grew at right angles to the cooling 
surfaces and met at the centre and, in those cases 
which he had investigated, there was no evidence 
at all that small crystals fell in the centre. 

Dr. W. H. Hatfield, who also replied on behalf 
of the Committee, stated that they had hoped that 
comparisons between their own ingots and others 
made elsewhere would have been brought forward 
during the discussions. He wished to emphasize 
that a sulphur print grossly exaggerated the degree 
of heterogeneity. It was absolutely a qualitative 
test. He wished to commend the facts disclosed 
by the 172-ton ingot; whatever its degree of 
heterogeneity this ingot had produced a forging 
which had given a very good account of itself. 
He appreciated Mr. Saniter’s remarks, and thought 
Professor Desch had made an important contribu- 
tion to the discussion. The committee would meet 
again as soon as possible for the purpose of con- 
sidering all the points raised during the long dis- 
cussion, 

SmuicatEs 1n Incors. 


The second paper taken on the 3rd inst. was by 
. ds B.S. Dickenson ; it was entitled “‘ A Note 
on the Distribution of Silicates in Steel Ingots.” 
We reproduced this contribution to the proceedings 
in abstract on page 640 of our issue of May 28 last. 


Dr. A. McCance opened the discussion and stated 
that he had been particularly struck by the two 
photographs, Figs. 9 and 10, which showed, in the 
one case, silicate globules separated from a 10-ton 
carbon-steel ingot and, in the other, elongated 
silicate particles obtained from a large nickel- 
chromium-steel forging. He would like to know 
if the method of acid attack did not exert some 
solvent action on some of these silicates. The 
sulphur content of these slag inclusions had not 
been given, and he thought it would be interesting 
to have the author’s comments upon this matter. 
Another striking point brought to light by the 
author was the fact that the percentage of slaggy 
matter in the form of small globular silicate particles 
rose to a maximum in the central lower portion in 
each of a number of ingots, precisely where carbon, 
sulphur and phosphorus were each reduced to a 
minimum by segregation. His conclusion that there 
was a downward fall of crystallites in the central 
space was a good one, and was probably correct. 

Dr. W. Rosenhain thought that the paper con- 
stituted a step forward in our knowledge of silicate 
inclusions. One of the questions raised in the 
paper referred to the reason why silicates were 
retained at the bottom of the ingot. The explana- 
tion put forward was that there might be a “ rain” 
of crystallites upon the floor of the ingot which 
would tend to intercept and carry down some of 
the larger coalesced particles of slaggy matter. 
This explanation was, he thought, not very feasible. 
He considered it more probable that it was due to 
the oxidation of the jet of steel during the pouring 
of the metal into the ingot mould. The presence of 
oxygen in the steel was the element necessary for 
the production of silicates. The preponderance of 
silicates near the base of the ingot was perhaps due 
to the fact that the jet had a greater distance to 
travel and would, therefore, become more oxidised. 
He put these matters forward as suggestions, and 
did not wish to stress the points unduly. 

Dr. W. H. Hatfield thought that the method of 
procedure, outlined in the paper, for the estimation 
of silicates would soon be in regular usage in many 
laboratories. From figures contained in the report 
on heterogeneity, he thought it unlikely that 
silicates could be carried down by falling crystallites. 
On the other hand, if, in the early st ages of teeming, 
there was a fair amount of oxidation taking place, 
silicates would be formed. 

Mr. H. Brearley thought that the author had 
drawn no hasty conclusions; he had cut pieces of 
steel, had estimated the silicates and had only 
drawn tentative conclusions. He gave only a 
limited assent to the fall of crystallites theory. 
He (Mr. Brearley) still thought that free crystals 
did fall under certain conditions of casting. The 
difficulty was to bring direct evidence to bear upon 
the point. In the case of freezing wax, free crystals 
did form and did fall to the bottom of the ingot. 
A point of interest in connection with slag distribu- 
tion was that if one took mild steel and machined it 
into bars, the appearance of slag “‘ streaks” could 
be observed here and there. If a high-carbon 
steel were similarly treated the slag streaks were 
much less numerous. A steel containing 0-2 per 
cent. of carbon contained approximately 10 times 
as many slag streaks as a steel, made under com- 
parable conditions, containing 1 per cent. of carbon. 
This statement only applied to slag bands visible 
to the naked eye. 

Mr. E. Atkins asked the author if he had ever 
come across any slag particles which were crystal- 
line in shape. He had noticed, in some steels used 
in connection with cold-working operations, definite 
“ specks ” which had caused a great deal of trouble. 
He had been able to separate these by using a pro- 
cess similar to that employed by the author. Some 
of them had a very definite geometrical crystalline 
shape. They were extremely hard and cut into the 
glass slide like diamonds. They were only found 
in certain kinds of steel and did not appear to break 
off or come away from the metal. These particles 
appeared to be present in the original ingot, they 
were found in the rolled billets and, persisting 
through all the subsequent drawing operations, 
were present, apparently unaltered, in the final 





product, in th case, wire 7 in. in diameter. He 





would like to know if the author had found any 
inclusions of this type among the silicates, which 
he had isolated. The author had given them 
analyses of the various forms of slaggy matter 
isolated by him in the course of his experiments. 
In one case the alumina present amounted to 
1-1 per cent., in another case, it was as much as 
14-5 per cent. He desired to know if aluminium 
had been used as a deoxidant. 

The president, Sir Peter Rylands, here remarked 
that in the case of the 3, -in. diameter wire, mentioned 
by Mr. Atkins, the material had been lengthened 
to ten times its original longitudinal dimension 
by cold drawing. The specks he had alluded to, 
however, had shown no signs of elongation. 

Mr. E. H. Saniter agreed with Mr. Atkins that 
the alumina varied greatly in the samples of slaggy 
matter analysed by the author. He thought, 
moreover, that the ferrous oxide (FeO) also showed 
considerable variation, namely, from 1-9 to 
18-0 per cent. He always found that the ferrous 
oxide present in properly-killed steel was low. 

Mr. J. H. Whiteley stated that he had often 
examined samples, which appeared to contain a 
high percentage of silicates. On estimation, how- 
ever, the actual amount found was low. It seemed 
therefore, that there might be non-metallic inclu- 
sions in the steel, which appeared to be silicates, 
but which were not silicates. Dr. Stead had, in 
fact, suggested that a ferrate of lime might be 
present in basic steels. One might be misled about 
the amount of non-metallic impurities present in 
the metal ; this was especially the case with the basic 
steels. The question of the constitution of silicates 
was very important; those which broke up on 
rolling were not so harmful as those which stretched 
out into long strings. The author had stated that 
the silicates occurred chiefly in the lower half of 
the ingot. This might be so in the case of some 
steels. His experience was, however, that if the 
steel had a tendency to be “ gassy” and un- 
sound, the silicates congregated mostly under the 
skin. 

Mr. J. H. S. Dickenson, in his reply, said that 
there had been some discussion as to whether 
crystallites fell or did not fall. The evidence put 
forward in his paper pointed to the fact that they 
did fall. He agreed with Mr. Brearley that he might 
have stated the case rather more strongly than he 
had done. Dr. McCance had said that there was a 
possibility that some of the oxides and silicates 
might have been dissolved during the long solution 
process. So far as he could judge by microscopical 
examination, there was no evidence of partial 
solution or attack, and he considered that those 
globules which he had examined had not suffered 
in any way from contact with the solvent. He did 
not say, however, that there were not other non- 
metallic impurities which had been dissolved. Mr. 
Atkins had asked him if he had ever observed 
crystalline particles in his residues; he had some- 
times come across angular particles in some steels. 


ANNUAL DINNER. 


The annual dinner of the Institute was held at 
the Connaught Rooms, on Thursday, June 3. Sir 
Peter Rylands, the President of the Institute, was 
in the chair. Among the guests were His Excellency 
Baron Palmstierna, G.C.V.O., Swedish Minister 
Plenipotentiary, Mr. E. Kinander, director of the 
Jernkontoret (Swedish Iron Institute), and Mr. A. 
Graber, the honorary secretary of the forthcoming 
Stockholm meeting of the Institute. Sir Hugh Bell, 
Bart., C.B., proposed the toast “‘ His Majesty’s 
Ministers,” which was responded to by Mr. A. M. 
Samuel, M.P., of the Department of Overseas 
Trade. In the course of his speech, the latter spoke 
of the great- markets for railway material which 
existed in India and China. Sir Frederick Mills, 
Bart., welcomed the guests, and, in his reply, Baron 
Palmstierna spoke of the close relation which had 
always existed between the Swedish and the British 
iron trades. He also referred to the great work 
carried out by Dr. Brinell. The Permanent Secre- 
tary of the Board of Trade, Sir Sydney Chapman, 
K.C.B., proposed the toast “The Iron and Steel 
Institute,” to which Sir Peter Rylands responded. 


(To be continued.) 
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THE INTERNATIONAL FOUNDRY 
TRADES EXHIBITION. 


ENGINEERING work has now become so specialised 
in its various branches that it is difficult for the 
average engineer to follow, in any detail, develop- 
ments which are taking place outside his own 
department. The value of such knowledge will 
hardly be disputed, but in general neither time nor 
opportunity exists ‘for its acquisition. For this 
reason, visits to the various exhibitions confined 
to some particular aspect of engineering work have 
a value not only to the specialist for whom they are 
primarily intended, but also to many whose work 
is not directly associated with the exhibits. In 
the case of the International Foundry Trades 
Exhibition, this consideration applies with particular 
force. It would be difficult to cite any group of 
engineering products in which foundry work does 
not play a part, but there is no other workshop 
process which is so generally neglected in an engi- 
neer’s education. It is still quite common for appren- 
tices not to pass through the foundry, and there 
are very few colleges in which it is possible to gain 
any actual foundry experience. As a result, there 
is a distinct hiatus in the technical knowledge 
of most engineers at this point, and the opportunity 
given by the exhibition for studying foundry 
appliances and processes at first hand should be 
the more valuable on this account. 

The present exhibition is the fourth in Great 
Britain. The first was held in London in 1913, 
and the second and third in Birmingham in 1922 and 
1924, respectively. This year the exhibition is 
again being held in London, in order to coincide with 
the Annual Convention of the Institute of British 
Foundrymen. The exhibition, which opened at 
the Royal Agricultural Hall, yesterday, has been 
arranged by the organisers in co-operation with 
the National Physical Laboratory, the Research 
Department, Woolwich, the Universities of Sheffield, 
Glasgow, and Birmingham, and other research 
associations. These various bodies are together 
responsible for an important group of non-commercial 
research exhibits. Papers on foundry equipment and 
various aspects of foundry research are being read 
in connection with the annual convention, which is 
being held from the 15th to the 17th instant in- 
clusive. 

The exhibits on the various stands in the main 
hall cover the whole range of foundry work. Moul- 
ding machines of all types form the largest individual 
exhibit, but there are, in addition, examples of 
riddling machines, sand mixers, conveyors, and 
pattern-making machinery. Finished castings and 
raw materials are also very fully represented, 
together with cupolas, brass furnaces, and numerous 
items of miscellaneous equipment, such as pig-iron 
breakers, hand tools, and so on. We may com- 
mence our description of the exhibit by a reference 
to some of the moulding machines. 

In our issue of June 23, 1922, on page 780, we 
gave an account of the exhibits shown on the stand 
of Messrs. Thwaites Brothers, Limited, of Bradford, 
at the second Foundry Exhibition. Since that date 
the Pneulec Machine Company, Limited, of Mafeking- 
road, Smethwick, have purchased the whole of 
Messrs. Thwaites constructional plant. The Pneulec 
Company are thus in a position to manufacture a 
very complete range of foundry equipment, and the 
diversity of their products is indicated by their 
exhibits at the current exhibition. These include 
the bottom section of a Pneulec windbelt type 
cupola, a 20-cwt. geared crane ladle, a model of a 
spark arrester, an oilsand mixer, and various types 
of moulding machine. We illustrate two of the 
latter in Figs. 1 and 2 on this page. 

The machine shown in Fig. 1 is of the type in 
which the ram is operated by hand, and has been 
designed to meet the demand for a simple and 
inexpensive machine, capable of dealing with a wide 
variety of work. As will be clear from the illu- 
stration, it consists of a cylindrical stand mounted 
on a base plate. The plunger carrying the pattern 
table moves vertically in the stand, and is raised or 
lowered by turning the hand lever, shown on the 
right. This lever operates a link motion connected 
with the plunger, and arranged so that when the 
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PNEULEC MACHINE 


fixed. The moulding box is supported in position 
on the two brackets at the ends of the cross arms. 
The brackets are adjustable both horizontally and 
vertically, and the machine will take a box up to 
30 in. wide, the depth of pattern drawn being 9 in. 
It will be noticed that the machine gives the operator 
a low working position, and for this reason it does 
not require to be set below floor level. All the 
working parts are enclosed, and the only attention 
necessary is the lubrication of the plunger. This is 
effected through two grease cups, from which the 
lubricant is directed into a channel extending round 
the cylinder. 

Another machine shown on the stand of the 
Pneulec Company, illustrated in Fig. 2, above, 
is of the electrically-operated jar ram type. The 
motor, which is below floor level, forms an integral 
part of the machine, which is therefore entirely 
self-contained. A piston in the lower part of 
the vertical cylinder, visible in the illustration, 
is reciprocated by means of double gearing 
driven by the motor. The upper portion of the 
cylinder contains a plunger forming the base of 
the table. When the piston is at its lowest point a 








table reaches the top position it is automatically 





port is uncovered, admitting air into the cylinder 








Fig. 2. ELEoTRICALLY-OPERATED JAR Ram MovuLDING MACHINE; 


Company, LimrrEp. 


through a passage cast in the wall. On rising, the 
piston closes this port, and the air is then trapped 
and compressed between the top of the piston and 
the bottom of the plunger. When a certain degree 
of compression has been reached, the plunger is 
lifted until it uncovers exhaust ports, through which 
the air escapes, allowing the plunger to ffall. 
In the meantime the piston has passed the top dead 
centre and is descending, resulting in a partial 
vacuum being produced in the cylinder, thus causing 
the plunger to fall with a more intense jar. The 
jarring action is stopped by releasing the air com- 
pressed in the cylinder, and returning it to the crank- 
case through an outside exhaust pipe. The latter 
can be seen in the illustration, and it will be noticed 
that it is fitted with a hand-operated valve A at the 
top. There is in addition a second or by-pass valve 
B, which provides a convenient method of regulating 
the force of the jolt. This is effected by setting the 
valve to allow any surplus air, not required for the 
load, to escape. The valve can be adjusted while 
the machine is in operation. 

The pattern-drawing mechanism is mechanically 
operated. It will be noticed that the stripping 








plate is supported on four lifting pins, which are 
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Fias. 3 anp 4. Jar Ram Movtpina MaocuIne 
Britannia Founpry Company, Lirep. 


secured at their lower ends in a star-shaped casting, 
sliding on the outside of the cylinder. The 
casting is raised or lowered by a screw, driven by 
reversing bevels and a dog clutch. The clutch is 
operated by the handle C, fixed to the top of a verti- 
cal shaft, which can be seen on the right-hand side 
of the cylinder below the table. The lifting screw is 
arranged with a safety clutch, which will slip until 
the clutch is thrown out in the event of the operator 
failing to unclamp the moulding box. The machine 
will ram any box from 100 lbs. to 12 ewt., and every 
machine is tested before despatch with a 50 per cent. 
overload. The table is 24 in. long by 20 in. wide, 
and the depth of the pattern draw is 10 in. The 
power consumption is about } k.w. per hour with 
a load of 8 cwts. 

Another moulding machine of the jar ram type 
is shown on the stand of the Britannia Foundry 
Company, Limited, of Coventry. In this machine, 
which we illustrate in Figs. 3 and 4, above, 
the jolting, squeezing and lifting operations are 
all performed by compressed air. In the cross 
section, Fig. 4, it will be noticed that the cylinder, 
which also forms the machine pedestal, is cast with 
a partition wall so as to form an upper and lower 
chamber. These two chambers constitute the 
jolting and pattern-stripping cylinders respectively. 
The jolting piston is formed in one piece with 
a rectangular head, which is prevented from 
rotating by the guide rod shown on the right in 
Fig.4. The air for operating the jolting gear enters 
through the pipe shown on the left at the base 
of the machine in the drawing. The control valve 
can be seen in the same figure. It is operated by 
the knee, which is pressed against a flat lever, 
clearly visible in front of the machine in Fig. 3. 
After passing the valve, the air is carried through 
a pipe to a port in the wall of the upper chamber. 
There is a corresponding port in the jolting piston, 
as shown in Fig. 4, allowing the air to pass to 
the underside of the piston. On the latter rising, 
the inlet port is covered, and when the piston has 
travelled a short distance an exhaust port on the 
other side of the piston, shown on the right in 
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Fig. 6. TRANSVERSE TESTING MACHINE FOR Cast [RON. 


Fig. 4, registers with one of the three corresponding 
ports in the cylinder wall. 

The pattern-drawing mechanism is operated by 
the horizontal hand lever, visible on the right of 
the machine in Fig. 3. The same lever also 
controls the squeezing and pneumatic vibrator 
mechanism. When it is pressed down it opens 
a valve which allows air to enter an annular chamber 
formed in the underside of the table top. This 
chamber can be seen in section in Fig. 4, and the 
same figure shows that the top is carried down 
in the form of a sleeve over the outside of the main 
cylinder, the latter thus acting as a guide for the 
sliding top during the squeezing operation. If the 
hand lever is raised for a short distance, it opens 
a valve admitting air to the pneumatic vibrator. 
The latter is mounted on the table under a projecting 
lug on the back of the pattern plate, and cannot 
be seen in the illustrations. A further depression 
of the lever opens the pattern-lift control valve. 
Air is admitted through this valve to the top of 
a closed vessel containing oil. This vessel is shown 
on the right in Fig. 4, and from the same figure 
it will be seen that the oil forced out by the air 
passes to a valve in the base of the lower chamber 
in the main cylinder. The pressure of the oil holds 
the valve closed, but the oil passes through holes 
in the valve head and forces up the pattern-drawing 
piston. This is connected to an outer sleeve, which 
surrounds the main cylinder, by means of a pin 
passing through a pair of slots in the cylinder 


wall, so that when the piston rises it carries the , 
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sleeve with it. The corner plates shown in Fig. 3 

| are bolted to the sleeve, and carry the four vertical 
| rods which serve to lift the stripper plate. On the 
downward stroke the oil opens the valve in the 
base of the cylinder, the return motion being 
therefore more rapid than the lift. The machine 
table is 2 ft. 4 in. long by 1 ft. 9 in. wide, the depth 
of ram is 7 in., and the height of lift is 6 in. The 
pressure on the mould at 80 Ib. per square inch is 
4 tons, and the quantity of free air required is 
8 cub. ft. per minute. 

In addition to the machine described, the 
Britannia Company are also showing moulding 
machines of the ordinary and turnover jar-ram 
types, together with hand-power and hand-ram 
machines. Other exhibits are a gas-heated core 
oven with trolley, and a duplex foundry-sand 
mixer. 

One of the directions in which very appreciable 
economies in both material and labour may often be 
effected in many foundries is that of the treat- 
ment of the used sand. An interesting machine 
for this purpose, illustrated in Fig. 5, page 
689, is shown in operation on the stand of 
the Rapid Magnetting Machine Company, Limited, 
of Magnet Works, Lombard-street, Birmingham. 
The machine is provided with a hopper, visible on 
the extreme left in the illustration, into which the 
used sand is tipped. The first separation process 
takes place in this hopper, as the sand passes 
through a grid to separate out any large pieces of 








iron or brick which might cause damage to the 








Testina Macuine For Cast IRON. 


machine. The sand is picked up from the hopper 
by means of a bucket elevator, which delivers it 
at the top into a chute. From this chute, which 
can be seen in the figure on the left below the driving 
belt for the elevator, the sand is delivered into. an 
inclined rotating cylinder. The inside of this 
cylinder is fitted with prongs fixed to bars placed 
parallel with the axis of rotation, These prongs 
pass through a magnetic field during a portion of 
each revolution, and while they are thus magnetised 
by induction, they comb through the sand and pick 
up any pieces of iron which are sufficiently small 
to have passed through the grid in the hopper. 
The magnetising coils are stationary, and are 
arranged in a half-circle concentric with the rotat- 
ing cylinder. The first coil can be seen in the illus- 
tration directly below the cylinder, but the remainder 
are hidden by the latter. The last coil is near the 
top of the cylinder, and the demagnetisation of the 
prongs therefore takes place at this point. The 
iron which falls off the prongs, is caught in a chute. 
which delivers it into a hand-barrow. The latter 
can be seen beside the left-hand frame columns in 
the figure. After the sand has been freed from iron, 
it will still contain char and similar material, and 
this is extracted by passing the sand leaving the 
cylinder into a rotating screen. The sand suitable 
for re-use passes through the mesh, and is collected 
in a barrow, or allowed to pile up, as may be the 
more convenient. The larger pieces of material 
leave the screen at the outer end, and are delivered 
by a chute into the hand barrow seen on the right 
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in the illustration. The same firm are also showing 
smaller machines than the one described for dealing 
with foundry sand, together with units of various 
types suitable for separating iron and brass turnings. 

At the annual conference of the Institution of 
British Foundrymen held in Birmingham in 1922, a 
paper was read by Mr. E. Ronceray on new methods 
of testing cast iron. In this paper the author 
criticised the usual tensile and impact tests, and 
suggested transverse tests as preferable. Two 
machines designed by Mr. C. Frémont, one for 
transverse and the other for shearing tests, were 
referred to in the paper, a summary of which will be 
found on page 6 of our issue for July 7, 1922. The 
machines to which reference was made are being 
exhibited on the stand of The Universal System of 
Machine Moulding and Machinery Company, 
Limited, of 97, Queen Victoria-street, E.C.4, and are 
illustrated in Figs. 6 and 7 on page 690. 

In the machine shown in Fig. 6, the two ends of 
the test piece rest upon knife edges, and the load 
is applied in the centre, as in the case of an ordinary 
deflection test. The load is obtained by screwing 
down the upper seating of the compression spring 
shown in the illustration, by means of the handwheel 
at the top of the machine. The spring serves merely 
as a transmitter between the point of application of 
the load and the test piece, its object being to ensure 
that the latter is not subject to shock. The com- 
pression of the spring is a measure of the load 
applied, a reduction in length of 1 mm. corresponding 
approximately with an increase in load of 40 kg. The 
exact ratio is obtained by calibrating the actual 
spring in use. By means of a system of levers, 
which can be seen near the top of the machine in 
the illustration, the movement of the upper spring 
seat is multiplied and conveyed to the end of a cord, 
which passes round a drum pulley and terminates in 
a deadweight. The rotation of the drum thus records 
the spring compression, and therefore the load. A 
second system of levers, visible at the bottom of the 
machine in the figure, is connected with the knife 
edges on which the specimen rests. By this means 
the deflection of the test piece, magnified 200 times, is 
recorded by the vertical movement of a pencil m 
contact with a recording chart on the drum. The 
test pieces are in the form of rectangular prisms 
8 mm. by 10 mm. cross-section and 35 mm. long. 
The maximum load obtainable is between 1,000 kg. 
and 1,200 kg. 

The second machine, designed for shearing tests, 
is shown in Fig. 7. The machine for deflection tests 
is primarily intended for laboratory use, but that for 
shearing tests is suitable for test pieces taken from 
castings in the ordinary course of workshop routine. 
The test pieces are cut from the actual casting and 
may be either rectangular or circular prisms. In 
the latter case, a special tool is employed which 
removes a test piece from a part of the casting where 
a bolt hole has to be made. The rectangular test 
pieces are 5 mm. square, while the circular are 
5-64 mm. diameter. In both cases the cross-section 
is therefore 25 sq. mm. in area. A test piece ] in. 
long is suitable for four determinations, being 
sheared through at points 0-125 in. apart. In the 
machine, the shearing knife is pressed on to the 
specimen by a lever, clearly visible in the illustration, 
this being loaded by a sliding weight. The position 
of the latter is regulated by a screw passing through 
a nut in the stirrup, and turned by the handle shown 
on the right. Attached to the weight carriage is a 
pencil which draws a line ‘on a diagram, the slope 
designating the characteristic of the metal under 
test. It may be mentioned that the designer of the 
machine, Mr. C, Frémont, has ascertained experi- 
mentally that shearing resistance is proportional to 
tensile strength in the case of cast iron, and that he 
claims that a shearing is preferable to a tensile test 
because bending of the specimen in the latter is 
liable to affect the results. 


(To be continued.) 





PERSON AL.—The Institution of Structural Engineers, 
and the editorial offices of The Structural Engineer, will 
more into the Institutions’ own premises on June 24, 
— es as from this date all communications should 
wre to 10, Upper Belgrave-street, London, 








NOTES ON NEW BOOKS. 


Tue technical education of engineers at the present 
time is in a state of flux. Of recent years it has received 
constantly increasing attention, and its necessity is 
accepted more generally than ever: but no certainty 
is felt about the bodies or parties to be charged with the 
several types of training, the time that students shall 
give to it, and the stage or stages in their training at 
which they should receive it. At such an epoch those 
who are interested in the future of technical education 
may well care to consider shortly what has been its 
past, and will welcome the succinct and well-informed 
summary of the subject that Mr. C. T. Millis has 
recently produced under the title of “ Technical 
Education: Its Development and Aims.” [London: 
Arnold & Co., 6s. net.] Mr. Millis is well known 
as having been the Principal for thirty years of the 
Borough Polytechnic Institute from its foundation in 
1892, after having succeeded Solly in 1879 as Director of 
the Artizans’ Institute, where he formed and conducted 
a Trade Class Department. His interest in the work en- 
ables him to trace the history of the movement for 
adding technical training to such instruction as work- 
men could get,from its inception by Birkbeck in Glasgow 
at the beginning of last century up till the present day ; 
and his varied and personal experience during the later 
most active part of the period enables him to speak 
with authority in the suggestive chapters in which he 
discusses the principles of technical instruction, the 
students for whom it should be provided, and the 
differentiae of the various types of institutions which 
give it. Mr. Millis’ views of technical education at all 
its stages will be read with interest, but special atten- 
tion may be called to his criticism of existing practice 
at the earliest and at the latest stages of training. He 
points out that the education of children usually makes 
a good start on kindergarten lines, which bring the 
child into direct contact with things, their measure- 
ment, and their construction, and he urges that the 
abrupt break of a few years in this physical intimacy 
detracts greatly from the value of manual train- 
ing at the later stage at which it is introduced. He 
would have the contact with things unbroken from 
the kindergarten stage onwards, and associate it 
closely with the teaching of arithmetic and geometry. 
Some such plan was adopted in the United States with 
marked success at Mr. Wirt’s school, and in addition 
to its intrinsic value it should provide useful material 
for those who are undertaking to give guidance in 
vocational selection, who at present have to work on 
somewhat arbitrary and theoretical tests. As technical 
training extends to the higher branches Mr. Millis insists 
that sight should not be lost of its essential purpose, 
which is to lead not to the university, or academic 
side, but to the shop. He questions whether the 
anxiety of educational authorities to link up technical 
training with university organisation does not lead 
to duplication of academic teaching, and not only 
tends to divert technical education from its proper 
direction but weakens _ institutions, such for 
instance as the Finsbury Technical College, of which 
an essentia) purpose is to lead towards the university. 





The national development of electrical energy is 
a subject which at the moment is very much in the 
public mind. It is admittedly one of the very greatest 
importance, and there is no doubt that the steps which 
will be taken in the near future with the object of 
assisting this development will have far-reaching 
effects. It is, therefore, desirable that data concerning 
the electrical development in countries other than 
Great Britain should be available in order that the 
subject may be studied from the broadest possible 
point of view. In a book on “ Electrical Power and 
National Progress,” by Hugh Quigley, published by 
George Allan and Unwin, Limited [price 8s. 6d. net] 
will be found a great deal of information relating to 
the capital costs of large power stations, the costs of 
generation and distribution, and the results achieved 
by central administration through the inter-connection 
of such stations. The particulars given relate, amongst 
others, to France, Italy and the United States, and 
refer to hydro-electric as well as steam stations. The 
author does not put forward any clearly-defined plan 
for dealing with the situation in Great Britain, but he 
does advocate the policy of inter-connection as a first 
stage towards a system of power zones, on the ground 
that such interconnection would improve the load 
factor, and in consequence of unified control an 
improved efficiency in transmission and distribution 
would be secured, as well as uniformity of supply and 
price. The South-East Lancashire Electricity District 
is instanced as a case where this inter-linking of existing 
undertakings for the provision of bulk supply has 
already been arranged. It will be seen that it is not 
the super-power station which is advocated, as a high 
thermal efficiency can be obtained from stations of 
20 to 40,000 kw. capacity, but rather the inter-linking 
of such stations in order to obtain a power zone which 


is centrally administered. The main goal of all 
endeavour, says the author, in the generation and 
distribution of electricity, is to raise the earning power 
of the system by elimination of irregular demand, and 
a steady utilisation of power plant throughout every 
hour of the day. Scientific inter-connection will 
render possible interchange of power between stations 
which are lightly loaded at one moment, and stations 
which are loaded to excess. If this be true, then 
there is a great deal to be said for the proposal advo- 
cated, and it would be of considerable assistance if 
figures were forthcoming to substantiate this claim. In 
any case, it appears to be the direction in which electri- 
cal developments are moving in this country. It is 
difficult in a short review to deal with all the questions 
raised in the book, but, in spite of the fact that it is 
obviously propagandist in its origin, it should be read 
by all those who are interested in the subject with 
which it deals, as it would be difficult to find such a 
large amount of data elsewhere. 





Although the subject of ore dressing is an important 
one, no comprehensive treatise on the subject existed 
in the English language until the publication in 1902 
of what has since then been the standard work on 
the subject, viz., |Ore Dressing, by Robert H. 
Richards, in four volumes. To meet the demand for 
a book suitable for students “A Textbook of Ore- 
dressing’? was published by the same author in 1909. 
Since that date practice has made great strides, new 
processes and new machinery have been introduced 
in some cases replacing older methods, in others 
amplifying them, so that complete revision of the 
book was necessary. A new edition of ‘his text book 
has now been publishe1 by the McGraw Hill Publish- 
ing Co., Ltd. at the price of 27s. 6d. net. The task 
before the authors, Messrs. Robert H. Richards and 
Charles E. Locke, assisted by Mr. John L. Bray, was 
no light one, for whilst reducing the size of the book 
they have yet.succeeded in bringing it thoroughly up 
to date and including much new material. This was 
largely possible owing to the epi. ae during 
recent years of the flotation process which has rendered 
much of the equipment described at length in the 
previous edition more or less superfluous. The credit 
of first introducing the principle of flotation on a 
commercially practicable basis is due to an Englishman, 
F. E. Elmore, who patented his process in 1898. Since 
then there have been many modifications and improve- 
ments, accompanied by a vast amount of litigation. 
But the success of flotation has created a landmark 
in the history of ore dressing equalling in importance 
that made by the introduction of the cyanide process. 
Not only does flotation supersede the older method 
in many mines owing to greater efficiency and economy, 
but many ores that: were too poor, or otherwise too 
difficult to treat, now submit to this process. In the 
new edition the importance of flotation has been fully 
recognised, and a long and comprehensive chapter is 
devoted to it. Although a complete chapter is 
devoted to coal washing, which, strictly speaking, does 
not come under the heading of ore dressing, and is 
besides a subject for colliery engineers who, in their 
turn, are usually not concerned in metal mining, 
yet the important subject of cyanidation is not dealt 
with. It is true that there are books entirely devoted 
to the cyanide process, but the same applies to other 
branches of ore dressing, and may be said with even 
greater force as regards coal washing, and this ‘can 
therefore scarcely be the reason for its exclusion. 
If the reason, as seems likely, is to reduce the dimensions 
of the book, we would venture to ask if it would not 
have been more consistent to omit the chapter on 
coal washing, for as the authors themselves remark 
it is impossible to treat this subject fully in one chapter, 
and go so far as to recommend a special book on the 
subject. From the metalliferous engineers’ point of 
view, student or millman, the usefulness of the book 
would be increased by this modification, leading 
as it well might to a decrease in size and possibly 
in price. The book is, however, a mine of information. 





Contracts.—Messrs. International Combustion Limited, 
Africa House, Kingsway, London, W.C.2, have informed 
us that their associated company in America have recently 
received a number of contracts for Lopulco pulverised 
fuel equipment. These include complete Lopulco 
pulverised fuel systems for the Metropolitan Power Com- 

any, Reading, Pa., and for the Detroit Edison Company, 

renton Channel plant; Lopulco unit systems for the 
Boston Elevated Railway, Boston, Mass., and for the 
Fisher Body Corporation, for Memphis, Tenn. ; and Lo- 
pulco pulverised-fuel fired furnaces for the New York 
Steam Company, New York. A further 24 contracts 
include 43 stoker-fired boilers, and 2 patent combustion 
steam generators.—The order for a complete new plant 
for the manufacture of weldless steel tubes has been 
secured by Messrs. Wellman Seaver Rolling Mills Com- 
pany, Limited, 36-38, Kingsway, London, W.C.2, a 
subsidiary company to the Wellman Smith Owen Engi- 
neering Corporation, Limited. The value of this contract 





approaches 100,0001., and the whole of the plant will be 
made in the firm’s works at Darlaston, Staffs. 
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STERN-BUSH BORING MACHINE. 


CONSTRUCTED BY MESSRS. JOHN W. BARNES, LIMITED, ENGINEERS, ROCK FERRY, CHESHIRE. 
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STERN-BUSH BORING MACHINE. 


It is not always convenient to withdraw the stern- 
tube liner of a vessel and remove it to the works for 
rebushing and boring, and, as an alternative, the liner 
is frequently rebushed in position. The location of 
the stern tube in the frame renders it particularly 
difficult to rig up temporary boring gear, and in 
such circumstances the lignum-vite strips are usually 
planed out by hand. The job, however, is a particu- 
larly awkward and tedious one. To speed up the 
work, and also to execute it more accurately, the 
boring machine which we illustrate in Figs. 1 to 8, 
annexed, has been introduced by Messrs. John W. 
Barnes, Limited, Railway Works, Rock Ferry, Cheshire. 
The machine is normally designed for electric-motor 
drive, but can also be supplied for belt drive from 
any convenient sourc2 of power, such as a small petrol 
or steam set. 

Before describing the machine in detail, it may be 
explained that Fig. 5 is a continuation of Fig. 2, and 
that in use the outer end of the tool is centred by 
means of the three independent jaws shown in the 
latter figure. These jaws grip the circular nut screwed 
on to the stern tube. The inner end of the boring bar 
is centred on a steady, which is provided with three 
contact screws fitted with caps, as shown in Fig. 5. 
These caps bear on the irner periphery of the liner at 
a point beyond the end of the lignum-vite strips. 
The inner end of the bar is centred by making use of 
a detachable tell-tale, which can be seen projecting 
beyond the end of the boring bar in Fig. 5. The tell- 
tale is mounted on a ball joint, and is held in place 
by friction on the ball. After the bar has been set up 
approximately central with the tube, it is run slowly, 
and the tell-tale is adjusted until it is running dead 
true with the bar. The machine is then stopped, and 
the three-point steady adjusted until measurements 
taken in various directions, either from the outside 
of the tell-tale or from the centre point at its extreme 
end, indicate that the axis is equidistant from suitable 
points known to be concentric with the stern-tube axis. 

Fig. 7 is a half-sectioned plan of the gear-box, which 
is shown complete with the platform for the motor, 
but the reverse way round, in Fig. 2. As will be seen 





from Fig. 7, the box is in two halves, flanged and 
bolted together. The main spindle, terminating in 
a flange on the left-hand side, is carried on roller bear- 
ings at each end, the bearings being adjustable by 
means of the nut shown immediately to the right of the 
right-hand bearing. The nut is provided with a locking 
device to prevent it from slacking back. Worm and gear 
wheels are keyed to the spindle, as shown in the illus- 
tration, the former being locked by a nut, and the 
latter by a grub screw. The worm wheel forms part 
of the spindle drive, and the corresponding worm is 
shown in Fig. 8. The worm shaft is mounted on roller 
bearings, and is extended through the housings at 
eachend. One end is squared to receive a crank handle 
for moving the main spindle round by hand when 
setting. The other is keyed, and carries a chain 
sprocket. The motor is mounted on the platform on 
the gear-box, with its armature spindle parallel with 
the worm. The motor spindle carries a second chain 
sprocket, and the drive from motor to worm is by 
Brampton silent chain, enclosed in an oil-tight casing. 

The cutter head, which is shown on the extreme left 
in Fig. 2, is fed along the boring bar by a central screw. 
One end of this screw is furnished with clutch jaws, 
which engage with similar jaws on the end of the 


| feed shaft shown in the centre of the gear-box in Fig. 7. 


A square is cut on the outer end of the feed shaft to 
receive a crank handle for hand traverse, and the shaft 
also carries a gear wheel, which can be seen near to 
its outer end in Fig. 7. A lay shaft, shown above the 
feed shaft in the same figure, carries a fixed gear wheel 
at its outer end, which engages with the wheel on the 
feed shaft. On the other end of the lay shaft there is 
a sliding pinion which is brought into, or out of, 
engagement with the wheel on the main spindle by 
means of the fork clutch shown. There is a clutch- 
operating handle on each side of the box, one of the 
handles being visible in Fig. 2. Normally, the numbers 
of teeth on the different gear wheels are arranged to 
give a feed of 1; in. for each revolution of the boring 
head, but by changing the wheels, feeds of ;'y in. or 
éx in. per revolution may be obtained. 

The cutter head is made in two halves, which, when 
bolted together, form a flanged cylinder. The brass 
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key, which slides in a milled slot in the boring tube. 
The cutters are carried in shallow grooves machined 
in the flanged face of the head, and are secured by 
straps. 

At the end farthest from the gear-box, an extension 
piece is bolted to the boring tube. The extension piece 
carries a steady, to which we have already referred. It 
is shown in Fig. 5, and also in Figs. 3 and 4. The 
steady is mounted on Hyatt roller bearings, and may 
be slid longitudinally along the extension. It is pro- 
vided with three independent screws, which carry caps 
as shown in Fig. 4. Sets of caps of different lengths 
are provided to suit various bores. The screws 
may be set out or in by rotating the worm wheels 
through which they pass. The rotation is effected by 
turning three short worm shafts, which terminate in 
squared ends as shown in Fig. 3. The screws are pre- 
vented from rotating by means of a feather sliding in a 
suitable featherway. 

The machine is made in four sizes, the smallest being 
suitable for tubes having bores from 6 in. to 9 in. in 
diameter by 4 ft. long, while the largest will suit tubes 
from 15 in. to 24 in. bore by 6 ft. 6 in. long. The 
bar is made from high-tensile steel, the gear-box of 
aluminium, and the various contact points, such as the 
jaws of the spider, of cast-steel. The bar is normally 
run at about 100 r.p.m., the power required varying 
from 1} h.p. to 2 h.p., according to size. 








THE BAGNULO HEAVY-OIL ENGINE. 


THERE is undoubtedly a wide application for a 
heavy-oil engine having a power-weight ratio, flexi- 
bility, and performance comparable with that of a yetrol 
engine of corresponding horse-power, and numerous 
efforts have been made to design such an engine in the 
last few years. As normally developed for land or 
marine work, both the hot-bulb and cold-starting types 
run at comparatively low speeds, and are heavy and 
inflexible as compared with a petrol engine, but 4 
new group of engines recently put on the market by the 
Société Anonyme Bureau Technique Bagnulo, 48, Rue de 
Londres, Paris, approach the latter type fairly closely in 
these respects. These engines, which have a compression 
pressure of 170 Ib. per square inch, will run at any speed 
between 250 and 2,000 r.p.m., and will tick over at the 
former speed on no load for indefinite periods. They 
are built with two, four, or six cylinders ; the bore and 
stroke, and also the normal speed, being the same in 
each case. We illustrate one of the four-cylinder 





nut engaging with the feed screw is secured to a steel 
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models in Figs. 1 to 7, above, and on page 696, and it will 
be clear from these illustrations that the weight cannot 
greatly exceed that of a petrol engine having the same 
cylinder dimensions. The particular engine which is 
shown in the figures, forms one of a group intended for 
marine work, the normal running speed in this case 
being 1,400 r.p.m. The bore is 100 mm. (3-937 in.) 
and the stroke 140 mm. (5-512 in.); and with these 
dimensions, the two-, four- and six-cylinder engines 
develop, respectively, 20, 40 and 60 brake horse-power 
at normal revolutions per minute. 

The engines operate on the four-stroke cycle, and 
while the fuel-injection system is not essentially different 
from that employed in other heavy-oil engines, ignition 
is effected by a special device. In the illustration, 
Fig. 6, this is shown as a hot-wire coil of volute 
form, but we understand that in the latest engines 
this has been modified. The new arrangement con- 
sists of a hot grid, which gives more effective ignition 
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and is not so liable to damage as the coil. At fuil 
loads, the ignition element is heated up sufficiently by 
the heat of combustion to ensure regular ignition, and 
thus takes the place of the hot bulb of the ordinary 
semi-Diesel engine. As, however, reliance is not 
placed on this source of heat, a current being con- 
tinually passed through the element to maintain it 
at the requisite temperature, it is more correct to 
regard the ignition as being of the hot-spot type. 

In this connection, it will not be out of place to refer 
to some remarks contained in a paper read by Mr. A. C. 
Burgoine, on March 2 last, before the Institution of 
Automobile Engineers. Referring to ignition from a 
hot point, Mr. Burgoine mentioned some experiments 
which had been made with a petrol engine, estab- 
lishing that when the engine was thoroughly heated 
up, quite a small piece of hot metal or wire would be 
sufficient to keep it running; but if it was required to 
pull its full load, and to maintain its normal speed, it 
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was necessary to provide a much greater surface. To 
ensure regular ignition, a red heat was‘ found to be 
necessary, and if the heat of combustion was relied 
upon to maintain the temperature of the ignition 
element, a sufficiently large mass to ensure regular 
firing could not be kept at the requisite temperature at 
light loads. In the Bagnulo engines, the heating 
element consists, a8 mentioned, of a coil of wire ora 
grid of very appreciable size, and the resulting flexi- 
bility of the engine is sufficiently indicated by the 
figures we have already quoted. 

Although the engine illustrated is for marine 
purposes, nothing distinguishes it, apart from the 
provision, of reversing gear and a bilge pump, from 
one for motor-vehicle propulsion or other uses.. Its 
general construction can be clearly gathered from the 
various sections, Figs. 5 to 7, and from the outside view 
Fig. 1. It will be seen that the cylinders are formed in 
one piece with the upper part of the crank-case. The 
head is detachable, and in common with both halves of 
the crank-case, is of cast iron. The crankshaft is 
carried in three bearings formed in the lower half of 
the crank-case. The connecting rods are of the usual 
H-section, and neither these nor the pistons, which are 
fitted with four rings at the top, call for special comment. 
The valves are operated by an overhead camshaft, 
which is driven from the crankshaft through a vertical 
spindle at the forward end of the engine, the drive, both 
top and bottom, being through bevel gearing. The 
wheels at the bottom are of equal size, those at the top 
giving the 2 to 1 reduction. As will be seen from Figs. 5 
and 6, the valves are vertical, and are directly operated 
by the cams on the overhead shaft. They are on the 
centre line of the engine, and both inlet and exhaust 
openings of ample area are secured by making the 
diameter of the combustion chamber greater than the 
bore of the cylinders. It will be clear from the figures 
that adequate provision is made for cooling the valves, 
the water passages for this purpose being of liberal 
dimensions. Provision is made for lowering the com- 
pression when starting up the engine. It will be 
observed, in Fig. 5, that the camshaft is hollow, and a 
spindle passes through it which is normally held, by 
the spring visible on the extreme left, against a thrust 
bearing at its after end. This spindle can be moved in 
a forward direction by means of the fork shown con- 
nected to an outside lever in Fig. 7. It will be seen, 
in Fig. 5, that the spindle carries cone-shaped collars 
above each exhaust valve. When it is moved in the 
forward directicn, these cones force out wedge-shaped 
pieces fitted in the exhaust cams, which form pro- 
jections on the surface of each cam and thus retain 
the valves in the open position during a portion of the 
compression stroke. 

The heavy oil is injected into the cylinders during 
a portion of the compression stroke by a pump, 
which is the same for any number of cylinders. Three 
plungers, directly operated by eccentrics mounted on a 
short cross shaft, are employed to ensure a uniform 
supply of oil, The pump, which can be seen in position 
in Fig. 5, and is shown in detail in Figs. 2 and 3, is 
driven by skew-gearing from an extension of the crank- 
shaft. It is totally enclosed in the engine casing, an 
arrangement which should materially assist in main- 
taining a clean engine. The oil is delivered at atmo- 
spheric pressure into the chamber beside the three 
plungers, this chamber being shown in section in Fig. 4. 
It will be noticed from this figure that there are four 
passages leading off the chamber, three of which 
communicate with the pump cylinders, while the 
fourth is connected to the delivery space below the 
plungers. The latter passage is normally closed by a 
non-return valve, which opens to allow the oil on the 
delivery side to escape back to the suction side if the 
delivery pressure becomes excessive for any reason. 
The delivery chamber is fitted with a pressure regulator 
of the diaphragm type, shown on the right in Fig. 3, 
which ensures a uniform pressure under all circum 
stances. From the delivery chamber, the oil passes 
up the pipe shown on the right in Fig. 2, to an adjustable 
needle valve, after which it enters a small distributing 
chamber through a hole in the end of the camshaft. 
Valves, equal in number to the cylinders of the engine, 
are arranged radially round the distributing chamber, 
and are lifted in succession by a single cam on the end 
of the camshaft. One of the valves, with the cam 
directly under it, is shown in Fig. 2. From the distri- 
buting valves, the oil passes through piping to the 
spray valves in the combustion heads ; one of the valves 
is shown in Fig. 6, with the heating coil below it. The 
spray valve casings are provided with cooling fins, 
and are fitted with a small autometic valve, through 
which air is drawn from the atmosphere during the 
inlet stroke. The object of this arrangement is to 
provide scavenge air for the spraying nozzle. 

Dry-sump lubrication is employed. The lubricating 
pump is mounted on the forward end of the engine 
and is of the gear-wheel type, driven by spur gearing 





from the crankshaft. The pump can be clearly seen 
in Fig. 5. All the bearings throughout the engine are 
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pressure fed. The oil is conveyed by yipes to the 
three main crank-shaft bearings, from which it passes 
through holes in the shaft to the big ends, and thence 
up a tube on the side of the connecting rod to the small 
ends. The various other bearings are connected to the 
pump by other pipes, the connection to the forward 
end of the camshaft being visible in Fig.5. The lower 
portion of the crank-case contains an oil cooler, shown 
in Figs. 5 to 7. The oil draining back from the various 
bearings passes over the outsides of the cooler pipes. 
A circulating pump, which can be seen in section in 
Fig. 7, and is also clearly visible at the left-hand end 
of the engine in Fig. 1, supplies cooling water to the 
cylinder jackets, from which it passes through the 
interiors of the cooler pipes. It will be noticed from 
Fig. 7 that the pump is in duplicate, the second portion 
forming the bilge pump. The method of driving the 
two pumps from the vertical shaft will be clear from the 
same figure, which also shows the dynamo drive, in 
line with, but opposite to, that for the pumps. 

The object of the dynamo is to charge up the accumu- 
lators, which serve to maintain the ignition coil at the 
requisite temperature and also supply current for a 
starting motor. The latter is shown on the right in 
Fig. 1, and is coupled through a Bendix drive to a 
toothed ring bolted to the flywheel. The arrange- 
ment of the reversing gear is clearly shown in 
Fig. 5, from which it will be seen that it is of the normal 
pinion type, contained, with the thrust block, in an 
oil-tight casing bolted to the crank-case. The engines 
can be provided with a governor which limits the 
total speed variation within 5 per cent. The main 
component parts of the engine, such as the pistons, 
connecting rods and valves, are standardised and inter- 
changeable between the various patterns. As will be 
gathered from Fig. 1, the appearance is extremely neat 
and is closely reminiscent of a modern petrol engine. 
The careful attention given to the incorporation of all 
fittings as an integral part of the engine is brought out 
by the fitting of the speed indicator. The casing for 
this instrument can be seen projecting above the 
valve cover in Fig. 1, the drive being directly from the 
camshaft by a friction disc. 

A trial with a two-cylinder engine, with a bore of 
100 mm. and a stroke of 120 mm., built for demonstra- 
tion purposes and designed to develop 10 brake horse- 
power at 1,300 r.p.m., gave the following results: Ona 
fifty-hour test at 1,200 r.p.m., the brake horse-power 
developed was 12-2, and the fuel consumption was 
208 grammes per brake horse-power-hour. In another 
test at 1,400 r.p.m., the corresponding figures were 
16-5 b.h.p. and 225 grammes, respectively. The 
engine was started up within one minute from cold, 
and the energy consumption from a 12-volt battery, in 
circuit the whole time the engine was running, was 
approximately 48 watts per hour. 





ENGINEERING TRAINING AND 
EDUCATION. : 


The Portland House Travelling Scholarship.—The 
secretary of the Institution of Structural Engineers 
has announced that the date of the preliminary exami- 
nation for the Portland House Travelling, Scholarship, 
particulars of which were given in our issue of 
February 26 last, page 264, has been postponed to 
June 19, next. The final competition, namely, the 
designing of a reinforced-concrete structure, will now 
take place on July 3, next. 





ArrsHip SHED aT Karacui.—According to Mr. T. C. 
Frampton, engineer-in-charge of the construction of the 
new airship shed at Karachi which will be an important 
link in the Imperial air route, the construction con- 
stitutes a remarkable engineering undertaking. The 
scheme embodies features which were the result of a 
specialised study of the English and German sheds. 
The actual construction of the shed is a feat, not remark- 
able so much for any special difficulties as regards 
construction, as for the peculiar requirements involved in 
the design and operation of the doors. The door area 
of the shed required to house a modern airship offers 
such a large area to wind pressure that under abnormal 
circumstances it is impossible to operate it. Therefore, 
the Karachi shed will have a new type of sliding door 
operated by electric motors which is one of the features 
arising from the study of Count Von Zeppelin’s designs. 
The door will be the largest in the world. The shed will 
be 850 ft. long and the clear internal accommodation 
will be 180 ft. wide and 180 ft. high. The maximum 
external measurement from the ground to the apex of 
the roof will be 230 ft. According to the schedule, 
between two and three hundred men will be employed, 
and the work is expected to be completed by August, 
1927. The mooring-mast has already been completed by 
the Cleveland Construction Company. The hydrogen- 
making plant is situated a hundred yards away from the 
shed to which the gas is conveyed through pipes. About 
4,000 tons of steel will be used in the shed, the parts 
for which are being made at Messrs. Armstrong’s Ger- 
miston works at Glasgow, 
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Tue Farapay Socrety.—At the annual meeting of 
the Faraday Society, Professor Cecil H. Desch, F.R.S., 
was elected president in succession to Professor F. G. 
Donnan, F.R.S., whose first sad duty was to announce 
the death of Mr. F. S. Spiers, the secretary of the Society ; 
a brief account of Mr. Spiers’ career will be found on page 
637 ante. Professor Donnan then delivered his presi- 
dential address on “‘ Electrical Potential Differences at 
Air-Water Surfaces,’ discussing unpublished experi- 
ments which he had made some years ago in conjunction 
with Professor T. Thorvaldsen. In the experiments, 
an air-gap was produced between drops of a liquid and 
a flowing liquid. The liquids were mostly solutions of 
potassium chloride to which small amounts of various 
organic compounds were added; these additions 
affected the potentials and the surface tensions in un- 
expected ways. Among the concomitant factors to be 
considered were the Lenard water-fall effect ; the rate of 
flow of the liquid was found to be of importance only 





when the liquid was distilled water. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The moderate quantities 
of Cleveland pig iron stored at makers’ yards are full, 
sold, and merchants have very little available for dis- 
posal, so that with trifling output—there are only two 
furnaces in operation—scarcity has become quite acute. 
Producers now quote only for delivery after idle furnaces 
have been re-kindled and are making iron again. A few 
small prompt parcels have been sold by second hands. 
but there is general disinclination to negotiate just now. 
Values continue to move upward. For home purposes, 
No. 1 is now 77s. 6d.; No. 3 g.m.b., 75s.; No. 4 foundry, 
74s.; and No. 4 forge, 73s. 6d. Export prices are put at 
sixpence above the foregoing figures. 


Hematite.—Producers of East Coast hematite have 
still rather considerable unsold stocks, and, while values 
are slowly advancing, they are at a low level in com- 
parison with those of Cleveland pig. Both for home 
use and for shipment overseas, mixed numbers of hemu- 
tite are obtainable at 78s., whilst normally they are 
about 8s. above No. 3 Cleveland. 


Foreign Ore.—Nominally best rubio keeps at 21s. 6d. 
c.i.f. Tees, but consumers are off the market. 


Blast-Furnace Coke.—There is no business passing in 
blast-furnace coke. 


Manufactured Iron and _ Steel.—Manufacturers of 
finished iron and steel are not at all disposed to accept 
orders at round about quotations ruling. A few contracts 
are reported to have been arranged at a little above 
recognised market rates. 


Imports of Iron and Steel.—Interesting returns pul- 
lished this week give the imports of iron and steel to 
the River Tees from Holland, Belgium, France, Norway. 
Sweden, Germany, India, and coastwise for the seven 
months to the end of May last, compared with the figures 
for the same months a year ago, and for the corresponding 
pre-war period of 1913-14. Pig iron unloaded to the 
end of last month reached 37,935 tons as against 7,215 
tons a year ago, and 181 tons in the pre-war period. 
crude sheet bars, billets, blooms and slabs unshipped in 
the past seven months amounted to 76,012 tons, as against 
78,958 tons a year ago, and 27,413 tons in the pre-war 
period ; and imports of plates, bars, angles, rails, sheets. 
and joists to the end of last month totalled 8,458 tons. 
as against 15,003 tons a year ago, and 15,124 tons in the 
pre-war period. 





NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—The position of things in the 
Scottish steel trade has not altered, and production has 
not been commenced yet. Indeed, there is no prospect 
of any of the works re-starting until the trouble in the 
coal-mining industry is settled. The one establishment in 
operation at Mossend is only running because of the 
supply necessary for the owners’ tube works. The demand 
for material has fallen away considerably and inquiries 
are negligible. In the black-sheet trade, the majority of 
the works are running, and a fair output is general. 
Prices all round are firm as supplies are getting scarcer. 


Malleable-Iron Trade.—In the West of Scotland malle- 
able-iron trade about 50 per cent. of the works are running, 
but it is doubtful if it is a profitable thing to do on account 
of the many difficulties at the moment. Business is 
poor because of the limited demand. Prices are varying 
somewhat and require to be negotiated, but “‘ Crown ” 
bars are called 111. 5s. per ton, delivered Glasgow. 


Scottish Pig-Iron Trade.—The state of the Scottish 
pig-iron trade is not satisfactory and only a small demand 
exists. 'The number of furnaces in blast at present only 
totals four, and these are running because of special 
circumstances. There is a limited demand for foundry 
iron, but even that is bound to decline if there is not a 
speedy resumption of work at the coal mines. Inquiries 
are not very encouraging and exports overall are very 
poor. Prices are firmer all round,e specially for certain 
brands which are extremely scarce. 





ELectrIic LOCOMOTIVES FOR THE G.I.P. RAULWAY.— 
Messrs. The Metropolitan-Vickers Electrical Company. 
Limited, have recently secured an important contract 
for electric locomotives for freight service on the Ghaut 
section of the G.I.P. Railway, from Bombay to Poona. 
The gauge of this line is the Indian Standard of 5 ft. 6 in. 
and gradients of 1 in 40 and 1 in 38 occur in the Ghauts. 
It is interesting to note that these locomotives will be 
of the side rod type with jack shafts. Each machine will 
consist of a single body carried on two articulated six- 
wheeled trucks. Each truck will have a twin motor 
mounted rigidly upon it, driving a jackshaft by single 
reduction gearing, the pinions being of the flexible 
spring type. The drive from the jackshaft is transmitted 
by long connecting rods to the rear axle of the group, 
thence to the others by coupling rods. The electrical 
equipment of the two trucks is identical. Each locomotive 
will develop 2,600 h. p. on a one-hour rating. The motors 
are provided with forced draught to enable a high con- 
tinuous rating to be obtained. The centre of gravity 
is relatively high. The normal working speed for these 
locomotives will be 20 miles per hour, and the maximum 
45 miles per hour. Regenerative braking is being pro- 
vided in order to enable heavy trains to be safely handled 
on the Ghaut section. The order is for 41 of these 
machines, : 
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NOTES FROM. SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Manufacturers in the steel and engi- 
neering trades are doing their utmost to hold out as long 
as possible against the paralysing effect of the coal 
stoppage. The gross a of engineering products is 
maintained at a remarkable level considering the scarcity 
of fuel and the increased necessity for economy in the 
use of remaining stocks. Attention is being turned, 
as in the 1921 strike, to the possibilities of oil fuel in 
certain of the manufacturing branches, but the costly 
character of conversions and the indefinite nature of the 
outlook limit developments in this respect. In heavy 
steel the position could scarcely be worse. Furnaces 
capable of producing close upon 200,000 tons of ingots 
a month stand idle in the Sheffield district alone. The 
*North Lincolnshire iron and steel industries are similarly 
placed. A certain amount of coke is available for the 
limited production of crucible steel. Movements in raw 
and semi-finished materials are accordingly at a mini- 
mum. Steel strip and bar production is adversely 
atiected by foreign competition, enhanced by depre- 
ciated exchanges in countries competing for new business. 
The circulation of further inquiries for railway and other 
stores supports the opinion that an early settlement of 
the coal problem would witness a quick recovery in 
some of the engineering branches. The Burma Railways 
are inquiring for trucks and for wheels and axles for 
carriages and wagons. A Sheffield firm has received a 
share of a further substantial order placed by the London 
and North Eastern Railway Company for steel rails. 
Sheffield firms associated with shipyards in the North 
are tendering for cargo and passenger vessels required by 
the Canadian Pacific Railway. 
® South- Yorkshire Coal Trade.—The rush for house coal 
permits has caused the local Emergency Ofticer to 
restrict applications to specific days. There are still 
stocks available, but the greatest caution is required to 
ensure their most economic distribution. Special prefer- 
ence is being given to food-producing services. Few 
of the local manufacturing concerns have extensive 
stocking facilities. As a consequence, the majority are 
dependent upon rationed supplies, which, even where 
other conditions are favourable, restrict operations to 
well below 50 per cent. capacity. A small amount of 
foreign coal is reported to be entering the district for 
industrial use, but the tonnage available is totally 
inadequate to meet the requirements of the big fuel- 
consuming departments. Nominal quotations are un- 
changed. 





THE SKILLED EMPLOYMENT AND APPRENTICESHIP 
AssocraTION.—The main objects of the Skilled Employ- 
ment and Apprenticeship Association are to promote, 
through affiliated committees, the welfare of boys and 
girls by encouraging and assisting them to enter skilled 
trades, and to continue this encouragement and advice 
after they have entered such trades. The Council of the 
Association also acts as trustees for apprenticeship and 
similar funds. Among its other activities, the Associa- 
tion endeavours to arouse the interest of employers, 
trade unions, and the general public in the industrial 
training of boys and girls; it disseminates information 
on the subject, and watches legislation affecting such 
training. ‘The twentieth annual report of the Association, 
which was issued recently, states that the number of 
applications received during the year 1925 was 2,240. 
More than half this number (1,248) were boys, of whom 
over a third were successfully placed in suitable occu- 
pations. Posts were also found for nearly half the 
girl applicants. The East London Apprenticing Fund, 
which is administered by the Association, received 14 
applications for the loan of premiums; ten cases were 
accepted and premiums amounting to 245]. were 
sanctioned. The hon. secretary of the Association is 
Mr. F. Coston Taylor, A.M.Inst.C.E., and the central 
office is at 75, Denison House, 296, Vauxhall Bridge- 
road, London, S.W.1. 

MororsHirs For Braziv.—Particulars are now avail- 
able of the three motorships, to be built by Messrs. William 
Beardmore and Co., Limited, at their Naval Construction 
Works, Dalmuir, for Messrs. The Companhia Nacional 
de Navegacao Costeira, Rio de Janeiro, Brazil. The 
vessels are to be built to Lloyd’s highest class, 100 Al, 
with freeboard; they will have a straight stem, an 
elliptical stern, one funnel and two pole masts. The 
length, between perpendiculars, of the ships, will be 
370 ft., the breadth moulded, 52 ft., the depth moulded 
26 ft. 9 ins., the mean draught 20 ft. 6 in., and the dead- 
weight capacity, approximately 3,800 tons. It is anti- 
cipated that the speed on trial will be 144 knots. Above 
the upper deck, the erections will consist of poop, pro- 
menade and forecastle decks, upper promenade and boat 
decks, Oil fuel will be carried in the double bottoms, 
forward of the machinery space, and in deep tanks in 
wings abreast of the auxiliary boilers; the total capacity 
of the tanks will be about 600 tons. Accommodation for 
Some 275 passengers will be provided. There will also 
be five cargo holds, which will be served by 10 hydraulic 
cranes ; eight of these will be capable of lifting 30 cwts. each, 
and the remaining two will be of 3 tons lifting capacity. 

he main propelling machinery will consist of two Beard- 
more-Tosi, single-acting, four-stroke-cycle Diesel engines. 
These engines will be noteworthy as they will be the 
first supercharged marine oil engines to be built in this 
country. They will develop, when supercharged, a maxi- 
mum of about 4,750 ih.p., at about 140 r.p.m. Steam 
will be supplied, for a variety of oses, from two oil- 
fired forced-draught avxiliary Tales, The steering 
gear will be of the electro-hydraulic type; it will be 
placed under the poop and will be controlled by telemotor 
from the navigating bridge. 


NOTES FROM THE SOUTH-WEST. 


CarvpirF, Wednesday. 

The Coal Trade.—Coal exporters with cargoes detained 
in dock on board vessels which have been held up, are 
evincing considerable interest in a proposal that they 
might sell such cargoes to public-utility works in this 
country provided no claim is made against the Govern- 
ment for detention of the cargo. <A curious position, 
however, arises as to whether the cargo belongs to the 
shipper or to the buyer for whom it was intended. On 
the one hand, if it belongs to the exporter, then he must 
arrange matters with the original buyer for non-delivery, 
and if it belongs to the original buyer, the question 
arises as to what price would be necessary to cover the 
loss already sustained through non-delivery of the cargo. 
Locally prices are fixed at 25s. for large coal and 15s. for 
small, but it is considered that these figures would not 
cover foreign buyers from the losses they have already 
sustained. The failure of the meeting between repre- 
sentatives of the coal owners and the miners to bring 
about a reopening of negotiations has caused business 
to remain virtually at a standstill. Patent fuel is, 
however, still being used as bunkers, and many ship- 
owners are taking advantage of this substitute, as is 
demonstrated by the fact that in the past couple of days 
as many as 18 vessels, exclusive of trawlers, have cleared 
from Cardiff in ballast. Up to the present no foreign 
coal has been brought into the South Wales ports, but it 
is stated that a couple of cargoes of Continental coal are 
due at Penarth and Barry at any time. Some small 
steamers are using wood and coke mixed for bunkering 
purposes. According to Customs returns, 702,448 tons 
of coal were exported from South Wales in May, com- 
pared with 2,024,627 tons in the corresponding period of 
last year. Actually only a few thousand tons of coal 
left the Welsh ports in May, but, as exporters are given 
six days’ grace after a ship has sailed to — final 
specifications relating to exports, a considerable portion 
of the coal which left the district in April would come 
in the May returns of the customs. 

Iron and Steel.—Exports of iron and steel goods in the 
past week amounted to 3,758 tons, against 8,020 tons 
in the preceding week. Shipments of tinplates and terne 
plates totalled 2,102 tons against 31 tons, black plates 
and sheets 255 tons against 232 tons, galvanised sheets 
925 tons against 1,145 tons, and other iron and steel 
goods 477 tons against 6,609 tons. 








TENDERS.—The Public Works Department, Wellington, 
New Zealand, is inviting tenders for the supply and erec- 
tion of two pipe lines, each approximately 3,655 ft. long, 
at the Waikaremoana Power Station site. The Depart- 
ment is also asking for tenders for the supply of electric 
generators and turbines in connection with the Waikare- 
moana electric power scheme. In each case, tenders 
must be received at Wellington, not later than 4 p.m., 
on November 2, 1926.—The Victorian Government Rail- 
ways, Australia, are calling for tenders, to be presented 
by September 1, 1926, for automatic sub-station equip- 
ment for Elwood sub-station (Contract No. 39287).—The 
Christchurch Drainage Board, New Zealand, is inviting 
tenders for the supply, delivery, and erection of three 
sets of electric centrifugal pumping plants (Contract 
No. 26/329). ‘Tenders will be received at Christchurch 
until 4 p.m. on October 19, 1926. Local representation 
is desirable-—News has reached the Department of 
Overseas Trade that half the cost of the new bridge to be 
constructed across the Limpopo River has been definitely 
placed on the estimates for Southern Rhodesia. It is 
also understood that the other half of the cost will be 
borne by the Union Government. It is suggested that 
firms interested in the project should instruct their local 
agents to keep in touch with the matter. Further parti- 
culars regarding any of the above tenders gnd enquiries 
may be obtained from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1. 


FATALITIES IN THE CALIFORNIA PETROLEUM INDUSTRY. 
—The U.S. Bureau of Mines reports a decrease in 
fatal accidents in the Californian petroleum industry in 
1924, as compared with 1923, the respective figures being 
61 and 75 for all the four main divisions of the industry. 
The number of men employed is not ascertainable. In 
drilling and producing, the number of fatalities decreased 
18 per cent. during the year, though the average number 
of producing wells increased from 8,928 in 1923 to 10,903 
in 1924. This indicates that the preventive measures 
being taken are becoming more effective; although 
it is stated that one-third of the fatalities could have 
been avoided if the Safety Orders issued by the Industrial 
Accident Commission had been observed. Of the 
remaining two-thirds, 60 per cent. were due to careless- 
ness, neglect of the use of safety belts by men on derrick 
platforms, and leaving tools and loose materials on the 
platforms, being cited as examples. The bursting of 
brake-wheel rims and the breaking of lines were respon- 
sible for a large proportion of accidents. The report 
in which these facts are given contains much sound 
advice as to the prevention of these accidents, as well 
as those from other causes. Pipe line and transmission 
fatalities are chiefly such as may occur in any industry 
involving excavation, erection and other operations, 
and employing machinery such as pumps and generators. 
Apparently the removal of guards from moving parts 
is a fairly common practice. Refinery fatalities, azain, 
were not generally of the class associated essentially 
with the distillation of inflammable liquids. The acci- 
dents in the sales and marketing branches were wholly 
such as might occur in any trade employing a large 
number of heavy lorries in congested areas and some- 
times on undeveloped roads. There were no fatalities 


from explosions or fires occurring in the processes of 





distribution in the period covered by the report. 





NOTICES OF MEETINGS. 


THe FarapAy Soctety.—Monday, June 14, at 2.30 
p.m., at the Institution of Mechanical Engineers, Storey’s- 
gate, S.W.1. General Discussion on “ Explosive Reac- 
tions in Gaseous Media.”’ Part I. : Explosive Reactions 
Considered Generally. Introductory Survey, by Dr. W. 
E. Garner. ‘On the Ignition Point of Gases,’’ by 
Professor H. B. Dixon, Mr. J. Harwood and Mr. W. F. 
Higgins. ‘“‘ Radiation in Gaseous Explosions,” by 
Professor W. T. David. ‘“‘ Ionisation in Gas Explosions,” 
by Dr. 8S. W. Saunders and Dr. W. E. Garner. ‘“‘ Tonisa- 
tion and Gas Explosions,” Dr. 8S. C. Lind. “‘ The 
Uniform Movement of Flame,’ by Professor R. V. 
Wheeler and Dr. W. Payman. “Explosions at High 
Pressure,” by Professor W. A. Bone. “‘ Explosion 
Wave in Cyanogen Mixtures,”” by Dr. C. Campbell and 
Professor H. B. Dixon. At 7.45 p.m., Part II.: Explo- 
sive Reactions Considered in Reference to Internal-Com- 
bustion Engines. Introductory Survey, by Sir Dugald 
Clerk. ‘‘ Combustion in Gas Engines,” by Professor W. 
T. David. ‘‘ Explosions in Petrol Engines,’”’ by Mr. H. 
T. Tizard. ‘‘ The Effect of Metallic Sols in Delaying 
Detonation in Internal-Combustion Engines,” by Flight 
Lieut. C. J. Sims and Dr. E. W. J. Mardles. 

THe INSTITUTION OF MECHANICAL ENGINEERS.—— 
Summer Meeting, Ipswich, Tuesday, June 15 to Friday, 
June 18. Tuesday, June 15, 10.30 a.m., at the Town Hall, 
“* Applications of Engineering to Agriculture,” by Mr. 
F. Ayton. ‘Modern Flour-Milling Machinery,” by 
Lieut.-Col. F. W. Turner. At 2.15 p.m. visits to various 
works, &c. At 7.30 p.m. at the Felix Hotel, Felixstowe, 
Institution Dinner. Wednesday, June 16, visits, 
excursions, &e. At 9 p.m., reception and conversazione 
at Christchurch Park, Ipswich. Thursday, June 17, and 
Friday, June 18, various visits, excursions, &c. 

THE Royal METEOROLOGICAL SociETy.—Wednesday, 
June 16, at 5 p.m., at 49, Cromwell-road, South Kensing- 
ton, S.W.7. ‘‘ Report on the Phenological Observations 
in the British Isles from December, 1924, to November, 
1925, by Mr. J. E. Clark, Mr. J. D. Margary and Mr. R. 
Marshall. ‘“ Report on Winter Thunderstorms in the 
British Islands from January 1 to March 31, 1925, by 
Mr. 8. Morris Bower. ‘‘ Abnormal Rates of Ascent of 
Pilot Balloons in the Lower Levels of the Atmosphere 
at Melbourne,” by Dr. E. Kidson. 

THe InstituTION OF MUNICIPAL AND COUNTY 
ENGINEERS: YORKSHIRE DistRIct.—Friday, June 18, 
at 10.30 a.m., at the Town Hall, Cleckheaton. ‘‘ Notes 
on Spenborough and Its Municipal Works,”’ by Mr. A. 
Rothera. 

THE InstiruTion oF MUNICIPAL AND COUNTY 
ENGINEERS: NortH-EAsTteRN DuistrIct.—Saturday, 
June 19, at 10.45 a.m., at the Town Hall, Stockton-on- 
Tees. ‘‘The North Tees Joint Town Planning Scheme 
and Notes on Stockton-on-Tees Housing Schemes,” by 
Mr. W. A. Smith. ‘ Notes on Stockton and Some of Its 
Municipal Works,” by Mr. J. P. Wakeford. 








BoarpD oF TRADE COMMITTEE ON PATENTS.—-The Board 
of Trade has appointed a committee to ascertain whether 
any change is desirable in the practice of the United 
Kingdom with reference to sections 91 and 13, of the 
Patents Acts of 1907 and 1919. The secretary of the 
Committee is Mr. B. G. Crewe, the Patent Office, 25, 
Southampton Buildings, London, W.C.2, to whom all 
communications relating to the work of the Committee 
should be addressed. 





ENGINEERING ACTIVITIES IN SHANGHAT.—The Sin 
Chung Engineering Corporation, which was founded 
recently by graduates of the Engineering Department of 
Nanyang University, Shanghai, has, it is stated’in a 
recent issue of The Chincse Economic Bulletin, established 
its own workshop for the manufacture of various types 
of engines and water pumps. The members of the 
Corporation are also undertaking consulting work. 


TETRAETHYL-LEAD PreTROL Motor Furet.—In May, 
1925, the United States Public Health Service ap- 
pointed a committee to enquire into “the health 
hazards involved in the retail distribution and general 
use of tetraethy] lead gasoline motor fuel.” The report 
of this committee was published in Industrial and Engi- 
neering Chemistry for February. Ethyl petrol, as this 
compound is briefly called, was first placed on the 
American market as an anti-knock material in February, 
1923. By May, 1925, when its sale was velentaitiy 
discontinued, some 300,000,000 gallons of ethyl petrol 
had been distributed. Serious cases of poisoning had 
occurred in New Jersey and Ohio, particularly in con- 
nection with the manufacture and the blending of 
concentrated tetraethyl lead. Those accidents threw no 
light upon the problems submitted to the new committee, 
which was to deal merely with the distribution and the 
general use of the chemical. The actual observations 
were made by Dr. J. P. Leake upon groups of, alto- 
gether, 250 individuals engaged at Dayton and Cincinnati 
in driving cars or in garages. The only definite injury 
observed were a few cases of acute irritation of the eyes 
due to getting petrol in the eyes; this was worse 
with ethyl petrol than with ordinary petrol. The 
men and the air and dust were examined, and the 
committee report, upon the strength of 2 or 1} years of 
observation, that there is no good ground for prohibiting 
the use of ethyl petrol. The report expresses regret that 
amore extensive study was not possible. The committee 
had been asked to report if possible by January, 1926 ; 
a more extended use of the ethyl petrol, and longer 
experience might reveal greater dangers than they had 
observed, and the committee therefore urge suitable 
provision for further investigation. 
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40-HORSE-POWER, FOUR-CYLINDER HEAVY OIL MARINE ENGINE. 








(93.90. A) 


EXPLOSIONS IN COMPRESSED - AIR 
Matns.—Explosions in compressed-air 
mains, fortunately not frequent, are 
sometimes due to the presence in the 
pipes of oil or of vapours and gas from 
the oil, Although oil sprays are less 
easily ignited by electric sparks than gas 
mixtures, because the oil globules are not 
sufficiently close to one another for in- 
stantaneous combustion, fine oil sprays 
become explosive under compression ; 
the igniting spark may be due to fric- 
tional electricity. Mr. F. Ritter points 
out in the Zeitschrift des Vereines 
deutscher Ingenieure of April 17, that two 
explosions occurred with a single-stage 
compressor, while three-stage compress- 
ors could be worked without risk to 200 
atmospheres for long periods, The 
damage done affects the gauges and 
valves at the ends of the pipes more than 
the pipe system, partly because any oil 
film deposited on the pipe walls would be 
stirred up by a slight initial explosion, as 
the coal dust is stirred up in mines, so that 
the explosive wave would gain in force as 
it advanced. For tnat reason Ritter 
carries a long pipe to a blind end, extend - 
ing beyond the gauge and closed by a 
safety cover which an explosion would 
destroy, the gauge being connected to a 
lateral pipe branching off near the end. 
Ritter also finds that the iron rust accu- 
mulating in pipes increases risk of explo- 
sion and of spontaneous ignition. Oxide 
deposits are particularly iikely to form 
at bends or strictures in the pipes. The 
protoxide FeO first produced absorbs the 
oil vapours and becomes heated by its 
subsequent oxidation to Feg03. That 
process is, however, not likely to cause 
ignition, because the oxide film on the 
surface will itself stop further chemical 
action and absorption, But ignition may 
occur when the oxide crust is shaken and 
broken, so that partly oxidised particles 
are suddenly exposed to the air current. 
In one case, a pipe, which had been out 
of use for some time, heated up and 
burst as ‘soon as the outlet valve was 
opened. In another case, the vertical 
and horizontal portions of a pipe were 
ja by ja flange which had become 
eaky and sparks were blown out of the 
joint when the air was turned on. 
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HETEROGENEITY IN STEEL 
INGOTS. 


THE conditions which materials are called upon 
to meet in modern engineering practice are becom- 
ing increasingly severe, and the steel user is yearly 
making heavier demands upon the resources of the 
steel maker. Matters are made more difficult for 
the metallurgist by the necessity of producing 
larger and larger masses of steel, which increases 
troubles due to segregation in all its forms. While 
the difficulties of the steel maker grow, the steel 
user is showing no general tendency to qualify his 
demands. On the contrary, he is inclined to in- 
crease the severity of his methods of testing. 
Fatigue, endurance and vibratory tests, for instance, 
are being applied to a greater extent than ever 
before. This growing insistance on quality is not 
to be deprecated, and the interests of the steel 
maker are common with those of the user, in obtain- 
ing the best material possible. The steel maker’s 
very practical interest in this direction is shown 
every day, but a particularly striking example 
was furnished by the report on heterogeneity in 
steel ingots, which was presented to the Iron and 
Steel Institute last week. The matter has a very 
important bearing on the soundness of the heavy 
steel parts which form essential items in modern 
power units, and the size of which is ever growing. 

One of the first metallurgists to draw attention 
to segregation in steel ingots was Mr. Frederick 
Stubbs, of Manchester, who spoke during the 
discussion on a paper entitled ‘“‘ Hydrogen and 
Carbonic Oxide in Iron and Steel,” read before the 
Iron and Steel Institute in May, 1881. The subject 
was taken up by Mr. G. J. Snelus, who read a paper 
on the distribution of elements in steel ingots, at 
the autumn meeting of the Institute, held in the 





same year. Since that date, the subject of impurities 
present in steel, and their effect upon the soundness 
of the metal, has received a great deal of attention, 
and numerous metallurgists in all parts of the world 
have studied the many complex problems involved. 
Many of the most prominent names in the metallurgi- 
cal world have been associated with research work 
in this sphere, and the laws governing the freezing 
and crystallisation of molten steel and its alloys 
are becoming better understood, 

The report to the Iron ard Steel Institute, 
which we abstracted in our issues of May 21 and 28, 
and a report of the discussion on which we give 
elsewhere in this issue, may profitably be studied 
by steel users. During the discussion which it 
aroused a speaker stated that the data given showed 
that when steel solidified, it obeyed certain laws 
of nature, and the metallurgist could not be 
expected to modify these to any great extent. 
The statement is, perhaps, indicative of the general 
attitude adopted. Mr. Brearley pointed out, in 
the course of his remarks, that the steel user, who 
formulated a specification which required that large 
ingots should be free from ghosts, was asking for 
something which it was’ practically impossible for 
the steel maker to supply. Dr. Rosenhain, on the 
other hand, while agreeing that unreasonable 
demands on the part of engineers should be modified, 
put forward the contention that too little was 
known regarding the various phenomena respon- 
sible for segregation. The investigation of the 
binary and ternary systems, which lay at the 
root of heterogeneity, was essential before any 
real conclusions could be deduced. There are 
apparently two schools of thought among metal- 
lurgists. One is of opinion that, although segrega- 
tion may be restricted within limits, it is inevitable ; 
the other inclines to the view that our knowledge 
on the whole subject is yet too scanty to enable any 
definite conclusions to be drawn. To this it may 
be replied that no scientific research, however elabor- 
ate, is finite. Research, in fact, may be said to 
breed research, and the statement that “this 
investigation has shown us how little we really 
do know upon this subject ; it has opened the way 
to further research,” has come to be a stock saying. 

As a matter of everyday fact, and comparing 
present practice with that of the past, a great deal 
has been accomplished. As Professor Desch stated 
at the meeting, the range of segregate in present day 
steel ingots is much less than was the case even ten 
or fifteen years ago. The various methods of casting 
with hot tops, which have been introduced from time 
to time, are largely responsible for this. Sir Robert 
Hadfield’s process, for instance, is well known. 
This consists essentially in maintaining a high tem- 
perature in the upper portion of the ingot by means 
of charcoal and a weak blast. Other improvements 
in practice have also been made, and steel-furnace 
plant and apparatus are continually being improved. 
The metal mixer, which, until comparatively recently 
was merely used as a store for fluid metal is now, 
in the majority of cases, essentially a large tilting 
open-hearth furnace, fulfilling several important 
functions. In modern practice, substantial reduc- 
tion in the percentage of sulphur are obtained by 
employing an active mixer, and, in some works, 
a decrease in silicon is also secured by the judicious 
addition of iron ore. 

The opinion has been frequently expressed that 
the question of gaseous impurities may have an 
important bearing on the production of sound ingots. 
A great deal of work has been carried out on this 
subject and a mass of figures have been published. 
It has proved somewhat difficult, however, to 
correlate the results obtained. Increasing attention 
is being devoted to the subject of occluded gas in 
steel, and it is somewhat surprising therefore that 
little is said upon this question in the report. The 
statement is indeed made that the internal character 
of an ingot is profoundly affected when the liberation 
of gas during solidification is sufficiently rapid to 
result in the formation of blow holes. It is further 
stated that it is not the intention of the Committee 
to deal with such incompletely “killed” steel. 
In point of fact, however, the gases may be present 
in several distinct forms, and the term “‘ occluded ” 
is used for want of a better designation. Gas 
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mechanically held in the form of blow holes, is but 
one of the conditions in which these impurities 
may exist in the finished steel. They may form a 
true solid solution with the iron; they may be 
entangled in the molecules of the metal, without 
forming part of the space lattice, thus constituting 
an imperfect solution ; and, lastly, they may be 
held in thin moiecular films at the crystal boundaries 
—a case of adsorption. 

The fact that a steel is sound and free from blow- 
holes does not mean that it is free from dissolved 
or occluded gases: In a paper presented to the 
Faraday Society, which was reprinted in our 
columns on November 22, 1918, Dr. 'T. Baker showed 
that a sound, perfectly deoxidised piece of crucible 
steel, weighing 69 grammes contained as much as 
91°86 c.c. of gas, consisting chiefly of hydrogen and 
carbon monoxide, together with small percentages 
of carbon dioxide, methane and nitrogen. The 
belief is gaining ground that gaseous impurities 
have a great deal more influence in determining the 
final structure of freezing metal than was at first 
supposed. Mr. T. D. Yenson, the American metal- 
lurgist, has studied the properties of gas-less iron 
and has ascertained that the pure metal, free from 
gaseous impurities, shows a great improvement in 
magnetic properties. It may well be, therefore, 
that further research in this field will help to 
elucidate some of the problems connected with 
heterogeneity. Hitherto, however, experiments have 
only been conducted on a small scale, on account of 
the high cost of investigation of this type. The 
question of the oxidation of the surface of the jet of 
molten steel as it passes through the atmosphere 
during teeming is referred to in the report and was 
also brought up during the discussion. The particles 
of oxide so formed may, in spite of the most careful 
technique, become entangled in the freezing mass 
and cause trouble. Oxygen is necessary to the for- 
mation of silicates, and it may be that the distri- 
bution of silicate globules within the ingot is directly 
influenced by the preliminary oxidation which the 
metal has sustained during teeming. 








THE ELECTRICITY BILL. 


THE discussion of the Electricity Bill in Com- 
mittee has now begun, and during its progress its 
critics will doubtless define their objections in 
detail and submit amendments. Its promoters will 
also have the opportunity of explaining more 
exactly than is conveyed in the terms of the Bill, 
how its various provisions are expected to work, 
and the perspective in which they are intended to 
be viewed. Already, for example, the Attorney- 
General has made clear the fundamental import- 
ance that is attached to the Central Electricity 
Board’s function of supplying current. The power 
that the Bill gives the Board to delegate this 
function to other bodies is, it is true, now proposed 
to be limited to authorised undertakers; but as 
these include joint electrical authorities, power 
companies, municipalities, and distributing com- 
panies, the restriction is not very material for prac- 
tical purposes. 

Outside the Parliamentary Committee, however, 
a considerable and weighty volume of expert 
opinion has maintained on behalf of the existing 
power companies the objections that are felt to the 
Bill as it stands at present. In a joint letter signed 
by representatives of these bodies both on the 
administrative and the engineering sides, of whose 
eminence and experience there can be no question, 
what seems to be a general feeling is summed up 
in firm and moderate terms. The writers, while 
not opposed in principle to standardisation and 
interconnection, ‘‘ are satisfied that the cost of a 
general standardisation of frequency has been 
seriously underestimated by the technical advisers 
of the Government, and could not be borne by the 
electricity supply industry without imposing a 
burden upon the users of electricity.” The pro- 
visions of the Bill would hinder the economic 
development of electricity supply. The dual control 
it sets up would diminish efficiency by interfering 
needlessly with responsible management. It intro- 
duces further bureaucratic administration withou 
financial responsibility. It discourages enterpris 








by importing terms of compulsory expropriation that 
are unfair to investors, and endanger their prospect 
of earning a fair return on capital. 

These statements relate mostly to matters of 
opinion, backed doubtless by authority that must 
command respectful attention, but contradicted by 
such opinion as is embodied in the Weir report, 
and whatever other advice the Government has 
taken before framing its Bill. In the English 
Review for last month, however, one of the signa- 
tories to this letter, Mr. W. B. Woodhouse, the 
engineer and manager of the Yorkshire Electric 
Power Company, has contributed a short article on 
the same subject in rather more detail. In general 
terms he represents the Central Electricity Board as 
in effect the executive officials of the Electricity 
Commissioners, authorised both to supply elec- 
tricity in the whole of the country and to control 
in detail the working of the principal stations and 
authorised suppliers, with whom in some cases they 
compete. The capital required for their initial 
operations, 33,500,0001., is to be guaranteed by the 
Treasury, and their expenses, over which neither 
Parliament nor the industry is to have any control, 
together with any losses on their trading, are to be 
charged to the electrical industry. The State 
trading and the dual control of commercial under- 
takings, together with the compulsory expropria- 
tions and interference with private enterprise 
that the scheme involves are prima facie objec- 
tions, which suggest the question whether they are 
necessary to the purpose of extending the use of 
electricity by reducing its cost. 

In support of his conclusion that they are not, 
Mr. Woodhouse instances a number of facts. The 
industry is conducted at present under the super- 
vision of the Electricity Commissioners, and though 
they were only instituted in 1919, they have already 
done valuable work, affecting a substantial part of 
the machinery now in use. Though there are still 
many small generating stations, they are already 
being superseded as fast as is commercially justi- 
fiable. A number of them are employed usefully 
in sparsely-populated districts, and their aggregate 
effect on fuel economy is so small that some 322 of 
them only produce 11 per cent. of the total amount 
of electricity. On the other hand, half this total is 
now generated in only 28 stations, and at the 
present rate of progress the bulk of it will be 
generated similarly in a few years. The Weir 
Committee’s scheme aims at producing current at 
an average price for the whole country of 1d. per 
unit in 1940; but at the present moment a fourth 
of the national total is being produced at an average 
price of nine-tenths of a penny, and in spite of bad 
trade the annual rate of increase is 19 per cent. 
The figures of the relative use of electricity per 
head of population in this country and others are 
misleading, because they do not take account of 
the difference of circumstances between the regions 
compared, such, for instance, as climate, habits, 
purchasing power, coal supply, and gas facilities. 
As against the last factor it may be observed that 
at the recent dinner of the Electrical Development 
Association, Sir John Snell pointed out that in 
Chicago the consumption of gas as well as of elec- 
tricity was greater per head of population than in 
London. It may well be, however, that, as Mr. 
Woodhouse says, the circumstances are not fairly 
comparable. 

Among the economic objections to the Bill, 
Mr. Woodhouse lays chief stress on the cost of the 
proposed “ gridiron’? network and of the stan- 
dardisation of frequency. The 8,500,000/. allowed 
in the Weir report for the latter operation is 
challenged as quite insufficient, and the change 
is commercially impracticable in the absence of a 
large state subsidy. The 25,000,000/. to be spent 
on the “ gridiron ”’ is said to be offset by the saving 
in stand-by machinery that will be possible when 
all stations are interconnected ; but as a fact the 
figures put forward in support of this view are said 
to be quite misleading. The stand-by plant is 
largely the older and less efficient machinery, and 
its present proportion, stated to be 68 per cent. of 
the whole, is in excess of the normal figure, because 
of business depression. The 20 per cent. which is 
said will be sufficient when all stations are inter- 
connected is, on the other hand, too low, and it 





would be many years before the saving in generating 
plant that could be made in consequence of complete 
national interconnection would be as much as the 
cost of the interconnecting mains. Only by step. 
by-step measures can interconnection be effected 
economically. There is a limit beyond which it is 
cheaper to run on separate stations, even in inJus- 
trial areas; and high-pressure transmission lines 
between the principal industrial districts will 
neither affect many large agricultural areas, nor be 
tapped economically to supply small users. 

These do not exhaust the grounds on which Mr. 
Woodhouse criticises the Bill, but they are sufficient 
to show that its merits or defects cannot be assessed 
in general terms. It is perhaps unfortunate that 
electricity, as used in power practice, is regarded 
popularly as itself a source of energy, to which often 
a mysterious efficiency is ascribed, instead of a 
means of converting and conveying it. If this 
fundamental fact were recognised more generally, 
it would be easier to realise that the cost of current 
must depend on the circumstances in which it is 
developed and conveyed, and that no safe conclu- 
sion can be drawn in regard to a scheme that has 
not yet been defined. That appears to be the chief 
difficulty in forming an opinion on the present Bill. 
In the discussion on an amendment transferring 
from the Board to the Commissioners the duty of 
preparing a scheme that should define the generat- 
ing stations to be used, the extent and details of 
the interconnection and standardisation of fre- 
quency that would be required, and other necessary 
particulars, it appeared that this information had 
still to be procured. If the promises that had been 
made were carried out, and if the Bill was passed 
by the end of next month, the Attorney-General 
hoped the Commissioners’ scheme in regard to 
certain areas would be submitted by the end of the 
year, and saw no reason to doubt that these schemes 
would actually become operative early in the new 
year. In the course of the South Sea bubble 
subscriptions were invited for a project of which the 
details would be subsequently disclosed, and in 
Looking Glass Land the effect normally preceded 
the cause. These seem the nearest precedents for 
the procedure by which the Committee and Parlia- 
ment are asked to approve in their wisdom a 
momentous measure, the operation of which for 
good or evil cannot be judged until the use that is 
to be made of the legislation has been defined. 

The definition of the intended scheme given in the 
Bill is very wide. It seems to be consistent with 
the views both of those who wish to limit standardi- 
sation and interconnection and of those who regard 
an uninterrupted network throughout the kingdom 
as indispensable. If the decision of Parliament on 
this important matter is to be deliberate and safe, 
the information on which alone a deliberate opinion 
can be formed should be given before, and not after, 
the proposed legislation has been passed. The dis- 
cussion which the Bill has caused will by no means 
have been wasted if for the time being further 
proceedings are postponed until the scheme has 
been prepared. Such a course might have the 
incidental advantage of enabling the scheme to be 
drafted with the co-operation of representatives of 
the present authorised undertakers, on the advan- 
tages of which it is unnecessary to insist. 





BELGIAN RAIL SPECIFICATION. 


Tue conditions governing the manufacture and 
inspection of the rails for the Belgian State Railways 
form the subject of a specification recently issued. 

In regard to the chemical composition, this speci- 
fication states that the rails are to be of hard and 
tough steel, the silicon content of which must be at 
least 0-12 per cent. The works are required to 
supply a complete analysis of all heats, giving the 
silicon, manganese, carbon, sulphur and phosphorus 
contents. Previous to the war, remark Messrs. J- 
Willem and J. Servais, of the Belgian State Railways: 
in a review of the new specification published in the 
Bulletin of the International Railway Congress, the 
full chemical composition of the steel was not asked 
for; in regard, however, to silica, the minimum 
percentage demanded then, and as late as down to 
October, 1924, was 0-20 per cent. The percentage 
actually reached was commonly as high as 0-23 to 
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0:30. Such a high proportion of silicon led to 
defects in rolling, and for this reason the limit was 
fixed at a minimum of 0-12 per cent. To avoid the 
risk of the percentag> falling below this limit there 
is a tendency on the part of the works to keep well 
above it, and tables in the discussion to which we 
have alluded show the silicon content to vary 
between 0-13 per cent. and 0-17 per cent. No 
limits are fixed for the other constituents; their 
proportion, however, supplies the Inspection Board 
with an important indication of the character of 
the metal, of which advantage is taken in selecting 
the heats from which specimens for the physical 
tests are taken. In this connection it is stated 
that the works carry out for their own satisfaction 
physical tests on practically the whole of the heats, 
whilst the official tests are made upon only 20 or 30 
per cent. of them. 

The ingots are to be of sufficient size to yield at 
least two rails each 18 m. (59 ft.) in length. After 
cogging and previous to final rolling, a sufficient 
discard is to be made from both ends, to free the 
rail from all segregation and other like defects. The 
discard from the cogged bar and from the finished 
rail amounts very generally to 20 or 25 per cent. of 
the weight of the ingot. The weight of rail ingots 
generally worked in Belgium varies from about 
3 tons to 4-5 tons. 

The finished rails are required to be exactly to 
section, within the limits of the following tolerances : 
+ 0-5 mm. (0-019 in.) on the height of the rail, the 
width of the head and the thickness of the web ; 
+1 mm. (0-039 in.) on the width of the flange ; 
+ 0:25 mm. (0-009 in.) to — 0-75 mm. (— 0-029 
in.) on the fishplate recess, no allowance being 
granted in regard to,the fishplate face angle. These 
figures were agreed as a result of consultation 
between the State Railways and the steelworks. 

The standard rails are of two sizes, weighing re- 
spectively 40-650 kg. and 50 kg. per metre (82 lb. 
and 100 lb. per yard). For both, the standard length 
is 18 m. (59 ft.) Proportions of smaller lengths are 
permitted for special track work, and a maximum of 
1 per cent. of the total quantity is further required in 
lengths varying from 18 m. to 28 m. (about 92 ft.). 
The allowances on lengths are + 1 mm. (0-039 in.) 
up to 6 m. (19 ft. 8 in.); + 1-5 mm. (0-059 in.) 
up to 12 m. (39 ft. 4in.); + 2 mm. (0-078 in.) up 
to 18 m.; and 3 mm. (0-118 in.) above 18m. An 
allowance in weight of 2 per cent. above and below 
is permitted on all partial deliveries, and for both 
sizes of rails, but the total weight of a complete 
order must not vary by more than 1 per cent. 
from the normal theoretical weight. 

The specification enters in detail into the question 
of drilling the fishplate holes, and states that all 
rail ends are to be machined so as to show a per- 
fectly clean section exactly perpendicular to the 
axis; all burrs are to be carefully removed, and 
no trace of the hot saw must remain. Among 
the marks which have to be rolled in the flange are 
letters indicating whether the steel has been made 
by the acid or the basic Bessemer processes, and 
an arrow pointing in the direction of the top of the 
ingot. It may be remarked here that the Railways 
Department leaves to the steelworks the choice of 
What they consider the most suitable method of 
obtaining the results called for in the specification. 

A drop test, using a 500 kg. (about 10 cwt.) 
tup for the 82-Ib. rail and a 1,000-kg. (about 1 ton) 
one for the 100-Ib. rail, falling in both instances 
from a height of 4 m. (13 ft.), is made on all the 
top end discards of all the ingots used from each 
cast. The discards are about 2 m. (6 ft. 6 in.) 
in length each, one end being left in the rough 
state in which it leaves the rolls. Should a 
length break under the test, two other tests are 
made on two Pieces of about the same length, 
one taken from a rail rolled from the part 
peront the head of the same ingot as the discard 
ength, and the other from a similar rail rolled from 
another ingot of the same heat. Both the latter test 
Specimens are required to stand the blow of the 
+ tup, but falling in this instance from a height 
he = ft. 8 in.). If one of the test specimens 
F » the rails rolled from the head portion of the 
ingots of the heat are rejected, and similar drop 
tests from a height of 6 m. are made on other 


sidered important as a qualitative determination, 


same heat, two lengths of 2 m. being taken from 
two different rails. If one of these test specimens 
breaks all the rails made from the heat are rejected. 
The test specimens rest flange downwards on two 
knife-edge supports placed 1-100 m. (3 ft. 7 in.) 
apart between centres, the taper-ended tup falling 
on the tread. 
A piece 0-75 m. (about 29 in.) in length is cut at 
a distance of 4 m. (13 ft.) from the forward end of 
the rail as rolled, for tensile and Charpy notched- 
bar tests. From this, a piece 0-60 m. (about 23 in.) is 
set apart for tensile tests. For the latter a groove 
2 mm. (+ in.) in depth is machined horizontally 
on both sides of the web, just below the head and 
just above the flange. The specimen is then broken 
into three parts, and the fractures should reveal a 
close homogeneous texture. Tensile tests specimens 
16 mm. (3 in.) in diameter and 200 mm. (7{ in.) 
long between gauge marks, are taken from the 
head portion, the longitudinal axis of the test piece 
corresponding practically with the centre of the rail 
head. The test pieces are given as high a polish as 
possible, and are allowed “ to rest ” for two or three 
days before being placed in the testing machine. 
The tensile strength should not be less than 70 kg. 
per square millimetre (44-44 tons per square inch), 
with a 10 per cent. elongation. The tensile strength 
plus twice the elongation must exceed the number 
94. Thus, a steel of 70 kg. tensile strength must 
give an elongation of over 12 percent. The Railway 
Department requires that the tensiJe strength 
shall be between 70 kg. and 80 kg. per square 
millimetre (44, and 50-79 tons per square inch), 
because of results formerly obtained in certain 
steelworks whose rail steel had shown a tensile 
strength as high as 90 kg. per square millimetre 
(57-14 tons per square inch). Although such a 
steel can meet the specification from the stand- 
points of elongation and drop-test conditions, it 
gives rise to trouble and losses, notably in the 
machining operations for the manufacture of 
points and crossings. High tensile strength appears 
to the Department to be dangerous in the case of 
an ordinary steel used in its rough-rolled state. 
Moreover, resistance to wear has not invariably 
been found to be in direct relation to tensile 
strength in the case of hard rail steels. In every 
tensile test the elastic limit and reduction of area 
are recorded. X 
The breaking of the 0-60 m. rail section into 
three parts, head, web and flange, besides revealing 
the texture of the metal, enables the inspecting 
engineers to obtain a flat test specimen for addi- 
tional tensile or bending tests, should macro- 
graphic examination reveal traces of segregation. 
If the number of cases in which segregation is 
indicated exceeds 10 per cent. of the total number 
of macrographic investigations, the corresponding 
rails proceeding from the top portion of the ingot 
are to be rejected. Micrographic examination of 
the steel is to be carried out when the inspectors 
deem this advisable. 
Charpy notched bar tests are also made on 
test specimens taken from the head, web and flange, 
in which a Mesnager notch, 2 mm. by 2 mm. (0-078 
by 0-078 in.) is used. This form of notch has been 
selected in preference to the Charpy type, since it 
is easier and cheaper to cut. These particular 
tests, although compulsory, are not accompanied 
by any definite conditions, and their results are 
registered simply for reference purposes. For the 
Brinell tests, a 10-mm. (0-393-in.) ball and a 
pressure of 3,000-kg. (6,600 lb.) are adopted. 
From the rail which showed the greatest deflec- 
tion under the 4-m. drop test, above referred to, 
a length of 1-70 m. (5 ft. 7 in.) is taken for static 
bending tests. The piece is placed flange down- 
wards on two supports in the same way as for the 
drop test, and has to withstand for 5 minutes a 
35-ton load in the case of the 100-lb. rail, and a 
25-ton load in that of the 82-lb. one, the load being 
applied in the centre. The specimens must show 
no permanent set. If there is a permanent set, 
the Inspection Board considers this in the light of 
all the other test results, and decides whether 
the rails obtained from the corresponding heat 
may be passed or not. This latter test is not con- 





lengths rolled from the body of the ingots of the 


since it cannot supply any precise indication in 


regard to the real value of the steel. It may also be 
that the particular length of rail selected for the 
static test has already undergone permanent defor- 
mation in the course of cold straightening. The 
static test will probably be deleted from future rail 
specifications ; it is also possible, and even probable, 
in the opinion of the authors of the discussion 
alluded to, that sometime in the near future, the 
notched bar test, using the Charpy or another 
machine, will be the first, and main test on which 
acceptance or rejection will be decided. 

It will be seen, therefore, that the present speci- 
fication cannot be considered as final. The object 
of the review from which we have taken the above 
data is to point out to railway engineers how far 
the subject has been carried up to the present. 





NOTES. 
THE CoaL DEADLOCK. 

THE situation in the coal dispute has improved 
during this week to the extent that the attitude of 
those who speak for the miners has grown more 
shamelessly candid, and those who have to deal 
with them know better where they stand. If the 
reports in responsible journals are to be trusted, 
these leaders require prices for home coal to be 
raised to such level as will permit miners to go back 
on their old hours and pay. That on this basis 
half their numbers will be thrown out of work, the 
export coal trade disappear, and the workers in the 
coal-using industries be deprived of a large part of 
their industry and living, does not affect them, 
provided the miners who are still employed con- 
tinue to enjoy their recent hours and wages. Having 
regard to the fact that the wages against which the 
miners have been led to strike are in effect better 
than on the settlement of 1921, the complaint of 
their present leaders, that it is sought to starve them 
out, can only be compared to that of the hunger- 
striking suffragettes, with the difference that the 
ladies did their foolish starvation for themselves, 
while the Socialist mine leaders do theirs vicariously. 
Meanwhile, it is curious to observe from what 
various quarters the Government is being urged to 
repeal the Act by which miners are forbidden to 
work more than seven hours a day, and to leave the 
industry to see itself through. The weightiest of 
these appeals, when account is taken of the varied 
experience and proved wisdom of the writer, comes 
from Sir George Hunter, who, likewise, in a cogent 
little pamphlet analyses the causes of the failure 
of the Samuel report, and, on behalf of the 
coal-using industries and their workers, deprecates 
further interference with the economic conditions 
of the industry. A similar appeal for the 
removal of the seven-hour restriction, and for 
relief from interference with economic condi- 
tions, was made by Mr. Austen Hopkinson, 
in the House of Commons, on behalf of the workers 
in other industries, who during the last ten years, 
have been in effect subsidising the miners out of 
their own lower wages, earned by longer hours. 
Mr. George Lambert ends his plea to the same effect, 
with the suggestion that since control has failed, 
it might be well to try liberty. 


ITALIAN STATE RAILWAYS. 


The report recently issued by the Italian State 
Railways Department for the financial year 1924-25 
shows most favourable results, due, it is claimed, to 
an exceptional development in traffic, a develop- 
ment which is aided in a large measure, according 
to a prefatory note, by the “ individual collective 
discipline” now ruling in the country. For the 
year under review, the receipts exceeded the expen- 
diture by 175,791,038 lire, whereas for the preceding 
year the working resulted in a loss of 412,085,111 
lire. The report states that the receipts in 1924-25 
were 657,527,676 lire above those for the preceding 
year, whilst the expenditure increased by only 
69,651,527 lire, also above that of the preceding 
year. The difference between these two figures, 
namely, 587,876,149 lire (or 175,791,038 lire plus 
412,085,111 lire) is evidence of the satisfactory state 
of the Italian Railways at the present time. On 
June 30, 1925, the total developed length of the 
State Railways of normal gauge was 15,759-805 km. 





(9,794 miles), of which 12,078-372 km. (7,507 miles) 
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were single track, and 3,681-433 km. (2,287 miles) 
were double track. The length of the narrow- 
gauge lines, all single track, worked by the State at 
the same date was 726-189 km. (about 450 miles), 
by far the greater part of these latter lines being in 
the Italian islands. In the year under review, the 
steam train-kilometres run numbered 116,659,154 
(72,504,135 train-miles), the electric train-kilometres 
numbering 10,598,989 (6,587,315 train-miles); the 
latter figure shows an increase of about 1,500,000 
train-km. (932,250 train-miles) over that for the 
preceding year. During the year 1924-25 the coal was 
obtained mostly from the Ruhr collieries, for com- 
bined political and economical reasons. The total 
consumption on the railways in 1924-25 amounted 
to 2,936;500 tons. The report contains graphical 
comparisons between the years 1913-14 and 
1924-25. From these it is seen that, in the 
intervening period, the passenger traffic has 
increased by 3,370 million passenger-km. (about 
2,095 million passenger-miles), whilst the goods 
traffic has increased by 4,930 million ton-km. (about 
3,020 million ton-miles). On the other hand, the 
staff, after rising in 1921-22 to a total greatly 
exceeding the number employed in 1913-14, was in 
1924-25 below the total for the pre-war period, 
notwithstanding the greatly increased passenger 
and goods traffic. Other notes and diagrams in the 
report point to the fact that the actual working of 
the railways in 1924-25 was better than it ever has 
been. We may here add that, for the financial 
year 1913-14, there was an excess of receipts over 
expenditure of 28 million lire, while the year 1921-22 
resulted in a loss of 1,432 million lire. These figures 
emphasize still further the satisfactory condition of 
the Italian State Railways under their present-day 
management. 
ScieNcE IN INDUSTRY. 

In opening the annual meeting of the Institute 
of Physics, which was held in the rooms of the 
Royal Society on May 31, Sir William Bragg referred 
to the sad loss the Institute had sustained by 
the sudden death of its secretary, Mr. F. 8. Spiers, 
which we recorded on page 637 of our issue of May 28. 
Proceeding, after the transaction of formal business, 
to his presidential address, Sir William laid emphasis 
on the bonds between pure science and its appli- 
cations in industry. The value of the Institute’s 
lectures had been widely recognised, and the lectures 
had, in fact, been copied outside this country. 
Though some people still maintained a cold and 
unsympathetic attitude towards the necessity for 
research, there were more sympathisers, even among 
those of lesser understanding, and it was the duty 
of the Institute to explain, to themselves in the first 
instance, how the developments of research began, 
grew and matured. Inside his laboratory the investi- 
gator need not think of the uses of discovery ; outside 
the laboratory he had to take up his share of social 
duties. It was satisfactory that the tendency to 
maintain secrecy was disappearing ; the pooling of 
results was a form of socialism of which we could all 
approve. In preparing his Royal Institution 
Christmas lectures last winter on ‘‘ Old Crafts and 
New Knowledge,” he had become impressed with 
the dependence of an industry upon its understand- 
ing of the material with which it dealt. That material 
could be resolved into units. In metal-work the 
unit was the crystal, though ultimately the atom ; 
since the properties of the crystal immediately 
expressed those of the atom, the crystal might be 
the object of investigation. Sorby’s introduction 
of the microscopic study of metals sixty years ago, 
had been a move in this direction; X-ray studies 
had carried the matter farther, and had shown that 
plastic deformation took place by alternate slippings 
over definite planes in definite directions in which 
the crystals tended to lie. Crystals were generally 
more or less oriented in metals, or became so by 
work done upon them. If we could find the connec- 
tion between properties, form and orientation, 
we should have made a new advance in metallurgy. 
Having thus outlined the nature of the research, 
Sir William Bragg—as Lord Rayleigh remarked in 
proposing the vote of thanks—proceeded to explain 
how these investigations of average orientations of 
crystals had been carried out, first in Germany and 
since then in the Royal Institution. The account 

















was very interesting, but]Sir William added that 
he would give fuller particulars in November. He 
then passed to the unit of the textile craft, the 
fibre, which consisted of an elastic framework, 
certainly of crystalline structure, with a preferential 
direction as in all forms of growth, and a viscous 
material ; study of this would bring strength and 
new development to the textile industry. It was 
similar with the dye industry and the oldest of all 
crafts, that of the potter. There the old rule of 
thumb still held, because nobody could say exactly 
was what clay, or explain plasticity, or give the 
reason that clays of similar composition differed 
so widely in this property. X-ray examination had 
shown that the fundamental particle of a china 
clay was a crystal, and that the crystalline structure 
changed at a certain temperature ; these problems, 
however, were extraordinarily complex. Although 
tradition and secrecy still prevailed in the pottery 
industry, research associations had made important 
contributions to pure science. 





ADHESIVES AND ADHESIVE ACTION. 


THE development of aircraft during the war 
brought with it applications for various minor 
processes to an extent previously unknown, and 
among the materials that thus came to be credited 
with an unaccustomed importance was that of 
adhesives. Unfortunately, it was found that the 
extent of knowledge available in connection with 
these was far from proportionate to the need for it. 
As with so much else during the war, mechanism was 
improvised in order to find out enough to enable the 
services, and in particular the aircraft service, to carry 
on; but a principal result of the inquiries that were 
made at that time was to show that the fundamental 
nature of the processes of adhesion was not under- 
stood, and that no satisfactory method of testing it 
had been elaborated. 

Accordingly, at the end of 1919, the Department 
of Scientific and Industrial Research set up an 
Adhesives Research Committee to carry on the 
work, A first report was published in 1922, giving 
the results of investigations which had been carried 
on in the Bio-Chemical Laboratory of the Imperial 
College of Science under the direction of Professor 
8. B. Schryver. Perhaps the most significant part of 
this report was in its summary of the considerable 
amount of work that remained to be done before the 
manufacture and use of adhesives could be regarded 
as being placed on a satisfactory basis. The problems 
were evidently too large to be undertaken in a single 
group of investigations, and it was accordingly 
arranged that, while Professor Schryver and his staff 
should continue their studies of the chemistry of 
gelatins, the technological investigations on the glue 
industry should be continued in the same laboratory 
under the direction of Dr. J. C. Kernot. It was 
arranged, moreover, that an inquiry should be under- 
taken under the direction of Professor J. W. McBain 
into the nature of adhesion, and at the end of 1922 
the Board also resumed, at the Royal Aircraft Estab- 
lishment, investigations on methods of testing 
adhesives for timber which had been carried out there 
during the war by Major Andrew Robertson, R.A.F. 
In its Second Report* the Board has now published 
the results of these several investigations. 

The basis of Dr. Schryver’s chemical investigations 
on gelatin is the fact that if a gelatin has been 
completely separated from its degradation products 
and its other impurities, nitrogenous as well as 
inorganic, the nitrogenous contents of an aqueous 
phase of such a substance should, under definite 
conditions, be in equilibrium with a gelatin phase 
(jelly or solid) with which the aqueous phase is in 
contact, and if the conditions of this equilibrium 
could be ascertained, they would furnish a criterion 
of purity for any gelatin. Details are given of the 
extent to which it was found possible to purify 
gelatin by washing or dialysis, electrolysis, a process 
analogous to recrystallisation, and flocculation in an 
electric field. The net result of the work was to 
yield gelatin of a high degree of purity, and to 





* Department of Scientific and Industrial Research. 
Second Report of the Adhesives Research Committee. 
H.M. Stationery Office, 3s. net. 





furnish fresh facts regarding the methods of its 
examination and purification. 

The work by Dr. J. C. Kernot and Miss N. f, 
Speer, on bone glues and on the production of glue 
and gelatin from fish, has yielded results of practical 
interest. One of these is the development of a 
method for improving the yield of high quality 
gelatin from degreased undecalcified bones, © 

More importance is, however, attached to the 
work on the production of glue and gelatin from 
fish. Towards the end of the war there was a serious 
shortage of glues suitable for aircraft construction, 
and the supply of land animal raw material suit- 
able for glue and gelatin making is limited. The 
fishing industry, moreover, has increased enormously 
with the introduction of steam trawlers, giving 
large supplies of skins and offal, which at present 
are not turned to complete account. Fish skins 
and other offal, other than bones, contain large 
quantities of gelatin, but their present value for 
technical purposes is small because of the impu- 
rities found with the gelatin. Some means was 
necessary for purifying the raw material before 
extraction of the glue, either by extracting the 
impurities without affecting the substances that 
yield the gelatin, or by making the impurities 
insoluble in hot water, so as not to pass into the 
extract. After prolonged experiment a process, 
now patented, was evolved for treating the stock 
successively by washing, maceration in very 
dilute alkali, further washing, maceration in very 
dilute acid (sulphurous or hydrochloric, according 
to circumstances), and final very thorough washing, 
the subsequent digestion being done at 60 deg. C. 

The fish glues prepared in these investigations 
were found to be almost as strong as the strongest 
available commercial glue when tested with dry 
heat, and stronger when tested by the wet-heat 
test (B.E.S.A. standard specification 2 V 10, for 
liquid and jelly glues). The process has the 
advantage of not leaving the residues after ex- 
traction, unfit for conversion into fish meal. This is 
an important industry, which for economical reasons 
should be worked with the manufacture of 
fish glue. In addition to purposes for which 
fish glues are already used, the odourless, tasteless 
and not markedly hygroscopic glues prepared by 
this process can be used for woodwork, includiug 
furniture and veneers, paper boxes and cartons, 
and book binding. The gelatin can also be made 
colourless, and is thought likely to serve for ali- 
mentary and photographic purposes at much below 
present market costs. 

The longest section of the report is by Professor 
McBain and Dr. Hopkins on adhesives and adhesive 
action. The general explanation of adhesive action is 
almost virgin soil, and the present work, though it 
gives ground for some tentative conclusions on the 
subject, may be regarded as preliminary. The 
general problem is submitted as involving at least 
two factors: the character of the bond between 
adhesive and surface, and the nature of the film 
of adhesive that transmits stress between its two 
surfaces without rupture. The investigation began 
with a series of purely qualitative experiments on 
the joints made by 15 adhesives between a number 
of pairs of surfaces of different materials. These 
served for the most part to suggest lines on which 
more exact experiment would be desirable, but a 
special series deserves attention, as throwing light 
on the manner in which the strength of joints is 
affected by surface porosity. In this series a joint 
was made with an adhesive between two smooth silver 
surfaces, under hand pressure, and after having 
been left to dry for four days, was found to be still 
moist and very weak. Similar results were obtained 
with silver plates, to each of which a piece of 
silver gauze was welded at several points. On 
substituting wood for one surface, and using 4 
plain silver plate for the other, the joint dried 
in the four days, but was still very weak ; the film 
adhered wholly to the wood where the joint was 
broken. A weak but somewhat stronger joint was 
obtained by using a gauze-covered plate, and 4 
moderately strong joint by using two layers of 
gauze on the plate; when the joint was broken, 
the film in each of these joints adhered partly to the 
gauze and partly to the wood. It was thus evident 
that the wood had dried the film of adhesive. which 
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had embedded itself in its pores. Though the 


conditions of experiment do not seem to exclude the 
possibility that, contrary to a suggestion in the 
report, adhesiveness set in with drying and thus 
contributed to forming the joint, it is clear that by 
the time a moderately strong joint had been formed 
the film had been embedded mechanically in the 
porous substance, and that the mechanical entangle- 
ment of the film in the pores of the wood contributed 
to the strength of the joint, and may have been 
wholly responsible for it. 

The quantitative tests of the strength of joints 
consisted of shear tests with walnut and with various 
smooth metal surfaces, and tension tests with various 


_ smooth and some optically plane metal surfaces, as 


well as with various materials mounted on metal test 
pieces. The walnut test pieces were all cut from a 
single plank with vertical faces parallel to the grain. 
For the shear tests on walnut surfaces, two types 
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of joint were used. One, known as the R.A.E., is 
shown in Fig. 1, the top and bottom surfaces 
(2 in. by ¢ in.) being accurately at right angles 
to the glued vertical surfaces (2 in. by 2$ in.). 
As soon as the joint was set up it was placed 
in a pressure device (Fig, 2) under a total 
pressure of 28 lb., or. about 7 lb. per square 
inch, and kept there till thoroughly dry. The 
test was made by a uniformly, distributed load 
applied as in Fig. 3, the load being increased 
gradually till the joint gave way. The break usually 
takes place on one side only. The other type of 
test-piece, known as the double cover plate, is 
shown in Fig. 4, and is used for axial tension. The 
long pieces are joined by the two 2 in. by 2 in. 
coverplates, which are glued over the 8 sq. in. of 
their inner surfaces, and separated by the strip of 
celluloid film to prevent union between their 
abutting ends. The pressure under which the joint 
is made is 14 lb. per square inch. The test is 
measured by the total load at which the joint fails, 
secondary stresses produced by bending making the 
expression of the result as a pure shear in lb. per 
8q. In., misleading. 

For shear tests of joints between metal surfaces 
cylindrical pieces 2} in. long by } in. diameter were 
used, turned and ground with the ends accurately 
at right angles to their axes, and carefully cleaned 
by methylated spirit. After being set up and 
thoroughly dried the joint is inserted in the device 
shown in Fig. 5, which it fits very tightly, and a 
shearing force is applied across the adhering sur- 
faces in a plane perpendicular to the common axis 
of the jointed test pieces. For tension tests on 
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Fig. 6 were used ; for tin and lead the diameter of 
the plane surfaces is 0-750 in. The joints were 
made under hand pressure, and tested in axial 
loading grips underfa gradually increasing load 
applied at about the same rate for all joints. For 
tension tests some materials were carried on metal 
test-pieces, the most satisfactory way being to 
cement two pieces of the material to two metal 
test pieces—or carriers, as the adhesion of the metal 
surface is not being tested—with a cement that is 
stronger for the metal-material joint than the ad- 
hesive joint to be tested, which is then made between 
the outside faces of the two pieces of material. Where 
one of the surfaces of the intended joint is metal, 
the cement is omitted and the material joined direct 
to the metal with the adhesive under test. Axial 
alignment is secured by the arrangement shown in 
Figs. 7 and 8. Fig. 8 represents a calcite crystal 








joints between metal surfaces, test pieces as shown in 
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and large enough to cover the plane surfaces of the 
metal test-pieces. The parallel surfaces of the 
crystal and the plane surfaces of the test pieces 
are coated with adhesive and, supported respectively 
in the steps GG and AA, BB, of the jig shown in 
Fig. 7, are pressed against each other to make the 
joint. 

The adhesives used were shellac in various 
preparations, shellac-creosote cements, gum arabic, 
Canada balsam, starch, isinglass, fish-glue, seven 
grades of silicate of soda, casein and silicate cement, 
casein and borax cement, rubber solution, a marine 
glue (rubber and shellac), and a large number of 
proprietary adhesives. In almost every case the 
joints were allowed to dry before test, being left for 
that purpose for as much as 11 weeks in the case of 
metal joints made with gum arabic. The surfaces to 
which they were applied included chemically pure 
tin, lead and nickel, best commercial copper and 
aluminium, brass, cast iron, oxidised steel, and 
amalgamated copper, in addition to walnut, ebonite, 
calcite crystals, glass, fused silica, and mica. With 
few exceptions tests were made at least in quad- 
ruplicate and sometimes eightfold. The circum- 
stantial account of the methods used is a reminder 
that the work had to be largely tentative, and it was 
thought best to measure the results of tests either 
by the maximum strengths attained, or by the mean 
of the two or three highest to the nearest 100 Ib. 
per square inch as a “ representative ” value, taking 
such figure to represent the strength attainable 
and possibly to be improved when the circumstances 
of use are adjusted to the best advantage. As a rule 
the maximum differed little from the representative 


It must be remembered that what was measured 
in these tests was not the strength of the adhesive 
substance itself, but of the joint. The very striking 
result is the strength of the joints made with shellac 
cements between smooth metal surfaces. A few of 
these attained a strength of 2} tons per square inch 
in tension and shear, as against 1,200 lb. per square 
inch seldom exceeded by the best glued wood joints ; 
and in at least one series nearly 3 tons per square 
inch was attained between pieces of nickel with 
optically flat surfaces. A variety of observations 
confirm the belief that, at least for this type of 
metal joint, thin films of adhesive are much stronger 
than thick, as had already been shown with solder. 
An interesting example mentioned is that of joints 
made with a wax-free shellac, which was soft and 
quite pliable at room temperature; these joints 
made with an exceedingly thin film between nickel 
surfaces resisted a pull of nearly 4,000 lb. per square 
inch. It appeared independently, presumably as 
the result of increased average thickness of adhesive, 
that roughened metal surfaces give weaker joints 
than smooth. Another general result to which the 
experiments seem to lead is that, with most adhesives, 
better and more uniform results would probably be 
obtained if, as was done in many of these experi- 
ments, a thin film of adhesive were dried on the 
surfaces before the final adhesive film was applied, 
or perhaps even a triple glueing were used. Thus, 
R.A.E. joints (Fig. 1) with one coating of starch 
paste on walnut, giving a film that could barely be 
detected when dry, were only a quarter as strong 
as those made with a high grade glue, but double 
cover plate joints (Fig. 4) with surfaces trebly 
coated with starch paste were twice as strong. 
A further observation applying to the entire series 
was that in no single instance did an adhesive fail 
to unite two surfaces, and the report suggests in 
general terms that any fluid which wets a non- 
porous surface and then by cooling or other process 
becomes a tenacious mass may be regarded as an 
adhesive for that surface. 


(To be continued.) 








NEWSPAPER AND PERIODICAL PRICES IN ITALy.- -We 
are informed by the Department of Overseas ‘Trade 
that the Italian Press Association has decided to raise 
the price of all daily newspapers from 25 to 30 centesimi 
per copy, and to increase the yearly subscription, to such 
papers, to at least 75 lire for Italy and to not less than 
175 lire for places abroad. ‘The prices of all other 
illustrated papers and periodicals will be increased 
proportionately. 


Tue Mororsuirs “ SPRINGBANK ” AND “ SPEYBANK.”” 
—The twin-screw motorship Springbank was recently 
launched from the Govan shipyard of Messrs. Harland 
and Wolff, Limited. The vessel, which is being built 
for Messrs. Andrew Weir and Co. (Bank Line, Limited), 
has a gross tonnage of 5,200, a length of 434 ft., a beam 
of 53 ft. 9 in., and a depth of 37 ft. She is classed 
100 Al at Lloyd’s. The double bottom extends fore 
and aft, and is used for the carriage of oil fuel, fresh 
water, or water ballast. Seven bulkheads extend to 
the upper deck, and divide the vessel into five cargo 
holds, motor room, and fore and after peaks. The holds 
are fitted with cargo hatches of ample size, and are 
worked by 12 of the builder’s 5-ton steel derricks. These 
are attached to two steel pole masts and four derrick 
posts.. An additional heavy derrick is fitted at the 
after side of the foremast ; it is suitable for lifts up to 
25 tons. The propelling machinery will consist of two 
sets of Harland-Burmeister and Wain six-cylinder, 
four-cycle motors, with electrically-driven auxiliaries. 
The motorship Speybank, a sister ship of the Springbank, 
recently completed successful trials and has been 
delivered to her owners. 





LAUNCH OF THE Motor Yacut “ Eros.” —Built by 
Messrs. Ramage and Furguson, Limited, Leith, to the 
order of Messrs. 8S. Y. Limited, Fenchurch Avenue, Lon- 
don, E.C.3, the twin-screw motor-yacht Eros was recently 
successfully launched. She has an overall length of 214 
ft., a breadth,'moulded, of 32 ft., and adepth, moulded, to 
main deck, of 18 ft. The! vessel is of the awning deck 
type with good height between the main and awning 
decks; she has a cruiser stern of special design, and a 
modified cruiser stem. The accommodation, which is very 
luxurious, is heated by hot-water radiators and electric 
heaters, and electric light is fitted throughout. The 
propelling machinery consists of two sets of Burmeister 
and Wain direct-reversing, four-cycle, trunk-type 
Diesel engines ; each set has six cylinders with a collective 
brake-horse-power of 1,600 at 310 r.p.m. Each engine 
drives its own air compressor, cooling-water pump and 
lubricating-oil pump, and also bilge, sanitary and oil- 
transfer pumps. Oil fuel is carried in the double bottom, 
which extends over almost the entire length of the ship. 
Two main Diesel generators provide electricity for lighting 
the vessel and for the steering gear, windlass, capstans 





value. 


and refrigerating plant. 
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LABOUR NOTES. 


THE suggestion of Mr. Evan Williams that the officials 
of the Miners’ Federation and a small representation of 
the Mining Association should meet for the purpose of 
informally considering whether a basis could be found 
for a resumption of negotiations was adopted by the 
men’s leaders. Such a meeting took place on Tuesday 
in London, but in the course of a discussion which 
lasted for over three hours the parties failed to find a 
satisfactory solution of the difficulty. Later in the 
day the Mining Association issued the following state- 
ment :—“ In his letter to Mr. Herbert Smith, Mr. 
Evan Williams, president of the Mining Association, 
reminded the miners that the stoppage in the industry 
must be terminated at some time by negotiation between 
those engaged in the industry, and suggested that an 
informal meeting between three or four representatives 
of each body should see whether any progress could be 
made towards a resumption of the negotiations. The 
owners sought this interview in the hope of discovering 
some ground upon which an agreement might eventually 
be based. They were, therefore, prepared to discuss 
the whole situation with a sincere desire to arrive at a 
satisfactory and lasting settlement within the economic 
ability of the industry. The meeting commenced at 
2.30 p.m. and continued till 6 o’clock. The owners were 
represented by Mr. Evan Williams, Mr. C. B. Crawshaw, 
Sir Adam Nimmo and Mr. W. A. Lee, and the miners 
by Mr. Herbert Smith, Mr. Richards, Mr. Richardson, 
and Mr. A. J. Cook. The miners’ representatives 
made it clear that they were not disposed to move from 
the position they had taken up all along. In these 
circumstances, the owners concluded that there 
appeared to be no immediate hope of carrying the 
matter any further.” 


Mr. Phillip Gee, who, on behalf of the Mining Asso- 
ciation, communicated the foregoing official statement 
to the Press, stated subsequently that at the meeting 
the miners’ representatives insisted on having a voice 
in the sale of coal, and expressed a desire to join with 
the owners in setting up what virtually amounted to a 
monopoly. They declined to consider any proposal 
which sought to increase hours of labour, and would 
not, in any circumstances whatever, agree to a reduc- 
tion in the present rate of wages. They talked about 
reorganisation of the industry, and said that if it were 
carried out there would be no necessity for a reduction 
of wages. They were asked what number of pits could 
remain open under the present terms, and they said 
that about 50 per cent. could. For the owners, it was 
pointed out that more than 50 per cent. could not remain 
open, and that that would mean that half a million 
miners would be without employment. The owners 
put forward no proposals, Mr. Gee added. They came 
to a blank table, and were anxious simply to find, if 
possible, a common ground of agreement. The cast- 
iron attitude of the miners prevented any reasonable 
conclusion being reached. 

After Tuesday’s meeting of the full executive of 
the Miners’ Federation, Mr. Cook stated that the 
miners were anxious for a peaceful settlement of 
the dispute. But ‘‘the miners will not,” he went 
on to say, “‘ deviate from the decision—the unanimous 
decision—of the rank and file of the coalfields, and 
it is quite clear to everybody that the coal owners 
have no other policy for a settlement of the dispute 
than longer hours and lower wages.” 

The Ministry of Labour states that on May 31, 
1926, the number of unemployed persons on _ the 
registers of Empleyment Exchanges in Great Britain 
was 1,614,200, of whom 1,207,100 were men, 46,000 
boys, 313,400 women, and 47,700 girls. On May 24, 
1926, the number was 1,597,679, of whom 1,174,108 
were men, 46,954 boys, 326,449 women, and 50,168 
girls; and on June 1, 1925 it was 1,247,306, of whom 
971,211 were men, 34,184 boys, 213,868 women, and 
28,043 girls. Of the total number of persons unem- 
ployed on May 31, 1925, 76,500 were ‘* persons 
normally in casual employment.” The total of 
1,614,200 on May 31 ‘s, it is added, “ exclusive of 
persons who ceased work in the coal-mining industry 
on account of the dispute.” 

Agreement on the wages question has been reached 
by the National Union of Railwaymen and the Irish 
railway companies. While the principle of the findings 
of the Irish Railway Wages Board is accepted, both 
by the companies and the National Union of Railway- 
men, the companies agree, as a concession, to a modi- 
fication of the dates on which the reductions shall 
take effect. The arrangement is that a second wage 
cut shall take place at the first pay period of December, 
1926, instead of in September, 1926, and a third cut 
in March, 1927, unless otherwise agreed upon. The 
men employed in Cork City are to be in the same 
position with regard to wage reductions as those in 
Dublin and Belfast. In all other respects the findings 








of the Irish Railway Board of April 22, 1926, are to 
be acted upon. The N.U.R. undertake to give no 
support to members who take unauthorised action 
with regard to the carrying out of the agreement, 
and the companies reserve the right to cancel the 
agreement in the event of any stoppage or partial 
stoppage arising from carrying the agreement into 
effect. 

The agreement, as amended, further provides that 
the employer shall consult the staff representatives 
regarding (1) important changes or extensions of the 
undertakings ; (2) hygienic conditions at the place of 
work ; (3) the engagement and dismissal of workers ; 
(4) the appointment of foremen; (5) the re-organisa- 
tion of hours of work ; (6) the date of annual holidays. 
According to the minutes of the negotiations, the dele- 
gates further agreed that under (1) ‘* the staff represen- 
tatives shall be consulted from the technical point of 
view on the purchase of machinery and material ; and 
that the management shall be entitled, without con- 
sulting the staff representatives, to dismiss any worker 
who, after previous warning, is guilty of intemperate 
conduct and patent carelessness in his work.” 








In a secret session of the annual conference at 
Dunoon last week of the Union of Post Office Workers, 
the following resolution was defeated by, it was offici- 
ally stated, ‘‘an overwhelming majority ” : —‘‘ That 
this conference repudiates the ignominious surrender of 
the General Council in calling off the general strike at 
a time when the whole of the organised workers were 
solid behind the General Council in the demand for the 
withdrawal of the lock-out notices against the miners. 
It further records its opinion that no further confidence 
can be placed in the General Council, and calls for its 
immediate resignation.” 





A Standing Committee of the House of Commons 
last week considered a Bill, presented by Sir Arthur 
Steel-Maitland, to extend the periods of operation of 
certain sections of the Unemployment Insurance Acts 
of 1924 and 1925, dealing with the payment of benefit. 
The main object of the measure is to ensure that 
unemployment benefit which would otherwise cease 
after June 30 next, shall continue to be payable until 
December of next year. The Bill also professes to 
extend for a similar period the power of waiver in the 
Minister, of the 30 contributions rule, which was origin- 
ally intended to come to anend in October. On the 
motion that Clause One stand part of the Bill, Mr. T. 
Shaw said that the Labour Party had been hoping that, 
in recognition of the serious prevalence of unemploy- 
ment, the clause would be drafted on more generous 
lines. They found, however, that apparently there was 
no intention of moving in the desired direction, but 
that, on the contrary, the restrictive powers given to the 
Minister were likely to be exercised, and that he was 
asking for no power to make statutory the claims which 
now come under his decision. They regarded the 
existing legislation as very imperfect and unsatis- 
factory, and, in some cases, as very unfair to the unem- 
ployed. Having made his protest against the insuffi- 
ciency of this legislation and the very unsatisfactory 
way in which the Minister’s powers were being exer- 
cised, he would recommend his friends to let the Bill 
go through without attempting any amendment of it. 
The measure was so drafted that it was impossible for 
them to propose any alterations of a sweeping character. 
The clause was then agreed to and the Bill was ordered 
to be reported to the House without amendment. 





About forty of the applications for a wages’ increase 
of 20s. per week, on which there has been “ failure to 
agree ’’ locally, are in the agenda for to-day’s engineer- 
ing central conference at York. That the central 
authorities will be unable to make a mutual recommen- 
dation in respect of any of the references is tolerably 
certain, for the general body of federated employers 
is of the opinion, not only that the industry cannot 
stand any addition to its costs, but also that wages 
are, with the consent of the unions themselves, a 
national and not a local question. The various district 
committees concerned will, therefore, be free, if they 
choose, on “failure to agree” to-day, to ask their 
executive councils for leave to take strike ballots. It 
is extremely unlikely, however, that any of the councils 
will give leave to ballot on such an issue. That of the 
Amalgamated Engineering Union, in common with the 
other engineering organisations, certainly gave their 
London district leave to ballot, and what was conceded 
to the metropolitan area is unlikely, it may be argued, 
to be denied to the similar provincial bodies. The 
circumstances have, however, altered since the London 
ballot was ordered. In it, a majority of votes was 
recorded for a strike, but it fell short of the two-thirds 
required by the rules. In these circumstances, the 
London District Committee have wisely decided to 
leave the matter in the hands of the executive council. 
It is difficult to foretell what the provincial district 
committees may do after to-day, but, obviously, the 








easiest way out of the difficulty which they have largely 
created for themselves, will be to follow the example 
of their fellow members in London. 





The policy of the National Metalworkers Minority 
Movement is, of course, quite different. Ignoring the 
fact, which is patent to everybody, except themselves, 
that none of the unions can afford a stoppage, its 
leaders are urging the rank and file to “‘ press on with 
the demand for a twenty shillings per week increase 
in wages.” Instead of leaving the matter in the hands 
of their executives, they are being counselled to support 
a movement “for the convening of a national con. 
ference of representatives from all districts which have 
lodged their wages applications.” ‘* Every district,” 
the Movement’s acting secretary says, ‘“‘ where a 
‘failure to agree’ has been registered, should support 
the policy of a special conference of district represen. 
tatives and get ready to take simultaneous joint action 
in every area affected.” As the gathering contemplated 
would be irregular and its successful promotion involve 
a considerable expenditure of money, it is unlikely to 
take place. Moreover, as the majority of the rank and 
file have already paid heavily enough for their folly 
in listening to communists, the effect of these appeals 
to ** down tools” may be the reverse of that which is 
expected. ‘‘ Make common cause,”’ they are enjoined, 
“with our colleagues in the mining industry. Assist 
by action, in overcoming the victimisation of militant 
workers. Take up the challenge of the Government of 
capitalists and press on for a definite and substantial 
improvement in the living and working conditions of 
all workers in the engineering and metalworking 
industry.” 





The committee of the Amalgamated Engineering 
Union, which has been engaged for a month past in 
revising the rules of the organisation, is understood to 
have made a considerable number of very drastic 
alterations. One or two, if given due effect, may 
involve the society in serious trouble with the Engi- 
neering and Allied Employers’ National Federation, 
and one, at any rate, may precipitate a kind of inter- 
union warfare that has been threatening the Labour 
movement since the Armistice. The basis of member- 
ship has been so broadened that any worker in any 
metal-working industry, including shipbuilding, is now 
eligible. So far as skilled metal-workers are concerned, 
the change will bring the organisation into line with the 
other national organisations in the International Metal- 
workers’ Federation. The enrolment of semi-skilled 
workers will, however, be strongly resented by the 
British unions which up till now have catered for semi- 
skilled workers. It has, in fact, already been publicly 
resented by one of these organisations, which has 
decided to carry out reprisals by enrolling skilled 
workers. 





Industrial and Labour Information, the organ of the 
International Labour Office, states that some time ago 
negotiations took place between the Swedish Com- 
positors’ Union and the ‘“ Samorganisationen ” Com- 
pany (an organisation formed by the so-called workers 
printing presses) with a view to the introduction of 
‘industrial democracy ” in workplaces belonging to 
the organisation. The negotiations resulted in an 
amendment of the existing collective agreement (the 
national agreement with the Newspaper Publishers’ 
Association) so far as the provisions relating to manage- 
ment were concerned. The provisions, as amended, 
are given. Subject to the other provisions of the 
agreement, the employer, in consultation with the 
staff, is to have the right to manage and organise the 
work and engage and dismiss workmen. Every staff 
union is to appoint from one to three staff representa- 
tives ‘* whom the employer shall consult on the manage- 
ment and organisation of the work.” The duty of the 
staff representatives will be :—(1) To see that the 
technical experience and skill of the workers are 
preserved and turned to the best possible advantage 
of the undertaking. (2) To promote the greatest 
possible economy in management. (3) To co-operate 
in creating conditions of order and enthusiasm at the 
place of work, and an interest on the part of all the 
workers in the welfare of the undertaking. (4) To 
work for satisfactory relations between the workers 
and management of the undertaking. (5) To take up 
for joint discussion all questions affecting the personal 
relations of the workers with the undertaking, except 
such matters as shall be settled, in accordance with 
the agreement, by the central organisations. 





The Industrial Codes Division of the New York 
State Department of Labour has proposed, and the 
Industrial Board of the State Department of Labour 
approved, three rules relating to the employment of 
minors on dangerous machinery. The first is 4s 
follows :—‘‘ No child under the age of 16 years shall 
be employed, suffered, or permitted to operate any 
machine having a shearing, punching, squeezing 
drawing, cutting, or forming action.” The s*con¢ 















































SOUTH AUSTRALIAN RATILWAY. 


TYPE LOCOMOTIVE FOR THE 


4-8-2 





ENGINEERING. 


JUNE 11, 1926.] 


‘szojour oueyd 
-o108 pus § y1oMm Apog Ieo-c0jOUT { S]00} pu saTIOSssa00U 
!sapaIyeA JoJOUL Jo sodA} [[eV sO} SoUTSUa {soIA4 puUB 
sjeoym ‘sSurads ‘sturaveq |[eq ‘saojjoanqaeo ‘yuourdmbea 
[8911q090;0 Burpnypour ‘syuoweyje Aawyuorue;ddns { s#ursa0}F 
pue sZurysvo Surpnpour ‘spereyeur ound : Ajoweu ‘sdnois 
XIS OJUI POPIAIp oq ITM eserZu0D oy, ‘uTedg Ogu UOTze4 
-ioduit a10y} UO siBo UO SoIzNp ey} A[qeaapIsUCa esvosOUI 
0} uexey oq [tA sdoys ‘poydope st zed Joyour Jo odA4 
rejnoijsed 8 edUG “SeIJ}JSNpUT [[v JO UOIPBSI;BUOIZvU PUB 
uolqejoid ~pesvedout spremoy st AodUepua} efoOyYM oYy 
: Aaqunod yey} ut A1070¥j B YSI[GeB4So 07 st UTYdg UT ssouISNg 
Buiureyqo jo ABM oTqtssod Ajuo oy} yeyy gno gutod of 
SNOIXUB SI OPI, SPOSIOAG) JO JuUOUTZIeda(T OY JO [BIOs 
Ja][o13dwI0, ey], ‘setpoq petoyso pedrorunur puv feuorzeU 
112 Aq posn oq pjnom eporqea ey} ‘peaoadde st udisop 
90U0 ‘7844 SI JUOUIUIBAON OY} JO Bop Oy, ‘UTedg UT SIRO 
JOJOUL JO QANJOBJNUBUL OY} Furystyqvyse Jo spoyyout ysoq oyy 
Sururezieose Jo yoolqo oy} YIIM “4xou EZ 03 OZ oUNL WOT 
Pipe], Ul ssoiZu0o ze0-10j0uI B pjoy 07 Zursodoad st yuour 
-UIOAOX) Ystuvdg oy4 7BY4 SN poursOsUl Sey Oped, SvEsIOAGC) 
jo yuotwyirdaq, og [—"alaavyq ‘SSHUNNOD AVY-AOLOW 








(‘panuyuod ay O,7,) 


‘1e0d puvy Moos pue 
Jqsn{pe Yous o1yVWU0yNe UR YIM poz4y St Jopuoy oY, 
‘s]SNVYxXo oY} 0} pez4y ore sI90UNTIG ‘sduind ate omy 
YyIM poptaoid Zuteq oulZue oy} ‘sprepueys sfvmrey 
uelyeygsny yyNog 94} Jo ore sBuryqIq ‘postpenbo st 
S[ooYM BULALIp OY} JO} Jv08 oyvIG CYT, ‘sfooyM Jopud4 
pue podnoo [[v uo Suryoe ‘poyyy st oyviq Ite 4YySIeI4s 
pue o17eUI0jNe PeUIquIOD osnoysuTyseM, OYJ, ‘soysnq 
pue SJoUT] [9098 poUopiey-oseo YIM pozyy ore sooesins 
gulivem |[y ‘19038 osoueSueur-oorIs jo ‘gnoyZno1y4 











-ONDSTINIOND. 


‘d 


‘ 89 | te Ory 
ood pp Br a129:00) 5p 
SID I -b- et ee eae bb "s§ 
‘ANAL-NO-ATISVOMON ‘SHUMUNIONGA ‘AHLIWIT “OO GNV HIYOMLIHM ‘YNOUISNUVY “DO M HUIS ‘SUSSHN AT AALONULSNOO 
‘AVMTVIVY NVITVELSOV HLOOS FHL YOA AAMLOWOOOT AdAL 2-8-t 
he PS SSSSSRALE. PEA SELSESSAGRRSBSYMW PSSSPESSREPESSSES ESSE SHMAABTS ISHS PSSSH se VVeayxseSsOesses HAs see 
Be PSSSPESSES SESLS PSS Esse s2hnF Hes zaPSSSZT2eH FSH FseS HS Pees SS PSH KH KASH SS PESSS Sess Sesl cars 


orjdijo-tt0s pue pozeutue, ore sButds ourBue oy, 
91 [udy 
jo onsst IMO YIM T]TX eq ut uoard ourZue oy} 
jO sduIMeIp [eloues oy} WOIy puB ‘CF ‘SI WoIz Ied[O 
oq [ITM 8B ‘Ive 94} SPIPMOZ 4NO JOS OG 0} OABY SUIvEq 
Suistpenbo oy} ‘speumnof yonz4 opisyno oy} pue 1034e] 
oY} UseMJoq JUOMTUSITe Ul soUsIEyTp oy} Joy optaocid 
0} Jopio uy ‘“Suissia Zurids usatip oy} 0} pojdnoo 
St YoryM Jo pus pIvAJOy 94} ‘uIeeq SuIstenbo ue 
0} pojdnoo st yur, Sutids oy} pus quory 04} GY «‘souTeIy 
UIvUI 04} UO JoxOvIG & WOIJ 104300 puke yuTT e Aq Suny 
oie sSutids poyeurme, oy} puso Ivel 94} YW ‘souTeJy 
ureu oy} uO pozoaTd yoxovIq podeys-—Q posury ve pue 
eyeid Surpys @ YBnory} xoq oY} 0} poyytusuRIy st peoy 





oy, ‘“SIOATIp oy} JO 4eq4 YIIM postjenbo Suissa Zursds 





----9aikI 


' 
1 
Ha 











Zz, 


| 
‘gb Ory 
2 eee sbun.tds Jo $490}, 0} [--------— , 


(7 egv6) 


ONINTINIONS. 
Se 


04} pus ‘soxog opIs}no 64} 0} pdLlojsueI} St peo] 04} 
Yor UT JOUURUT 944 ST UBIsop oy} JO ongRey Zuryser9zUT 
Uy ‘SOUlVIy UTBUT 94} UseMJoq BuTpuszxe JoyooIjs & 
0} pexy Suteq xoq Sutids oy} ‘pus reer oy} ye suosuntd 
pue sZurids [eyuoztioy Aq porqued St yonI} oy, *sexoq 
epis}no JOF syooyO UIOY YILA poy Sureq souresy opis 
oy} ‘odeys-A jo Sutoq req sniper oy} ‘sBurysevo [904s 
jo dn 4[Inq st ourerg yon} oyy, “(0¢g oded ‘xtox ‘[oA 
928) GIG, Ul ONINAANIONG ut porvedde yorym syoni} 
Sulypres} UBOLIOULY UO SopOIZIe pozeIZSN]IT JO Solsos @ UT 
peyeijsniyt sem styy, *Auedurog satyouoo07y uvoloury 
ay} Jo ‘ajop ‘apy Aq poonposjzurt AT[eulst1I0 usIsep oy} 
jo pue odAq Jooym-omy OY} Jo st yons7 Buyer} oy, 
*9010} SulIzU90-J[as yuRySUOD 


8 sopraoid puv Suryseo o1ju00 904} jo Sunyy Aue 




















<= 
































ty 


ot 
i 
m4 
= 
' 
' 











-ONIWAINIONS. 





Sptoae styy, ‘odd prvapoo,y 943 Jo squoddns podeys 
-JIVVY POVIOAUI UO porIIvO st ynq ‘syuty Aq popuedsns 
yOu ST a1ZU00 Yong OY, “EP pUe [PF ‘SBIQ WoIz Ive[o 
oq TEM SIT, ‘S}S01 pus Jaysfoq oy} yoryM uo SButids 
pezeurMe, po}oAut ue popuodsns st esay} jo ated yoo 
Us2eMyog ‘sUIvEq SUIPROY 9qnop YZno1y} soxoq oy} 04 
pozzttusue1y ST PRO, oY], ‘eUTZUa oY} ssorOe ‘sZuTySRO 
[eysoped s03no 04} UseMjoq pUe}xe spor JoYo}01}9 
qySsrT ‘eq snonurjuoo o[Zuls wv Jo powoy ore sexs 
[eqsoped oy} oulZue oy} Jo opis yora ug ‘payoq 
are speysoped yorqa 0} ouresy doq-rensueqoor ureyd 
B JO Suysisuoo syons} [OoYA\-INOJ oIB oseyT, ‘IOULIOJ 
OY} JO UBISop OY} MOYS EF 0} [PF ‘SSI ‘syns Burjresy 
pue Zurproy oy} o7VIYSNITT MOU OM f9A0G VOF 0} [TF SBI UT 
‘oy ‘uoyou ‘stopurAo oy} YyIM gyvop om ‘sKeMTTEY 
uvlyeysny YyyNog oy} Joy ‘pezytuIyT “op puke YyWoOM 
“JIM ‘Buoysury “9 *M alg ‘sassopy Aq ATyUaoer 4yING 
aATJOUTOD0T Jo OdA4 Z-Q-H BY} UO fOTZIN 4SRT INO NT 


(‘sg¢ ebnd wouf panuyuop) 


“SAVMTIVU NVITVULSNV HLNOS 
GAHL WOHX AALLOWOOOT AdAL C-8-¥ 





*posn oq prhoys orp 
pien3 jo pury oy} sougop ens paryy eyy, ‘uoryeredo 
UI SI OUTQORUT oY} o[IyA poysn{pe Aj1odoid pue Joep 10 
SuryioMm poos ul poureyureur st yey} pend poaoadde 
ue YzIM UoTeedo Jo quod oy} 4¥e poddmbe st ouryoeut 
oy} ssoun ‘o8e Jo srvo QT pue QT Jo sede oy} UdeMy4oq 
UdIp[IyO Jo souTyoRUT Yous uo guearAo;due oy} szIqryord 


(0 ‘esee) 








=== $4.2 












cond 





ENGINEERING, 








[JUNE II, 1926, 











LETTERS TO THE EDITOR. 


—___— 


THE RESISTANCE TO FLOW OF 
WATER IN A CORRUGATED PIPE. 


To THE Epitor oF ENGINEERING. 


™ Srr,—It may be left to Professor Gibson to reconcile 
his disclaimer of any appeal to the principle of dyna- 
mical similitude for the form of his equation with the 
statement quoted from his original paper. 

In ‘practical application, the writer obtained different 
numerical values, according to the procedure adopted, 
for the non-dimensional coefficient implied by the sign 
of proportionality, and only after much trouble found 
the cause in the concealed dimension of * p,”’? which 
destroyed the apparent homogeneity of the equation. 
Professor Gibson now corrects the dimensions of the 
equation by dividing the right-hand side by the 
diameter d, and makes the concealed dimension 
explicit by writing p//—preferably (p.—1)/!—for “* p.” 

The last equation given in his letter is homogeneous, 
but it is incorrect in form. It requires the factor 
(vd, /v,d,)"-? on the right to make it agree with all 
the experimental results. 

The writer begs to differ from the opinion that 
these defects of exposition are unimportant, and 
believes that others would find themselves involved in 
the same difficulties, both of principle and of applica- 
tion, that he himself has experienced. 

The editorial note anticipates much of what might 
be said in comment on Mr. Swift’s letter. It remains 
to disclaim the credit of having stated the physical 
quantities involved in the equations of viscous incom- 
pressible fluid motion, and of choosing the form of the 
solution for laminar flow in a tube. 

The former should be ascribed to Stokes, the latter 
to Poiseuille, against whom Mr. Swift may make any 
points he can. 

The fact that the exact solution for laminar flow, 
and the empirical solution for turbulent flow, and 
indeed all other possible solutions, are reducible to 
the same general form 

F = pv? $ (vl/v) 

does not justify Mr. Swift in saying that these reduc- 
tions give “‘ exactly the same result’ ; for the form of 
@ is entirely distinct in the two cases, and in general 
is quite arbitrary except for the condition that every 
term of the expansion on the right-hand side must be 
of the same dimensions as F in some, or all, of the 
quantities p, v, 1, u. 

In the first case, p does not appear or cancels out, 
so that not even all the physical quantities involved 
are the same. 

With regard to the omission of the gravitational 
constant, if the local value of gravity is meant, the 
editorial note is sufficient comment, but if the astrono- 
mical quantity is meant, reference must be made, as 
before, to Stokes, who does not appear to have found 
it relevant to the equations of fluid motion. 

The writer recognises the interest and value of 
Professor Gibson’s work, and hopes that his criticism 
of some of the details of the manner in which it is 
presented will make it easier for engineers to apply 
the results correctly. 

A. R. Low. 

The Library, Air Ministry, London, June 7, 1926. 





To THE Eprror oF ENGINEERING. 


Str,—I do not think I missed the points of Major 
Low’s criticism in your issue of May 28, but rather 
passed over the question of the homogeneity of the 
expression (2), which seemed to need no comment, 
except from the writer of the original paper, to what 
appeared to me the much more vital question with 
which your correspondent dealt: the security of 
dimensional reasoning in hydraulics, or in this par- 
ticular case, “how the form of equation (2) may be 
properly derived.” I wished to point out that the 
whole of the assumptions made in such work lie in the 
choice of the quantities involved, and this choice has 
been, it seems to me, a source of genuine difficulty. 

Major Low’s view that these quantities are the same 
as those which appear in the general equations of 
motion is indisputable, and certainly justifies the use 
of the kinematic viscosity. It does not seem, how- 
ever, without further demonstration, to justify the 
omission of the gravitational constant g, since if Z* 
is the component of the external forces per unit mass, 
other than gravity, the third of the general equations 
of motion is :— 

Dw = Zi — _- 1 oP vy A2w. 
Dt . od p e z + ° 

I hestitate to question your comment on my last 
letter, but the gravitational constant is involved in 
this equation, nor does it seem obvious that it dis- 
appears through adoption of ¢.g.s. or other absolute 
units. Your guidance on this matter would be of great 


value, because if this omission could be justified it 
would simplify very much the use of the principle of 
dynamical similarity ; for, so long as capillarity and 
compressibility are inoperative, it would enable the 


a vl i 
single criterion — to be used with confidence, whereas 
ica v ~~ 


the admission of the gravitational constant involves an 
additional possible criterion, and demands experi- 
mental search in every case to determine whether its 
omission is justified. 

Yours faithfully, 

H. W. Swiert. 
The University, Leeds. 
June 5, 1926. 

[Our correspondent specifically introduces the 
gravitational constant into his equation, and at the 
end of this operation naturally finds it there. Simi- 
larly, if he assumed that work was done by the fluid 
against electrical forces he would find electrical con- 
stants in his equation. Neither such electrical con- 
stants nor the gravitational constant is, however, 
implicitly involved in the equations of hydrodynamics 
when expressed in ¢.g.s. units. When there is flow 
through a horizontal pipe no work is done against 
gravitation, and this was the case under discussion. 
If the corresponding Bernoulli’s equation be expressed 
in c.g.s. units, the gravitational constant does not 
appear, whilst in British units we have 

v2 
h “i 2g 
constant, and g has therefore to be inserted. 

As regards dimensional reasoning generally, perhaps 
the most illuminating way of dealing with this is to 
note that all the functions we take to represent actual 
natural laws can always be expressed as a Taylor series 
of one or more variables, or as a known function multi- 
plied by such a series. 

Dimensional reasoning shows us what these variables 
must, or may, be, but in general tells us nothing about 
the coefficients. For that we must have recourse to 
physical considerations and to experiment to learn 
how many terms are required to give a fair representa- 
tion of the function. 

Of late years the assumption has frequently been 
made that any purely empirical formula which satis- 
fied the dimensional equation must have a physical 
significance and could therefore be safely extrapolated. 
Such an assumption is wholly unwarranted. Extra- 
polation is reasonably safe only when based upon a 
knowledge of the mechanism involved in the phenomena 
under consideration.—EbD. E.] 





NAVAL ENGINEERS ; PROPOSED 
ELECTRICAL BRANCH. 
To THE EpiTror oF ENGINEERING. 


Str,—Your correspondent Mr. D. A. Bremner, in 
his letter published in your columns on April 16, 
shows clearly the part which the formation of the 
new electrical engineers is intended to play in the 
disintegration of the Engineering Branch of the Navy. 
May I give a brief résumé of the sequence of events 
leading to this, together with an illustration of one of 
the inevitable results ? 

The machinery of a battleship may be broadly 
grouped under three headings: steam and internal- 
combustion engines, hydraulic, and electric—all of 
which were formerly under the complete control of the 
engineer officer, who was directly responsible to the 
captain of the ship. During the period of service of 
the writer, the hydraulic machinery specifically in the 
turrets, and the electrical machinery, electric mains 
and torpedoes, were taken from his care and placed 
under the gunnery and torpedo lieutenants, respectively. 
The services of the skilled and trained engineer were 
still retained, however, in a varying degree—(1) at 
the Admiralty in connection with the design of new 
and upkeep of existing gun-working and torpedo 
machinery ; (2) in the shore establishments for repair 
and experimental work, and (3) as overseers super- 
vising construction in private yards and Government 
establishments where machinery of this type was manu- 
factured. The position was one to cause grave uneasi- 
ness, but the Selborne scheme was already promulgated, 
and, notwithstanding possible and even probable 
dangers, the time could be foreseen when all engineer 
officers would be executive officers who had elected 
to be engineers, the internal fears and jealousies which 
threatened to obscure the realisation that the Navy 
only existed as the servant of the nation would cease 
to be, and the efforts of all branches, working in unison, 
would be directed to a common aim. 

Not a little credit is due to those old scheme engi- 
neers who, conscious of the increasing place their 
profession was destined to take, virtually accepted 
death as a body for the sake of eventual unity, and 
whose corporate loyalty has not been a small factor 








in making the Selborne scheme a success, or indeed 








even a possibility. We are now within measurable 
distance of their disappearance from the scene, and 
far from unity being attained, a situation has been 
created wherein, instead of the mechanical organisation 
of the Fleet being again gradually merged into one 
whole, the separation is to be permanent and we are 
to have an attempt at division into water-tight com- 
partments, in some of which, at any rate, will be young 
engineers, not under an engineer of lifelong training 
and experience, but under a comparatively young 
executive officer who is not an engineer himself and 
never can be, however able he may be, if he devotes 
the attention he should do to his own legitimate duties, 

We may have ships, such as are already in existence 
elsewhere, the motive power of which is electric, 
high-speed, high-pressure steam turbines driving 
dynamos the current from which will, through compli- 
cated circuits and controls, drive electric motors 
connected in their turn to the ship’s propellers. The 
power developed may vary from nothing to a maximum 
—200,000 horse-power, say—and instantly back to 
zero again. Neither practical knowledge nor a vivid 
imagination is necessary to realise what a high degree 
of training and organisation is required to develop 
such a mechanism and control the long chain of co- 
ordinated movements necessary to bring this about. 
The steam engineer will have control as far as the 
couplings between the turbines and dynamos, and 
again from the motors to the propellers. In between, 
in the same compartments and inextricably connected 
with the steam plant, all the electrical portion will be 
under the charge of a comparative boy, who is just 
putting in a few years’ sea-time prior to proceeding to 
swell the growing ranks of those holding electrical 
appointments ashore whose duty it will be to design 
such machinery. The most complicated power plant 
of its sort in existence and subject to the most onerous 
duty and the hardest use! On its proper functioning 
depend the safety of the ship, the safety of the 
Empire, maybe! What division of responsibility— 
and in charge of a boy! And who will he have to fall 
back on for support, and advice and help? A subor- 
dinate executive officer who is not even an engineer. 
When one thinks of how the Grand Fleet kept the seas, 
especially in the early part of the war, day after day, 
week after week, month after month, far from home, 
far from dockyard assistance, it makes one wonder 
whether it would not have been better, after all, had 
there been some spectacular engineering failure, which 
would have brought the general achievement into 
notice and relief; perhaps then this new situation, 
fraught with warning of future failure, loss and unneces- 
sary bloodshed while we learn all over again, would 
not have arisen. 

This reactionary policy on the part of the Admiralty 
would appear to be partly based on the idea that we 
have reached finality in the design of propelling 
machinery and armament (not the first time that such 
ideas have existed on various matters), and that the 
splendid equipment we have, thanks to a combination 
of effort from within the Navy itself and the great 
firms who have gained their experience from building 
ships and armament, not only for this but for other 
countries also, may be relied upon from now on practi- 
cally to look after itself. 

Whether we like it or not, we are in a mechanical 
age, and, if we are to keep our place, the mechanical 
equipment of the Fleet must become more and more 
an entity under a unified control of the highest calibre. 
The incredible development from sailing ships with 
muzzle-loading guns to this vast complication has 
taken place almost within the lifetime of some of those 
who have played a part. The Admiralty has adapted 
itself haphazard to the rapidly changing conditions ; 
here, as in other sections of our life, organisation has 
taken too small a place—indeed, so rapid has been the 
growth, it has scarcely been studied at all. In industry 
inexorable facts are gripping us. The situations are 
parallel; in the one case there were unlimited markets 
and but little competition ; in the other there was no 
real lack of money. In the case of the Navy the 
alternatives are clear: on the one hand, with goodwill, 
nothing to fear; on the other hand, stagnation and 
decay and, sooner or later, a rude awakening. 

Yours faithfully, 
G. H. Turratt. 


April 19, 1926. 





PRODUCTION OF MOLYBDENUM IN THE UNITED STATES. 
—According to figures supplied by the Bureau of Mines, 
Department of Commerce, Washington, U.S.A., only two 
a ree mines were operated in America during 
1925. These are the Climax Molybdenum Company 
near Leadville, Colorado, and the Molybdenum Corpora- 
tion of America, Sulphur Gulch, near Questa, New 
Mexico. Together, the companies produced 97,665 tons 
of ore, from which were produced 864 short tons 0! 
concentrates, carrying from 72-7 to 85 per cent. of molyb- 
denum sulphide. This output represents a quantity © 
1,154,065 lb. of molybdenum metal, the bulk of which 
was used in the manufacture of alloy steel. 
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THE EFFECT OF MASS IN THE 
HEAT-TREATMENT OF NICKEL 
STEEL.* 


By WatTER RosEnuwaltn, D.Sc., F.R.S.; R. G. Batson, 

“  ALK.C., M.Inst.C.E. ; and N. P. Tucker. 

Tne failure in service of a number of pinions, of 
relatively large size, from the double-reduction gears of 
marine steam turbines has drawn attention to the 
influence of mass on heat treatment. The present 
investigation was undertaken to ascertain the manner 
in which the mechanical properties and microstructure 
of the material used for these pinions vary with the size 
of the heat-treated piece. It is well known that in the 
heat treatment of steel the size of the piece has an 
effect on the properties obtained. Some tests have 
been_carried out by E. F. Law on a steel containing 
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0-34 per cent. of carbon, 0-73 per cent. of manganese, 
0-20 per cent. of nickel, and the usual impurities. This 
steel was heated in 18-in. cubes, and tensile tests made 
at regular intervals across the section. The results 
showed: (1) With air cooling the results of all these 
tests were practically identical; (2) the effect of oil 
quenching was as apparent in the centre of the cube as 
at the outside; (3) water quenching showed a very 
decided variation from the surface to the centre of the 
cube. ‘Tests on the effect of heat treatment on bars 
varying from } in. to 3 in. in diameter have been 
carried out in connection with the research of the Steel 

‘esearch Committeet of the Institution of Automobile 





: Report on work carried out at the National Physical 
De oratory, for the Engineering Research Board of the 
Department of Scientific and Industrial Research. Read 
vefore the Iron and Steel Institute, London, on June 4, 
1926, Abridged. 
’ ENGINEERING, 1918, vol. ev, page 647. 
an Some Notes of the Report of the Steel Research 
ommittee,” by J. H. S. Dickenson, Proceedings of the 


meee ‘aan of Automobile Engineers, 1920-21, vol. xv, 








Engineers and the Society of Motor Manufacturers and 
Traders, in 1920. The tests show that there is a 
reduction of the ultimate tensile stress with the larger 
sizes of bar. 
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* The use of alloy steels has made it possible to obtain, 
in relatively large pieces, properties which would not 
be attainable in a simple carbon steel ; this is due to the 
fact that certain alloying elements retard the trans- 
formations of steel, and thus make it possible to harden 
an alloy steel in which they are present, by cooling at 
rates considerably less than those necessary in straight 
carbon steels. It is, however, clear that, even with 
alloy steels, the rates of cooling possible with ordinary 
methods of quenching will not be effective in hardening 
very large objects throughout their mass. The tests 
of the Steel Research Committee on mass effect did not 
include a 34 per cent. nickel steel, and the largest size 
of bar tested was 3 in. in diameter. Further, the test- 
pieces were taken from the centres of the bars and 
therefore did not give any indication of the variation, 
if any, in the mechanical properties of the outer and 
inner section of the bars. Further investigations, on 
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the lines followed in the present research, was therefore 
desirable. 

The materials used in the present investigation 
consisted of a nickel-steel pinion forging, labelled 
ACM, large enough’ to enable pieces up to 10 in. in 
diameter to be taken from it; four nickel-steel bars 
4 in. in diameter and 60 in. long (labelled AEF); and 
four nickel-steel bars 2 in. in diameter and 60 in. long 
(labelled AEG). The carbon and nickel contents of 
steel ACM were 0-306 and 3-57 per cent.; of AEF, 
0-370 and 3-42 per cent.; and of AEG, 0-364 and 
3-43 per cent. The sulphur and phosphorus figures 
were low (below 0-040 per cent.) in all cases. Steels 
AEF and AFG each contained, in addition, ap;roxi- 
mately 0-20 per cent. of chromium. The steels were 
heat treated in the form of round bars of four different 
sizes—viz., 2, 4, 7 and 10 in. in diameter, and in lengths 
of about 20 in. 

The heating of the material was carried out in ‘a 
recuperative furnace designed to give uniform heating 
at high temperatures. This had to be consider- 
ably modified before sufficiently uniform heating at 
the moderate temperatures required for the present 
work could be obtained. The uniformity of the tem- 
perature of the furnace was checked with two platinum- 
platinum-rhodium thermocouples. The actual treat- 
ment temperature was measured by means of a third 
thermocouple, inserted in a hole drilled radially in one 
of the experimental bars near one end, in such a manner 
that the junction was within 1 in. of the centre of the 
bar. All the couples were calibrated against a standard 
before, and at intervals during, the investigation. No 
appreciable changes were observed during the course 
of the experiments. 

In order te facilitate the rapid removal of the larger 
pieces from the furnace to the quenching tank, some 
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special apparatus was constructed. The furnace was 
provided with a counter-balanced iron-bound brick 
door, so that it could be rapidly opened for the removal 
of the bars. Bars whose diameter exceeded 4 in. were 
rolled into and out of the furnace on steel rails, which 
could be rapidly removed and placed in position when 
the furnace door was open. Bars up to’4 in. in diameter 
were fed into and removed from the furnace by hand. 
For larger pieces a crane was needed. The quenching 
bath contained 250 gallons of cotton-seed oil, which was 
stirred by air blown through it to promote rapid and 
even quenching. In order to avoid the inconvenience 
due to smoke arising from the ignition of the oil, a 
layer of vapour of carbon tetrachloride was maintained 
in the top of the tank immediately over the oil; this 
excluded the air and prevented the oil from taking fire 
during the quenching operation. 

The temperature of the specimen bar was allowed to 
rise until the interior reached the desired quenching 
temperature, which was maintained for about twenty 
minutes before quenching. The steel was removed 
from the furnace and placed in the oil bath, with the aid 
of a crane if necessary, but the time taken was always 
sufficiently short to prevent any serious drop in tem- 
perature between the time of opening the furnace door 
and the quenching operation. The piece was then left 
overnight in the quenching bath. In the case of 7-in. 
and 10-in. bars, only one was heat-treated at a time. 
Two 4-in. bars were heated side by side, the thermo- 
couple being inserted in the one nearest the door. 
Eight 2-in. bars were heated together piled in pyramid 
form on the hearth of the furnace with the thermo- 
couple thrust in among them. In tempering, the 
specimens were reheated at the required temperature 
for half an hour and quenched in water. In the case of 
the larger sizes it was desired to avoid tempering in the 
mass, on account of the expense of preparing test-pieces 
from the large number of samples that would be 
required ; such machining would have added greatly 
to the cost of the investigation. A series of preliminary 
tests on bars 4 in. in diameter, described later in the 
report, showed that the size of the piece was relatively 
unimportant in tempering, and tempering has therefore 
been done on small test-pieces cut from the hardened 
bars. 

Mechanical Tests —Samples 7 in. and 10 in. in 
diameter, turned from the pinion forging, and samples 
from the 2-in. and 4-in. diameter bars, were heat- 
treated in the following way :— 


(1) Normalised at 840 deg. C. 

(2) Oil-hardened at 840 deg. C. 

(3) Oil-hardened at 840 deg. C. and tempered at 
300 deg. C. 

(4) Oil-hardened at 840 deg. C. and tempered at 
400 deg. C. 

(5) Oil-hardened at 840 deg. C. and tempered at 
500 deg. C. 

(6) Oil-hardened at 840 deg. C. and tempered at 
600 deg. C. 

(7) Oil-hardened at 840 deg. C. and tempered at 
650 deg. C. 

(8) Oil-hardened at 840 deg. C. and tempered at 
700 deg. C. 

Mechanical tests were carried out on pieces cut 
from near the centre and near the outside of the bars. 
In order to obtain test-pieces as near to the centre and 
outside of the bars as possible, a small type of test-piece 
was adopted for these tests, having a diameter of 
0-358-inch, cross-sectional area of 0-1007 sq. in., 


TABLE IT. 





Heat Treatment. Mechanical Tests. 





| Brinell hardness tests showing 

| distribution of hardness 

| across the section. Tensile 

| and notched-bar tests from 

| hear centre and near out- 
1 side of bar. 

Oil-quenched in mass from 840-} Brinell hardness, tensile, and 
deg. C. notched-bar tests from near 

centre and near outside of 
bar. 

Test-pieces prepared from oil- | Tensile and notched-bar tests 
quenched bar and tempered | from near centre and near 
at— | outside of bar. 

(a) 500 deg. C. | 


Normalised in mass at 840 
deg. C. 


(b) 700 deg. C. | 

Oil-quenched in mass from 8-0 | Brinell hardness tests after 

deg. C., and tempered in quenching and also after 

mass at 500 deg. C. | tempering. Tensile and 
|  notched-bar tests (after tem- 
| pering) from near centre and 
| near outside of bar. 
Oil-quenched in mass from 840 | Do. do. 

deg. C., and tempered in | 

mass at 700 deg. C. 





and gauge length of 1} in. The extensions of the 
test-piece, within the yield stress, were measured by 
a mirror extensometer, and the limits of proportionality 
and modulus of elasticity were calculated from the 
curves given by the plotted results. The yield stresses 
(where a yield was noted) were taken by means of the 


drop of the beam as fixed by the British Engineering 
Standards Association.* Notched-bar tests were 
carried out on the British Engineering Standards 
Association cantilever type test-piece with three 
notches.t A 120-ft.-lb. Izod machine was used, for 
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carrying out the tests, the conditions of which were 
as follows :— 
Temperature .... 
Energy of blow 
Cross-section of test-piece (ex- 
terior) ate hore abe 


15 to 25 deg. C. 
120 ft.-lb. 


10 by 10 mm. 





* B. E. S. A. Report, No. 58, 1911. 





t Ibid., No. 131, 1920. 





Cross-section of test-piece (at 
bottom of notch) .... 
Form of notch.... 


10 by 8 mm. 

45 deg. Vee-notch, 
2mm. deep, 0-25 
mm. root radius 
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Brinell hardness tests were made on the broken Izod 
test-pieces, using a ball 5 mm. in diameter and a load 
of 750 kg. In some cases additional hardness determi- 
nations were madé on sections cut from the bars. In 
these cases a ball 10 mm. in diameter and a load of 
3,000 kg. were employed, which, it should be noted, 
give the same hardness as a ball 5 mm. in diameter 
with a load of 750 kg., so that the results obtained under 
the two conditions are strictly comparable. 
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Preliminary Investigation of 4-in. Diameter Bars.— 
Before arranging for the full series of tests, a preliminary 
investigation was carried out on 4-in. diameter bars. 
Pieces were cut from these bars and subjected to the 
heat-treatment and mechanical tests shown in Table IT. 

The limit of proportionality of the pieces which were 
tempered in the form of the roughly-turned specimen, 
was lower than that obtained on pieces cut from the 
bar tempered in mass at the same temperatures. The 
effect of this variation in the method of tempering 
on the other tensile results was not appreciable. The 
notched-bar tests showed, in every case, that the 
average value obtained from test-pieces near the 
outside of the bar was slightly higher than that from 
test-pieces taken near the centre of the bar. Brinell 
hardness test results showed some variations with 
different pieces hardened from the same temperature 
at different times. The results as a whole showed 
that the Brinell hardness numbers follow the ultimate 
stress in the tensile test. 

Complete Investigaiion.—The programme of tests 
was carried out as described in the section headed 
‘Mechanical Tests.’ Pieces of the 2-in. diameter 
bars (AEG), 14 in. long, were heat-treated in mass. 
Test-pieces were cut from the centre and near the 
outside of the bars, and the results of tensile, notched- 
bar, and Brinell tests are given in graphs Figs. 1 and 2. 

Further pieces of the 4-in. diameter bars were oil- 
quenched in mass from 840 deg. C., and tempered in 
mass at 300, 400, 600 and 650 deg. C. Results on 
these pieces are given in graphs, Figs. 3 and 4. The 
7-in. and 10-in. bars were both turned from the nickel- 
steel pinion forging (ACM). The heat-treatments on 
each size were as follows :—Piece 18 in. long, nor- 
malised in mass at 840 deg. C. Piece 20 in. long, oil- 
hardened in mass at 840 deg. C. 

Test-pieces were cut from the centre and outside of 
each piece. Test-pieces from the oil-hardened sample 
were tempered (ag test-pieces) at 300, 400, 500, 600, 
650 and 700 deg. C. The tensile, notched-bar, and 
Brinell hardness test results for the 7-in. diameter 
bar are shown in graphs, Figs. 5 and 6, while the same 
results for the 10-in. diameter bar are recorded in 
graphs, Figs. 7 to 8. 

In making any comparisons between the results 
of the mechanical tests, it should be borne in mind 
that the 7 in. and 10-in. bars were machined from the 
same pinion forging, but that the 4-in. and 2-in. both 
differed slightly in composition from the former. 
When full weight is given to this consideration, the 
results still show that complete hardening of the steel 
was never attained during the investigation ; even in 
pieces 2 in. in diameter, the quenching effect was 
insufficient to give great hardness. In this size of bar, 
the strength after quenching was only about 60 tons 
per square inch at both the outside and the centre, 
but this rose to about 80 tons per square inch on 
tempering at 300 deg. C., and subsequently fell as 
the tempering temperature was raised, until, after 
tempering at 650 deg. C., it was little stronger than 
normalised material. A bar 4 in. in diameter behaved 
in a similar manner, but the effect of the initial 
quenching was not so great, the strength being about 
53 tons per square inch at the outside, and 58 tons per 
square inch at the centre; this rose slightly to about 
60 tons per square inch on tempering at 300 deg. C., 
and fell to about 48 tons per square inch on tempering 
at 650 deg. C.; the normalised material had a tensile 
strength of about 45 tons per square inch. 

In the pieces 7 in. and 10 in. in diameter, the strength 
was not increased by tempering the hardened pieces, 
which were not greatly affected by this process, unless 
the temperature exceeded 500 deg. C. The 7-in. bar 
was strengthened by quenching both at the outside 
and the centre, the effect at the outside being greater 
than at the centre. The 10-in. piece was appreciably 
affected at the outside by quenching, but the effect 
at the centre was very small. In the latter case, the 
strength of the centre was increased from 40 tons per 
Square inch in the normalised material to 42-6 tons 
per square inch in the quenched piece ; on tempering 
at 650 deg. C. the strength fell to 41-5 tons per square 
inch. It will be seen, therefore, that quenching had 
but a small effect on the tensile strength of this steel 
if the thickness of the material was 10 in., and at 
the centre of a 10-in. bar the effect was negligible. 

__ The elongation of quenched bars was usually small ; 
it increased at the higher tempering temperatures, 
but appreciable increase in strength was not obtained 
Without loss of elongation. The most striking results 
were obtained from the notched-bar tests ; the quenched 
material possessed a low notched-bar figure compared 
with the normalised steel. Tempering at temperatures 
up to 400 deg, C. reduced the figure slightly, but higher 
temperatures in all cases caused a considerable improve- 
ment, a value greatly exceeding that of the normalised 
material being obtained in all cases with tempering 
temperatures of 600 deg. C. and 650 deg. C. This 
increase in the notched-bar figure could be obtained 
With heat treatments that gave little or no improve- 


ment in the tensile properties of the material; the 
improvement in the notched-bar figure was very con- 
siderable in both the 7-in. and 10-in. pieces. 

The indications of the microstructure emphasise 
the conclusions that may be drawn from the results 
of the mechanical tests—viz., that the properties that 
could be obtained in small pieces of this steel, by harden- 
ing and tempering, could not be expected in larger 
masses. In the case of the smallest bar used, the 
diameter of which was only 2 in., it was found impos- 
sible to obtain complete hardening—i.e., a wholly 
martensitic structure—in any portion of the material, 
while at the centre of a bar of this size it was not pos- 
sible, by oil-quenching, to suppress the formation of 
a ferrite network, and the advantages of the maximum, 
refinement of structure could not therefore be obtained. 
The effect of heat treatment on the structure and pro- 
perties of the steel was quite marked, in so far as the 
outer portions of the material were concerned, even in 
the case of the largest pieces tested, whose diameters 
were 10 in., although in a bar of this size the effect 
was not very great. In the centre of the bars the effect 
was much less than at the outside, and in the case of a 
bar 10 in. in diameter, the centre was little different, 
either in microstructure or mechanical properties, from 
the normalised steel. 





SOME MECHANISMS OF TEXTILE 
MACHINERY.* 
By W. A. Hanton, M.Sc. (Tech). 
(Concluded from page 644.) 


Passing from spinning to weaving machinery, an 
almost unlimited choice of important and interesting 
mechanisms is met with. The three main movements 


SHUTTLE MEETS BOWSTRING. 
SPRING BEING COMPRESSED. 
FRICTION DISC LOWERED. 
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in the loom—shedding or separating the warp into 
two lines, according to pattern, to allow of the passage 
of the shuttle ; picking or the insertion of weft by the 
shuttle; and beating up the weft by the reed—together 
with the various auxiliary motions found on most 
looms, all afford interesting examples of ingenious 
mechanisms, and of problems only partly solved. And 
the variety of cloths woven is so great that the number 
of special appliances used in weaving is unusually 
large. Consideration has been confined here to the 
problems of weft supply, which are in many ways the 
most important and difficult in weaving. 

There are difficulties inherent to the method of 
weaving, in which the weft is passed to and fro among 
the warp threads to form the pattern. The whole 
quantity of weft in use must be carried to and fro, 
and to enable the loom to run for a reasonable length 
of time a considerable length of weft, on a pirn, or as 
a cop, is used. This must be carried in a suitable 
shuttle, strong enough to stand the continual wear 
and tear and heavy enough to overcome small obstruc- 
tions due to faulty movement of the warp. In practice 
a shuttle of about 10 oz. in weight is used to carry 
about 1 oz., or less, of weft. This comparatively 
heavy mass has to be put in motion and stopped some 
200 times per minute. No satisfactory method has 
been found for keeping the shuttle under positive 
control whilst passing through the warp, and most 
picking motions consist of mechanism for giving the 
shuttle an impulse which will enable it to cross the warp 
in the time available, and of checking appliances which 
briug the shuttle to rest. No attempt is made, as a 
rule, to use the kinetic energy in the moving shuttle for 
its next journey, and hence much energy is wasted ; 
the picking parts of the loom usually take more power 
to drive them than all the rest, and most of the noise 
of the loom and its vibration are directly due to the 
picking. It will not be wondered at, therefore, that 
attempts have been made to revolutionise weaving by 





* Paper read at the meeting of the North-Western 
Branch of the Institution of Mechanical Engineers, 





Manchester, Thursday, March 4, 1926. Abridged. 





Fig.10. 


keeping a constant relative movement between the 
weft thread and the warp, thus doing away with the 
need for stopping the shuttle ; or again, by the use of 
springs or compressed air, to store up some of the 
energy of the shuttle during the stoppage, to help to 
drive it on its return journey. None of these, so far, 
has been very successful in practice. 

Picking motions in common use fall into two main 
types, viz., those in which the picking tappet or cam 
is in contact with its anti-friction bowl before move- 
ment has to be given to the healds, and others in which 
contact between the two is only made at the instant 
of picking, there being considerable shock and loss of 
energy due to the impact. Naturally, the first class 
gives the smoother pick, and in the form of the cone 
overpick is the most popular in Lancashire. The 
picking stick of the motion, however, is rather dan- 
gerous for the weaver, and there is considerable risk 
of oil stains reaching the cloth from the picker spindle, 
both of which defects are absent from the underpick 
type. A point which is not generally understood is 
the distance the shuttle moves whilst being driven by 
the picker. If the loom is turned over slowly the 
tappet and bowl keep in contact and the picker moves, 
say, 9 in. But when the loom is running, the shuttle 
is accelerated during, at the most, about 6 in. of its 
movement; it is much less than this in many looms, 
especially underpicks, where 3 in. is probably about the 
average movement. After, say, 6 in. of picker move- 
ment the maximum shuttle speed is reached and the 
picker will cease to drive the shuttle. At the same 
time the bow] flies clear of the tappet, and the picking 
parts are brought to rest mainly by the picker striking 
a leather buffer with considerable force and noise. The 
total picker movement is about 12 in., but no attempt 
is made, as a rule, to utilise the last 6 in. of picker travel 
for bringing the picking parts gradually to rest. The 


SHUTTLE AT REST 
SPRING FULLY COMPRESSED. 
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stopping of the shuttle after it has crossed the warp 
is done largely by friction, but a considerable part of 
the shuttle energy is spent on the picker, again with 
much noise. 

A picking motion which attempts to reduce noise 
and vibration, and the waste of energy by the shuttle, 
so that higher loom speeds can be attained, is that of 
the Souczek loom. The chief points of interest in the 
loom are the methods of driving and checking the 
shuttle. On entering the shuttle box the shuttle is 
made to give up some of its energy in compressing 
a spiral spring. This energy remains stored in the 
spring until the next pick is required, when the shuttle 
is released and the spring helps to accelerate it. The 
balance of the accelerating force is supplied by a 
roller which is constantly rotating with a surface speed 
equal to the required maximum shuttle speed and 
situated just at the entry to the warp shed, Fig. 10. 
As the shuttle starts on its journey the roller is lifted 
so that the shuttle is gripped between it and a guide 
roller, and in this way the shuttle speed is made up 
to that needed to carry it across the shed in time. 
The claims for increased speed with reduced vibration 
and noise are certainly borne out. Such a loom 
exhibited at Manchester recently had 54 in. reed space 
and ran at about 230 picks per minute, which is 15 
to 25 per cent. faster than an ordinary loom of that 
width. The claim for reduced power consumption 
was not substantiated, and test figures show that there 
is no saving in power, but that rather more is needed 
than in the ordinary method. The makers claim 
that the spring does 60 per cent. of the work of accel- 
erating the shuttle, leaving 40 per cent. to be put in 
by the rollers, but that claim is extravagant. A test 
on the loom while running at 220 picks per minute 
showed a total power consumption of 0-66 h.p., of 
which the picking rollers took about 0-16 and the 
shuttle 0-23 h.p., a total of 0-39 h.p. for picking. The 
work done on the shuttle during its acceleration is 
about 25 ft.-lb., of which the spring probably puts 
in about 3 ft.-lb., leaving the rollers to do 22 ft.-lh., 
in doing which something like 11 ft.-lb. are wasted 
in friction between the roller and the shuttle. This 
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makes a total of 33 foot-lb. as compared with the 
observed value of 0-23 h.p. or 35 foot-lb. per pick. 
A Lancashire loom of 41l-in, reed space was run at 
236 picks per minute, at which speed it had about the 
same shuttle speed as the Souczek loom. It required 
about 0-55 h.p. to drive it, of which the picking part 
took about 0-13 h.p. and the shuttle 0-21 h.p., a total 
of 29-5 foot-lb. per pick, although the shuttle was 
10 per cent. heavier than that of the Souczek loom. 
It does not seem possible, under the best conditions, 
to store more than about 10 ft.-lb. in the spring of the 
Souczek loom; on the average considerably less than 
this is stored, and not all that is stored can be returned 
to the shuttle. The method of accelerating the shuttle 
by the rollers is not very satisfactory for, although not 
noisy, it wastes energy in friction and introduces a 
high speed and complicated belt drive. It is not 
unlikely that the general principle of utilising the 
energy in the stopping shuttle will yet be successfully 
applied, but two desirable features of such an applica- 
tion would seem to be that it should add very little 
complication to the loom, and further, that it should 
not leave the shuttle and picking mechanism like a 
rifle at full cock. Possibly there is most likelihood of 
success in some electrical arrangement, whereby the 
stopping shuttle would generate current to help to 
drive the loom. 

The introduction of artificial silk has created a 
demand for the better construction of looms in general, 
and of picking motions in particular. The treatment 
that cotton yarns will stand is often too harsh for the 
new material and greater care in the design, and 
equally in the construction of picking motions will 
have to be taken to get satisfactory results. 

When more than one colour or kind of weft is used 
a separate shuttle is needed for each, and provision must 
be made for bringing the correct shuttle in line with 
the picker when needed. In some of these box motions 
the shuttles are carried in a circular holder which is 
rotated as required, but more often the shuttles are 
arranged one above the other, as in Fig. 11. This has 
been introduced mainly as a typical example of the 
ingenious contrivances that are to be found amongst 
weaving mechanisms. The central feature of this 
box motion is a pair of eccentrics A, B, the throw of 
B double that of A. These eccentrics can be moved 
into any one of the four positions shown, corresponding 
to the four box positions, and when a box change is 
needed either or both eccentrics may be moved half 
a turn by means of constantly rotating peg wheels 
D, D, which are moved axially towards each other for 
the change, and in that position engage with gear 
wheel G, G, fixed to the eccentrics. As often arranged 
the peg wheels are moved by cams C, C, on their bosses 
when needles N,N, are pressed back by blanks in a 
series of metal cards which are presented in succession 
to the needle ends. This arrangement is simple, and 
gives satisfactory working, but it has the disadvantage 
that similar cards do not always bring the same shuttle 
to the working position, and hence the pattern chains 
are difficult to lay and to put right if the chain should 
happen to get out of time with the other motions of 
the loom. 

The alterations and additions shown in Fig. 11 were 
made by W. H. Hacking, and the result of these is that 
similar cards always bring the same shuttle to the level. 
Four needle plates E, with projections for the cards 
to strike, are provided, one for each shuttle box, and 
a blank in a card, opposite any one of these needles, 
will always result in the same box being brought to 
the level of the picker. Each needle plate has two 
projections F, on its back; these projections are on 
four different levels, and are arranged as shown 
detached at the bottcm of the figure. Movement from 
the needle plates to the cams on the peg wheels is 
transmitted through two tee pieces K, K, to studs L, 
which engage with the cams. The top tee piece works 
in conjunction with the large eccentric, and the lower 
tee piece with the small one. The ends of the tee pieces 
next to the needle plates, extending across the 
faces of all four plates, are normally on the level of the 
second and fourth lines of projections F, but these 
ends may be lifted to the level of the first and third 
lines, as shown, by studs M, which are fixed to the 
locking plates of the eccentrics ; these locking plates 
turn with the eccentrics and the pins M, in moving 
from the position shown, lower the tee pieces to their 
bottom positions. The movements of the tee pieces 
for a series of changes from the first to the fourth box 
are shown detached, and similar movements may be 
traced out for changing from any box to another. 

With the ordinary type of loom the shuttle has to 
be replenished with weft every two to five minutes. 
This entails stopping and restarting the loom, with a 
considerable loss in production, and may cause slight 
damage to the cloth, as there is often a tendency to 
form a “crack” on restarting. In such circum- 
stances a weaver can look after up to four looms. The 
increasing difficulty in getting labour, together with the 


loss of production through the stoppages, has led 
to the introduction of automatic looms, in which 
the weft is replenished without stopping the loom. 
With these looms, the weaver may supervise up to 
about 20 looms, which makes a big difference in the 
wages bill. The automatic loom being more com- 
plicated, usually runs slower than the ordinary type, 
but when the continuous running is taken into account 
the production of the automatic loom is at least equal 
to that of the other. Some shuttle-changing mechan- 
isms are in use, but practically everything is in favour 
of the rival system, in which the weft cop or pirn only 
is changed, and of this latter type the Northrop loom 
is the best known, the makers claiming to have over 
500,000 of their looms in use. 

In the Northrop loom the weft supply, on special 
pirns or skewers, is carried by a circular battery, 
placed at one end of the loom, so that the cop or 
pirn, at the bottom centre is immediately above the 
one in the shuttle when the latter is at the battery side 
and the slay in its forward position. When the weft 
in the shuttle is exhausted, or nearly so, a transfer 
hammer forces a new pirn into the place of the exhausted 
one, which drops into a box underneath. The shuttle 
must be a self-threading one, and provision has to be 


to register the need for change and to help in putting 
the changing mechanism in action. 

The Northrop magazine is stationary, with four 
vertical batteries of \pirns, from any one of which a pirn 
may be dropped to the changing position above the 
shuttle. The Ruti magazine is circular, with outer and 
inner batteries, half of each for one colour, with a gap 
between, at the bottom centre. Each battery is 
capable of independent movement forward or back a 
distance equal to the width of one pirn, so that the 
bottom pirn of any of the colours may be swivelled into 
the changing position. In the Ruti loom, the feeler is at 
the magazine side, and, when it registers the need for a 
change, the magazine must be moved into the changing 
position, and the change effected before the shuttle 
leaves the box. The time available for the feeler to 
act and for the making of the change is very short, less 
than half the time for a revolution at a speed of, say, 
140 per minute. In the Northrop, on the other hand, 
after the feeler at the magazine side registers the need 
for a change, the shuttle goes back to the other side and 
the change is only made on the return of the shuttle, 
so that there is much more time for the operations. If 
the box motion changes the shuttle between the regis. 
tration and the change of the pirn, the need for the 
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made for cutting the old and new weft threads close 
to the selvedge or edge of the cloth. The changing 
mechanism may be brought into action through a 
weft fork, similar to that used on ordinary looms for 
stopping the loom should the weft break. But when 
no broken picks are admissible, a feeler mechanism 
is used to indicate the need for a change, and to put 
the changing mechanism into action. The feeler passes 
through a slot in the shuttleside, and comes in contact 
with the weft on the pirn as the slay moves forward. 
When the weft is almost exhausted, the feeler, by 
mechanical means, or through completing an electrical 
circuit by making contact with a metal sleeve on the 
pirn, puts the change gear in motion. 

An automatic weft supply appliance which operates 
on the same general lines as the Northrop, but which 
can be attached to an ordinary loom, has recently been 
developed and is known as the Whittaker attachment. 
On account of its relatively small first cost and the fact 
that it can be applied to existing looms, it is likely to 
be widely used, but it must be remembered that a 
satisfactory automatic loom should be fitted with a 
stop motion to stop the loom if a warp thread breaks, and 
also with a warp left-off motion that will keep regular 
warp tension throughout weaving; neither of these is 
used on the majority of ordinary type looms. Auto- 
matic weft-supply mechanisms are now being made for 
looms using up to four different colours or kinds of weft, 
and two of the best of these four-colour looms are made 
by the Northrop and the Ruti companies, respectively. 
The chief difference between the two systems is that, 
whereas the Ruti change is effected entirely by mechani- 
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change remains registered and the change is made when 
the original shuttle next crosses to the magazine side, 
even if other colours have been changed in the mean- 
time. In the Ruti loom, the movement of the boxes is 
used to change the position of a selecting device, the 
position of which decides the nature of the movement 
of the magazine—whether inner or outer and whether 
forward or back—when the feeler sets the changing 
motion in action. It would appear to be simpler to 
use the movement of the boxes to change the magazine 
direct, so that the proper colour would always be in 
position, ready for the change. 


Discussion. 


Mr. Scott Taggart said that a great amount of the 
power was taken up by faulty setting of the components. 
Another thing that added considerably to the power that 
the belt had to transmit was that it was no uncommon 
experience for fluff to become attached to the parts, and 
this added considerably to the difficulties of the winding 
process and the slippage of the cone belt. 

Mr. Kersey said that in textile machinery they never 
had to deal with uniform motion. Fig. 9 showed how 
very excessive the acceleration must be, and therefore 
the forces accompanying those accelerations in the mo- 
tions of the carriage over the mule. He was rather at a 
loss to account for the variations in the actual velocity 
shown by those curves, unless the scrolls were somewhat 
irregular. Taking the upper graph as an example, 
there was a rapid increase of velocity, then it seemed to 
get to a maximum, then, falling, there seemed to be 





cal means, the Northrop makes use of electrical circuits 





a fluctuation of velocity. He could not see why that 
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should be so if the scroll were designed so as to give a 
regular change of velocity. Perhaps the most un- 
mechanical device was the picking arrangement. 
Apparently nothing had been found tc supersede 
satisfactorily the piece of leather and the picker stick. 
It seemed to him a rather crude arrangement to have a 
belt which was running at a high speed absorbing 
power the whole time, especially as there must be a 
certain amount of slip between the belt and the picker 
in order to accelerate the latter. 

Mr. Richardson said he was surprised that they 
had not obtained better results from the Souczek 
loom tests. One would have expected that energy 
which was restored to the shuttle in the first operation 
of the stroke would have accounted for a great deal 
more than it seemed to have done. He wondered whether 
the mechanical efficiency of the flyer frame shown in 
Fig. 1 (page 642 ante) had ever been determined. 

Professor Stoney asked Mr. Hanton whether any 
attempt had been made to use pneumatic gear for 
driving the shuttle. He had had some experience of 
machine tools with parts of their motions worked by 
pneumatic gear. Such a thing had been made many 
years ago at the Parsons works, and had worked very 
well indeed. He thought that probably pneumatic cy- 
linders might be very largely used in cotton machinery. 

Mr. Daniel Adamson asked why Dobson and Barlow’s 
scroll was considered preferable to the other two. 
As a mechanical engineer he would have expected that 
a flat topped curve (see Fig. 9) would be better. The 
velocity on the pointed curve rose higher, and he would 
have thought that there was a considerable amount of 
energy thrown away in attaining a high speed, without 
any useful result. He desired to know how the figures 
for the loss in the shuttle were arrived at. To measure 
the work put into a shuttle moving at that high speed 
seemed to be a difficult problem. The author stated 
that the 11ft./lb. was wasted in friction between the 
roller and the shuttle. That did not seem to convey 
the result accurately. If there was friction between 
the roller and the shuttle, it would drive the shuttle, 
and it was not clear just how that power was lost at 
that point through friction. 

Mr. Hanton, in reply, said, in reference to the power 
transmitted by the cone belt, that he doubted very 
much whether anybody had ever found this experi- 
mentally. By driving the cone by a small motor 
independently of the rest of the frame, the power needed 
to drive the cone at various speeds could be ascertained 
fairly accurately. The actual diagrams in Fig. 9 
had been obtained by plotting the radii of the 
scroll, and they had given fairly regular and smooth 
curves. The other diagrams had been obtained by 
attaching a slip of paper to a bar moved by the 
carriage, the vibrating brush moving across the paper 
so as to give a displacement diagram, and from that the 
velocity diagram had been worked out. It seemed to 
him that the main reason why such variations could 
arise was in the nature of the bands that were used for 
moving the carriage. The bands stretched considerably 
in starting up, and the check band was really compara- 
tively slack. Although the check band was supposed 
to prevent any over running at that time the speed of 
the carriage could vary somewhat. So far as the 
advantage of the pointed diagram was concerned, he 
did not know that there was very great advantage in 
it, but it was just as good as the others. The main 
thing was to get a carriage movement that would entail 
minimum accelerating forces. By allowing longer time 
for the acceleration, the acceleration were really re- 
duced as compared with the third diagram, which 
showed acceleration over about one-third of the time. 
Mr. Richardson and Mr. Adamson had made some 
remarks about the Souczek loom. Mr. Hanton said 
he did not claim any great accuracy for the figures 
he had given, but he did not think they were very far 
out. The method was not, perhaps, a very scientific 
one: the loom had been run by a small individual 
motor. It had been run at full speed, then the shuttle 
taken out and the loom run without the shuttle, and 
the difference noted. He had treated the difference 
between those two as the powerirequired for the shuttle ; 
this was not strictly correct. The figures put down for 
the shuttle included something for the transmission of 
the shuttle drive. The rollers had been stopped, and the 
power absorbed by this taken. By calculation, knowing 
roughly the coefficient of friction, it was possible to 
estimate, fairly correctly, the speed of the shuttle when 
it left the spring. The speed would be 16 ft. per second 
and the energy in the shuttle about 3 ft.-lb. In any 
case, it could never exceed about 10 ft.-lb. of energy 
put in by the spring. The shuttle reached the roller 
which was running at 50 ft. per second, and the speed 
of the shuttle was 16 ft. per second. Consequently 
there was waste of energy in friction. The accelera- 
peweti: the shuttle by the roller would be a constant 
oy tonal force, assuming friction to be independent 
. speed, and, with that constant accelerating force, 
fn wm calculated one would lose about 11 ft.-Ib. in 

riction. The 26 ft.-Ib. were put into the shuttle partly 





by the spring, and the roller had to do the rest, and in 
doing it wasted the 11 ft.-lb. in friction. In his opinion, 
if the ordinary picking motion were designed as well as 
the Souczek motion, and the checking of the shuttle, 
&c., were studied and worked out carefully, an ordinary 
loom would run with little more noise than the Souczek 
loom and would be simpler. Professor Stoney wondered 
whether pneumatic gear had been tried for picking. 
It had been tried, but not with any success. At the 
same time, he thought there was a very good prospect 
of such an application being successful. He had never 
tried to work it out, but he saw no reason why it 
should not be possible not only to pick satisfactorily 
by pneumatic means, but to make use practically of 
all the energy in the shuttle. 








AN ADAPTABLE PIPE UNION. 


WHEN pipe joints have to be made with ordinary 
unions it is quite a common experience for the pipes 
to be found, through some small defect, slightly out 
of truth. To get over the difficulty usually entails 
the expenditure of no inconsiderable amount of time 
and labour. For this reason Mr. J. A. McGeorge 
has introduced an adaptable union, illustrations of 
which are shown in the accompanying Figs. 1 and 2. 
It will be observed from these sections, that use is 
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made in this device, known as the Mac union, of 
two spherical seats. As these have a common centre 
it will be appreciated that a tight joint can be made 
with them, although the pipes may not be in exact line. 
Usually a discrepancy in alignment of five degrees 
to each side of the true line can be dealt with. No 
matter what may be the deviation from exact align- 
ment, the union gives a full bore passage to the steam, 
gas, water or petrol which it conducts. When the 
union is being screwed home it adapts itself to the 
conditions, and a tight joint is ensured without any 
springing of the pipes or other straining actions. Further 
it does not shake loose when subjected to vibration. 

In addition to the pipe unions illustrated, many other 
types making use of the same spherical seats are now 
available. The Adaptable Union Company, of 155, 
Fenchurch-street, London, E.C.3, who manufacture 
the union in brass and gunmetal, produce standard 
bends, elbows, gas pipe unions, gunmental valves, 
radiator valves, stop cocks and other types of 
pipe-line fittings, in which the Mac union is in- 
corporated. In the cases of angle radiator valves 
and union elbows this device is proving of service 
to heating engineers by eliminating the dissatis- 
faction due to leakages and strained joints. When this 
type of union is used, pipes to the the inlet and outlet 
ends of radiators may be fixed in any desired alignment. 
Savings in erection costs and maintenance charges may 
be effected by their introduction, as much pipe setting, 
the caulking of leaking joints and the use of jointing 
materials are avoided. 





LauncH oF THE M.S. ‘ BELJEANNE,”—The twin- 
screw motorship Beljeanne, built to the order of Rederiet 
Belpareil A-S, Oslo, Norway, was launched recently by 
Messrs. Sir W G. Armstrong, Whitworth and Co., Limited. 
The vessel is a sister ship of the M.S. Belpareil, a brief 
description of which was given in our issue of April 2, 
last, page 426, 





Arm Ministry HeEticoprer Comprtirion.—The Air 
Ministry announces that the period in which flying 
machines, entered for the helicopter competition, were 
required to pass the prescribed tests, ended on April 30 
last, and the competition is now closed. Applications 
to enter machines were received from 34 competitors ; 
only one competitor, however, actually sent a machine 
to Farnborough. This machine did not carry out any 
of the tests, and none of the prizes offered has been won. 
It has been decided not to renew the competition. 





THE ESTIMATION OF PHOSPHORUS 
IN STEELS CONTAINING TUNG- 
STEN.* 


By T. E. Rooney, A.I.C., A.M.S.T., and L. M. Crarg, 
D.Sce., A.I.C. 


(Communication from the National Physical 
Laboratory.) 

In the course of a preliminary investigation on the 
determination of phosphorus in the presence of tung- 
sten, the authors carried out a series of estimations on 
a number of tungsten steels of low phosphorus con- 
tent, using the method described by Gray and Smith.t 
In some cases no phosphorus was detected, and in 
others the results were too low. It was found that the 
precipitation of small quantities of magnesium am- 
monium phosphate in presence of tungsten is very 
uncertain. _The authors therefore decided to examine 
the possibility of separating quantitatively the phos- 
phoric acid retained by the tungstic acid by dissolving 
in ammonia, adding a small amount of ferric chloride, 
making acid with hydrochloric acid, and reprecipitating 
the iron as ferric hydroxide, in order to determine if 
the phosphoric acid were completely retained by the 
precipitate. 

The method, finally adopted, is as follows :—Two 
grammes of steel drillings are digested with 40 c.c. 
of concentrated hydrochloric acid and 20 c.c. of con- 
centrated nitric acid on a steam bath until decomposed. 
The mixture is then evaporated to dryness and baked 
until all fumes are driven off. After cooling, the 
residue is heated with 50 c.c. of hydrochloric acid 
and evaporated to low bulk. A further 50 c.c. of 
hydrochloric acid is added, and the mixture boiled for 
a few minutes to ensure that all the iron is in solution ; 
60 c.c. of water are then added, the mixture again boiled 
for a short time, allowed to stand on a steam bath 
for 15 minutes, and then allowed to cool. The tungstic 
acid residue is filtered off on a pulp filter and washed 
twice with cold water. The filtrate is evaporated on 
a hot-plate, and the tungstic acid residue is dissolved 
in warm ammonia (1:1) and the filter washed with 
hot water. A small portion of the iron solution is 
added to the ammoniacal solution, which is then 
rendered slightly acid with hydrochloric acid. A 
small excess of ammonia is added, and the mixture 
heated on a steam bath for a short time until the 
ferric hydroxide settles out. The precipitate is filtered 
off and washed twice with warm water. Usually one 
precipitation with ferric hydroxide is sufficient to separ- 
ate the phosphoric acid from the tungstic acid, but 
with high percentages of phosphorus two precipitations 
may be necessary. As a rule, a small amount of tungs- 
tic acid is carried down with the ferric hydroxide, and 
it is necessary to dissolve this precipitate in hydro- 
chloric acid and reprecipitate with ammonia. The 
reprecipitated ferric hydroxide is dissolved in hydro- 
chloric acid, and added to the main iron filtrated, and 
the whole evaporated to low bulk. Two evaporations 
are then made with nitric acid (50 c.c. each time) 
to remove hydrochloric acid, the final evaporation 
being continued until about 15 c.c. remain. Water 
is added, and any tungstic acid which separates is 
filtered off and treated for the recovery of any phos- 
phoric acid with which it is combined, as described for 
the main bulk of the tungstic acid residue. The ferric 
hydroxide in this case is dissolved in hot dilute nitric 
acid (specific gravity, 1-1), and added to the main 
nitric acid solution. The phosphorus in the solution 
is estimated by precipitation with molybdate solution, 
and the phospho-molybdate formed titrated with 
alkali in the usual way. The results obtained from a 
number of test analyses were in every way satisfactory. 
In the presence of vanadium the precipitation of the 
phospho-molybdate is carried out by the method 
recommended by Cain.{ 

Since completing the work, the attention of the 
authors has been directed to a paper published by 
Lundell and Hoffman, giving a method which is very 
similar to the one described in this paper. The main 
point of difference is that they recommended the use 
of alum in place of ferric chloride for separating the 
phosphoric acid from the tungstic acid residue. They 
do not give any table of results obtained by their 
method. Apparently no precautions are taken to 
recover the phosphoric acid from any small portions of 
tungstic acid which may separate during the later 
stages of the process. Lundell and Hoffman regard 
the method as a standard method only, and for routine 
determinations state that the small phosphorus content 
of the tungstic acid may be disregarded. The experi- 
ence of the authors of the present paper, and the results 
published by Gray and Smitb, show that a considerable 
proportion of the phosphorus can be retained by such 
tungstic acid residues. 





* Paper presented at the annual meeting of the Iron 
and Steel Institute, London, June 4, 1926. Abridged. 

¢ Journal of the I. and 8. Inst., 1919, No. I, page 585, 

{ Technical Paper, No. 24, Bureau of Standards, 1913, 
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THE TURNER EFFICIENCY METER FOR TURBO-GENERATORS. 
CONSTRUCTED BY MESSRS. NALDER BROTHERS AND THOMPSON, LIMITED, LONDON. 
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Total Steam Consumption. Lb. per Hour. 


0 
(9597.c.) Kulowatts 
EFFICIENCY METER FOR 
TURBO-GENERATORS. 


ALTHOUGH it is usual to subject a new turbo-gene- 
rator set to a series of tests at different loads to ascer- 
tain whether or not its steam consumption is in accord- 
ance with the maker’s guarantee, it is by no means 
common for such tests tc be carried out at sufficiently 
frequent intervals to ensure that the maximum possible 
efficiency is being maintained under ordinary working 
conditions. A water-flow meter is frequently installed, 
and it is possible, with two or more observers, to take 
simultaneous readings of this meter and of an ammeter, 
voltmeter and power-factor indicator (or of a watt- 
meter, if one is provided), and so obtain the output 
for a given steam consumption. By comparing the 
result with the Willans’ line for the machine, any dis- 
crepancy between the actual and the guaranteed con- 
sumption can be detected, but the difficulties involved 
are such that checks of this character are rarely, if 
ever, carried out. It is also, of course, possible, with 
an integrating or recording flow meter, to obtain the 
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steam consumption over a certain definite period and 
compare it with the total output over that period as 
given by an integrating wattmeter. This will give 
the average steam consumption per kilowatt-hour for 
the period chosen, and, by comparing the figure with 
one obtained in another similar period, a rough check 
on any variation in efficiency is obtained. This, how- 
ever, is not often done, and such tests cannot, of course, 
be used as a check on the guaranteed consumption. 

In view of the importance of securing high economy 
in the operation of power plants, an instrument show- 
ing at a glance the extent by which the steam consump- 
tion of a turbo-generator differs from the guarantee, 
as well as the actual consumption in pounds per kilo- 
watt-hour, should be of considerable interest to power 
station engineers. Such an instrument, patented by 
Mr. W. G. Turner, of the Southampton\Power Station, 
and manufactured by Messrs. Nalder ; Bros. and 
Thompson, Limited, 974, Dalston-lane, London, E.8, 
has now been placed upon the market, and is illus- 
trated by the drawings and photographs reproduced 





on this page. It consists of an indicating watt-meter 
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taneously indicating the total steam consumption of 
the turbine. 

The indicating wattmeter is of the unbalanced-load 
induction type, and is fitted with a large vertical drum 
in place of the usual pointer, a scale of kilowatts being 
marked near the bottom edge of the drum, as shown in 
the illustrations, Figs. 1 and 2. The wattmeter, it 
should be mentioned, has been designed to give large 
working forces, so that the drum may rotate freely and 
with certainty. In order to reduce friction and wear 
to a minimum, the drum is supported on one jewelled 
bearing at the top and merely guided at the bottom. 
When it is desired to take a reading, the drum and its 
pivot are lowered on to the jewel in a similar manner 
to that employed with a chemical balance, the action 
of lowering the drum automatically bringing the pres- 
sure coils of the wattmeter into circuit; the current 
coils, however, are always in circuit. With this arrange- 
ment, the controlling spring is only in restraint when 
readings are actually being taken, so that fatigue of 
the spring is avoided. In order to check the zero, a 
switch is provided to break the circuit of the pressure 
coils after the drum has been lowered. 

Attached to the drum of the wattmeter is a chart on 
which the abscisse represent the kilowatts output on a 
scale appropriate to the wattmeter, while the ordinates 
represent the steam consumption, the scale for the 
latter being selected to suit the water meter. On the 
chart is drawn the guarantee Willans’ line for the 
particular set with which the instrument is to be used, 
and symmetrically arranged on each side of this line 
are others representing steam consumptions in excess 
of, or lower than, the guarantee by percentages up to 
20. In addition to these lines, as will be seen from 
Fig. 3, which is a reproduction on a reduced scale of 
a chart prepared for a 5,000 kw. set, are other lines 
which, if continued, would all pass through the origin. 
These lines are marked with figures enclosed in circles, 
the figures corresponding to definite steam consump- 
tions per kilowatt-hour; their use will be apparent 
later. 

In front of the drum, as shown in Figs. 1 and 4, is a 
stationary vertical scale of total steam consumption, 
and in conjunction with this scale is a cursor working 
on guide rods and operated by a flexible cord from 
the indicating mechanism of the water meter, as 
will be clear from Fig. 5. The water meter is of 
the Venturi type, manufactured by Messrs. George 
Kent, Limited, High Holborn, W.C.1, and is fitted 
with integrating and recording mechanism driven 
by clockwork. The total steam consumption is in- 
dicated on the efficiency meter by a pointer on the 
side of the cursor, and also by cross wires on the latter, 
reading on to the ordinates of the chart. The dram 
carrying the chart, however, is rotated by the watt- 
meter mechanism, so that the particular ordinate on 
which the steam consumption is measured by the cross- 
wires, corresponds to the load on the set. Thus, for 
any load, the point of intersection of the cross wires 
marks the total steam consumption for that particular 
load, and the distance of the point above or below the 
Willans’ line indicates the percentage by which the 
actual consumption exceeds, or falls short of, the 
guarantee figure. Its position on or between the lines 
radiating from the origin also, of course, gives a direct 
reading of the steam consumption per kilowatt-hour. 

The information thus afforded is a most useful check 
on the working of the set. If the consumption is shown 
to be too high, and is not to be explained by low steam 
pressure or temperature, or by poor vacuum, the cause 
may be deterioration of or damage to the blading, 
nozzles or diaphragms, or leakage through blading 
clearances or glands. Such losses, in the absence of 
some indication such as that provided by the efficiency 
meter, might be allowed to continue for long periods 
without detection, with the risk, in certain circum- 
stances, of a serious breakdown. The readings of the 
instrument may well be logged as a part of the normal 
station routine, when they will serve as a useful indica- 
tion of any progressive reduction or improvement in 
the working of the plant. Where a Venturi-type water 
meter has already been installed, the meter can, of 
course, be adapted to work with the efficiency meter, 
and it is also possible to use the latter in conjunction 
with a steam-flow meter if desired, although a water 
meter is usually preferable. 





British Exports To AUSTRALIA: TRADE CoMMIS- 
SIONER’S Vistt.—The Comptroller-General of the Depart- 
ment of Overseas Trade informs us that Mr. R. W. 
Dalton, H.M. Senior Trade Commissioner in Australia, 
has arrived in this country for the purpose of an official 
visit, Mr. Dalton will be in attendance at the offices of 
the Department for a period of one month from May 31, 
and, during this period, he will be pleased to meet 
representatives of United Kingdom firms interested in 
the export of British goods to Australia. Interviews can, 
at present, only be arranged between the hours of 2.30 
and 5,30 p.m., and application for such interviews should 
be made at once to the Comptroller-General, Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, 
quoting the reference No, 4187/1/26. 





CATALOGUES. 


Electric Cables.—Messrs. British Insulated Cables, 
Limited, Prescot, Lancashire, have sent us copies of new 
issues of their catalogues of paper-insulated cables and 
braided aerial cables and wires, 


Electric Motors,—A list of single-phase motors of the 
protected squirrel-cage type ranging from } to 11 h.p. 
is to hand from Messrs. E. Brook, Limited, Huddersfield. 
Prices are stated for motors, starters, and rails. 


Valves.—Messrs, Crane-Bennett, Limited, 45, Leman- 
street, London, E.1, have sent us a copy of the periodical 
The Valve World, published by the Crane Company, 
Chicago, U.S.A, and containing a number of articles on 
activities of the firm. 


Steam Valves.—Messrs. J. Hopkinson and Co.. Limited- 
Huddersfield, have issued an illustration of the valves 
made by them for an American power station. The 
order was for 270 valves, ranging from } in. to 14-in. bore, 
for working pressures up to 415 lb, per square inch. 


Lifting and Conveying Machinery.—We have received 
from the Westinghouse Electric and Manufacturing 
Company, East Pittsburgh, Pa., U.S.A., a copy of an 
excellent catalogue of lifting and conveying machinery 
and appliances, including cranes, hoists, conveyors, &c. 


Office Furniture.—Messrs. Harris and Sheldon, Limited, 
46, Cannon-street, London, E.C.4, have issued two 
catalogues, one of filing drawers and the other of book- 
—— made of steel sheet. Dimensions and prices are 
stated. 


Ante-Dazzle Lamp Lenses.—The Parabolite lense for 
motor car head lamps is explained in a circular issued 
by the manufacturers, Messrs. Miles F, Bingham, 60, 
Holborn-Viaduct, London, E.C.1. The cone of light 
emitted from the lamp is so modified by the lense that the 
red glaring rays are confined to the lower half cone. 


Electric Motors.—A new catalogue of asynchronous- 
synchronous motors has been issued by the English 
Electric Company, Limited, Queen’s House, Kingsway, 
London, W.C. 2. This deals with the design and perfor- 
mance of these machines and gives illustrated particulars 
of applications to the driving of pumps, compressors, and 
colliery fans. Performance curves for a 550-h.p. motor 
are given, and particulars of reduced capital costs of 
transmission line and generator resulting from the use 
of the machines are included. 


Oil Engines.—Messrs, Norris, Henty and Gardners 
Limited, Patricroft, Lancs., have sent us two new 
catalogues of their two-stroke cycle land and marine 
oil engines, One catalogue deals with single-cylinder 
engines, ranging from 6-h.p. to 35-h.p. and with two 
cylinder engines, developing from 14-h.p. to 48-h.p. The 
other gives particulars of multiple-cylinder engines up 
to 300-h.p. The specifications are fully descriptive, 
giving illustrations of various parts, and ample informa- 
tion is included with regard to weights, dimensions, &c. 


Internal-Combustion Engines, d&:c.—We have received 
a general catalogue of Deutz engines from Mr. Marcel 
Porn, 72, Fleet-street, London, E.C.4, who is agent for 
the makers, the Motorenfabrik Deutz, of Cologne. The 
catalogue covers a full range of gas and oil enyines of the 
stationary, portable, tractcr, locomotive, and other types, 
and also deals with pumps, winches, cranes, and various 
special machines fitted up in unit form with the engines. 
Particulars of gas plants and railway wagons are also 
included in the catalogue, 


Drainage Plant, Refrigerating Machinery, &c.—Messrs. 
Sulzer Brothers, 31, Bedford-square, London, W.C. 1, 
have sent us copies of the two latest issues of their 
technical periodical containing matter on the drainage 
plant supplied by them for Aboukir, Lower Fgypt, 
and also on air compressors, oil engines, &c, A descrip- 
tion appears of a compound ammonia compressor 
claimed to be the largest unit yet built and having a 
rated refrigeration capacity of 16,000,000 B.Th.U.’s per 
hour. It is driven by a 1,200-h.p. steam engine running 
at 150 r.p.m. 


Wrapping Machines.—Machines of British manufac- 
ture for labelling cylindrical tins, or other articles of 
similar shape, are made by the Beth Label and Wrapper 
Machines, Limited, 33, Dagmar-road, Finsbury-park, 
London, N.4. The firm’s catalogue shows two machines— 
one for attaching and securing a label round the cylindrical 
portion and the other for wrapping the whole tin, the 
paper being folded over the ends. Generally, the 
machines are made for one size of article, but they can 
be made adjustable. The speeds are usually from 3,000 
to 5,000 per hour, though higher speeds can be attained. 


Asbestos Goods.—We have received a number of 
catalogues and samples from the Asbestos Manufactures 
Company, Limited, 36, Victoria-street, London, 8.W. 1. 
These consist chiefly of building materials, gland packings, 
joint packings, and belts for power transmission. The 
building materials include corrugated sheets, flat sheets, 
and tiles made of asbestos and Portland cement with a 
smooth finish—substances which have great durability 
and do not require painting. The belting includes cotton 
and hair fabrics, the hair belt having asbestos edges to 
resist the friction of the forks of belt-shifting gears. 
sample of excellent leather belting was also included. 
The gland packings are carefully made and impreg- 
nated with lubricant, and are suitable for the usual 
hydraulic or steam pressures. A special packing for 
water (pumps, stern glands, &c.) is also made. The 
joint packing is suitable for high pressures and super- 
heated steam. A sample of asbestos-fibre filled rope 
to hands even and soft and can easily be applied to form 
a heat-insulating lagging. In all cases a full range of 
sizes and forms are made to suit the usual requirements. 





THE HARDNESS OF CARBON STEELS 
AT HIGH TEMPERATURES.* 
By I. G. Starter, B.Sc., and T. Henry Turner, M.Sc. 

A RECENT inquiry, from a well-known firm, regarding 
the relative hardness of certain rivets at the tempera- 
tures employed in practical shipbuilding, resulted in 
the authors carrying out impact hardness determina- 
tions upon three typical samples having different 
chemical compositions. It had been suggested that 
rivets made from modern steels of higher tensile values 
would be harder to drive than the usual mild steel 
types. The impact hardness values, which the authors 
obtained upon the samples received, were found to show 
considerable variations at temperatures between 700 
deg. C. and 1,000 deg. C. This temperature range 
probably includes that employed in practice during the 
major part of the operation. In view of this difference, 
which indicated that much greater energy would be 
required to rivet with one steel than with another, the 
authors decided to obtain further information upon the 
subject by a survey of technical literature, and if 
necessary by further experimental work. Of the 
properties of steel at high temperatures much is known, 
tensile, crushing, impact, and other tests having been 
carried out by different investigators.f The authors 
were not able, however, to find any data which they 
felt answered fully the question in point. It was 
therefore decided, for the work here reported, to use 
the simple and now well-known impact ball hardness 
method of test. 

A guillotine type of impact hardness testing apparatus 
was employed. The long rectangular electric furnace, 
constructed by Mr. E. W. Fell for strain-detection 
experiments, was kindly loaned for the purpose of 
heating the specimens. The drop hammer weighed 
1} lb. and was caused to fall 8-4 in., giving an impact 
of 12-6 in.-lb. With a 10-mm. ball this energy pro- 
duced, at all temperatures, indentations of suitable 
dimensions, compared with the size of the test-pieces. 
The furnace, being base metal wound, was only used 
for the tests up to 950 deg. C., and a similar but smaller 
tube furnace wound with platinum tape was employed 
for the higher temperatures. A thermocouple was 
introduced at the back of the furnace so that the hot 
junction touched the specimen. Up to 950 deg. C. the 
couple was nickel-brightray, and, for the higher tem- 
peratures, platinum-platinum-rhodium. The couples 
were carefully calibrated repeatedly. 

The specimens used were cut from }-in. round bars ; 
each specimen was } in. high, the cut surfaces being 
ground flat on an emery wheel. They were normalised 
by heating to 900 deg. C. for 10 minutes and then 
allowing them to cool in air. The anvil on which the 
specimens were tested was placed immediately in front 
of the furnace door, and was provided with a centring 
device consisting of a V-shaped stop. The latter, 
being raised only } in. above the surface of the anvil, 
allowed the tongs used for removing the specimen to 
pass easily over its surface. 

The procedure of testing was as follows: The 
furnace was raised to the desired temperature, and the 
specimen was introduced by means of long tongs, 
which remained in the furnace until the specimen had 
attained the desired temperature and had properly 
soaked. The door of the furnace was then opened, and. 
the operator, using both hands, withdrew the specimen, 
by means of the equally heated tongs, with one straight 
motion on to the anvil. Simultaneously the hammer 
was released by means of a foot control. It should be 
noted that the operation of withdrawing the specimen 
and: testing could be completed in approximately 
4 second, and during the greater part of its travel the 
specimen was in the heated atmosphere of the furnace. 
Thus the temperature of actual test can scarcely have 
varied from that indicated by the thermocouple. 

After impact, the specimens were allowed to cool 
in air, lightly rubbed on fine emery to remove the surface 
layer of oxide, and the indentation carefully measured 
by means of a travelling microscope. _ The diameter of 
each impression was measured in two directions at right 
angles, the mean of the two readings being taken. 
The measurements did not vary appreciably according 
to the direction in which they were made, and were 
read with a maximum error of + 0-0025 cm. The 
results of duplicate tests showed very fair agreement, 
and the figures from which the graphs are plotted are, 
in all cases, the mean of two or more separate deter- 
minations. The bars tested were analysed and showed 
the compositions as given in the Table on page 712. 

Microscopical examination of the bars indicated no 
unusual features. In Fig. 1 is shown the relation 
between the diameter of indentation and the tempera- 
ture. It was desired, however, to interpret these 





* Paper read before the Iron and Steel Institute, 
London, on June 4, 1926. Abridged. 

+ An excellent and exhaustive bibliography of the 
effect of temperature on metals is to be found in 
Proceedings of the American Society for Testing Materials, 
1924, vol. xxiv, pp. 128-140. 








(JUNE I1, 1926. 



















































































we 
N° 
































N03 
N92 
Nel 


iy 
































712 ENGINEERING. 
THE HARDNESS OF CARBON STEELS AT HIGH TEMPERATURES. 
1 +420 
= ner 
Uy aa a No2 a ed wos 
: ee es ae ies 
N 340 A ———| ZA nes y NO5 
N°6 
: L i A pe N 
wn +300 C2 A No4 
= LZ |. 250R 
Q — 
8 260 Me™ i, | : 
Se el af No6 
r | 
3 220 me = a. g , 
= Ee — a 200 \ 
S -180 > 
ROOM 700 800 900 1000 1100 1200 2 
_— TEMPERATURE °C % 
Fig. 1. REeLatTioN BETWEEN THE DIAMETER OF IMPACT INDENTATION 2 srs Nod a 
AND THE TEMPERATURE OF SrEELS TESTED. 9 150;-—* 
= weg \ 
1, 7420 SS ey 
= | 
S S Ah 95/82 
& -380 = PN 
S \ & 100 NV \ 
x 
§ 340 
Ss yo 
N oN 50 = — 
w 260 io i alte, 
9 reel 
My P| 
5 -220 — 
@ 5 ROOM 700 800 900 1000 1100 1200 
0 50 100 150 200 250 300 ; TEMPERATURE °C. 
ne een eee Fia. 3. BrinetL HarpNEss NUMBER OF THE STEELS TESTED, AS 
Fia. 2. Conversion Curve; Impact INDENTATION DIAMETERS CALCULATED FROM THE EXPERIMENTAL Data oF Fia. 1 By Con- 


INTO BRINELL HarpNEss NUMBERS. 


Analyses of Test Bars. 











Phos- a3 
Carbon, |Manganese,| Sulphur, Silicon, 

No.! Per cent. | Per cent. | Per cent. Baayen 9 Per cent. 
*1 0-020 0-088 0-006 0-024 0-070 

2 0-047 0-35 0-068 0-08 0-023 

3 0-21 0-65 0-045 0-04 —_ 

4 0-61 0-84 0-04 0-04 -- 

5 0-90 0-51 0-04 0-04 — 

6 1-105 0-61 0-04 0-04 —_ 




















* Sample of wrought-iron of unusual purity. 


diameters in terms of Brinell hardness numbers. _ The 
translation curve, Fig. 2, was therefore calculated from 
the well-known formulz of Professor Edwards* :— 
d= CER” 
ww 7455 
Ds 
where d = diameter of impact indentation produced by 
a 10-millimetre ball ; 
E = energy of impact ; 
C = a constant ; 
H = Brinell hardness number ; 
D = diameter of impact indentation produced by 
a 10-millimetre ball when E = 63 inch-lb. 


Fig. 3 shows the relationship thus cbtained between 
Brinell hardness numbers and temperature for the 
steels tested. With the exception of impacts made at 
room temperature, tests were not made below 650 
deg. C., as this lower range had already been fully 
explored by other workers? in the Civil Engineering 
Department of Birmingham University and elsewhere. 

In view of the results obtained, the authors feel 
justified in recommending the method of test employed 
as being extremely simple and reliable. Although it 
has been shown by Edwards that the relationships 
between the impact indentation diameters and the 
Brinell hardness numbers hold very closely at room 





* See Proceedings of Inst.Mech.E., 1918, vol. i, p. 335, 
and ENGINEERING, 1918, vol. cvi, p. 285. 
t F.C. Lea, ENGINEERING, 1924, vol. cxviii, p. 816. 





temperatures, direct evidence is lacking of this being 
the case at higher temperatures. The nature of the 
curves shown in Fig. 3 does seem to indicate, however, 
that this method of interpretation is of value. As the 
contraction of the indentation is greater the higher 
the temperature, any error in hardness values given 
will be larger there. Calculation shows, however, that 
the magnitude of any inaccuracy on this score is 
absolutely negligible. 

The curves in Fig. 3 indicate that a steel loses rela- 
tively little of its impact hardness until 650 deg. C., 
although it has been shown by other workers* that 
under static loads steel exhibits the phenomenon of 
“creep” very strongly at temperatures considerably 
below this. Between 650 deg. end 900 deg. C. all the 
steels tested soften considerably, the rate of softening 
depending upon the carbon content. Above 900 deg. C. 
the decrease in hardness is relatively less rapid, and 
the hardness values of different steels become more 
nearly equal. An attempt to convert these impact 
hardness-values into maximum tensile-stress figures 
proved that the conversion factor worked well for 
room temperatures. The values calculated for maxi- 
mum tensile stress by the same means, from the 
impact hardness figures obtained at the higher tem- 
peratures, were considerably greater than those obtained 
by workers using the tensile test. This is probably 
due to the “ creep ” effect present in all high-tempera- 
ture static tensile tests. Although the curves shown 
in Fig. 3 were produced to answer a practical problem 
and are not complete enough for the metallographist, 
they do show the deflection scorresponding with the 
Ac points. The apparent anomaly exhibited by the 
0-61 per cent. carbon steel in Fig. 3 between 700 deg. 
and 800 deg. C. has caused the authors to check this 
curve especially carefully. 

The authors conclude that, if riveting takes place 
between 800 deg. to 1,200 deg. C., the higher the carbon 
content, up to the eutectoid composition, the harder 
to drive will the steels be. The curves indicate also 
that, if the danger of burning can be avoided, there is a 








* F.C. Lea, loc. cit. 


VERSION ACCORDING TO Fig. 2. 


distinct advantage to be gained by using the higher 
temperatures—at least, so far as the energy required 
in shaping the rivet is concerned. For example, a 
medium carbon-steel rivet will be as soft at 1,100 deg. C. 
as a wrought-iron rivet is at 900 deg. C. It is impor- 
tant, so far as the practical value of these results is 
concerned, to note that work, such as cutting off fins, 
done below 800 deg. C. will in all cases require an 
expenditure of much more energy than would the 
same operation carried out with the metal above this 
temperature. This difference is very marked in the 
steels of higher carbon content. In the process of 
riveting by hammering a cooling rivet, it is thus clear 
that, with hammer blows of equal force, the first impact 
will produce more of the desired shaping than will any 
one of the subsequent blows, and the number of rivets 
driven per hour will depend more upon the speed with 
which the first blow is struck than upon the total 
physical energy expended. 





NATIONAL ASSOCIATION OF WaTER Users. The half- 
yearly report of the National Association of Water Users, 
Limited, was issued recently ; it deals with the period 
from October 1, 1925, to March 31, 1926. The report 
states that the business of incorporation has been trans- 
acted; the old Association was duly merged into the 
Incorporated Association with all the necessary legal 
procedure. The activities of the Association during the 
past six months have covered a wide field. The Associa- 
tion had under examination a number of Parlia- 
mentary Bills and Orders, and took action in connection 
with some of them. Several water authorities have been 
approached on points of difficulty raised by members, 
and the results obtained are stated to have been most 
satisfactory. A considerable amount of technical 
advice has been given to members, and a large amount 
of data and many documents are accumulating in the 
secretary’s possession. Extracts from these documents 
and other information will be gladly supplied to members 
upon application, Particulars of the Associations 
activities and forms of application for membership 
may be obtained from the secre , Mr. W. Scott, 
M.R.S.I., 46, Cannon-street, London, E.C.4. 
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BRIDGE RECONSTRUCTION WORK 
OF THE MINISTRY OF TRANS- 
PORT.—No. VII. 


Tue reconstruction or strengthening of old high- 
way bridges is frequently of special interest in 
disclosing the practice in the early years of bridge 
building as regards methods and workmanship. 
Road development in the rural districts of Scotland 
was actively carried on throughout the latter half 
of the eighteenth century. Generally speaking, the 
bridges built during that period now hamper traffic 
by their narrow widths, steep and sharply curved 
approaches, and by indications of failure under the 
stress of modern transport. A frequent cause of 
failure is due to the treatment of the spandrels, the 
common practice having been to fill dry material 


of the then Proprietress of the Annandale Estates, 
presumably to accord with the handsome residence 
of Raehills, at that time being built and through 
the grounds of which the road passes. The river, 
which runs in a deep rock channel, is crossed by a 
main segmental arch of 59 ft. span, having a rise of 
14 ft. Behind the abutments are small subsidiary 
archways of 5 ft. span accommodating footpaths 
running along the banks. 

The arch is of ashlar voussoirs, with moulded 
drip-course. The side walls are of small roughly 
coursed rubble, finished with an ashlar cope, above 
which is a frieze about 24 ft. deep of ashlar blocks, 
14 in. in width, set on edge as pillars, spaced at about 
4 ft. centres and extending back 3 ft. from the face, 
the rear ends of the intermediate spaces being 








stopped with flagstones. The spaces between the 
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filling removed from over the main and side arches, 
the former being at the same time supported by 
timbering from below and tightly wedged. The 
backing of the side walls was also taken down, being 
found to be of undressed stones set in clay, such as 
was the practice in native cottage building in the 
district at the time. The face work for about 10 to 
15 in. in thickness was, however, built in lime and 
very hard, so that it stood unsupported during the 
reconstruction. The ashlar stones of the cope frieze 
and parapet were laid aside and numbered for 
re-erection, 

The scheme of reconstruction is illustrated in 
Figs. 87 and 88, below. Concrete cross walls were 
first built hard on to the abutment walls of the side 
arches, which were at the same time covered with a 
layer of concrete. The arch stones of the main 


Fig. 88. 
~-=--- Width about 27-0---- 


































( ork not 
ung reconstruct! 














as. ome SAS * MEINE PIO LISI E EAT MES ARR O PULSE APR MOY) IG Apa J 
by Ooneree nr : 
aN ag rcones 
oS 4 = te, <8 
‘Access thro’ Spandrel Walls : Sy 
for Inspection. yr 38 
Srmemmsamas \S§ 
Old F.B Rails in Skewback Old. Damaged Arch 
of New Arch nero 
4 7) : Fracture in Main Arch extending 
(9596.8) J over two thirds of the Span. 
ENGINEERING 








between the two outer walls. As these in many 
cases were of inferior masonry, they have been 
unable to stand up to the lateral pressure induced 
by the wedging effect of the pounding of the traffic 
on the confined material. 

Records are to be found of Telford adopting, in 
1802, the method of building a series of longitudinal 
internal spandrel walls with flags or arches covering 
the voids, and in the case of the Clyde Bridge near 
Hamilton, designed by James Watt in 1751, internal 
walls were built transversely between the outer 
walls carrying small subsidiary arches supporting the 
roadway. 

The subject of this article, St. Ann’s Bridge, 
Dumfriesshire, carries the main highway between 
Edinburgh and Dumfries over the Kinnel Water, 
about 13 miles from the latter town, and while its 
failure and the system of strengthening just com- 
pleted by the District Committee, are no doubt 
typical of many others, it deserves special notice as 
an outstanding example of a very beautiful old bridge 
well worthy of preservation, designed as it has been 
'n complete harmony with its picturesque setting, and 
ae a direct appeal to a sense of beauty and 

tness too often disregarded at the present time. 

The bridge was built in about 1785 at the instance 


pillars are spanned with cover stones, 10 in. thick, 
showing on the face as a cornice of corbels and string 
course carrying the parapet. The parapet is finished 
with embrasures and elaborately moulded cope, and 
at the rear behind the smaller archways are castel- 
lated pilasters. The whole of the masonry is toned 
with lichens and mosses, and the frieze of pillars 
with darkly shadowed intermediate spaces is 
strikingly effective. 

The width has at one time been increased from 
17 ft. by an additional 10 ft. on the down stream 
side, but without bonding the two arches. The 
side walls were found to be hanging outwards 
dangerously, to the extent of from 6 in. to 1} ft. at 
their maximum height above the springing of the 
arch. Fractures through the small side arches at all 
four corners showed that the whole of the walls 
| down to their base had parted from the transverse 
masonry, while on the upstream side the movement 
| included an outer strip about 3} ft. wide of the main 
}arch which showed a maximum parting of 3} in. 
and extended for about two-thirds of the span. 
A pit sunk on the roadway showed that the interior 
was filled with material resembling quarry shivers 
with an admixture of sand and clay. 

The road was closed to traffic and the whole of the 











span were thoroughly cleaned, and the detached 
strip clamped to the main portion and the opening 
filled with mortar. A concrete relieving arch re- 
inforced with steel rods was then formed over the old 
arch, abutting on the rock on both sides. 

Longitudinal spandrel walls were then built over 
the new arch from the cross walls for about two- 
thirds of the span, the outer walls being carefully 
bonded in with the old face work, and a reinforced 
concrete platform was then carried across the 
whole width, bridging the voids between the walls. 
Provision was made for carrying off any water which 
might find its way into the voids and access left 
through the walls for inspection with man-ways for 
entrance from the roadway. 

The parapet and ornamental work was rebuilt 
stone for stone, so that the old bridge still exists in 
its entirety, as seen in Fig. 89, concealing and 
incorporated with an independent and _ lasting 
structure. 

The work was designed by Messrs. Formans and 
McCall, of Glasgow, and carried out under their 
direction in co-operation with the County Surveyor, 
Mr. A. V. Hart, the Ministry of Transport 
contributing a proportion of the cost. 








THE IRON AND STEEL INSTITUTE. 
(Continued from page 687.) 

THE annual meeting of the Iron and Steel Institute 
was continued on Friday, June 4, when the members 
reassembled at 10 a.m., in the hall of the Institution 
of Civil Engineers, Great George-street, Westminster, 
London, S.W.1. Sir W. Peter Rylands again 
occupied the Chair. 


CoaL BLENDING. 


The first paper taken was by Mr. D. Brownlie ; 
it was on the subject of coal blending. The author, 
who read his paper in abstract, stated that he wished 
to deal, primarily, with the mixing of swelling 
bituminous coals with other products such as non- 
swelling bituminous coals, anthracites, and anthra- 
citic coals, and high-temperature carbonisation coke. 
H.M. Fuel Research Board had devoted attention 
to the blending of two coals, especially from the 
point of view of low-temperature carbonisation. A 
large part of the Board’s work was undertaken with 
a blend of strongly-swelling coal and a long-flame 
non-caking Yorkshire bituminous coal. A blend of 
60 per cent. of the former and 40 per cent. of the 
latter was found to give, on low-temperature 
carbonisation, a dense, hard fuel which shrank 
slightly. Messrs. The Koppers Coke-Oven Company 
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Limited, of Sheffield, were also carrying out investi- 
gations; they had now completed an experimental 
plant on full working scale, at the Tinsley Park 
Colliery, near Sheffield. This consisted of eight 
ovens having a through-put of 120 to 160 tons of 
coal per 24 hours, in which every arrange- 
ment was made for blending coals before car- 
bonising. 

As typical of British work in this field, one large 
steel works in Lancashire had informed the author 
that their general practice was to blend from 20 
to 30 per cent. of non-caking coal with from 70 to 
80 per cent. of caking coal, and in this way a high- 
grade quality of metallurgical coke was obtained. 
On the continent, the Lecocq Coke-Oven Company 
of Brussels had made numerous large-scale trials. 
They gave, as a typical example, a blend of 80 per 
cent of strongly-swelling Saar coal, containing 
from 32 to 35 per cent. of volatile matter, and 
20 per cent. of very Jean non-coking coal, containing 
only from 14 to 15 per cent. of volatile matter. 
High-temperature carbonisation coke breeze, from 
gas-works and coke ovens, was one of the most 
suitable products to mix with strongly-swelling coal. 
It was a cheap fuel, practically a waste product, 
contained from 1 to 2 per cent. of volatile matter 
only, and was, from many points of view, an ideal 
absorbent, structurally and chemically, for the 
excess resinous material. Another important general 
method of blending was to add, to the swelling 
bituminous coal, a certain proportion of coal, the 
coking properties of which had been destroyed by 
oxidation. The use of anthracite in coke production 
by blending with tar, pitch, or petroleum, was a 
costly proposition and the supply was somewhat 
erratic. The method, therefore, was not of great 
importance, except in special cases. Little seemed 
to have been done in the matter of the blending of 
brown coal, lignite and shale. An aspect of the 
blending principle, which might have remarkable 
possibilities was ‘ chemical blending.” The coal, 
instead of being mixed in the ordinary way with 
other raw materials, was blended with fuel products 
which had first been treated chemically. 

Dr. Lessing, who opened the discussion, stated 
that the blending of coal had not received, in the 
past, the practical attention which was due to it. 
Evans and Sutcliffe had recently done a lot of work 
on the subject, and had shown that satisfactory 
results could be obtained by blending coking and 
non-coking coals. The question of geographical 
situation, however, was one of the difficulties to be 
encountered. It might be desirable to mix coals 
hewn in different districts, but the question of 
obtaining a suitable mixture, without greatly in- 
creasing the transport costs, constituted an economic 
problem. If this were kept in view, when studying 
the coking properties of coal, it should always be 
possible to carry the smaller proportions of fuel to 
the larger, for purposes of blending. 

Apart from geographical and economical problems, 
the actual arrangements for carrying out the blend- 
ing of coals presented difficulties. What a coal 
exporter would call blending would hardly meet 
scientific requirements. The mixing of 1,000 tons 
of fuel by dumping the contents of one wagon 
on the top of the contents of another, in a ship’s 
hold, did not constitute blending. Not only were 
the units of quantity too large, but the varying sizes 
of the lumps of coal would cause segregation. It 
was quite easy to see that a homogeneous mixture 
could not be obtained in this way. Proper arrange- 
ments would, therefore, have to be made in order 
to conduct blending systematically. One colliery 
could not do it as it did not supply all the types of 
coal required ; blending stitions would, therefore, 
have to be formed by the colliery and coke-oven 
companies. He thought thay the adoption of blend- 
ing was absolutely essential to the prosperity of the 
British coal export trade. The responsibility for 
providing the necessary facilities would devolve on 
the railway and dock companies. One of the argu- 
ments advanced against blending was that it might 
tend to dislocate railway traftic. Contracts for 


British coal had been lost, however, because foreign 
manufacturers had realised that a great many 
advantages had been obtained by blending fuels 
(particularly in gas manufacture), and, as a result, 
they had gone to countries, where the mixing 


of coal was practised, in order to obtain mixtures 
from which they could obtain definite results. 

Coal blending was carried out in Germany, the 
United States and Belgium. Germany enjoyed the 
great advantage of co-operation as regards the sale 
of their coal. The Ruhr Syndicate had the power 
to draw on the supply of their members in any way 
they thought fit. Suitable coal for blending pur- 
poses was selected and sent to their harbours on the 
Rhine, where there were some very fine shipping 
installations. The Germans did actually study the 
requirements of their customers and—what was 
of serious import to this country at the present 
time—of their prospective customers. They had 
overcome the policy of selling brands of coal, they 
sold coal by quality. By this means, they were 
able to divert inferior qualities into mixtures of an 
acceptable value. They could dispose of their coal 
and, at the same time, satisfy the consumer. This 
was largely due to the organisation of their selling 
facilities. The development of the German coal 
industry was due to the fact that the colliery manage- 
ments were entirely in the hands of technical men, 
who were quite relieved of the selling side of the 
business, which was carried on by the Syndicate. 

Professor H. Louis stated that, although he 
agreed with the importance of studying coal- 
blending, he thought a word of caution was neces- 
sary. He would like to bring to the notice of the 
meeting a case in which coal blending was not 
successful. Some 50 years ago at the Landore 
Ironworks, Sir William Siemens produced a very 
good coke by mixing finely-ground anthracite and 
coking coal. 
furnace, but was not a success. The coke burned 
out freely, and the final result was that the blast- 
furnace was choked by fine anthracite dust. It was 
possible that this kind of thing would not happen 
in modern blast-furnace practice, but it was neces- 
sary to be cautious, especially when anthracite was 
under consideration. He strongly agreed with what 
Dr. Lessing had said, but he would like to point 
out that we, in this country, were not in the same 
position as Germany; we could not deal with our 
coal as they had done with theirs. The Germans 
had one compact coal field only—The Ruhr. It 
was much easier to deal with one field than with 
severai scattered fields. Our fields had also different 
objects and possessed different markets, and one 
selling organisation could not suit them all. He 
thought, therefore, that the present trouble in the 
coal fields should be settled by districts and not 
nationally. 

Mr. E. Evans thought that fuel blending gave 
technical advantages in all spheres of coal utilisation. 
In boiler practice, for example, a blend of two coals 
or of coke and coal, gave better results than either 
of the fuels used separately. In gas-producer 
practice also, good results had been obtained by 
blending. Again, for purposes of carbonisation, 
the mixing of fuels offered attractive possibilities 
in some districts. Some of the Derbyshire coals, 
which oxidised 24 hours after extraction, produced 
a weak coke. If there were any possible means of 
improving Derbyshire coals, either by blending with 
a bituminous fuel, such as Kent coal, or by utilising 
some form of pre-treatment similar to that employed 


of great advantage to the iron and steel industries. 
The same applied to Scotland, when once the cor- 
rect blends had been ascertained. Each blend had 
to be determined ; it was impossible to lay down any 
definite system and each individual coal had to be 
treated on its own merits. The majority of our 
coke-oven plants were not laid out for blending. 
This would mean a heavy capital cost coupled with 
heavy handling charges and heavy railway rates. 
The items on the debit side of the balance sheet 
mounted up. Against that, was the fact that a 
better coke would be produced. It was difficult, 
however, for the coke maker to find out how much 
this coke was worth in the open market. The prob- 
lem was both a technical one and an economic one ; 
it should not be faced by one firm alone but should 
be met nationally. If the question were treated 
properly, it held great possibilities for the iron and 
steel industry. 

Mr. Ridge, who spoke next, stated that any 
improvement which could be effected in the carboni- 





The product was used in the blast- | 
|a wider discussion be arranged, which would 








sation of coal in order to obtain a suitable coke 
for the iron and steel industries, would be an advan- 
tage to those industries. If the problem were 
properly faced, important reductions in the price of 
coke at the blast furnace might result ; a reduction 
in the price of pig iron and steel would naturally fol- 
low. The very name of low-temperature carboni- 
sation was, however, looked upon with great dis- 
favour. In the past there had been a lot of financial 
jugglery connected with low-temperature carboni- 
sation ; this had done the process no good on the 
technical] side. At the same time unfortunate articles 
had appeared in the lay press, which had boomed 
certain fuels in an unjustifiable manner. If it were 
possible to bring together, under the aegis of the 
Tron and Steel Institute, a number of those who were 
interested in the subject, and who could deal with 
it in a manner similar to that in which Dr. Hatfield’s 
committee had dealt with steel ingots, he felt it 
would be a great advantage, not only to the coal 
industry, but also to the iron and steel industry. 
With regard to coal blending on the continent, 
he would like to inform the meeting that when he 
was a student in Germany some 30 years ago, the 
mixing of the coal extracted from different seams 
was carried out systematically. The author had 
referred to a process carried out in Westphalia, 
Germany, in which ‘“‘ Gasol’? was produced. The 
process was first carried out at Gelsenkirchen. The 
gases were compressed in cylinders and were used 
for welding; this brought in a lot of revenue to 
the carbonisation plant. He ventured to suggest 
that the subject of coal blending, by itself, somewhat 
limited the discussion, he would like to propose that 


embrace low temperature carbonisation and also 
coke oven practice. 

Mr. A. Hutchinson agreed with Professor Louis, 
and stated that in Great Britain we had probably 
the best coking coal in the world. He thought that 
the point to be aimed at was to improve the intrinsic 
quality of the coke itself. It was important that 
we should get the best results from our good coking 
coal. Dry cleaning would, perhaps, produce better 
results than blending. Again, a coking coal which 
did not give a good-quality coke might be improved 
by fine grinding. All these processes combined 
might give a better result than blending alone. 
Processes which were valuable in Germany and the 
United States did not necessarily apply in this 
country. The lesson contained in the paper was 
that we should keep our eyes open. It might be 
that blending, allied to proper cleaning, and grinding 
would produce exceptional results. 

Mr. F. W. Harbord thought that in this country 
coal blending was principally an economic question. 
The author had mentioned the blending of swelling 
coals with low-temperature carbonisation coke. 
He could not conceive how any advantage could be 
gained in this country by first grinding this coke 
and using it for blending. Financial questions were 
of great importance. Assuming that a blended coke 
was made under the best conditions, he would like 


| to ask if this material would be an advantage in 
| the blast-furnace, if it would save so much per ton 
| of pig-iron, and if it would pay for its cost. Finally, 
| he would like to inquire of the author if he knew 
in the Saar district, the resultant fuel might prove | of any low-temperature carbonisation process which, 
| speaking in a general way, was a commercial 


success, 

Mr. T. P. Colclough said that as a user of coke 
he naturally regarded all methods of blending with 
a certain amount of suspicion. The blast-furnace 
manager should be acquainted with all the processes 
going on in the coke-oven plant, so as to be on the 
qui vive. In his opinion we were not behind other 
countries in the blending of coal. In gas-producer 
practice it had been going on for years. On the 
other hand, the blending of coals had one great 
disadvantage as far as the user was concerned. 
They knew that great economies were effected in 
Germany by this means, and for that reason they 
were suspicious. The seller blended various kinds 
of coal which one would not look at in this country. 
It had been suggested that a committee be formed 
to inquire into the whole matter. Extensive 
researches were being conducted all over England 
at the present time; every seam in the country 
was being investigated. It was important that 
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this work should be completed before a committee 


of the kind suggested was set up. 

Mr. D. Brownlie, in his reply, stated that it was 
difficult to give a correct idea of the complexity of 
low-temperature carbonisation. During the past 
seventy-five years some two hundred processes had 
been tried out, and the work was still proceeding. 
Most people who wrote or spoke on low-temperature 
carbonisation did so with too little knowledge. 
They generalised loosely. It was necessary to find 
the exact proportions of the coals to be mixed 
and then carry out the blending on scientific lines. 
If two good coking coals were blended, a non- 
coking mixture would result. The case mentioned 
by Professor Louis was new to him. He did not 
say that blending must be carried out, he had 
merely pointed out the importance of the subject. 
He could not agree that there was one compact 
coal-field in Germany and several fields in this 
country. 

The blending of coals for use in boiler practice 
was important because smoke could be abated 
by mixing fuels. Some coals smoked for no 
apparent reason, and this obnoxious property could 
be minimised by correct blending. The oxidation 
of Derbyshire coals had been mentioned. Low- 
temperature carbonisation might be a good pro- 
position in this connection. In any case, if 
anything were attempted, the coal and the 
iron and steel industries must co-operate. Mr. 
Hutchinson had stated that we possessed excel- 
lent coking coal; even if this were true, there 
was no need for us to waste it. If we could put 
into it some 25 per cent. of non-coking coal it 
might be an advantage. Mr. Harbord’s question 
with regard to the commercial success of low- 
temperature carbonisation was a difficult one to 
answer. He would like to know what was meant 
by commercial success, and would also like to 
point out that the gas industry was not a com- 
mercial success for over thirty years after its 
introduction. His opinion was that it was no 
criterion of the non-success of low-temperature 
carbonisation to state that financial jugglery was 
attached to it. Parallel cases had occurred in 
other industries. Mr. Colclough had said that we 
were not behind other countries in regard to coal 
blending. This was a matter of opinion ; he thought 
we were behind. 


Errect oF Mass 1nN Heat TREATMENT. 


The second paper taken was by Dr. W. Rosenhain, 
and Messrs. R. G. Batson and N. P. Tucker. It 
was on the subject of the “‘ Effect of Mass in the 
Heat Treatment of Nickel Steel,’ and was intro- 
duced by Dr. Rosenhain and by Mr. Batson. We 
reproduced this contribution to the proceedings 
of the Institute on page 705 of our issue of last 
week, 

The discussion was opened by Mr. J. H. S: 
Dickenson, who stated that the investigation in 
question had been carried out at the request of 
a Government department. If they did not agree 
with the results obtained, it was necessary to 
express their views clearly. There were, he thought, 
some serious flaws in the paper. He wished, in 
the first place, to draw attention to the first para- 
graph. This stated that the failure in service of 
a number of pinions, of relatively large size, from 
the double reduction gears of marine steam turbines 
had drawn attention to the influence of mass on 
heat treatment ; also, that the present investigation 
had been undertaken to ascertain the manner in 
which the mechanical properties and microstructure 
of the material used for these pinions varied with 
the size of the heat-treated piece. It was a fact 
that some years ago there had been quite an 
epidemic of failures, although it so happened that 
his own firm had been fortunate enough not to 
have had any cases. Meetings were held to discover 
the cause of these failures and, generally speaking, 
it has never been demonstrated that they were 
due to defects in the material. The authors 
referred, in the early part of the paper, to the work 
of the Steel Research Committee of the Institution 
of Automobile Engineers and the Society of Motor 
Manufacturers and Traders. A report containing 
a large amount of valuable data had been issued ; 
it was not well enough known, however. It could 





be obtained from the British Engineering Standards 
Association. Tests on some 20 different steels had 
been published, together with graphs containing 
readily employable data. These data, so far as he 
knew, had never been controverted. In selecting 
the steels, the committee had been particularly 
careful in the matter of uniformity of the metal. 
In each case test pieces were sent to different 
investigators and, although variations were obtained, 
it was usually found that the small discrepancies 
of one worker were neutralised by those of another. 

In drawing up, say, maximum stress curves for 
different sizes of bars, the values for tons per 
square inch were plotted against the tempering 
temperatures, and a series of graphs obtained for 
# in., ljin., 24 in., and 3 in. diameter bars, oil- 
hardened from 840 deg. C. Now if a series of 
points were taken on the curves, corresponding to 
the tempering temperature of (say) 600 deg. C., 
and the diameter of the bars plotted against the 
maximum stress value in tons per square inch, 
a curve of another shape, i.c., a mass graph was 
produced. Mass graphs were published in the 
report, but were totally missing in the paper 
submitted by the authors ; they would have proved 
useful. After the report had been issued, he was 
asked, as chairman of the sub-committee, to read 
a paper dealing with the salient features of the 
report, before the Institute of Automobile Engineers. 
Dr. Rosenhain had taken part in the subsequent 
discussion, and had pointed out some discrepancies. 
He (Mr. Dickenson) was of the opinion that the 
report which was now before the meeting was a 
mass of discrepancies. In determining the effect 
of mass, the authors had actually taken, for the 
bars of different diameters, three different steels, 
and they expected deduction to be drawn from 
materials differing in chemical composition. The 
percentages of carbon, chromium and manganese 
varied considerably ; the steels were not comparable, 
and a mass graph similar to the one to which he 
had just referred could not be obtained from them. 
(Dr. Rosenhain here stated that this was precisely 
the reason why such a mass graph had not been 
built up). Mr. Dickenson went on to say that the 
paper was of little value without such a graph. 
The steels ought to have been of the same compo- 
sition throughout, and the mass graph was of the 
highest importance. 

It was further stated in the paper that the 7-in. 
and 10-in. bars were turned from the same pinion. 
He would like to know from which position they were 
cut ; if one bar were taken from the central axis and 
another from the outer portion, pieces having a 
different composition would be obtained. The 
origin of the steel ought to have been mentioned ; 
it was clearly necessary, that the location of the top 
and of the bottom of the ingot should have been 
ascertained, and that any difference in the carbon 
percentage between the bottom and the top should 
have been determined. He would like to know if 
any effort had been made to find if the pinion was 
uniform throughout, and if the 7 in. and 10 in. bars 
could be taken as comparable. These matters were 
all of the highest import and further information 
was necessary. Some of the results obtained were, 
he thought, peculiar. He would like to know why 
the 2-in. diameter bars showed a marked rise in 
tensile strength when tempered at 300 deg. C., 
when the larger bars did not. This would be con- 
venient, but such an occurrence did not happen in 
a works; why therefore, did it happen at the 
National Physical Laboratory ? 

The authors had stated that sections were cut 
from each of the 2-in bars, after oil-hardening and 
before tempering, and the Brinell results had shown 
a fairly considerable variation, from 282 to 364. In 
a steel works it was not the usual practice to get 
such wide variations after oil hardening. Results 
such as these would lead to something like a court 
martial. He suggested that these apparently 
remarkable figures showed that some of the 2-in. 
bars had not been properly oil-hardened. In any 
case, he would like to know why the 4-in. bars 
did not show this remarkable rise while the 2-in. 
bars did. The 7 in. and 10 in. specimens seemed to 
have been properly quenched; they might differ 
in composition, however, and comparisons between 
them could not be made. After looking over all 





the figures obtained for the report on the hetero- 
geneity of steel ingots, he had been led to the 
deduction, that when it came to the heat treatment 
of large bars, the excellence of the heat treatment 
was inversely proportional to the academic qualifi- 
cations of the heat treater. 

Professor D. Hanson said that Mr. Dickenson 
had referred to the opening paragraph in the paper, 
and had stated that it had yet to be shown that 
failures in pinions were due to defects in the material. 
If Mr. Dickenson had read the paragraph carefully 
he would have appreciated that no such suggestion 
was there made. (Mr. Dickenson here interposed 
the statement that it was made by implication). 
Professor Hanson continued that if Mr. Dickenson 
had read the paragraph in that way, he had read it 
wrongly, because it was certainly the opinion of 
the National Physical Laboratory, that no failure 
they had seen could be ascribed to defects in the 
material. The investigation had been undertaken 
in order to ascertain what properties might reason- 
ably be expected in large pinions, because that 
information was not at the time available. In 
large masses of steel, one found structures which 
were not obtainable in smaller masses, and it was 
desired to know what the particular structure 
was, which corresponded to the particular size of 
bar. To obtain information of that kind, the work 
of the paper had been undertaken. He thought that 
the net result of the investigation was that no real 
hardening could be expected in large forgings such 
as those used for the pinions in double-reduction 
gearing. This was a very important point to know 
definitely. The evidence contained in the paper 
was quite conclusive ; it was shown that, in a bar 
10 in. in diameter, the hardening effect was only 
very slight on the outside and was inappreciable 
in the centre. 

The paper also showed that failure had not been 
due to any particular weakness in the steel itself. 
With regard to the difference in composition of the 
steels, a matter referred to by Mr. Dickenson, it 
was true that the various bars had not exactly the 
same composition. This made it impossible to 
draw certain deductions, which would otherwise 
have been drawn ; these deductions had, therefore, 
not been drawn. Very definite conclusions had, 
however, emerged from the work and these were of 
the very greatest importance to all interested in 
steel. It had been shown, for example, that the 
properties of quite moderate-sized pieces could not 
be very greatly improved by heat treatment. 
Although the steels varied in composition a little, 
the main conclusions were not affected. 

Mr. J. A. Jones drew attention to the curves 
shown in the authors’ Fig. 1. He thought that the 
ultimate stress shown in that figure would be 
remarkable if it were a true case. It was very 
difficult to get perfectly uniform material in the 
case of nickel steel. With reference to the Brinell 
hardness figures given in the paper, he had _in- 
vestigated the effect of tempering, at different 
temperatures, on a nickel steel oil-hardened from 
850 deg. C. He had found that the Brinell value 
gradually dropped, and other workers had confirmed 
this. He had also investigated the influence of 
manganese on the hardening of nickel steel bars 
of different dimensions quenched in oil. The 
steels contained 0-4 per cent. of carbon and 3-9 per 
cent. of nickel. He had found that very small 
variations in the manganese content, especially 
between 0-4 per cent. and 0-7 per cent., had a 
decided influence on the depth of the hardness, 
Similar variations in the percentage of chromium 
also had an influence. 

Mr. H. Brearley agreed with Mr. Dickenson, and 
stated that he could not understand how anyone 
could start out to determine the influence of 
mass, where, presumably, mass was going to be 
the only variable, and then introduce, on his own 
account, independent variables in the material 
itself. The 2-in. and 4-in. bars contained 0-2 per 
cent. of chromium, and the 7-in. and 10-in. contained 
only a trace. If one had two identical steels varying 
only in chromium content, and that variation one 
of 0-2 per cent. only, one might obtain, when the 
material was oil hardened in the form of 2-in. 
bars, a variation of from 10 to 20 tons per square 
inch in the tensile strength of the hardened bar. 
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Unless the authors had assumed that these varia- 
tions in composition were going to cancel out 
somehow or other, the reliability of the results was 
at least doubtful. In carrying out the tempering 
operations on the larger bars, a small piece had 
been cut out from the hardened bar, and had then 
been tempered. The authors stated that this 
produced no serious difference ; he contended that 
this was a dangerous assumption. When engaged 
on the manufacture of armour plate, he had always 
noted a difference between the results obtained 
from the small pieces tempered in the laboratory, 
and those obtained from the armour plate itself. 
This, he thought, was due to the rate of heating. 
In the laboratory the small piece was heated 
relatively quickly, while, in the factory the large 
piece was heated very slowly. 

A glance at the curves showed that after temper- 
ing at 700 deg. C., the material began to harden 
again. He was of opinion that these results could 
not be reliable. As the paper dealt with the effect 
of mass, he did not think it could possibly be claimed 
that results, obtained from a bar having a diameter 
in the neighbourhood of 1 in., would be identical 
with those which might have been obtained from 
the 10-in. bar itself. He was struck with the 
wide variation which had been obtained in Brinell 
hardness on the hardened bar. The most startling 
fact, however, was that the tensilé strength of a 
2-in. oil-hardened bar rose from 60 tons per square 
inch to over 80 tons per square inch, on tempering 
at 300 deg. C. This was either a great discovery 
or a great blunder. He had examined hundreds 
of different alloy steels, during the past twenty 
years, and he had never found a case in which, on 
tempering a hardened bar—which really had been 
hardened—to 300 deg. C., the tensile strength had 
risen appreciably. Generally speaking, in those 
steels of the kind the authors had used, the tensile 
strength fell. He had found that a 2-in. hardened 
bar of this particular composition, had usually a 
tensile strength of from 85 to 95 tons per square 
inch, On tempering the material at 300 deg. C., 
this value was generally reduced by about 5 tons. 
It was quite easy to tell a person to heat a piece of 
steel to 850 deg. C., to calibrate a pyrometer, and to 
put it in a furnace, but the difficulty was to know 
when the piece in the furnace ought to come out. 
The amazing variations in the paper were due, 
he thought, to lack of experience in carrying out 
heat treatment, coupled probably with a touch of 
negligence and slovenliness. This kind of thing 
was considered entirely inexcusable in a works. 

Dr. W. H. Hatfield said that he must confess that 
the opening sentence in the paper appeared to him 
to be unnecessary. The critical period to which the 
statement referred had gone by, and it was not 
necessary to bring the matter up again. To 
whatever cause the trouble was due, it was not due 
to any inherent defect in the steel. As a matter of 
fact the trouble had been found to lie with the 
mechanical side. He thought the National Physical 
Laboratory occupied a position of great importance, 
but he was compelled, in this instance, to associate 
himself with Messrs. Dickenson and Brearley, The 
data were misleading, and were not in conformity 
with the data obtained by them in their own works. 
It was necessary that one should observe that this 
nickel steel was the first alloy steel to have been 
introduced, it was, made in considerable quantities 
and was completely understood; there were no 
misapprehensions as to what could be expected from 
it. It seemed, therefore, unnecessary for the 
National Physical Laboratory to employ its time in 
obtaining data on this material. They should be 
employed in obtaining furdamental data. When 
the National Physical Laboratory, or Woolwich, or 
any other Government institution, tackled problems 
of this kind, the persons in charge should let the 
industries know what they were doing, and those in 
the works would invite them to visitthem. Research 
workers in industry were very busy, and had not 
sufficient timesto publish all the data which could 
be published. 

Mr. T. M. Service concurred with Messrs. Dicken- 
son and Brearley and Dr. Hatfield, in regard to the 
heat-treatment methods employed, and the dis- 
crepancies obtained by that heat treatment. It 


appeared from the authors’ statements that the | 


difference in temperature between two points in 
their furnace, about 18 in. apart, was 20 deg. C. 
If this took place in a small furnace, he would like 
to know what the result would be in a large furnace, 
say 20 ft. long. He contended, therefore, that one 
end of the authors’ test piece might be hard and the 
other soft. This could be seen from the results 
obtained for Brinell hardness. From figures given 
by the authors in the paper, it could be gathered that 
one end of a 2-in. bar, oil-hardened in mass at 
850 deg. C., gave values, for the outside of the 
piece, of 295 and 290. Corresponding figures for 
the other end of the bar were 363 and 279. He 
thought the authors could not expect them to 
accept that, and was of opinion that the trouble 
was due to their method of carrying out the heat 
treatment. 

Mr. T. H. Turner asked the authors if chemical 
analyses of the inside and outside of the bars had 
been taken. It appeared from some of the photo- 
micrographs and tests, that the steels differed in 
composition from the outside to the inside of the 
bars. He thought that if a section across one of the 
large pieces had been taken and the Brinell hardness 
determined right across the face, along a diameter, 
the results obtained would have shown how the 
heat treatment had affected the outside and the 
inside of the piece. 

Colonel N. T. Belaiew drew the attention of some 
of the members, who had spoken in the discussion, 
to a statement contained in the paper, which was 
to the effect, that it should be borne in mind that the 
7-in. and 10-in. bars were machined from the same 
pinion forging, but that the 4-in. and 2-in. bars both 
differed slightly in composition from the former. 
When full weight was given to this consideration, 
the statement continued, the results still showed 
that complete hardening of the steel was never 
attained during the investigation. This conclusion 
was, he thought, an important one. He suggested 
that the title ‘‘ Effect of Mass” had perhaps misled 
some of the members and “ Effect of Shape” 
should also have been included in the title. In 
armour-plate work, shape had an effect as well as 
mass. He thought that if the relative volume of 
oil in the quenching tank and the size of the specimen 
were taken into consideration, the results obtained 
on small and on large pieces might be comparable. 

Dr. W. Rosenhain, in his reply, stated that he 
deprecated the way in which the discussion had 
been conducted by several of the speakers. He 
could not help wondering why a whole band of 
eminent steel makers had felt called upon to express 
themselves in the manner they had chosen, or what 
particular feelings of theirs had beenhurt. Professor 
Hanson had dealt with the failure of turbine gears, 
and he need not refer to it further. The main 
criticism on the paper was that the results did not 
agree with certain other results obtained by a 
number of other workers, and therefore it was 
suggested that there must be something wrong 
with them. That assumption, he thought, was 
not justified. The paper was a clear statement of 
fact; every detail was given; there was no 
question of the occurrence of those facts. Mr. 
Service had said that a variation of 20 deg. C. in a 
furnace of the kind described was wrong and should 
not have been tolerated. The pyrometers used in 
industrial practice were always heavily protected ; 
they had a considerable thermal mass, and to a 
large extent equalised the readings. The pyrometers 
used by the authors had been of such a nature as 
to respond rapidly and accurately to the tempera- 
ture of that particular place ; they did not average 
it out. (Mr. Service here stated that the couples 
to which he had referred were like those the authors 
had used ; they were exposed to the job and were 
not heavily coated.) Dr. Rosenhain, continuing, 
said that this statement disposed of his reply. 
He was glad to hear that Mr. Service was able to 
secure such a degree of uniformity in a works 
furnace. A mere flickering of the flame would 
produce variations much greater than 20 deg. C. 
In his experience a uniformity which did not vary 
by more than 20 deg. C. was exceedingly difficult 
to obtain. 

In answer to other criticisms, the authors had 
found, not in one instance but in three instances, 





that a steel which had been quenched in that 





particular oil bath, on subsequent tempering at 
300 deg. C., rose in tensile strength and hardness 
because, in spite of what Mr. Jones had said, the 
Brinell figures accurately went with the tensile 
strength. The report mentioned by Mr. Dickenson 
contained a grapb which referred to water-quenched 
steels. It was shown therein that on tempering 
at 300 deg. C. a tensile strength of about 90 tons 
per square inch was obtained. That agreed very 
accurately with the authors’ figure for the same size 
bar. Quoting from the same report, he found that 
that steel in the fully hardened condition gave a 
still higher figure—namely, more than 115 tons per 
square inch. In that respect it did not agree with 
the authors’ research, but if their results were due 
to the fact, alleged by several speakers, that they 
had not quenched properly and did not know how 
to heat-treat, why should they have succeeded in 
obtaining the same figure as Mr. Dickenson for 
that particular tempering treatment, and for the 
higher tempering treatments, if their steel had not 
been hardened to begin with? Therefore, he 
thought the criticism that the authors’ steel had 
not been fully hardened broke down. (Mr. Dicken- 
son here interposed that what he had said was that 
certain samples had not been properly hardened.) 
It was suggested, continued Dr. Rosenhain, that 
those samples which had been tested in the fully 
hardened condition had been the only ones which 
had not been properly hardened, that these samples 
had been those carefully selected for testing— 
he would leave it to the meeting. 

Mathews and others had shown that quenched 
steels, under certain conditions, might retain a 
certain amount of austenite; the X-rays also 
confirmed this. If one tempered a steel of that kind, 
which might be regarded as fully hardened in the 
sense of having been quenched, one would definitely 
obtain an increase of hardness. He thought some- 
thing of the kind had happened in the present case, 
and that the particular form of hardening used—a 
reasonable and sound form—had left the steel in a 
condition in which it was not as high in Brinell 
hardness or in tensile strength as it could be got, 
whereas, in the other experiments, the hardening 
had been conducted in a slightly different way, on a 
steel of slightly different composition, and this 
had produced a different result. The steels had 
not been selected by the National Physical Labora- 
tory for research purposes, the forgings and bars 
had been supplied to the National Physical Labora- 
tory. Some had come from a firm, in whose pro- 
ducts, Mr. Dickenson would have the greatest 
confidence. It was a favourite argument of steel 
metallurgists, when somebody obtained a result 
they did not like, to blame the composition of the 
steel. The materials used were not regarded as 
strictly comparable, and the authors had not attem- 
pted to draw any mass property curves. It was not 
reasonable to ask it of them in the circumstances ; 
these curves had not been the purpose of the investi- 
gation. The authors had been asked to determine 
the effect of certain treatments on various sizes of 
the particular steel supplied ; that they had done. 
They had also been asked to put the results before 
the Institute. They had not attempted more than 
that, and those who had challenged the accuracy 
of the facts would find it perfectly possible to repeat 
those results. Whether they had a practical bearing 
was another matter. ; 

He deprecated the remar! to the effect that it 
was only in a steelworks that correct heat treatment 
could be carried out. The greatest possible care had 
been taken, and he had the greatest possible confi- 
dence in the complete accuracy both of the heat 
treatment and of the mechanical tests of the speci- 
mens, 

(To be continued.) 








DUMPING PLANT FOR GRAIN CARS. 
(Concluded from page 652.) 

As stated in our previous article, it is necessary, 
before the grain can be run out of the car, to 
push in a temporary door which is nailed to the 
inner sides of the car-door posts in order to relieve 
the outer door of the pressure of the grain. The 
door-opening mechanism provided for this purpose 
comes into operation while the car and platform 
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are being lifted, and is carried on two steel posts 

design of which, as well as the method of 
attaching them to the main longitudinal girders 
of the platform, are illustrated in Figs. 22, 23 
and 24. On the inner sides of each of the posts 
are two inclined guides, in which run four rollers 
Mounted at the rear joints of an articulated 
linkwork frame, details of which are illustrated 
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in Figs. 31 to 36 on page 718. To the lower 
front joints of this framework, swinging links are 
attached, the upper ends of these links being pivoted 
to fixed points on the posts, as is most clearly 
shown in Fig. 32. The pressure necessary to open 
the door is applied to it through two cast- 
iron fenders, which slide in a cast-iron frame 
mounted on the front of the linkwork frame. 





























Fig. 28 SECTION 8.8. 
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Details of the fender carrier and of the fenders 
themselves are given in Figs. 25 to 29. It should 
be pointed out, however, that the fender carrier 
is not attached to the lower part of the linkwork 
frame, but is mounted on the upper forward axis 
of the latter, shown at e in Fig. 32, about which 
axis it is capable of turning through an angle of 
nearly 90 deg. 

The door-opening mechanism is operated by a 
wire rope from a drum on the upper machinery 
floor, the drum, as shown on the right of Fig. 3, 
Plate XLVIII, ante, being driven from an extension 
of one of the hoisting-drum shafts. From this drum, 
the rope is led round two sheaves, f and g, shown 
near the bottoms of the posts in Figs. 32 and 38, 
whence it passes up over the sheaves h, i and k, 
and terminates at a fixed point at the top of the 
posts. The sheaves, h and i, are stationary, but the 
sheave k is: mounted on the rear upper axis of 
the linkwork frame, so that, as the rope is 
wound in, the back of the frame is drawn up in 
the inclined guides, while the front, with the fenders, 
is forced to move outwards by the action of the 
swinging links. The arrangement of the main- 
operating rope and of the sheaves over which it 
passes, can be followed from Figs. 31, 32 and 38 
on page 718, and from Figs. 39 to 44 on page 719, 
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Of the last-mentioned illustrations, Figs. 40 to 44 
show the mechanism in various stages of a cycle 
of operations, which we may now explain in rather 
more detail. 

At the commencement of the cycle, the various 
parts of the mechanism are in the positions shown 
in Fig. 40, the lower ends of the fenders being 
flush with the lower end of the fender carrier. 
The latter is moved forward by winding in the 
main operating rope as described above, and just 
before the fenders reach the door of the car they 
are allowed to fall on to the sill of the car door 
by releasing a hand-operated catch. This is shown 
in detail in Figs. 26 and 28, and from Fig. 32 it 
will be clear that the catch is released by with- 
drawing a bolt, which allows the shaft on which 
the catch is mounted to rotate. This procedure 
is rendered necessary on account of the variation 
in the height of the floors of different cars. At 























first sight it would appear possible to release the 














fenders automatically, but owing to the rough 
construction of the inner door, which bulges very 
considerably and frequently has projections on it, 
this course has been found to be impracticable, 
as there was a liability to release the fenders too soon 
and so allow them to fall in front of the sill. 
Fig. 41 shows the position when the fenders strike 
the door, and in Fig. 42 it will be seen that the 
latter has been forced in for a few inches, the 


pressure exerted (30,000 Ib. is allowed for in the | 


design) being ample to withdraw the nails by 
which the door is secured. At this point, i.e., when 
the car and platform have been hoisted about 
4ft. from the original rail level, the grain commences 
to run out round the ends of the inner door, but 
as the hoisting motion proceeds, the door and 
fenders are pressed farther forward and raised into 
the position shown in Fig. 43, the door adhering 
to spikes on the fenders shown in Figs. 25 and 26. 
Finally, the fender carrier, fenders and door are 
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turned about the axis e (Fig. 32) into the horizontal 
position, leaving an unobstructed opening for the 
passage of the grain. 

The means adopted for raising the fenders and 
door together can best be followed by examining 
Fig. 32 annexed. Near the top of this figure will 
be seen, in dotted lines, two sprockets a and 6, 
the former being mounted on the post, on the same 
axis as the upper end of the swinging link, and the 
latter being attached to the top of the fender frame. 
A chain, indicated also by dotted linesin the figure, 
passes round these sprockets, one end of the chain 
being fixed as shown, and the other being attached 
to a counterweight located inside the fender casting 
which is hollow ; there are, of course, two chains and pu 


counterweights, one for each fender. As the fenders m 
are pushed forward into the car, the distance between of 
the sprockets a and # increases, and each counter- th 
weight is pulled up into contact with a stop in- . 
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side the fenders. Further movement, of course, 
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pulls up the fenders and door together. The tilting | c mounted on a fitting sliding in the lower inclined] ing the sheaves c is pulled up the inclined guide 
movement of the fender carrier is obtained by means | guides and also round sheaves d on the lower rear | until it comes into contact with a pair of stops. 
of two wire ropes, one of which is shown in Fig. 32, | axis of the articulated link frame. The ends of the| Continued movement of the framework up the 
the ropes being connected to the upper end of the|ropes are attached to the axis of the movable| inclined guides increases the distance between the 
carrier and passed round fixed sheaves on the same | sheaves c, as shown. As the front of the articu- | sheaves c and d, and the resulting pull on the ropes 
shaft as the sheave h, then round movable sheaves | lated framework moves forward, the fitting carry-| tilts the fender carrier about the axis e. The tilt, 
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of course, reduces the distance between the sprockets 
a and b, thus allowing the counterweight and the 
fenders and door to slide down to their original 
positions relatively to the fender carrier, as indicated 
in Fig. 44. The latter illustrates the position of the 
gear when the hoisting operation has been completed 
and the platform and car are being tilted endways 
in order to €mpty the car of grain. In lowering the 
car and platform, the operations of the door-opening 
gear are performed in the opposite sequence to that 
described above, and the door, which falls from the 
fenders when its edges come into contact with the 
door posts of the car, is left intact on the floor of the 
car so that it can be replaced if the car is to be 
re-loaded with grain. Fig. 30 on page 717 illustrates 
the paths of the various components on their out- 
ward and inward movements, and also indicates 
the points in the cycle at which the events described 
take place. It may here be mentioned that as a few 
of the cars used for transporting grain are equipped 
with special inner doors, which render the use of the 
door opener unnecessary, means are provided to 
enable the door-opening cable drum on the upper 
machinery floor to be put out of action. When 
this has been done, the door opener rises with the 
platform in the ordinary way, but the mechanism 
remains stationary relatively to the car and platform. 
Another point that should be referred to is a safety 
device, fitted to throw the gear out of action if the 
thrust on the door opener exceeds the 30,000 Ib. 
allowed for in the design. This provision has been 
made owing to the fact that a plank, or some other 
obstruction, is occasionally left by accident inside 
the car in a position end on to the door, in which case 
the car might be pushed off the rails before the 
door would yield, if the safety device referred to 
were omitted. 

As stated in our previous article on page 659 ante, 
a baffle is placed in position on the floor of the car 
before the final end tilt takes place, to prevent any 
of the grain from flowing past the door into the lower 
end and thus being left behind. Drawings of the 
baffle plate and the mechanism for operating it are 
reproduced in Figs. 45, 46 and 47 on page 719, Fig. 45 
being a plan showing the baffle in position in the car, 
and Fig. 46 a corresponding elevation. As will be 
seen, the baffle is constructed of ¥-in. steel plate 
stiffened with a pair of angles along its upper edge, 
and provided with two plies of rubber belting on its 
lower edge to accommodate any irregularities in 
the floor of the car. The left-hand end of the 
baffle plate, as drawn in Fig. 46, is fitted with a roller 
running in a curved guide attached to one of the 
posts of the door-opening gear, as shown in the 
illustration and also indicated by chain-dotted lines 
in Fig. 23 on page 717. While the first two end-tilting 
operations are in progress, the roller will be at the 
upper end of the guide, the baffle plate being located 
outside the car in the position shown in the half-tone 
engraving Fig. 9, on Plate XLIX, published with 
our issue of June 4 last. When, however, the car 
and platform come into the horizontal position just 
before the final end tilt, the operator, by starting 
up the motor shown on the left of Fig. 46, brings the 
baffle plate into position on the floor of the car at an 
angle with the centre line of the latter, as shown in 
Fig. 45. The end of she car towards the top right- 
hand corner of that figure will be raised in the final 
tilt and the grain, deflected by the baffle, will flow 
out through the open door on the left of the car. The 
operating mechanism, which can be followed from 
the figures with but little explanation, comprises a 
trussed lever pivoted to the baffle plate at one end 
and attached to a toothed quadrant at the other, 
the quadrant being rotated by a 2-2 h.p. motor, 
working through worm and spur reduction gearing. 

Alternating current is used for operating all 
the motors employed on the installation, the supply 
being at 550 volts and at 63 cycles per second. 
The controllers are located in the operator’s cabin, 
shown in Fig. 1, on Plate XLVIII, ante, the floor of 
the cabin being situated 16 ft. above the rail level in 
such a position that the operator has a clear view 
of the door-opening gear as it engages with the door, 
and also of one of the clamps for the car. Only 
two controllers are required in the operator’s 
cabin, one controlling both the clamping and 
hoisting motors and the other the end-tilting motor ; 
a push-button is provided on a stationary platform 


near the door-opening gear for starting and stopping 
the baffle-plate motor. As previously mentioned, 
three men are employed for operating each dumper. 
Of these, one is stationed in the cabin to control 
the movements of the machine, while the other 
two stand on the stationary platform, one observing 
the operations in general and signalling to the 
operator in the cabin, and also attending to the 
door opener and baffle plate. While the platform 
is level and being lowered after the third and final 
end tilt, both men from the stationary platform 
enter the car and sweep out any grain that may 
have remained behind on ledges, &c. The cycle 
of operations from the time the clamps are first 
set in motion until they are lowered again after the 
car has been emptied, occupies 6 minutes, and 
as another two minutes are required to bring the 
next car into position on the platform, the total 
time occupied in unloading a car amounts to 
8 minutes. A very noteworthy saving of time 
and labour is thus effected by the installation in 
comparison with the earlier methods of unloading 
grain cars. 








THE INTERNATIONAL FOUNDRY 
TRADES EXHIBITION. 
(Continued from page 691.) 

In our last issue we described two testing machines 
exhibited by The Universal System of Machine 
Moulding and Machinery Company, Limited. The 
same firm are also showing a wide variety of other 
machines. Amongst these may be seen a roll-over 
moulding machine, and an oil and core sand mixer, 
both of which were described in our issue of June 30, 
1922, page 809. Weillustrate further exhibits of this 
firm on Plate LI, Figs. 8, 10 and 11. The machine 
shown in Fig. 8 is of particular interest, as it serves 
to illustrate the use of a down-sand frame, a device 
which is largely employed on the Continent, but 
which is at present only used to a very limited extent 
in Great Britain. In the illustration, Fig. 8, the 
down-sand frame can be seen surrounding the pattern 
plate, which is free to slide through it. The frame 
rests upon four rods, fitted with milled caps at the 
top, for adjusting the height. The head of the 
machine carrying the top plate swivels on the back 
column, and is clamped in the working position by 
the swinging arm, fitted with a rapid-locking device 
at the top. This can be seen in the illustration on 
the opposite side of the machine to the column. To 
fill the mould, the head is first swung clear, and the 
moulding box is then placed upon the down-sand 
frame. After the box has been filled with sand, the 
head is brought back and clamped in the position 
shown in the figure, with the top plate overlapping 
the upper edge of the moulding box. The mould is 
now ready for ramming, this operation being per- 
formed with a single upward stroke of theram. The 
latter is hydraulically operated, the control lever for 
the valve being visible on the left in the illustration. 
As will be seen, the ram cylinder is placed vertically 
in a pit below the machine, and the ram head forms 
the machine table. In the ramming operation, the 
pattern plate moves up through the down-sand frame 
compressing the sand in the mould. The movement 
continues until four adjustable stops on the frame 
come into contact with the table, when further 
motion is prevented by the fact that the moulding 
box, which is resting on the frame, is also in contact 
with the fixed top plate. The machine is adjusted 
so that when the ram is brought to rest, the lower 
surface of the sand is flush with the face of the box, 
and it will be evident that the degree of compression 
of the sand before this point is reached can be varied 
by altering the height of the four stops, one of which 
can be seen overlapping the pattern plate in the 
figure. On the return stroke of the ram, the box 
and frame descend with the pattern plate until the 
frame comes into contact with its stops, after which 
the further descent of the ram withdraws the pattern 
from the mould. As will be seen from the figure, 
the ram head is hollow, and is provided with a 
second central ram for use when the machine is 
employed in the ordinary way without a down-sand 
frame, but with a stripping plate. 

It is evident that wide variations are possible 
in the arrangement of an electrically or pneumatically 





operated sand-sifting machine, and we have described 


a number of different types in our columns in the 
past. One of the simplest and neatest which we have 
seen, is shown on the same stand, and is illustrated 
in Fig. 16, on page 721. The motor is mounted 
at the top of a wooden frame with steel cross 
members, and drives a vertical shaft, to the bottom 
of which is keyed a flywheel. The latter is slightly 
out of balance, and as a result shakes the sieve very 
effectively when set in rotation. The machine js 
designed to take an ordinary riddle, which can 
therefore be replaced at any time for a trifling 
cost. 

We illustrate two further exhibits by The Uni- 
versal System of Machine Moulding and Machinery 
Company, in Figs. 10 and 11, Plate LI. The first 
of these is an assembling and pushing-out machine 
for moulds, and illustrates a method of casting, 
which is largely used in the firm’s own foundry. 
It will be seen from the figure that the two halves 
of a moulding box are mounted on a suitable frame, 
on which they are held in position by a quick- 
acting clamp on each of the two columns. The 
two half boxes have previously been charged on 
a suitable machine, such as the one we have already 
described. After the boxes have been clamped 
down, the complete mould is pushed out by the 
ram visible in the illustration, and is then removed 
to the casting bed ready for pouring. It may be 
mentioned that although the moulding-box shown 
is circular in form, the method is equally applicable 
to square boxes with rounded corners. 

The sand mill which we illustrate in Fig. 11, 
Plate LI, is being shown for the first time in 
Great Britain. It is continuous in its action, and is 
used principally to obtain a bond in the sand by 
rubbing the alumina over the silica grains. For 
this reason the rollers, which are mounted on pivoted 
arms in the usual way, are never allowed to come in 
actual contact with the table, a stop being provided 
for each arm, which limits the travel in the down- 
ward direction. The action is thus a rubbing rather 
than a crushing one. The sand is fed on to the 
centre of the flat table from a suitable hopper, and 
is gradually carried to the outside periphery by 
centrifugal force. During its movement across the 
table, it is combed through for two or three revolu- 
tions by the forks shown. When it reaches the 
outer edge of the table, it is directed off the edge 
by a fixed scraper into a hand barrow. The scraper 
can be seen just above the table on the right-hand 
side of the illustration. The drive is by belt to a 
shaft provided with fast and loose pulleys. A bevel 
wheel on the inner end of the shaft engages with a 
large bevel ring bolted to the underside of the table, 
and drives the latter at about 20 r.p.m. 

The chief exhibits on the stand of Messrs. 
John MacDonald and Co., Pollokshaws, Glasgow, 
are small pneumatic tools and accessories, of 
the “Cleveland” pattern. There are, for ex- 
ample, chipping hammers, core breakers, floor and 
bench sand-rammers, portable grindgrs, and so 
forth. Two larger machines are, however, also 
shown. The first is a portable electric sand- 
riddling machine operated by a }-h.p. motor. 
Noteworthy features are totally enclosed ball 
bearings and the elliptical motion given to the riddle, 
which prevents “ balling” by reason of its eccen- 
tricity. The second of the larger machines is shown 
in our illustration, Fig. 12, Plate LII. This is 
the latest model of the ‘“‘H’ Berkshire com- 
bination jolt and squeeze moulding machine. 
As will be seen, it is a portable machine of the 
pneumatically operated type. The table is 24 in. 
by 15 in., with a distance between the strain 
rods of 2 ft. 6 in. The strain rods are hinged 
at the base, and are there provided with balance 
springs. The top table is shown in its lowest 
position, in which there is 9 in. clearance. The 
rods, however, are screwed to enable a box 18 in. 
deep to be used. The jolt and squeeze operations 
are both controlled by one valve, which can be set 
to give any desired pressure. With a view to 
leaving both of the operators’ hands free, the 
vibrator is arranged to work with a knee valve, the 
pad of which is visible in the illustration. The 
machine is intended for light work, and a side table 
is provided to make it as self-contained as possible 
when moved about. It is equipped with a blow- 





cock and all necessary accessories, and is made by 
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Messrs. The Berkshire Manufacturing Company, 
Cleveland, Ohio. 

French founders have achieved a very high repu- 
tation for the quality of their castings, particularly 
for light work, and an interesting insight into their 
methods is given by the exhibits on the stand of 
Messrs. J. B. Corrie and Co., Limited, of 15, Victoria- 
street, S.W.1. This firm are the agents for Messrs. 
Alfred Baillot and Company, Paris, and are showing 
plant for sand treatment, and also a number of 
moulding machines, manufactured by the latter. 
The actual] sand-treatment plant exhibited is capable 
of dealing with from 24 to 3 tons per hour, but the 
firm manufacture similar machines up to 40 tons 
per hour capacity. We illustrate a machine prac- 
tically identical with that shown at the exhibition 
in Fig. 9, Plate LI, but it should be explained that 
the photograph depicts a machine actually installed 
ina foundry. A mixture of 88 per cent. floor sand, 
2 per cent. coal dust, 2 per cent. water, and 8 per 
cent new sand is thrown into a hopper, of which 
the covering grid can be seen at floor level on the 
right of the machine. The sand drops on to a revol- 
ving disc at the bottom of the hopper, and is thrown 
off the disc by centrifugal force into a bucket con- 
veyor, the casing for which can be seen beside the 
crane column in the figure. At the top of the con- 
veyor, the sand is delivered down a chute into a ball 
mill fitted with a rotating sieve. The mill is visible 
above the large hopper on the left. The balls in 
the mill crush the hard lumps, and the sieve separates 
out any impurities. These pass out at the end of the 
sieve, where they are delivered into a suitable recep- 
tacle. . 

The sand which passes through the mesh is 
caught by the hopper already referred to, by which 
it is delivered through a trap into the pan of a 
mill. The latter is fitted with one grooved and one 
cylindrical roller, both mounted on pivoted arms 
in the usual way.‘ In addition to the rollers, the 
mill is fitted with two fixed harrows, which break 
up and aerate the semi-finished material. Scrapers 
are fitted to the rollers to throw off any sand which 
may tend to cling to the surface. The mill-driving 
shafts are mounted on ball bearings. The finished 
material is directed to the centre of the mill by a 
curved plate, which is lowered into position by rack 
and pinion gear. After leaving the mill, the 
material is picked up by another bucket conveyor, 
a part of which is visible in the illustration 
above, and to the right of, the hopper. The con- 
veyor delivers the sand into an aerator and disinte- 
grator, consisting of two concentric wheels rotating 
in opposite directions. The wheels are made up 
of two rings joined up by a number of spokes fixed 
between them and parallel to the axis of rotation, 
and the material passes through the spaces between 
these spokes in a radial direction. The casing of the 
disintegrator is given a vibratory motion, by means 
of a crank mechanism, to prevent the sand clinging 
to its surface. The material is then ready for use 
and is discharged into the hopper, visible on the 
right of the column in the figure. The chute at 
the base of the hopper is fitted with a trap, through 
which the sand is withdrawn as required. 

Two of the most interesting moulding machines 
on Messrs. Corrie’s stand are those set up for mould- 
ing gipsy pots. These and other cast-iron cooking 
utensils are used very largely in France. We 
illustrate the two machines in Figs. 14 and 15, Plate 
LII, the machine shown in Fig. 15 being employed 
for making the moulds, and that shown in Fig. 14 
for making the cores. As will be clear from the 
illustration of the second machine, the mould is made 
in two halves, which, however, are rammed in one 
operation. The portions of the pattern forming the 
feet of the gipsy pot are not visible in the figure, 
and it should therefore be explained that these slide 
through the base of the metal pattern. The two 
moulding boxes are placed side by side on the 
machine table over the double pattern plate with the 
feet in position. The boxes are then filled with 
sand and the movable cross-head, visible in Fig. 15 
above the pattern plate, is pulled forward. The 
crosshead is provided with suitable wood packing 
on the underside, and the mould is compressed by 
raising it by means of a hydraulic ram until the 
sand is rammed by this packing. The feet are then 
withdrawn, and the mould lowered until the boxes 





are lifted off by the stripping plate coming into con- 
tact with the four stripping rods. 

Turning now to the machine for making the 
cores, shown in Fig. 14, it should be explained that 
the core box is in two halves, which can be with- 
drawn clear on each side of the core by a crank 
and link motion operated by a loose handle. A 
steady withdrawal motion is ensured by mounting 
the two halves of the core box on guides inside 
arigid frame. In moulding the core, the two halves 
of the core box are first brought together to 
embrace a metal ring. This ring can be seen at 
the base of the core in Fig. 14, and it fits into a 
groove cut in the two halves of the core box. The 
box is now placed with the base upward, filled with 
sand and rammed in the manner described when 
dealing with the first machine. The table is next 
turned over, the ram brought up until the plate is 
in contact with the base of the core box, and the 
two halves of the core box separated, leaving the 
core resting on the plate. The metal ring referred 
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to remains on the core. As will be seen from the 
illustration, grooves are cut in the two halves of the 
moulding box to receive this ring, so that when 
the core is placed in the box, it is located automati- 
cally and accurately in the correct position. In 
both machines the hydraulic pressure is controlled 
by a single valve of simple construction. 

The firm of S. Wolf and Co., Ltd., of 115, South- 
wark-street, S.E.1, are showing a range of elec- 
trically-operated tools of the portable and bench 
types, all of which are notable for their simplicity 
and exceptionally neat appearance. We illustrate 
four of these tools in Figs. 17 to 19, on page 722, and 
in Fig. 13, Plate LII, and in each case their general 
construction and arrangement will be obvious from 
the figures. In all the machines the electric motor is 
entirely enclosed, and is provided with,a fan to 
ensure adequate ventilation. The armature is former 
wound ; the shaft is hardened and ground, and is 
mounted on ball bearings. The machines can be 
supplied to operate on either direct or alternating 
current. All direct-current motors are compound- 
wound, while the two or three phase alternating 
current machines are of the squirrel-cage rotor type. 
Single phase machines are designed with repulsion 
type commutator motors, enabling them to be used 
on either A.C. or D.C. circuits of the same voltage. 

The bench drill shown in Fig. 17 can be supplied 
in two sizes. The smaller machine has a spindle 








speed of 2,800 r.p.m., when wound for direct current ; 
and is capable of drilling holes up to 3% in. in dia- 
meter in steel. When wound for alternating 
current the spindle speed is 2,850 r.p.m. The larger 
machine runs at 1,500 r.p.m. on direct current 
and 1,50 r.p.m. on alternating current, and will 
drill holes up to 4 in. in diameter in steel. The 
weight of the two machines is 40 and 56 lb. 
respectively. 

The band saw shown in Fig. 18 can be used for 
cutting both hard and soft woods up to 44 in. thick, 
and can also be employed for cutting ebonite or 
similar material, sheet metal, and small metal 
castings. It should prove particularly useful in the 
pattern shop, where its small size renders it more 
convenient than a normal band saw for small and 
awkward jobs. A flexible shaft attachment for 
coupling to the saw driving motor can be supplied 
for drilling or rubbing down wood. The saw table 
can be tilted over to an angle of 45 deg. The motor 
is of }-h.p., the total weight of the machine is 
154 lb., the height is 33 in., and the normal width 
of the saw 3 in. Saws of any width between +; 
and }$ in. can be supplied if required. Adjust- 
ment is provided to permit of a variation in length. 
of the saw between 82 and 74 in. As will be clear 
from the illustration, the saw is very efficiently 
guarded. 

The pedestal type electric grinder shown in 
Fig. 19 does not call for particular comment, but a 
few details may be given of the portable self- 
contained electro-pneumatic hammer shown in 
Fig. 13. This machine is suitable for either riveting, 
chipping, or caulking. The motor runs at 800 r.p.m., 
and drives a single acting compressor piston, from 
which the pulsations are transmitted direct to the 
tool, no receiver being employed. As in the case of 
the band saw, a flexible shaft may be coupled to 
the driving motor, enabling drilling or grinding 
operations to be carried out with the machine, in 
addition to riveting and similar processes. 

Mr. Sydney Evans displays a compact sand- 
preparing machine of Belgian origin, Messrs. 'T. 
Ketin and R. Thiriart, Sclessin, near Liége, being 
the makers. We give a view of this machine in 
Fig. 20, page 728, though the roller arrangement 
in the foreground, which is a magnetic separator, 
is not attached to the example on the stand. 
Leaving this out of the question for the present, 
it will be seen that the machine consists of three 
main parts. There is a rotating cylindrical sieve, 
arranged with its axis horizontal, the drive.for which 
is provided by bevel gearing from the vertical main 
shaft. The sieve is situated in a casing, with a 
discharge underneath opening into the mixing 
channel. One end is open, and it is here that 
charging takes place. The material is shovelled 
into the sieve, and in the case of old foundry sand, 
any foreign matter such as core wires, fin and 
gate scrap, &c., is effectively separated and falls 
out of the end opening, the notches in the casing 
catching the ends of the pieces. A lever is provided 
for throwing the sieve out of action. The mixing 
channel forms part of the second portion of the 
machine. It is an annular space round the pan 
mill. The central shaft carries four radial arms 
provided with ploughs of varying width, so that 
the sand is mixed the full width of the channel. 
When mixing is complete, a gate valve, operated 
by the handle visible in the front of the machine, 
is pulled, and the sand is pushed by the ploughs, 
through an opening in the bottom of the channel, 
into the pan of the mill. Here there are two conical 
rollers of skeleton pattern, the bars outlining the 
roller surface being cast in a helical form. The 
rollers are carried by crank arms from a radial 
cross-bar on the main shaft, so that the pressure 
exerted on the sand is always that due to their 
weight only. Just above the cross-bar is a cup- 
shaped casting, from which is led a sprinkler pipe 
discharging between the rollers. The cup is filled 
with water by hand when necessary, and the 
flow to the sprinkler is by gravity and may be 
regulated. When the sand has been properly 
milled, another gate valve of similar construction 
to that in the mixing channel is opened by hand, 
and the sand is pushed by ploughs into the 
disintegrator, seen at the left of the picture. This 
forms the third part of the machine. It consists 
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of a fixed cage surrounded by a rotating one, the 
sand being subjected to a beating action by the 
passage of the several ribs of the one cage over those 
of the other. It is finally discharged on to the floor 
beneath the disintegrator. The cages are easily 
accessible for cleaning, for, as is clear in the illus- 
tration, the cover is hinged. The whole machine 
is driven from a 7-h.p. motor at the rear, carried 
on the bedplate, so that it is self-contained. All 
the bearings are of either ball or roller type, and 
specially protected against the entrance of sand. 
The machine weighs 3} tons, and with it one work- 
man can prepare 2} tons to 3 tons of sand per hour. 
Provision is made by a separate valve for discharge 
without passing through the disintegrator, so that 
loam or mortar can be prepared in the mill when 
desired. The magnetic separator is an extra, only 
fixed when it is desired to use old sand from the 
iron foundry in the brass foundry. Large pieces 
of iron are still separated in the sieve, but finer 
stuff is intercepted by the magnetic appliance. 
Mr. Evans also shows a Belgian moulding sand 
of 91-1 per cent. silica, and a Belgian refractory 
known as “* Demonite.”’ 

In our issue of June 23, 1922, page 779, we 
described two moulding machines made by the 
firm of John Macdonald and Son, Limited, of 
Maryhill, Glasgow. The smaller of these two 
machines is shown in operation at the present exhibi- 
tion. It has been modified in detail since it was 
first shown, and is now fitted with an oil-pattern 
draw, a worm and wheel for turning over the 
table, and the firm’s special control valve. The 
latter permits of the operations of jolting, ramming, 
and pattern-drawing being controlled by a single 
lever. 

We illustrate another. moulding machine of 
entirely new design, msde by the same firm, in 
Fig. 21, page 728. This machine, known as 
the No. 1 Ajax, is suitable for a large variety of 


small work. It is of the pneumatically-operated | 


jar-ram type, and is fitted with the special control 
valve to which we have already referred, The 
machine wil! accommodate boxes from 12 in. square 
up to 18 in. by 16 in. Referring to the illustration, 
it will be seen that the main column constitutes the 
jolting ram cylinder, a fibre ring being introduced 
under the ram head to take the jar. The ram 
cylinder is charged with oil, and the ram is raised 
by admitting compressed air to the oil surface, 


thus ensuring efficient lubrication with an absence | 


of air leakage. The pattern-drawing ram is con- 
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|centric with, and within, the jolting ram, and | 
terminates in a crosshead. The latter passes 
through slots in the jolting head, as shown in the 
figure. The mould Jifters, upon which the box 
| rests when the pattern plate is withdrawn, can be 
seen in the illustration at each end of the crosshead. 
They are traversed along the latter, to suit different 
sizes of boxes, by turning the milled handles visible 
in the figure. These handles operate a worm 
mechanism, and the movement of the mould lifters 
is assisted by air pressure. The crosshead is guided 
by a vertical rod, sliding in a guide, on each side of 
the main column of the machine. The lower ends 
of the rods are enclosed in thin steel covers contain- 
ing oil, and are therefore protected from dust and 
efficiently lubricated. The length of the pattern- 
draw movement can he regulated to suit different 
depths of pattern by the introduction of a screwed 
| plug, visible in the side of the table head in the 
| figure. When the plug is in the lower of the two 
| holes, the lift of the ram is limited to 2 in. by the 
| crosshead coming into contact with the plug. In 
| the upper hole the plug permits of a draw of 4 in., 
and when it is removed altogether the movement is 
increased to 6 in. The machine is fitted with a 
vibrator, operated by a push button beside the 
control valve, under one side of the pattern plate. 
In addition to the machines described, Messrs. 
John Macdonald and Son also manufacture a range 
of larger machines, suitable for exceptionally heavy 
work. The No. 20 machine, for example, which we 
illustrate in Fig. 22, page 728, has a table 86 in. long 
by 82 in. wide. It is shown in the figure carrying a 
mould weighing 44 tons. The machine is generally 
similar in design to the No. 6 Ajax model described 
in our issue of June 23, 1922, but embodies a 
number of modifications in detail rendered necessary 
by its increased size. The most important of these 
is the arrangement of the shock-absorbing device. 
In the No: 6 machine, this takes the form of a single 
fibre ring under the ram head, but in the large 
‘machines the ring is replaced by a battery of 
columns each containing a separate fibre disc. In 
| the machine illustrated, for example, there are 12 of 
these columns, arranged in such a way as to distribute 
the shock evenly over the table and base plate of the 
machine. The table is of the turnover type, and, 
as will be clear from the illustration, the arrangement 
of the mechanism is substantially the same as for the 
| No. 6 machine. 
Messrs. Broom and Wade, Limited, of High 








Fig. 19. ELErctTrIcALLY-DRIVEN GRINDER. 


known air compressors and pneumatic tools. These 
include three examples of their “‘ Broomwade” 
vertical single-stage compressors driven by belt, a 
two-cylinder compressor direct-coupled to an electric 
motor, a steam-driven set, and a portable petrol- 
driven plant. We have described a number of 
portable sets manufactured by this firm in earlier 
issues, and may refer our readers to the description 
of an electrically driven set described in our issue 
of December 5, 1924, page 766 ; and to those of sets 
driven by heavy-oil and paraffin engines in our 
issues of August 1, 1924, page 179, and November 27, 
1925, page 663. We illustrate a new portable set, 
which has recently been put upon the market, in 
Fig. 23, page 728. The power unit is a 25 brake 
horse-power, four-cylinder, Aster petrol engine. 
This is direct-coupled to a two-cylinder Broomwade 
air compressor of 6 in. bore by 6 in. stroke. The 
drive is taken up on an automatic clutch, enabling 
the engine to be started on no load, and to pick up 
the load smoothly and without shock when it 
attains about half its normal speed. The clutch 
consists of two Ferodo-lined shoes, held out of 
contact with the clutch drum by helical springs 
when the engine is running slowly. The set runs 
at the unusually low speed of 600 r.p.m., and has 
an actual output of 100 cub. ft. of free air per minute 
at 100 lb. per square inch pressure. The governing 
arrangement is of particular interest. It will be 
observed in the illustration that a pipe is carried 
from the receiver to a small valve box mounted in 
front of the compressor cylinder nearest to the 
engine. There is a spring-loaded ball valve in this 
box, and at a predetermined pressure this valve is 
lifted and allows the air to pass along two pipes. 
one of which leads to a pair of piston valves under 
the compressor inlet valves, and the other to a 
piston valve controlling the engine throttle. The 
piston valves on the compressor lift the inlet valves 
through the medium of a fork, the motion being 
regulated by dash-pots. 

The set is fitted with an exceptionally large 
radiator. The circulating pump may be seen in the 
figure at the front end of the engine, and delivers 
the water direct to the compressor cylinders, after 
which it passes through the engine eylinder jackets 
and thence to the radiator. The engine is equipped 
with Zenith carburettor and M.L. magneto. The 
engine and compressor are encased in a complete 
steel housing with detachable sides. The unit is 
efficiently sprung, and rubber-tyred wheels are fitted 
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fitted. ,_The receiver is of ample size to work 
satisfactorily with two and three road-breakers or a 
corresponding number of rock drills. 


(To be continued.) 








LABOUR NOTES. 


In the House of Commons, on Tuesday, the Prime 
Minister announced that the Government had decided 
to facilitate negotiations in the coal trouble by giving 
owners and miners the option of agreeing on an eight 
hour day in spite of the existence of the Seven Hours 
Act. He had the assurance of the owners, he said, 
that as to 50 per cent. of coal produced, there would 
be no fall in wages at all under the re-arrangement, 
and as to 25 per cent., a fall of less than 10 per cent. 
during the period July, August and September. Every- 
where, and thereafter, the 1921 minimum would be 
guaranteed. Whether or not the parties availed them- 
selves of the facilities offered, the Government would 
proceed, it was added, with their legislative programme. 
A Bill would shortly be tabled to facilitate the develop- 
ment of new mines, to double the mineral rights duty 
for the purpose of financing amenities such as pithead 
baths, and to restrict the employment of men over 
18 years of age in the mines to those working or regis- 
tered as miners in April last. The measure would also 
seek to provide facilities for amalgamations, but would 
not compel them unless, after three years, it was found 
that they were not proceeding satisfactorily. Selling 
agencies, pooling of wagons, and other subjects were, 
Mr. Baldwin said, being unremittingly explored and 
would be dealt with. The 3,000,000]. subsidy was, he 
added, still available, but in the circumstances con- 
templated, it would be most usefully employed, the 
Government.thought, in helping miners displaced from 
the pits. 





The expectation is that the Bill alluded to by the 
Prime Minister in his speech will be introduced next 
week. On Wednesday, prominent members of the 
Parliamentary Labour Party expressed strong dis- 
approval of its proposals, and Mr..A. J. Cook, in a 
statement to the Press, declared (1) that the miners 
would never voluntarily accept a reduction of wages ; 
(2) that no attempt by legislation to enforce longer 
hours would succeed. 





After a stoppage whith has lasted for seven weeks, 
the trouble in the Norwegian iron, textile, mining and 
building industries has been adjusted with the assist- 
ance of the Public Mediation Commission. The em- 
ployers originally demanded a reduction of wages of 
25 per cent. By the agreement which came into force 
on Sunday, wages are reduced by about 17 per cent. 
on an average. Working hours, holidays, and other 
conditions remain unchanged. 





On reaching the age limit of 65 years prescribed 
by the rules, Mr. William Glennie, one of the assistant 
yeneral secretaries of the Amalgamated Engineering 
Union, has retired. He was elected an assistant 
general secretary of the old Amalgamated Society of 
Engineers in 1895, and served in that capacity until 
early in 1906, when he resigned. In 1911 he was 
re-elected to the position, which he continued to 
hold until the amalgamation in 1920, and twice since 
the latter date he has been re-elected to the corre- 
sponding office in the A.E.U. The executive council 
record in the Journal for June their appreciation, 
and that of the members, of his long and faithful 
service. Prior to leaving the General Office, Mr. 
Glennie was, it is added, “ the recipient of mementoes 
from the officials and staff.”’ 





In May the home branch membership of the 
Amalgamated Engineering Union increased from 
“11,566 to 213,490, and the colonial branch member- 
ship from 25,836 to 25,857. The unemployment 
figures show a heavy increase—a result, no doubt, 
of the general strike. Altogether 18,707 members 
received donation benefit, as compared with 11,695 
in April, and the total number of unemployed members 
was 30,597 as compared with 17,216. The percentage 
calculated in the usual way, was 13-75. 

'he writer of the editorial notes in the A. E. U. 
Monthly Journal makes some interesting observations 
on the subject of the new rule relating to membership, 
to w hich we alluded a week ago. The effect of the 
change is to make all male workers over the age of 

’ years, engaged in the engineering trade or industry 
eligible for membership of a new Industrial Section of 
the organisation. This Industrial Section is to be 
open to the higher skilled operative, if he prefers 
preabeeship of it to membership of the higher section. 
ni other words, the old method of restricting a fully 
skilled engineer to Section 1 or 2—or, if over a certain 
age, to Section 3—is not now to be insisted on. That 
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in itself is, in the opinion of the contributor of the 
notes, “‘a revolutionary change, and will, no doubt, 
have far-reaching effects.” ‘* Provision has been 
made,” he goes on to say, “‘ whereby those joining 
the Industrial Section may transfer to the higher 
section, if qualified in accordance with the conditions 
laid down. This is a wise proposal, and we are 
convinced that once inside the ranks the advantage of 
the friendly benefits, particularly in respect to super- 
annuation, will be apparent. If this surmise proves 
correct there can be no possibility of endangering a 
benefit which has rightly been described as our ‘ sheet 
anchor.’ ” 





The enrolment by the Amalgamated Engineering 
Union of semi-skilled and unskilled workmen is re- 
garded by the writer as “a natural development,” 
which, in the opinion of some members, “* has been too 
long delayed.” ‘‘ We shall, no doubt, be reminded,” 
he says, “‘that the late A.S.E. in 1912 opened out 
the rules in a similar direction without success. We 
believe, however, that the present effort will be met in 
a different spirit, as during the last 14 years there 
has been a considerable change of thought and a grow- 
ing belief in the direction of our new proposals. That 
we shall meet with opposition from more than one 
quarter is to be expected ; but we believe our members 
are sufficiently broadminded to realise that the change 
thus effected is the culmination of the views held by 
the founders of the first amalgamation in 1851. Efforts 
have not been wanting on the part of our union to 
bring about an amalgamation of all workers engaged 
in the engineering trade, but without that success 
which is so desirable. We have repeatedly directed 
attention to the multiplicity of unions and, incidentally, 
officials representing the trade, and the management 
costs arising therefrom. That there is no need for 
this duplication has been emphasised again and again, 
and we need only point to the success achieved by the 
Engineering and Allied Employers Federation as proof 
of our contention.” 





Judging from a letter which they have sent to the 
National Committee, the executive council are much 
less sure than the editor of the Journal’s notes appears 
to be, about the wisdom of the new policy. They 
submit that, in their opinion, “ it is absolutely essential 
in the interests of the union that in setting up an Indus- 
trial Section provision should be made which will 
guarantee the payment of superannuation and other 
friendly benefits to existing members who have joined 
the organisation on its present basis, and who are at 
the present time paying for these benefits.” ‘It is 
necessary,” they declare, ‘“‘ that a continuous flow of 
young, full members should be obtained to enable the 
union to continue paying its friendly benefits.” 





Under the new rules of the Amalgamated Engineering 
Union, which are due to come into force on August 3, 
1928, the number of executive councilmen is reduced 
from nine toseven. The salaries of all full-time officials, 
except the President and the General Secretary, are 
also reduced by 50/. per annum, the two National 
organisers and the three special auditors are dis- 
pensed with, and a new department is set up at 
the general office in London for the purpose of 
auditing home branch, district committee and vacant 
book office accounts. The effect of the last-mentioned 
change is to dispense with the services of branch 
auditors. 





In the sixty-eighth financial report of the Associated 
Blacksmiths, Forge and Smithy Workers’ Society, 
Mr. William Lorimer, the general secretary, states that 
the gross income of the organisation in 1925 was 
92,1781. Os. 64d., of which 22,7241. 2s. 10$d. was derived 
from trade union sources, 6771. 12s..11d. was advanced 
by the bank, 186]. 15s. 2d. was political fund, 
60,0741. 7s. 8d. came from the Ministry of Labour 
and 8,515/. 1s. 1ld. came from the Board of Health. 
The total expenditure was 92,4761. 4s. 10d. Of that, 
23,1781. 1s. 2d. constituted trade union expenditure, 
7081. 7s. 1ld. was repaid to the bank, 141/. 17s. 64d. 
was absorbed by political expenses, 60,1091. 7s. 2d. 
was expended on State unemployment benefits and 
administration, and 8,338]. lls. 03d. was expended 
on health insurance benefits and administration. 
Management expenses amounted to 11,0411. 16s. 03d., 
or 4051. 16s. 03d. more than in 1924. The membership 
fell from 11,767 to 11,029. 





The executive of the United Patternmakers’ Associa- 
tion intimate in the latest Report of the organisation 
that they have “ noted for future reference ” a resolu- 
tion relating to ‘‘ managerial functions and payments 
by results” sent in by Glasgow South Branch. In 
their communication the branch seek to know if they 
are in order in asking the E.C. to take steps to have the 
managerial functions and payment by results agree- 
ment with the employers scrapped. They express 





the opinion that a long enough time has elapsed to 
give a fair trial to payment by results, which in their 
estimation has not proved a success. “If we are in 
order,” it is added, ‘* we would ask our E.C. to consider 
this resolution, and have our Association back on our 
old standing—no bonus or piecework.” 





The Ministry of Labour states that on June 7, 1926, 
the number of unemployed persons on the registers of 
Employment Exchanges in Great Britain was 1,609,100, 
of whom 1,207,900 were men, 45,300 boys, 308,900 
women, and 47,000 girls. On May 31, 1926, the 
number was 1,614,212, of whom 1,207,041 were men, 
45,986 boys, 313,374 women, and 47,811 girls; and on 
June 8, 1925, it was 1,291,191, of whom 1,009,323 were 
men, 35,222 boys, 218,829 women, and 27,817 girls. 
Of the total number idle on June 7, 1926, 79,600 were 
“persons normally in casual employment.” The 
figure of 1,609,100 does not include “ persons who 
ceased work in the coal-mining industry on account of 
the dispute.” 





At the end of May, 24,959 members of the United 
Society of Boilermakers and Iron and Steel Shipbuilders 
were “signing the books” as compared with 22,294 
at the end of April. The expenses for May were 
96,6131. Os. 10d., and for April 111,609/. 12s. 6d. Five 
weeks’ outlays are included in the April total. The 
proposal to join a Shipbuilding Trades Committee 
formed by the shipyard unions which are not affiliated 
to the Federation of Engineering and Shipbuilding 
Trades, has been rejected by 1,129 votes to 1,105. 





In the June Monthly Report of the United Society 
of Boiler Makers and Iron and Steel Shipbuilders, it is 
officially stated that the payment of superannuation 
benefit to members of between 55 and 60 years of age 
has so increased the expenditure under that head that 
the organisation is unable to meet the liability. The 
executive council has, therefore, decided, it is intimated, 
to take a vote of the members before admitting any 
further claims by members under 60 years of age with 
less than 40 years’ membership. The necessity of 
dealing with the matter is proved, the executive point 
out, by the claims made since the beginning of the 
current year. Seventy members, whose ages range 
from 55 to 60 years, have been placed on the Fund, 
and while “they are certified as permanently in- 
capacitated, 30 of them have no record of sickness, and 
20 have not been on the Sick Fund for several years.” 
A suggestion has been received by the executive from 
a number of branches “‘ that in the present state of the 
funds all superannuated members, when working, 
should pay a contribution of 1s. per week and levies.” 

“It is now more than evident,’ the executive go on 
to say, “ that we cannot maintain the present expendi- 
ture on superannuation benefit, and it is imperative, 
if we are to continue our obligations to members over 
60 years of age, that all superannuated members, when 
working, should contribute from their earnings, and 
that payment of superannuation to members under 60 
years of age, who have not paid for this benefit by a 
40 years’ membership, must be suspended until they 
reach the age of 60 years.” . Paragraphs 3 and 7 of 
Rule 26 have been altered in accordance with these 
decisions, and are to be voted on by members at the 
August monthly meetings. 











LAUNCH oF THE S§.S. ‘‘ ANGLO-PERUVIAN.”’—Built to 
the order of Messrs. Lawther Latta and Company, for the 
Nitrate Producers’ Steamship Company, Limited, 
London, the 8.8. Anglo-Peruvian was recently launched 
from the shipyard of Messrs. Short Brothers, Limited, 
Pallian, Sunderland. She has a length, between perpen- 
diculars, of 426 ft., an extreme beam of 58 ft., and a depth 
moulded to the shelter deck of 36 ft. 6 in. The vessel is 
constructed on the single-deck principle with complete 
shelter deck above, and has been designed to carry a 
deadweight of 10,000 tons on a moderate draught. 
Water ballast is provided throughout the double bottom, 
in fore and aft peaks, and in a deep tarik aft of the engine- 
room. Six large hatches have been provided, to enable 
the vessel to load large bulk cargoes, and the holds and 
*tween decks are arranged with wide-spaced pillars. 
Eight derricks are fitted, stepped on houses at the masts 
and swung from cross-trees above. Four additional der- 
ricks are also provided, these are swung from powerful 
Samson posts. Twelve steam winches are supplied, 
together with steam windlass, steam steering gear and 
steam atmospheric ash hoist, all of which are driven from 
the main boilers and from a large multi-tubular boiler 
located on the main deck. Steam heating will be 
fitted throughout the ’midship accommodation, and the 
vessel will be lighted by electricity. The propelling 
machinery is being constructed by the North Eastern 
Marine Engineering Company, Limited, of Wallsend, 
and consists of quadruple-expansion engines having 
cylinders 23} in., 324in., 47 in., and 68 in. in diameter and 
a piston stroke of 48 in. Steam will be supplied by three 
large miulti-tubular boilers fitted with Howden’s system 
of forced draught and with Schmidt’s superheaters. The 
working pressure will be 220 1b. per square inch. 
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LONDON HYDRAULIC SUPPLY. 


THERE are many operations in factories and docks 
for which engineers find hydraulic power the most 
suitable of all the forms available. For this reason the 
London Hydraulic Power Company have found it 
necessary to extend their station at Wapping, one of the 
five which serve over 180 miles of mains in the London 
area. Previously this hydraulic pumping station, 
which has an output of 3,500 gallons of water per 
minute at a pressure of 850 lb. per square inch, had six 
triple-expansion steam-driven vertical pumps and two 
electrically-driven turbine pumps, forservice only during 
the times of peak loads. To that equipment there was 
recently added, to the requirements of Mr. E. C. Haarer, 
the engineer and manager of the company, a set, 
consisting of a nine-stage pump made by Messrs. Mather 
and Platt, Limited, of Manchester, driven through 
creep gearing by a Parsons steam turbine. The new 
plant supplies 1,000 gallons per minute against a 
pressure of 850 lb. per square inch. Steam is supplied 
to the various pumps from three boilers constructed by 
Messrs. Babcock and Wilcox, Limited. They have 
an evaporative capacity of 25,500 lb. per hour. Chain- 
grate stokers are fitted to them and the steam is 
generated at a pressure of 150 lb. per square inch. The 
coal is brought to the station in barges and is raised by 
grabs and automatically conveyed to the boiler-house 
hoppers. Overhead tanks are used for storing the water 
that is to be forced into the hydraulic mains. Thesetanks 
are fed with water drawn from the Shadwell basin by 
pumps, but before the water enters the tanks it is 
passed through filtering screens. From the tanks, the 
water flows by gravity to the pumping engines. 

In the reconstructed station at Wapping, there is an 
effective display of miscellaneous plant in which use is 
made of hydraulic power for operation, and thus the 
premises serve the double purpose of a pumping station 
and a demonstration showroom. One of the items is an 
injector fire hydrant, made by The Hydraulic Engineer- 
ing Company, Limited, of Chester. This is a device 
much used in the London area and elsewhere to raise 
the pressure of the ordinary water supply to values 
suitable for extinguishing fires in high buildings. It 
consists of an injector, the jet of which is connected 
to the hydraulic mains and the annulus surrounding it 
is joined to the mains of the low-pressure water supply. 
The arrangements are such that, whenever the valve 
beside the hose connection is opened, the injector comes 
into action, and a water supply at a steady pressure of 
a suitable magnitude is immediately obtained. It is 
the equivalent of a fire engine, but is automatically set 
in action and solely regulated by the opening or closing 
of a hydrant, sprinkler or drencher. 

The use of hydraulic power for pumping is shown in 
the station by the installation of a combined Pelton 
wheel of 24 in. diameter driving a Mather and Platt 
centrifugal pump, working against a head of 50 ft. and 
delivering 1,000 gallons per minute. Sump ejectors 
using water from hydraulic mains are very serviceable, 
as they have no moving valves, or other working parts. 
to get out of order. They are fitted at the foot of the 
sump and deliver to the drain level above. In the 
pumping station there is an ordinary valve-operated 
ejector as well as an automatic one, which is brought 
into action by the rise of a float to a certain adjustable 
level, where the tilting of a weighted lever causes the 
ejector valve to be opened. Another feature of the 
display is the use of a vertical injector, with a supply of 
high-pressure water from above, to create a vacuum, 
which can be used in cleaning. By means of this, in 
association with a permanent pipe system, the cleaner 
hoses may be connected whenever necessary and all the 
dirt is passed away with the water into the drains. 

The lubrication of the internal valves of hydraulic 
plant is not always a simple matter, but Mr. Haarer 
has devised automatic means for the purpose. In this, 
the oil is subjected to the difference of pressure between 
the throat of a Venturi meter and the full-bore pipe. 
By the utilisation of this pressure, oil may be introduced 
into the water supply to the plant in suitable quantity, 
to ensure that the entire internal system is efficiently 
lubricated without the necessity for attention. An- 
other item in the display is an operating head using 
hydraulic power for the «riving of deep-well pumps. 
This is arranged for automatic action by the in- 
corporation of a valve, which is operated by levers 
controlled by a float in an upper tank. This is 
another example of the products of The Hydraulic 
Engineering Company, of Chester, and is remarkably 
silent in action. 








Smtvanus THomMPpson Memoria LectuRE.—The date 
for the Silvanus Thompson Lecture has been fixed for 
June 28, next, when Mr. C. A. Darling will lecture on 
“The Rise of Atomie Physies,”’ in the Doctor Thompson 
lecture theatre, at Finsbury Technical College, Leonard- 
street, London, E.C.2. The proceedings will commence 
at 8 p.m. Admission is free, by ticket only ; these may 
be obtained from Mr. R. O. Grant, care of Messrs. Bloxam 
and Scuffells, Limited, ‘engineers, 30, Bedford-row, 
London, W.C.i. 
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VARIABLE-SPEED SLIPWAY HAULAGE WINCH. 
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SLIPWAY HAULAGE WINCH FOR 
10 TO 250-TON CRAFT. 


THERE are many small ship-repairing yards through- 
out the world in which it is necessary to haul a large 
variety of craft up a slipway. A case in point is 
that of a foreign yard, for which the haulage illustrated 
on this page was designed by Mr. A. M. Stansfield, of 
31, Broom-lane, Levenshulme, Manchester, in colla- 
boration with Mr. 8. A. N. Deluce, of Messrs. W. T. 
Ellison and Co., Limited, of Irlams-o’-th’-Height, 
Manchester. This haulage had to be designed to give 
suitable speeds for the haulage of vessels ranging from 
10 to 250 tons, and it was therefore found necessary to 
incorporate in its construction a variable-speed gear. 
It had also to be arranged so that the haulage might be 
more or less continuous when once started, but would 
also give time for the necessary shoring and support of 
the hulls when the craft left the water. 

It was also necessary to employ a_ belt-drive 
through a friction clutch to a change-speed gear, 
which gives three speeds. Interposed between the 
final shaft of the gear box and the drum of the haulage, 
there is a train of machine-cut steel gears. In these 
the small pinions were cut from the solid shaft and the 
final gear on the drum is a steel rim with a centre part 
of cast iron, which forms one end of the winch drum. 
At the other end of the drum there is a flange provided, 
which is used for braking purposes. The control 
arrangement for the brake is of the toggle-joint type, 
the features of which are clearly shown in Figs. 1 and 2. 
On the inner side of each drum end there is cast a 
24-sided polygon on which, and on an internal central 
ring of the same form on its periphery, the drum 
is built up of 24 sections of native hardwood. This 
drum was designed to accommodate 450 ft. of steel 
wire rope of 4 in. circumference in two layers. With 
an initial speed of the belt-driven shaft of 350 r.p.m., 
haulage speeds of approximately 5, 10 and 15 ft. per 
minute are obtained. It will be noted from Fig. 2, that 
provision is made for the slipping of one of the gears 
in the train, to enable the drum to revolve freely, 
without any of the gears in mesh, when the wire rope 
is being run-out to connect it up to the cradle or when 
the conditions are being changed to permit down 
haulage. For this latter purpose, the wire rope is 
passed round a hinged sheave shackled on the bank at 
the water-end before being taken to the shore-end of the 
cradle. By this means the same direction of winding is 
used to start the cradle for launching, and the brake of 
the haulage may be used to check the speed. A 





down-haul drum is thus avoided and another advantage 








i 













































ENGINEERING 


is that the wire rope is not continuously immersed in the 
sea water. 

The framework of the winch is made up of channel, 
girder and angle sections, rolled steel being used through- 
out, and a suitable control platform is arranged for, 
with a wooden decking, from which all the controls are 
within easy reach of the operator. With the exception 
of the bearings in the gear box, which have plain bush- 
ings, roller bearings are used throughout the haulage. 
Lubrication for the various bearings is effected by a 
cam-driven pump. In addition to its service as a 
haulage, arrangements have been made so that a derrick 
type of crane may be worked by it, for raising boilers, 
engines and other components of the machinery into 
and out of the vessels, whilst on the slips. 





A LIGHT BORING AND PROSPECTING 
ROD. 


Nort only in prospecting, but in studying the subsoil 
for engineering or building purposes, such as founda- 
tions, drainage, water supply, it frequently occurs 
that boring must be resorted to, and for this purpose 
the aid of specialists is enlisted. For deep boreholes, 
or where hard strata have to be traversed, boring is 
obviously an undertaking requiring special equipment 
and knowledge. But it is frequently merely a question 
of finding how far it is down to reach bedrock, without 
any need to penetrate the latter, or to ascertain the 
water level or the nature of the intervening subsoil 
for comparatively shallow depths. Yet to obtain 
this information involves considerable delay and 
expense owing to the fact that the smallest and 
lightest boring apparatus at present in use by expert 
borers can only bore about one hole in a day, and the 
cost works out at about 5s. to 7s. 6d. a foot run, even 
for shallow holes of 30 ft. to 50 ft. The need of a 
light and portable apparatus which could be operated 
by hand by a couple of men led to the design by 
Mr. F. H. Mackintosh, 9, Anerley-hill, London, S.E. 19, 
of the light boring and prospecting rod of which 
drawings are reproduced in Figs. 1 to 8 on the 
opposite page. The inventor has had considerable 
experience with this apparatus, and finds it extremely 
useful, having made as many as twenty boreholes 30 ft. 
deep in a single day. The total weight of the outfit 
is only about 30 Ib., and it can ‘be conveniently 
carried in a haversack, with the rods in a golf-club bag. 

The diameter of the hole made is only 1 in., and 
as no debris is brought to the surface no untidi- 
ness whatever results from its use. A test could 
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even be made in a lawn without any disfigurement 
resulting. The construction and operation of the boring 
rod are quite simple, and are so well shown in the 
drawing that very little explanation is needed. 

The driving point (Fig. 1) is made of larger diameter 
than the rods, the object of this being to avoid the 
friction which would otherwise be caused by the 
ground on the surface of the rods, and would limit 
boring to a few feet. The lengths of rod, which are 
4 ft. long, are connected by nipples in such a manner 
that no reduction of the cross section of the rods is 
made in cutting the screw threads, thus avoiding any 
loss of strength. The diameter at the nipples, Fig. 2, 
is equal to that of the driving point, so that these 
surfaces alone are subjected to frictional contact 
with the ground. 

The handle, which has two arms, Figs. 4 to 8. grips 
the rods with a cam-like action, and is placed on the rod, 
as in Fig. 4, if it is desired to drive the rods down, or 
as in Fig. 7 if it is desired to raise them. In soft 
ground several lengths of rod may be forced down by two 
men merely pressing on the handle. Extra lengths 
of rod are, of course, screwed on as required. It is 
stated that in coherent clays, sands and the like, 30 ft. 
can be penetrated in a few minutes. 

When the rod will not sink any farther under 
pressure applied in the manner described, a special 
cap or driving head is provided which is placed on 
the top of the rod and driven down gently with a 
hammer. 

When it is required to take a sample of the strata 
being penetrated, the rods are hauled up by means of 
the handle after releasing the grip by lowering the 
arms, and replacing it in a reversed position as low 
down as possible. If necessary, additional levers are 
used to obtain more purchase. The driving point is 
unscrewed, the core tube (Fig. 3) attached, and the rod 
again lowered into the hole; usually it is found that the 
hole stands intact. The handle is then revolved hori- 
zontally several times whilst bearing down strongly 
upon it; this produces a core which can then be with- 
drawn by pulling up the rod as before. The core 
1s ejected from the core tube by means of a rod pro- 
vided for this purpose. After a little experience it is 
easy to tell when a different kind of stratum has been 
reached-by the feel of the rod, or more especially, when 
using the hammer, by the change of sound given out 
by the blows on the rods; clays, sands and peats 
give a perceptibly different “ring” and water may be 
detected in the same way. 

In withdrawing the rods, it has been found unneces- 
Sary, in practice, to unscrew each length as it is raised, 
particularly if it is desired to re-lower the rods again 
with the core tube, and four or five lengths may be 
thus withdrawn at a time provided due care is taken. 

_ It has already been mentioned that this apparatus 
'S not suitable for boring rock or very firm ground; 





neither can it be used very far in ballast or pebbles, but 
within the limits described it should prove a valuable 
tool to many engineers, prospectors and others. 





THE INSTITUTION OF WATER 
ENGINEERS. 


OnE of the most important papers read at the 
summer meetings of the Institution of Water Engin- 
eers at Manchester, from June 9 to 12, was that of 
Mr. W. E. W. Millington on ‘Some Metallurgical 
Problems of the Waterworks Engineer.” In this he 
called attention to the necessity for care in the specifi- 
cation of the metals to be used in the construction of 
plant and to the pitfalls that are frequently met by 
those who lack knowledge of metallurgy. One com- 
monly applied remedy for a blow-hole in a casting 
was that of ‘“ burning.” While it was possible if 
extreme care were exercised to obtain a satisfactory 
weld between the parent metal and that newly poured 
in, the common experience was that it was extremely 
difficult to get rid of the film of oxide between the 
old and new metal. The practice of “* burning ’’ could 
not be too strongly condemned. 

A few cases of failures and breakdowns might be 
regarded as purely unavoidable accidents, but only 
because, at the present time, we had no means of 
detecting the causes beforehand. In this category 
should be placed such faults as concealed blow-holes 
and cavities in castings and certain local inclusions of 
foreign matter in a metal, the presence of which would 
not necessarily be seen in a test bar of the material. 
Others, so far as the metals themselves were concerned, 
might be placed in this same class, although the real 
cause might have been avoidable. Such were the 
failures of bearings through lack of lubrication, and 
collapses due to undue stresses caused through excessive 
speed, parts getting out of alignment, and shocks. 
There were, however, very many cases of troubles 
with metals which must be regarded as avoidable, 
because the means of detecting the causes beforehand 
were available. Examples of this type were over- 
heated forgings, insufficiently annealed steel castings, 
and metals unsuitable, either because of general inclu- 
sions of foreign materials or impurities or because of 
incorrect microstructure. Many examples were then 
cited by Mr. Millington to show the variation in 
physical properties of metals through these causes. 
All failures in materials in service should be investi- 
gated, in order to detect what must be avoided in 
the future. 

Our knowledge of corrosion, at all events under 
practical conditions, was somewhat scanty. In many 
cases, the only remedy known was more costly than the 
effects of the trouble. Much, however, could often be 





done, without great expense, to lessen the effects, if not 





actually to prevent them. Non-metallic inclusions 
and the effects of cold working on a metal were both 
conducive to corrosion. In many cases, the only 
complete remedy was to use stainless steel, in place of 
the common materials, when corrosion was experienced. 
Failing this, in such cases as bolts and nuts, the obvious 
course was to reduce the slag to a minimum and to 
remove the evil effects of cold working by a suitable 
annealing process after machining. On no account 
should mild-steel bolts be used where there were 
possibilities of corrosion, for the gain through the 
absence of slag was more than counterbalanced by the 
loss due to the lower phosphorus content of the steel 
as compared with wrought-iron. 

Erosion was often the cause of much trouble in such 
items as valves and seats, in pump parts, especially 
those of centrifugal pumps, where the speeds were 
high, and, indeed, in many unsuspected places, 
where the water contained any solid matter in sus- 
pension. 

In a paper on “The Manchester Waterworks,” 
Mr. W. F. H. Creber traced the development of water 
supply to the city from the earliest days, and described 
the extension of the works which was under construc- 
tion to meet the continually-increasing demands. 
Haweswater in Westmoreland, the highest lake in 
the English Lake District, was chosen to supply the 
increased demands. The natural drainage of the lake 
was 7,970 acres in extent, but the scheme, as authorised 
by Parliament in 1919, provided for the diversion into 
Haweswater of the drainage of eight additional 
areas, totalling 15,850 acres. This lake, when raised 
95 ft. in level, will be 4} miles long and over 4 mile 
wide. The available capacity will then be 18,400 million 
gallons. An aqueduct, 74 miles in length, was con- 
structed to convey the water from the lake to Heaton 
Park, Manchester, and comprised approximately 29 
miles of tunnel in fourteen lengths, 12$ miles of 
covered channels in twenty lengths, and seven siphons 
aggregating about 324 miles in length. 

The hydraulic power supply of Manchester was 
provided by the Corporation at a pressure of 1,100 Ib. 
per sq. in. Bore holes were in use at each of the 
three pumping stations, and about 75 per cent. of the 
water used for condensing or delivered into the high- 
pressure mains was raised from them, the remainder 
being obtained from the low-pressure mains. 

Mr. A. W. Kenyon discussed ‘* Water-Supply 
Finance,” and showed that there must be mutual 
co-operation between the engineering and financial 
interests if the best results were to be obtained. 
Further, he indicated how economy and efficiency 
could be attained by such a combination. 





ContTracts.—Messrs, Ed. Bennis and Co., Limited, 
28, Victoria-street, London, 8.W.1, have received an 
order from Messrs. Charles Macintosh and Co., Limited, 
Manchester, for five sprinkler stokers and five indepen- 
dent bucket elevators, for their set of five Lancashire 
boilers.—Amongst the recent orders received by Messrs. 
Clayton Wagons, Limited, Abbey Works, Lincoln, is one 
from the India Office for the firm’s latest type of tandem 
steam road roller.—Messrs. International Combustion, 
Limited, Africa House, Kingsway, London, W.C.2, have 
informed us that their associated company in France has 
received an order from the Compagnie Parisienne de 
Distribution d’Electricité, for the installation of Lopulco 
pulverised-fuel equipment to operate three boilers at 
the new power station at Issy-les-Moulineaux, Paris. 
The order also includes the installation of Murray fin 
furnace walls and the supply of air heaters for the 
boilers.—Messrs. Cammell Laird and Co., Limited, 
Birkenhead, have received an order from the Isle of 
Man Steam Packet Company for a first-class passenger 
steamer. The vessel will be furnished with geared 
turbines and will have a speed of 22 knots. Messrs. 
Cammell Laird have also received an order from Messrs. 
Alfred Holt and Co. for an oil-separating lighter. 

LAUNCH OF THE M.S. “‘ IpoMENEvS.”’—The twin-screw 
motorship Idomeneus was launched recently from the 
North Yard of Messrs. Workman, Clark and Co., Limited, 
Belfast. She has been built for Messrs. Alfred Holt and 
Company of Liverpool and is the second of two motorships 
designed for these owners. The sister ship, the Orestes, 
was launched by Messrs. Workman, Clark and Co., 
Limited, in April, last, and will shortly be ready for 
service. The principal dimensions of the Idormeneus 
are: length, 476 ft ; beam, 58ft. ; and depth tothe upper 
deck, 35 ft. 3in. The load displacement is over 15,000 
tons. The six cargo holds are arranged for bulky cargoes, 
such as machinery, and include two holds and ’tween 
decks fitted for the carriage of refrigerated meat, pro- 
visions and fruit cargoes. The cargo-working gear 
includes 22 derricks and 18 electric winches, capable 
of lifting loads of from 2 to 10 tons. An additional 
heavy derrick, capable of dealing with loads up to 55 tons, 
is also fitted. The propelling machinery consists of twin 
sets of 8-cylinder Burmeister and Wain four-stroke Diesel 
engines developing 6,000 s.h.p., for a designed speed of 
over 15 knots. Four large dynamos, coupled directly to 
Diesel engines, provide the current for driving the electric 
winches, electro-hydraulic steering gear, windlass, and 
engine-room auxiliaries, and also for lighting the vessel. 
The Idomeneus, though mainly intended for the owners’ 
cargo services, has accommodation for eastern pilgrims 





as is the case with many other vessels of the same line. 
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DISCHARGING COAL TRUCKS BY 
HYDRAULIC MEANS. 


THE modern power station, with its large daily coal 
consumption, is faced with the problem of how to 
handle such quantities of fuel expeditiously and 
economically. In nearly every case there are pecu- 
liarities of site, or other local factors, which prevent 
a standard arrangement being adopted. 

A novel and interesting solution of the problem 
has been reached by a French electric power company, 
La Compagnie Parisienne de Distribution d’Electricité, 
at their power station of Saint Ouen, Paris. 

The coal supply for this station comes from two 
sources, arriving at the site by water and by rail, 
respectively. There is little difficulty in dealing with 
the water-borne coal. The power station is situated 
on the banks of the Seine, and coal is brought. in 
barges alongside a quay. This is equipped with a 
gantry on which run travelling jib cranes having 
bucket grabs. The grabs discharge into large hopper- 
shaped motor trucks, which are run into the power 
station by two routes. In one case, the hoppers empty 
their contents into the coal bunker for storage. In 
the other case the coal may be discharged either into 
the bins above the pulverising plant, or into the 
conveyors which lead directly to the boilers. These 
three methods are used as circumstances may dictate. 

In the case of the supplies which are rail-borne, 
the coal arrives in large open trucks having two 
doors in the sides. The unloading of these trucks 
by hand was not to be considered, as the discharging 
capacity per man was only 8 tons per hour. The 
use of grabs was also rejected on the grounds that 
these appliances do not empty the wagons entirely, 
and the work has therefore to be completed by hand, 
while two men are required per wagon during unloading 
in any case. The unloading capacity of a grab was 
estimated at 59 tons per hour. The wagon-tipping 
system was objected to, as it involves uncoupling the 
wagons and a large amount of shunting. The cost 
of such an installation was, further, considered to be 
excessive. 

The expedient which was finally adopted was that 
of washing the coal out of the wagons by means of 
a properly-directed stream of water. This method is 
stated to be working very satisfactorily, and will be 
adopted for the extensions now in progress. It is 
the invention of one of the engineers of the electricity- 
supply company. 

The coal is stored in a large concrete-lined bunker. 
The top of this bunker is flush with the ground level 
and the bottom is 13 ft. 9 in. below it. Its length is 
just over 492 ft., and its width at the top is 112 ft. 
The sides slope inwards towards the bottom. The 
coal capacity is 29,530 tons, when piled about 23 ft. 
high. 

The bunker is spanned by two travelling gantries, 
operated by electric motors. The distance between the 
gantry rails is 138 ft. 7 in. There is therefore a space 
on each side between the edge of the bunker and the 
gantry legs. On one side this is occupied by the line 
for the hopper motor trucks alluded to above. The 
other side is taken up by a siding into which are run 
the full wagons coming in from the railway. The 
rails of this siding are not level with each other, the 
one close to the edge of the bunker being lower than 
the other. The effect of this is to tilt the wagons 
towards the bunker by 10 deg. to the horizontal. 

From the underside of the gantry, and at one end of 
it, is hung a framework carrying the hydraulic flushing 
apparatus. The upper part of this framework is 
occupied by a control cabin, while the lower part forms 
merely a small platform carrying a motor-driven 
centrifugal pump, the suction pipe for which runs 
straight down into the coal bunker and is fitted with a 
strainer. The pump delivery is led to an arm which 
swings radially in a horizontal plane over the wagons. 
The end is turned downwards just over the top of, 
and close to, the side of the wagon farthest away from 
the bunker. The total head against which the pump 
works, t.e., discharge and suction, is 19 ft. 7 in. 

The large bunker is always kept partly full of water, 
and the coal is stacked across it for about seven-eighths 
of the width only. The remaining one-eighth, near 
the wagon line, is kept clear. A water-filled channel 
is thus formed, along which the suction pipe travels, 
and the coal is discharged. The pump, which is driven 
by a 20-h.p. motor running at 550 r.p.m., delivers about 
220 gallons a minute, and working at this rate can 
discharge a 20-ton wagon in 3 minutes. The water, of 
course, circulates continuously, and only make-up for 
loss from splashing, evaporation and so forth, is required. 

It is stated that the entrained coal is practically al- 
ways completely immersed in water. Its weight is thus 
greatly reduced, and the momentum imparted to the 
water by its fall of a few feet is quite sufficient to move 
even large pieces of coal. Many varieties, such as peas 
and large anthracite, have been dealt with successfully. 

Both gantries can operate together along the whole 
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length of a train of wagons. A whole rake is emptied 
without any uncoupling or shunting; the only atten- 
tion needed is the opening of the doors on the sides 
nearest the bunker. 

On the top of each gantry is a travelling jib crane 
carrying a bucket grab. This is employed to keep the 
water channel clear and to load the hopper motor trucks 
from the bunker. For the latter purpose, the gantries 
carry at each end a large hopper with a discharging 
chute immediately above each side track. Once 
loaded into the hopper motor trucks, the coal is dis- 
posed of in a way similar to that discharged from the 
barges, i.e., it is delivered at the bins, at the pulverisers 
or to the conveyors leading to the boilers. The use of 
grabs on the barges and in the bunker is not subject 
to the restrictions accompanying the unloading of 
wagons by this means. Obviously, there is greater 
freedom of action fn the former case. 

The consumption of coal in the power station is stated 
to be, on an average, very nearly 1,000 tonsa day. The 
coal received in January of this year, which was 
practically all burned in the month, was about 37,400 
tons. 

The power station was originally designed for an 
output of 50,000 kw., but the additions, necessary 
owing to the largely increased demand and now nearly 
completed, provide for an output of 400,000 kw. 

We are indebted to our contemporary, Le Génie Civil, 
for the particulars given above. 
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ANNUAL CONGRESS.— 
After careful consideration, the Council of the Institute 
of Transport has found it necessary to abandon the 
The annual 
dinner of the Institute, originally fixed for April 21 
last, will now take place at the Hotel Cecil, London, on 
The offices of the Institute are at 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—The tone of the market js 
very firm, and a fair number of inquiries are circulating, 
but actual sales are few and small. The irons chiefly in 
demand are the better qualities, and these have become 
so scarce as to be almost unobtainable. The siocks 
held by producers are fully sold, and merchants have 
only small lots to offer. Makers are now quoting only for 
iron that has yet to be manufactured. Two furnaces 
continue in operation, but all other Cleveland-pig pro. 
ducing plant is idle. For home consumption No. | 
is 78s. 6d.; No. 3 g.m.b., 76s.; No. 4 foundry, 75s, ; 
and No. 4 forge, 74s.; and for shipment overseas, six- 
pence above these figures is named. 


Hematite.—Stocks of East-Coast hematite are being 
steadily drawn upon, but a large proportion of the iron 
stored at producers’ yards is still unsold, and prices, 
while firmer, are comparatively low, mixed Nos. being 
no more than half a crown above No. 3 Cleveland, whereas 
the normal difference is 8s. to 10s. Nos. 1, 2, and 3 are 
78s. to 78s. 6d., both on home and export account, and 
No. 1 is at a premium of sixpence. 


Foreign Ore.—Business in imported ore is at a stand- 
still, but market quotations are nominally upheld. Best 
rubio remains at 21s. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—There is practically no market 
for blast-furnace coke, 


Manufactured Iron and Steel.—Very little news is 
ascertainable concerning manufactured iron and steel. 
Terms offered are not attractive, and consequently 
producers are booking few orders. Manufacturers of 
most commodities are disinclined to enter into contracts 
except at above recognised market rates, in view of 
inevitable increase in cost of output when resumption 
of work at the collieries enables firms to move in the 
direction of return to normal conditions. 
quotably changed. 


Prices are not 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The arrival of further contracts at 
the big engineering firms possessing subsidiary concerns 
in the Midlands and the North, will, in some measure, 
compensate for business that has been cancelled in allied 
sections owing to the coal stoppage. It becomes in- 
creasingly evident, according to leading trade organisers, 
that the coal trouble has held up the advent of a definite 
revival, and that, despite the huge bill of costs that has 
been piled up, a prompt settlement would probably 
witness a quick return to increased activity. This 
district is vitally interested in the placing of contracts 
for electric locomotives for India. Similar locomotives 
were recently ordered for South Africa. Sheffield will 
supply a large part of the steel in both cases, and will 
also provide forgings and castings for the banana-carry- 
ing vessels ordered for trade withthe West Indies. Electri- 
cal winding equipments are on order for the Johannesburg 
gold mines. Automobile engineers report a substantial 
home demand for constructional steel, magnet steel, and 
motorists’ tools. Local builders are taking steadysupplies 
of light castings and general ironmongery, largely in 
connection with the erection of subsidy houses. Russia 
has ordered more tools and implement parts, and there 
is a fair demand, on inland account, for garden and quarry 
implements. Production of bulk steel has been sus- 
pended. Output estimated to average 25,000 tons a week 
js being lost in this district. 


South- Yorkshire Coal Trade.—Foreign coal is being 
used for the manufacture of special steels. Heavy con- 
signments are expected from the Continent this week-end, 
but for general manufacturing purposes the average cost 
of 50s, per ton and upwards is prohibitive. Engineering 
firms and toolmakers therefore intend to carry on as long 
as possible on rationed supplies of British coal supported 
by gas and electricity services. Several boilers at an 
electricity generating station have been converted for the 
use of oil fuel. ‘There is still in existence a reserve of 
house coal from which domestic needs are being met. 
The restriction of outcrop working has depleted supple- 
mentary supplies. 








INTERNATIONAL AERONAUTICAL EXHIBITION, PARIS.— 
An international exhibition is being arranged by the 
Chambre Syndicate des Industries Aéronautiques, 
9, rue Anatole-de-la-Forge, Paris. This, the tenth 
function of its kind, will be held in the Grand Palais des 
Champs-Elysées, towards the end of the present year. 





Tue INSTITUTION oF CIVIL ENGINEERS: PRIZES AND 
Premiums.—The Council of the Institution of Civil 
Engineers recently made the following awards, in respect 
of papers read and discussed at the ordinary meetings ot 
the Institution, during the session 1925-26, A Telford 
Gold Medal has been presented to Mr. O, L. Prowde : 
a Watt Gold Medal to Mr. H. R. Lupton; and Telford 
Premiums to Messrs. A. S. Angwin and T. Walmsley, 
V. Bayley, C. F. Bengough, A. Honeysett, J. N. Reeson. 
and H. A. Reed: a Crampton Prize has been awarded 
to Colonel G. R. Hearn. The Council has also presented 
the Coopers Hill War Memorial Prize for 1925 (consisting 
of a bronze medal, parchment certificate and a sum 0! 
money) to Mr. E. L. Everatt. This prize was founded 
by the Coopers Hill Society in memory of Coopers Hill 
men who lost their lives in the European War. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—As the trouble in the coal- 
mining industry is no nearer a solution, the conditions 
in the Scottish steel trade show no change this 
week. Only one establishment is working, and that is 
because of special circumstances. mentioned last week. 
The general demand for steel material is negligible, 
and prices all have a firmer tendency. In the black- 
sheet trade, employment is fairly good yet, but unless 
fuel is made available in the near future work cannot 
be carried on. Order books are still well filled, but 
inquiries are not so plentiful now. 


Malleable-Iron Trade.—Business in the West of 
Scotland malleable-iron trade is being carried on with 
difficulty at the works which are running. The supply 
of fuel is gradually getting less, and operations at several 
of them are likely to cease before many days are over 
despite the great care which has been taken to conserve 
stocks. 'The demand for bar iron is not of much account 
at the moment, and inquiries are fewer. The price of 
Crown bars is still round 11l. 5s. per ton, delivered 
Glasgow. 

Scottish Pig-Iron Trade.—The outlet for Scottish pig- 
iron is not very heavy at present, either on home or 
foreign account, and with the scarcity of fuel the local 
demand generally is getting poorer. A number of the 
foundries are still in operation, but stocks on hand 
would seem to be ample for their requirements. Pro- 
duction has again been reduced as other two of the 
four blast furnaces lately working have been blown out. 
Prices are firm, and require to be negotiated. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, June 12, amounted to 1,321 tons. Of 
that total, 1,161 tons went overseas and 160 tons coast- 
wise. For the corresponding week of last year, the 
figures were 238 tons overseas and 27 tons coastwise, 
making a total shipment of 265 tons. 


The Iron and Steel Sheet Trade and the Cost of Fuel.— 
At a largely attended meeting, held in Glasgow at the 
and of last week, of manufacturers engaged in the pro- 
duction of bar iron and steel sheets, the following reso- 
lution was passed :—‘‘ That this meeting of manufac- 
turers engaged in the production of bar iron and steel 
sheets and largely interested as consumers of coal, while 
regretting the present dispute in the coal trade and 
realising the difficulties of dealing therewith, view with 
considerable alarm any proposals for a settlement 
which would result in an increase in the price of coal 
beyond an economic level. Such proposals, if carried 
into’ effect, would jeopardise the maintenance of all 
industries like their own, which have been faced for a 
number of years with the necessity of reducing costs of 
production as a condition of survival.” 








INSTITUTION OF ELECTRICAL ENGINEERS: COOPERS 
Hit -PRizE.—We are informed that the triennial award 
of the Coopers Hill War Memorial Prize, which was 
allotted. last year to the Council of the Institution of 
Electrical Engineers, is: still at their disposal as no 
papers have been submitted. Members are therefore 
invited to submit for consideration, not later than 
October 31, 1926, a paper on any one of the following 
seven subjects: ‘‘The Use of Electricity in Public 
Works,” “ Hydro-Electric Power in Rural Districts,” 
“ Electrification of Railways,” ‘“‘ Electricity in Agricul- 
ture,” ‘Electric Railways in the Empire Overseas,” 
‘“‘ Hydro-Electric Resources in the Empire Overseas,” 
and “The Line and Wireless Communications of India.” 
Corporate members of the Institution only, who were 
under 30 years of age on January 1, 1926, are eligible 
for the prize, which consists of a bronze medal, a parch- 
inent certificate of award, and a money prize of the value 
of about 251, 





_ 'TENDERS.—The Egyptian Ministry of the Interior is 
inviting tenders for the installation of power-station 
equipment at the towns of Kéneh and Luxor, to produce 
three-phase alternating current, at 3,300 volts, 50 cycles 
per second. Tenders will be received: by the Section 
des Municipalités et Commissions Locales, Ministére de 
l'Intérieur, Savoy House, Cairo, until noon on August 1, 
und must remain firm until October 15, 1926.—The 
South African Railway and Harbours Board is inviting 
tenders for the supply and delivery of galvanised and 
black steel wire ropes. Tenders must reach Johannes- 
burg not later than noon on August 12, 1926. Local 
representation is regarded as essential—The Commis- 
stoners of the Victorian Government Railways, Australia, 
are calling for tenders for the supply and delivery, at the 
railway rolling-stock workshops at Newport, of a finish- 
ing press for the plates of laminated springs, including 
all the necessary equipment. Tenders must be pre- 
sented at Melbourne, Australia, before 11 a.m. on 
August 11, 1926.—The South African Railways and 
Harbours Board is calling for tenders for the supply 
ot pump trolleys, wheels, axles, bearings and housings, 
‘or bearings for gangers’ and platelayers’ trolleys. 
lenders must reach Johannesburg not later than noon 
on July 15, 1926. The Board is also inviting tenders 
tor the supply and delivery of eight locomotive boilers 
tor’ class eleven engines; locomotive, carriage, and 
wagon axles; and also automatic couplers. Tenders 
‘aust reach Johannesburg not later than noon on July 29, 
1926. In all cases local representation is essential. 
Further particulars regarding any of the above tenders 
may be obtained from the Department of Overseas 
Trade 35, Old Queen-street, London, 8.W.1. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—South Wales, which under ordinary 
conditions is the largest coal exporting district in the 
world, has practically ceased operations in this direc- 
tion in consequence of the continuance of the national 
strike of miners. There have, however, been some 
interesting developments during the past week. Coal 
has been imported and discharged. So far the quantity 
which has reached the Welsh docks has been insigni- 
ficant, but other cargoes are coming, and if the strike is 
prolonged it is certain that eventually large cargoes will 
be imported. The steamer Albr. W. Selmer reached 
Barry on Monday from Amsterdam with 3,300 tons of 
German coal for the Aberthaw and Bristol Channel 
Portland Cement Company, and on Tuesday the steamer 
Clytha came into Penarth from Antwerp with 1,500 
tons of Belgian coal, 1,200 tons of which is to be un- 
loaded at Penarth for the Penarth Cement Works and 
300 tons at Newport. Following the decision of the 
authorities to allow the re-sale of coal loaded into detained 
vessels to public utility works in this country, the dis- 
charging of the 5,000 ton cargo of the steamer Putney 
has been commenced at Newport, and the 6,500 ton 
cargo of the steamer Promus at Cardiff. The steamer 
Koranton has also sailed from Cardiff to Glasgow with 
9,500 tons. Each of these vessels has been held up 
since the beginning of May, and each cargo has been 
purchased by the railways. The release of these cargoes 
is conditional upon the owners of the cargo and the 
ship agreeing not to make any claims against the Govern- 
ment for detention. For this concession, the owners of 
the cargoes have been allowed to charge a premium for 
loss of profit which would have been secured had the 
cargo been delivered and the shipowners have charged 
for cost of wages, dock rents, &c., due to detention. 
The extra charges approximate from 15s, to 20s. per ton, 
according to the size of vessels, and bring the total 
cost of the coal between 33s. and 37s. per ton on board 
ship, which is approximately the cost of imported coal. 
The effect of the coal strike is revealed by the trade 
returns for May, which show that only 984,508 tons of 
coal, coke and patent fuel were shipped from South 
Wales in May, as compared with 2,294,804 tons in April, 
a reduction of 1,310,296, or 57 per cent. Shipments 
of coal amounted to only 907,180 tons against 2,180,199 
tons, a loss of 1,273,019 tons, foreign cargo exports 
falling from 1,752,624 tons to 823,286 tons, bunkers, 
foreign, from 308,693 tons to 80,782 tons, and coastwise 
cargo from 118,882 tons to 3,112 tons. Exports of 
patent fuel were lowered from 107,012 tons to 73,691 
tons and coke from 7,593 tons to 3,637 tons. Imports 
of pitwood were also lessened in consequence of the coal- 
field stoppage, arrivals receding from 129,901 loads in 
April to only 46,299 loads in May. 








THe Bui~pine or GunBoats IN CHINA.—We learn 
from a recent issue of the Chinese Economic Bulletin 
that the Kiangnan Dock and Engineering Works, 
Shanghai, recently secured a contract from the United 
States Navy Department for the building of six gunboats. 
Two of the vessels will be 150 ft. long, two 180 ft. long, 
and the third pair 198 ft. long. The steam propelling 
machinery of the two smallest boats will be constructed 
in Shanghai. The engines for the remaining four will 
be built at the Navy Yard, Brooklyn, U.S.A., and will 
be shipped to Shanghai. The contract calls for the 
six vessels to be completed within twenty-two months. 
The gunboats are intended for the United States 
Yangtze Patrol. 





Tue InstITuTION oF MUNICIPAL AND County ENnGI- 
NEERS.—The report of the Council of the Institution of 
Municipal and County Engineers, which will be presented 
at the fifty-third annual general meeting of the Institu- 
tion,.to be held at Bristol on June 23 next, states that 
on March 31 last, the members on the roll numbered 
3,491. The figure represents a net increase of 48 over 
the previous year, and is nearly double the 1918 member- 
ship. Reference is made in the report to the application 
for the grant of a charter, which was forwarded to 
H.M. Privy Council shortly after the last annual general 
meeting. A counter-petition, opposing the application 
was filed in November last by the Institution of Civil 
Engineers. A reply dealing with the objections which 
had been raised, was duly forwarded to H.M. Privy 
Council, since which time no further communication has 
been received. 'The Council of the Institution, however, 
understand that the application is being dealt with in 
the normal manner. With regard to preliminary exami- 
nations, the Council have resolved to agree to the 
principle of a common engineering preliminary examina- 
tion. It is considered desirable to have a joint prelimin- 
ary examination and a joint list of approvde examina- 
tions Although negotiations concerning the opening of 
trenches in highways are in progress in several directions, 
it is stated that no definite proposals, legal or otherwise, 
have yet been drawn up. Friendly arrangements 
between the engineers of the various bodies concerned 
have, however, been found to work well. Several sections 
of the report give brief records of the activities of various 
committees, associations, and councils. These are 
contributed by members serving on these bodies as 
representatives of the Institution. Withreference to the 
Chair of Highway Engineering at London University, 
it is stated that some 10,0001.of the 30,0001. required to 
establish the Chair in perpetuity, have been raised by 
private subscriptions. The Council is of the opinion 


that it is the duty of the Institution to support such an 
object, and a recommendation that the sum of 1,000/. 
be contributed to the fund will be made at the forth- 


NOTICES OF MEETINGS. 








THE INSTITUTION OF MUNICIPAL AND CouNTY 
ENGINEERS: SoutH MipLanp District.—Saturday, 
June 19, at 11 a.m., at the Public Library, Kettering. 
“* Municipal Work in Kettering,’ by Mr. 'Thos, R. Smith 

Tue InstiruTION oF NAVAL ARCHITECTS.—Summer 


Meeting. Monday, June 21, to Saturday, June 26. 
Monday, June 21,at9p.m. Reception at the Fondation 
Universitaire, Rue d’Egmont, Brussels. Tuesday, 


June 22, at 10 a.m., at the Palais des Académies, Place 
des Palais, Brussels: ‘‘ The Belgian Mercantile Marine,” 
by Mr. A. Pierrard. ‘‘ The Relative Commercial Efficienc 
of Steam Turbineand Diesel Machinery for Cargo Vessels,” 
by Sir John H. Biles, LL.D., D.Se. ‘“‘ Inclining Experi- 
ments with Ships of Small Initial Stability,’ by Prof. 
William Hovgaard. At 9.30 p.m., Reception at the Hotel 
de Ville, Brussels. Wednesday, June 23, at 9.30 a.m., 
Various visits, excursions, etc. Thursday, June 24, at 
lla.m. Proceed by motor car to Antwerp. At 7.30 
p-m., Banquet at the Hotel Terminus, Antwerp. Friday, 
June 25 at 10 a.m., at the Ecole Normale, Rue Quellin, 
Antwerp. ‘‘ The Port of Antwerp,” by Mr. K. Bollengier, 
** Oil Separators for Bilge and Ballast Water,’’ by Prof. 
H. S. Hele-Shaw, LL.D., D.Se. ‘‘Some Ship Strain 
Observations with a Simple Instrument,’’ by Mr. J. 
Lockwood Taylor. At 9 p.m., Reception at the Palais 
du Gouvernement Provincial, Marché aux Souliers. 
Saturday, June 26, at 9.30a.m. Various visits, excursions, 
&c. At 7.30 p.m., Institution Banquet at the Zoological 
Gardens Restaurant, Antwerp. 

THE INsTITUTION OF MUNICIPAL AND County ENGI- 
NEERS.—Annual General Meeting and Conference, 
Wednesday, June 23, to Saturday, June 26, at the 
University, Bristol. .Wednesday, June 23, at 10 a.m., 
Annual General Meeting. Presidential Address by 
Mr. L. S. McKenzie, M.Inst.C.E. At 12.30 p.m. Various 
visits. Thursday, June 24, at 9 a.m. Address by Mr. 
G. L. Papler. ‘‘ Re-planning of Developed Areas,’’ by 
Mr. W. T. Lancashire, M.Inst.C.E. ‘‘ Duties of a Resi- 
dent Engineer on a Sewage Scheme,” by Mr. H. R. 
Sayer. At2.15 p.m.: Addresses by Sir Henry Maybury, 
K.C.M.G., and Dr. I. G. Gibbon. ‘‘ Asphalt ’’ by Mr. 
W. J. Hadfield. ‘‘ Bristol Housing,” by Mr. A. H. 
Claypoole and Mr. A. W. Smith. At 7.30 p.m., Annual 
Dinner at the Victoria Rooms, Bristol. Friday, June 25, 
and Saturday, June 26: Visits to various works. 


THE Opticat Socrety.—Thursday, June 24, at 7.30 
p.m., at the Imperial College of Science, Imperial Institute 
Road, South Kensington, 8.W.7. ‘‘ Joseph Fraunhofer 
and the Development of Optical Instruments,”’ by Prof. 
M. von Rohr. 





STANDARD SPECIFICATION FOR FLAT-BoTTOM RAILWAY 
Ratts.—A new edition of their specification for flat- 
bottom railway rails has recently been published by 
the British Engineering Standards Association, This 
pamphlet, which bears the number 11-1926, is a revision 
of the specification issued as a provisional measure in 
1924 in Report No. 114. Modifications have been made 
in the table of falling-weight tests to meet the changes 
in the design of the rails, The height of the drop has 
been altered in many cases, and a maximum permanent 
set is no longer specified. A noticeable point in the 
new edition is that the maximum allowable percentages 
of sulphur and phosphorus are now slightly higher than 
those previously permitted. Full-size'-drawings of the 
rails are given and, in addition to the sections from 
25 lb. to 100 lb. per yard issued in 1924, four heavier 
rails, weighing 105 lb., 110 lb., 115 Ib. and 120 lb. per 
yard, respectively, are now included. The publication is 
bound in stiff cloth covers, and copies may be obtained 
from the B.E,S.A. Publications Department, 28, Victcria- 
street, London, 8.W.1, price 5s. 4d., post free. 


THe Krrin-Tunenva Rattway.—The South Man- 
churia Railway Company recently undertook the 
construction of. the proposed extension of the Chang- 
chun-Kirin Railway toTunghua. It isstated, in arecent 
issue of The Chinese Economic Bulletin, that the project 
was originally mooted as long ago as 1909, but that, for 
various reasons, it has remained dormant. Surveying for 
the new line has begun and is being actively continued, 
Changchun junction station is on the main railway line 
connecting Mukden and Harbin and is distant some 
200 miles from each of these centres. It is the northern 
terminus of the South Manchuria Railway. The 
Changchun-Kirin line branches off to the east and is 
some 120 miles in length. Tunghua, the proposed new 
terminus, is again due east of Kirin and is about 
144 miles west of Vladivostok. The contractors 
estimate that the length of the proposed extension 
from Kirin to Tunghua is 130 miles, and that the 
cost will be in the neighbourhood of 18,C00,000 yen, 
excluding tunnel work. The contract calls for the 
completion of the undertaking within two years, but, 
owing to the mountainous nature of the country, it is 
thought that it will not be possible to complete it in 
that time. A considerable area of virgin-forest land 
lies between the two termini. The most important 
works to be undertaken include a bridge over the River 
Sungari, which is 490 yards wide at Kirin, and three 
tunnels, the lengths of which aggregate 3,600 yards. 
The fact that plentiful supplies of timber are available 
along the whole route and that concrete-making 
materials are to be found everywhere are distinct 
advantages. Again, coal is obtainable near by, and 
the manufacture of bricks will be undertaken; it will 
only be necessary to import cement and rails. It is 
stated that all bridges, with the exception of that over 
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the Sungari, will be constructed of wood. 
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TESTING INTERNAL COMBUSTION 
ENGINES. 


Tue “duty” by which the respective merits of 
Cornish pumping engines used to be estimated was 
in essentials a standard of thermal efficiency. It 
was in fact the number of ft. Ibs. raised per bushel 
of fuel burnt. Calorimetry, of course, was in its 
infancy; coal was merely coal, and the engine 
designer had nce means of discriminating between 
losses due to bad fuel or inefficient boilers, and those 
for which the responsibility might fairly rest on 
himself. Less crude methods of test gradually 
became popular. The late Bryan Donkin made 
many careful tests in which he compared the total 
heat supplied to the engine with the useful work 
done. Here again the standard was a thermal one, 
and thus, whilst satisfactory enough to the operating 
engineer, gave little useful information to the 
designer. A new departure was made in the 
“nineties ” of last century when Mr. Peter Willans 
popularised the use of the Rankine cycle as a 
standard of comparison. This marked a great 
advance, since it concentrated attention on the fact 
that even with a low thermal efficiency of say 12 per 
cent. to 15 per cent. the engine might be converting 
into useful work some 80 per cent. or more of the 
heat which was theoretically available. The 
margin of possible improvement was therefore not 
represented by the difference between the observed 
thermal efficiency and unity, but by the much 
narrower margin represented by the defect from 
unity of the efficiency ratio. To-day this is univer- 
sally recognised, but we have no longer to compare 
merely steam engine with steam engine, but steam 
plants with internal combustion engines operated 
with gas and oil. Thermal efficiencies are therefore 
again being recorded, but in addition to this overall 
or “global” figure, the performance of each con- 
stituent unit of the cycle is being carefully ascer- 
tained. 

So far as internal combustion engines are con- 
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cerned it has hitherto been usual to record thermal 


efficiencies only, but in a paper* read before the 
Diesel Engine Users’ Association, last April, 
Mr. W. M. Tookey, M.I.Mech.E., laid stress upon the 
importance of recording fuller data, and suggested 
that these should always include the ratio of the 
clearance to the total volume of the cylinder. 
Lacking this, it is impossible to make a fair com- 
parison between engines working under different 
conditions. A difficulty in the matter lies in the fact 
that not merely is the clearance space frequently 
irregular in form, but also that complete drawings 
are not always available. Mr. Tookey suggests, 
however, that for practical. purposes a very fair 
estimate of the clearance volume can be made by 
an analysis of indicator diagrams. Using a light 
spring, the point of the stroke is determined, at 
which the atmospheric line is crossed on the com- 
pression stroke, and with a stiff spring the compres- 
sion pressure is next recorded. Then on the assump- 
tion that the compression curve is represented by 
P V!-5 = constant, the clearance volume can be 
readily calculated. 

That clearances thus determined are sufficiently 
exact to be useful, seems to be established by the 
regularity with which tests analysed on this basis 
can be plotted. 

Many years ago, Mr. Tookey suggested that a 
useful and easily applied criterion. of .performance 
was provided by the ratio of the mean pressure of 
the positive loop of the indicator diagram to the 
heat units available in each cubic foot of the mixture 
as fired. This ratio is, roughly speaking, nearly 
proportional to the thermal efficiency, and can in 
fact be reduced to the latter if the clearance volume 
be known. In his paper he analyses on this basis 
practically the whole of the reliable tests available 
up to date. This analysis brings out in a very 
striking fashion, the long recognised fact that rich 
mixtures mean waste of fuel. Town gas when mixed 
with air just sufficient for complete combustion has 
a “strength” of about 93 B.Th.U. per cubic foot, 
where the term “strength” represents the tota! 
heat (gross) which would be liberated on combustion. 
In the case of producer gases the corresponding 
value ranges from 63 to 72 B.Th.U. per cubic foot, 
whilst with liquid fuels it is about 100. There is 
no difficulty in burning mixtures of this type very 
efficiently ina furnace, but experience has shown 
most decisively that very much weaker mixtures 
must be used for internal combustion engines. In 
fact, Mr. Tookey’s curves indicate that the maximum 
thermal efficiency is attained with mixtures having 
a “strength” of between 20 and 40 B.Th.U per 
cubie foot. 

Other factors than thermal efficiency have how- 
ever, generally to be taken into account. Motor- 
engines, for example, are commonly operated with 
very rich mixtures. This involves a waste of fuel. 
and the exhaust gases often contain enough carbon 
monoxide to be dangerous. The engine is, however, 
much more flexible than if operated with weak 
mixtures, and smooth running under a wide range 
of conditions, is more important than fuel 
economy. 

Again, as Mr. Tookey points out in his paper, the 
maximum thermal efficiency as estimated on the 
basis of the indicator diagram is not necessarily 
or indeed commonly consistent with the highest 
efficiency on the brake. He records in his paper 
tests of a Nobel-Diesel engine in which a thermal 
efficiency of 48} per cent. was recorded The 
corresponding brake efficiency was, however, only 
34-7 per cent. whilst it reached the value of 35} per 
cent. when the “indicated” thermal efficiency 
was 46-1 per cent. It is not clear, however, from 
the figures given whether the indicated efficiency 
has been corrected for the work expended in 
compressing the air used for spraying the fuel. 
The importance of this was pointed out by Sir 
Dugald Clerk, in discussing the paper read by Dr. 
Diesel, in 1912, before the Institution of Mechanical 
Engineers, and Dr. Diesel agreed that when allowance 
was made for the work done by the compressors, 
the maximum indicated efficiency of the Diesel 
engine of’ that date was much the same as that of 
a gas engine. Some other interesting practical 
points were noted in Mr. Tookey’s paper. The 
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low calorific value of town gas as now supplied, 
should, he points out, have led to a readjustment 
of the valves of gas engines of an early date. Where 
this has not been attended to there has been a fall in 
the engine efficiency. By throttling the air, Mr. 
Tookey says that he has in a number of cases 
restored the efficiency to its original value. 

Another point which he emphasises is the desir- 
ability of fixing to each engine a rating plate 
giving maximum and minimum speeds as well as 
the normal speed of running. He notes one case 
in which an engine designed to run at 320 r.p.m. 
was actually, without adjustment, set to work at 
240 r.p.m. Under these, conditions it ran most 
irregularly, and the purchaser complained that it 
was too small to carry his load, although this was 
much below the rated capacity of the engine, even 
when reduced in proportion to the revolutions per 
minute. 

The real fact was that the low speed had led to 
pre-ignition, since the mixture fired before the 
piston reached the inner end of its stroke. A 
similar condition of affairs often arises in starting 
up a heavy-oil engine. The piston takes too long 
to complete the compression stroke, and “ bumping” 
results which ceases as the engine speeds up. 





THE COAL OUTLOOK. 


THE intention announced by the Government of 
suspending the Seven Hours Act on the basis of 
assurances received from the owners, as to the 
minimum wages that could then be paid, gives both 
owners and men a fresh opportunity, of which it is 
earnestly to be hoped that they will take advantage. 
For an eight-hour day, which would mean an aver- 
age of 6} hours at the face, and be substantially 
less than is worked by miners in the United States, 
the owners would be prepared to pay minimum 
wages substantially better than have been generally 
expected. About half the total output of the 
country is produced in districts that would require 
no reduction at all; that is to say, the miners 
would for the next three months get the wages they 
were receiving when they struck. Thereafter they 
would get such rate as might be shown to be due 
under the 1924 agreement, whereby 87 per cent. 
of the net profits was to be attributed to labour, 
and the basis rates for the following periods modified 
by such percentage as would have given labour 
that share in the previous period of which the 
profits had been ascertained. The reduction required 
over more than half the rest of the country will be 
materially less than 10 per cent., the figure of the 
previous offer; and for the remainder the rate 
would in no district be lower than the 1921 minimum, 
which in view of the reduction in cost of living, 
would leave the miners in these poorest districts 
some 30 per cent. better off in real wages than they 
were in that year. Having regard to the condition 
of the industry, as disclosed by the report of the 
Coal Commission, and to the further loss of trade 
that has occurred and is occurring daily through the 
strike, these terms are better than most people 
would have thought possible. The reduction, where 
any reduction is necessary, will leave the miners 
with wages as high and hours as short as those of any 
manufacturing industry ; and, in addition to these 
wages, will distribute among them 87 per cent. of 
the entire profits of the industry. 

The existing organisation of the miners would 
require that the acceptance of these terms should 
be made by the district miners’ associations, or on 
their behalf by the Miners’ Federation. This, 
doubtless, would be the most convenient course, 
if it were immediately practicable. If, however, 
the public statements of those who, for the time 
being, dominate these bodies are to be taken literally, 
as it seems they must be, no such immediate accept- 
ance can be obtained. When the actual issues of this 
strike are analysed, it will be seen that the single 
substantial point is whether the miners shall take 
the course that best serves their own interests, or 
that which conserves the power exercised over them 
by the Miners’ Federation. Up to now, the local 
associations have elected to support the proceedings 
of the Federation. To such extent as they have in 
view the industrial interests of the miners and not 
the political aims of their communist wing, the 
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influence of the local associations is perverted by 
the political adventure of the Federation. If the 
industrial elements of any district association are 
strong enough to resume its control, which they ought 
never to have lost, they have now the opportunity 
to put their men on their feet again, and to continue 
to représent them in any transactions with the 
district owners’ associations. Too much, however, 
has already been sacrificed to the desire for the 
convenience of working through associations; and 
though the concurrence of any district associations 
of miners’ will unquestionably be welcomed, it ought 
not any longer to be a condition precedent to the 
acceptance of terms in any district or individual 
pits. The owners in each district may make their 
terms uniform enough to be administered between 
their own association and the district miners’ 
association, when those bodies can agree; but no 
possibility of such ultimate agreement should be 
allowed to prevent or delay the re-opening of every 
pit to which the men are willing to return, or that 
can recruit a complement to run it. 

Failing the immediate co-operation of the district 
associations, the most desirable means, therefore, of 
making a fresh start would doubtless be the 
immediate starting of individual pits, where owners 
and miners can agree. If, however, this is not 
generally possible, it is not to be assumed that the 
failure is due to the unconstrained wish of the 
miners who remain away. Their absence may 
equally be due to a belief that the continued strike 
is the general wish of their fellow miners, to which 
they feel bound to be loyal, or in some instances to 
the effect of intimidation by the more lively of the 
“reds.”” What seems to be the most pressing duty 
of the Government, after they have removed the 
statutory obstacle to eight-hour day working, is to 
give the general body of miners the means of knowing 
authentically what really is the unconstrained wish 
of the majority of them. A friendly society, which 
is responsible to its members for their provisions 
against accident and the needs of old age, is rightly 
subject to the supervision of a Government auditor. 
The district associations of the miners, apart from 
any provident obligations they may have, are 
responsible to the men not for their ultimate but 
for their present living. There is no need to specify 
how in the past the purpose of ballots is known to 
have been frustrated. The fact that their complete- 
ness and secrecy has been questioned by responsible 
people is sufficient to show that as now conducted 
they do not serve their purpose. It is of the utmost 
consequence to the miners that they shall arrive at a 
wise decision in regard to their present opportunity 
of beginning again to earn their living, and of saving 
their future means of livelihood from the wreckage 
with which it is threatened. Their district associa- 
tions purport to speak in their name, and no men 
are more concerned than the miners themselves that 
what these bodies say shall represent the wish of 
their members correctly. If the terms that the 
Government has obtained from the owners are not 
accepted generally in the districts, each district 
association should be required to institute a ballot 
on the question of acceptance, under conditions that 
enable the Government to warrant to the members 
that the terms of reference are expressed correctly, 
and the ballot is both complete and secret, with such 
sanctions as regulate the not more serious ballot for 
parliamentary representatives. Ifa majority of the 
members of the association is in favour of accepting 
the terms, the association should be required to 
accept them, as doubtless its present constitution 
would provide. 

The size of the mining industry would justify 
the interference of the Government in existing 
circumstances, even if other industries were not 
affected. As it is, however, the dependent industries 
are only less affected by the strike than the miners 
themselves, while their unemployed have no Russian 
philanthropists, earning an average of 15s. a week, 
who are contributing half a million sterling towards 
their support. The duty the Government owes 
primarily to the miners is no less in the interest 
of the whole country. In a speech that showed 
his customary brilliancy Mr. Hartshorn denounced 
the action of the Government, and the figures he 
gave may well be quoted as the best evidence of 
the unsoundness of his case. The industry is made 





up of many hundreds of pits, showing every 
difference of result from 7s. per ton profit to 7s. 
per ton loss. His remedy, therefore, is to unify 
them, and let the losses and profits cancel out ; 
forgetting that, if thus he swamps his profits to 
make good his losses, he is depriving his enterprise 
of the margin out of which it can consolidate its 
position and that of its customer industries in the 
world’s markets. Unification is a gain where it 
can make savings or increase efficiency ; where it 
absorbs profits and masks losses, as Socialists 
desire, it is in itself a loss. The bitter cry of the 
oppressed miner is, again, instanced by the fact 
that his average earnings are 50s. a week plus 
some allowance for free or cheap coal and for 
housing. This average, however, is not for men, 
but for all persons, including boys, and is earned 
after allowing a not insignificant number of 
voluntary absences. At present many manufacturing 
industries would be glad to be as badly off. The 
duty the Government owes to the other industries, 
whose workers are worse off than the miners, and 
yet whose earnings the mines have taxed for nine 
months in order to carry on, is not less than what 
it owes to the miners and to the country. 
Doubtless the attitude the Government has 
adopted to the disturbers of the peace, the politeness 
with which it has appeared to accept the fictions 
and pretences that are essential to their case, 
its readiness to make and procure concessions to 
unjustified demands, may have been warranted in 
exchange for immediate agreement. The agreement 
has failed, and the time has come when the fictions 
must be ignored and no concessions made except 
to the just interests involved. When, for instance, 
there was a chance of getting a settlement by 
consent if the recommendations of the Royal 
Commission were adopted en bloc, that end may 
have justified what otherwise would have been a 
rash and experimental procedure. It is to be 
hoped that, now that the consideration has failed 
for which the adoption of those recommendations 
was contemplated, these far-reaching proposals will 
not pass into law without better evidence of their 
soundness than has been produced. At best it 
would be years before their effect matured. They 
can do nothing to meet the present emergency, 
and may saddle the future with the consequences 
of panic legislation. 





THE RELATIONSHIP OF PHYSICS TO 
AERONAUTICAL RESEARCH. 


Ir engineering in general can be regarded as 
applied physics, this is certainly the case with 
aeronautics. It is equally true, on the other hand, 
that science has been greatly stimulated by the 
problems which have arisen directly from aeronau- 
tical engineering. Mr. H. E. Wimperis, Director of 
Scientific Research to the Air Ministry, reviewed 
the relationship of physics to aeronautical research 
and the solved and unsolved problems of aeronau- 
tics from ‘this point of view on the 7th inst., when 
addressing the Institute of Physics. 

Aeronautics, by its youth, Mr. Wimperis stated, 
escaped the medizvalism of the old-time practical 
engineer. It was launched well in the modern 
scientific path by the formation, some seventeen 
years ago, of the Advisory Committee for Aeronau- 
tics. That committee, after two phases of read- 
justment, was still with us as the Aeronautical 
Research Committee. In the early days there was 
only a single committee presided over by Lord 
Rayleigh. The later organisation, in a measure, had 
followed the Admiralty lead, that body having 
appointed Mr. F. E. Smith head of a small staff 
to supervise scientific research work for them. 
Government research departments had to break with 
the tradition of large staffs and special methods ; 
if they could not adopt University methods in folo, 
they had to go a good way in that direction with 
respect to freedom of work and avoidance of 
burdensome regulations. Events had shown that 
satisfactory arrangements could be made. There 
was now something approaching uniformity of con- 
ditions throughout the staffs of the Admiralty, the 
Air Ministry and the National Physical Laboratory. 





The special Boards for Physics, Engineering and 
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Chemistry of the Department of Scientific and 
Industrial Research co-ordinated the work snd 
determined the place in which it was to be done 
by the most suitable man, and provided for the 
circulation and discussion of the reports on results. 
Mr. Wimperis regretted that the confidential nature 
of some investigations prevented publication of a 
mass of most interesting scientific work, or pre- 
vented it from being released until much of the 
interest had evaporated. Of about eighty members 
of the aeronautical research staff, four-fifths worked 
in the laboratories at Farnborough, the others being 
engaged at Martlesham and Felixstowe, where the 
performances of aeroplanes and seaplanes were 
studied, and in the Air Ministry laboratories and 
headquarters at the Imperial College of Science, 
where special physial and chemical problems were 
investigated. Every endeavour was made to give 
free scope to the workers. 

Passing to the definite problems of the flow 
around aerofoils as studied in wind channels, Mr. 
Wimperis said that the simpler measurements made 
of the lift and drag coefficients, and of the motion of 
the centre of pressure, concerned quantities which 
could not be predicted from the classical theory of 
hydrodynamics, because the theory only dealt with 
non-viscous fluids. The stream lines about a cylinder 
placed at right angles to the flow differed in an 
inviscid and a viscous fluid such as air; in the 
latter case only, resultant forces acted on the 
cylinder, and without them flying would not be 
possible. If to the streaming of an inviscid 
fluid there were arbitrarily added a “ circulation ”’ 
of the fluid around the cylinder, the resultant force 
coming into existence at right angles to the stream 
had an analogy with the lift force experienced by 
an aerofoil, and with the propulsive force produced 
by the wind on the rotating cylinder of a Flettner 
rotor ship. That predictions of the lift forces of 
certain forms of wing sections had been based upon 
this convention of circulation might appear illogical, as 
it involved an application of the theory of an inviscid 
fluid with a hypothetical convention as to what 
might be happening at the boundary layer between 
the fluid and the body. The inviscid fluid would 
slip past the surface of the model without retarda- 
tion, and the slipping would equally occur even 
when the idea of a circulation were added. In 
practice, however, such a slip had no existence. 
There seemed to be an exceedingly thin layer or 
skin of the fluid in which one side was in steady 
contact with the model and the other in contact 
with the rest of the fluid medium, resulting in a 
sort of self-lubrication. 

That theory, built upon the pioneer work of 
Lanchester, Joukowski and Prandtl, had had to face 
much criticism ; but it had been found most useful 
for design purposes to impose upon the motion of 
an inviscid fluid a circulation of unknown origin 
around the aerofoil, sufficient in amount to carry the 
so-called stagnation point to the trailing edge of the 
wing. So long as the limitations of the theory were 
borne in mind, no harm was done by its application. 
Southwell had suggested that the whole of the 
lifting power of an aeroplane wing could be referred 
to what went on in the thin skin, perhaps only a 
few thousandths of an inch in thickness, and Bairstow 
had pointed out last year that the circulation theory 
modified the conception of the aerofoil itself so 
as to include the skin. ; 

The great merit of Prandtl’s theory was that it 
admitted of deducing the lift of a wing of finite 
span from the performance of a wing of the same 
cross-section but of infinite span, so that the 
results of three-dimensional flow could be deduced 
from the two-dimensional data. The latter could 
be studied experimentally with the aid of a model- 
Wing section extending across the full width of the 
wind channel, and also mathematically by the method 
of Joukowski. By such work, the research staff had 
designed a good thick wing as well as a racing wing. 
These theories had also been applied to air screws. 
The lift and drag of each element of an air-screw blade 
could be calculated by the vortex theory as if it 
Were part of an aerofoil of infinite aspect ratio ; 
and attempts had also been made to study air screws 
when acting as windmills in wind channels. This 
brought Mr, Wimperis to the consideration of the 


ENGINEERING. 


rotating wing as distinct from the ordinary fixed 
wing. An aeroplane in a spin described a cork- 
screw path in which the wings had a. rotating as 
well as an advancing motion. An entirely flat spin, 
in which the machine rotated on a level keel about 
a vertical axis while slowly descending, did not 
appear to have been observed in this country ; the 
resulting slow descent, however, would be valuable 
for emergency landing. 

Little success had been obtained with helicopters 
fitted with rotating wings driven by engines, but 
the autogiro of Senor de la Cierva* could rise to a 
height of 200 m., cruise about and descend vertically, 
Mr. Wimperis showed this by displaying at the end 
of his lecture two kinematograph films, taken from 
the ground and partly from an aeroplane, one in 
Spain and the other at Farnborough. These pictures 
showed that the wings oscillated in a vertical plane 
during each revolution (about 140 r.p.m.) and 
presented some analogy to the flapping flight of 
birds. The windmill, Mr. Wimperis pointed out in 
discussing these important problems at some length, 
rotated in the opposite direction from what one might 
expect, and the descent was slower, by half the rate, 
than that of a parachute of the same diameter. 

Turning to the question of full-scale experiments, 
Mr. Wimperis discussed the subject of scale effect. 
Model tests, he said, would represent full-scale con- 
ditions provided that the Reynolds number, i.e., 
the ratio of length and velocity divided by the 
kinematic viscosity coefficient, were the same. Wind 
channel tests of models, so far, gave about one tenth 
of the full-scale number, so that extrapolations in 
proportions of 10: 1 had to be applied in the 
corrections. Prandtl had shown how to correct for 
wall interference and aspect ratio in channel experi- 
ments, but there was also interference between body 
and wings, and this was very difficult to predict. 
The propellers of models were generally not power- 
operated, and there was a limit to the air velocity 
attainable in a channel. Higher Reynolds numbers 
could be obtained by increasing the density of the 
air and by working in a fluid of lower kinematic 
viscosity. In the recently-completed Washington 
wind channel, the air pressure was raised to 20 
atmospheres at which the Reynolds number became 
equal to that of full-scale work, and some peculiar 
results had been observed. The coefficients of lift, 
drag and the centre of pressure might rise or fall 
with increasing Reynolds numbers, so that the order 
of merit of wings would be different in air channels 
and pressure channels. Experiments in water had 
been made in the tank of the National Physical 
Laboratory. There the model had to be run at 
corresponding speeds, i.e., the ratio of the velocity 
to the square root of the length of the model should 
be equal to the ratio of the velocity of the full size 
machine to the square root of its length ; that ratio 
was not the Reynolds number, and it led to entirely 
different results. 

Coming finally to aero-engines, which owed their 
enormous recent improvement more to the efforts 
of the builders than to physical study, Mr. 
Wimperis reminded the meeting that aircraft 
engines were required to run for thousands of miles 
at 70 per cent. of their full power rating—not at 
half power like motor-car engines—even in air of 
one third the normal pressure and at temperatures 
of 50 deg. C. below zero. The power developed by a 
fuel mixture of constant strength in a cylinder of 
fixed dimensions was not directly proportional to the 
density of the air charge ; the air was heated in the hot 
inlet passages of the aero-engine, and this and other 
factors made the brake borsepower more nearly pro- 
portional to the atmospheric pressure than to its 
density. The density might be increased by super- 
compression or super-charging, for the purpose of 
maintaining the intake pressure’ constant. That was 
one of the manifold problems which were now being 
seriously tackled. Mr. Wimperis also referred in this 
connection to the anti-knock problem and the re- 
markable efficiency of minute quantities of lead tetra- 
ethyl and some other chemicals in preventing deton- 
ation.| The facts were clear, although the ultimate 
cause wasunknown. Detonation had been prevented 
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by adding twenty per cent. of benzol to ordinary 
aviation spirit, but this practice was not satisfactory, 
because the freezing point of the mixture was not 
sufficiently low and for other reasons. Mr. Wimperis 
remarked in concluding that the opportunities of 
useful and attractive work, now open to young 
physicists on Government research staffs, would 
have been greatly envied by physicists of a previous 
generation. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


TAKING last year’s summer meeting as a pre- 
cedent, the Institution of Mechanical Engineers 
have this year arranged their week’s programme to 
include only one formal meeting at which two 
papers were read, the rest of the time being devoted 
to visits to the numerous interesting works in the 
Eastern Counties, with an appropriate proportion 
of excursions and social functions. Though generally 
similar in programme to the meeting at Newcastle- 
on-Tyne, this year’s gathering differs from it in point 
of numbers, a smaller attendance being recorded. 
This is due to difficulties connected with restricted 
train service and so forth, but those members who 
attended expressed great satisfaction that the 
meeting had not been abandoned. 

Recent precedent had been followed in accept- 
ing an invitation to hold the meeting in a district 
with which the President for the year was associated, 
and in taking papers relating to the particular 
industries of the district so chosen. The works with 
which Mr. William Reavell’s name is connected are, 
as is well known, situated at Ipswich, and it was 
in the Town Hall there that his worship the Mayor, 
Councillor K. J. Badshah, O.B.E., and the members 
of the Ipswich Reception Committee welcomed the 
President of the Institution, the Council and 
members. In welcoming his guests and _ placing 
the Town Hall at their disposal, the Mayor said 
that the Institution had rendered the town two- 
fold honour, inasmuch as it had selected for its 
President a prominent citizen of Ipswich, who, 
it was an open secret, would have occupied the 
mayoral office had he not accepted the position of 
President, and had further dignified the community 
by a corporate visit. He alluded to the historical 
and commercial importance of the town, and 
stated that the recent developments in the docks 
prognosticated for it a great future. The Deputy 
Mayor, Lieut.-Colonel F. W. Turner, supported the 
Mayor in his address of welcome, and added greet- 
ings also as President of the Ipswich Engineering 
Society, a body of nearly five hundred members. 

The President of the Institution, Mr. William 
Reavell, briefly replied, on behalf of those present, 
expressing his sincere appreciation of the cordial 
welcome extended by the civic authorities and 
reception committees of Ipswich, Norwich and 
Chelmsford. The business of the meeting was then 
proceeded with. The Secretary having read the 
minutes of the previous meeting of March 19, the 
Willans premium and medal for the best paper 
elligible for the award during the past six years, was 
presented to Mr. P. C. Dewhurst, of Colombia, 
S. America. The title of Mr. Dewhurst’s paper was 
‘** British and American Locomotive Design and 
Practice.”’* 


APPLICATIONS OF ENGINEERING TO AGRICULTURE. 


Mr. Frank Ayton was then called upon to read 
his paper on “Applications of Engineering to 
Agriculture.” We reproduce this in abridged form 
on page 739 of this issue. At its conclusion the 
President tendered the thanks of the meeting to 
the author, and stated that examples of the machines 
referred to in it would be available for inspection 
by the members in the visits to the several works on 
succeeding days. 

The discussion was opened by Mr. Charles Wick- 
steed, who remarked that he thought the author 
had hardly laid sufficient stress on what the engineer 
had done in developing to such a great extent 
agricultural machines not driven by steam or other 
prime movers, ¢.g., rollers, haymaking machines, 








* See ENGINEERING, vol. CXIII, page 373. 
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&c. He was able to recall the beginnings of steam- 
driven agricultural machinery, and had early actual 
experience in handling the first practical forms of 
steam ploughs. He considered that Messrs. Fowler’s 
early successes were largely due to the influence of 
men trained in locomotive engineering who appre- 
ciated more fully than the purely agricultural 
engineer the importance of such things as high- 
pressure steam, large bearings, &c. He was an 
advocate of the rope system of ploughing, and 
during the war had found that twice as many 
potatoes could be produced on rope-ploughed land 
as on that on which tractor ploughing had been 
used. 

Mr. W. Worby Beaumont also recalled several 
very interesting incidents in the early history of 
steam ploughing. He had been associated with 
experiments in using 7 h.p. engines to draw the 
plough on the anchor system. The anchor used was 
self-transporting. that is, when a furrow was com- 
pleted the anchor was so constructed as to move 
along the headland. This anchor was the first 
example of the use of discs with thin edges for 
taking a firm hold of the ground. He would suggest 
that anyone interested in Messrs. Fowlers’ work 
should look up the Jury reports of the Bristol show 
of 1851. At that date Messrs. Fowler had developed 
a machine for putting in pipes underground as 
referred to in that part of the present paper deal- 
ing with the mole-draining machine. He had also 
been associated with the first portable steam thrash- 
ing machine which met with such opposition from 
farmers and others that it had to be dismantled 
and converted into a horse-operated one. Referring 
to the dearth of literature on the subject, he would 
remind members that he had contributed a paper 
to the institution on thrashing machines in which 
all the existing types and operations were corre- 
lated and explained and references were given. 

Alderman Sir Edward Packard, High Sheriff of 
Ipswich, remarked that apropos of beet sugar 
cultivation, he had been informed that what was 
wanted was a drop drill machine which would drop 
seed 6 in. to 7 in. apart. French machines were 
being imported for this work, and he commended 
the matter to British engineers. Mr. W. E. Martin 
also commented on this matter. 

Sir Ernest W. Petter spoke of the equal import- 
ance of preparing the ground as of thrashing the 
grain. Conditions in this country were so variable 
that designers and experimenters were handicapped. 
In America they were more uniform, and this had 
resulted in a rapid development of the use of the 
tractor. His firm had invented a tractor which 
they had used on their own land with complete 
success, but when used on a farm with sticky land, 
it had failed. Such success as they had had hitherto 
might be said to be in spite of, rather than with the 
assistance of, the farmer. He had been rather of 
the opinion that the productive capacity of the 
world was reaching its limit, but taking into account 
mechanical developments, the limit would be 
extended. 

Brigadier-General M. Mowat, referring to the 
mole-draining plough, said it had proved of great 
use during the war in connection with certain 
appliances used at aircraft basis. : 

Mr. (. J. Hobbs remarked on the dearth of good 
text-books on agricultural engineering, and stated 
that in the United States of America the subject 
was accorded a higher place in the engineering 
world, and an Agricultural Engineers’ Society 
existed, while Mr. P. C. Dewhurst, who followed, 
gave an account of conditions in Columbia, as 
illustrating variability im requirements. Steep 
gradients, he said, were met with on hillsides, even 
1 in 1 being possible. Such a slope was too great 
for a tractor, and no machine had as yet been found 
to deal with the situation effectively. Then again, 
some of the land was submerged during part of the 
year and the hillocky condition of the ground re- 
sulting from this, made it impossible to use any 
sort of a plough. Hand work was essential, and the 
areas involved were too large to make this econo- 
mical. 

Mr. Ayton then replied briefly to the discussion. 
He agreed with Mr. Wicksteed with regard to the 
valuable example set by the locomotive engineer 
in the early days of the portable steam engine. He 





was sure Mr. Dewhurst would be interested to learn 
that a large estate owner from Colombia was in 
Ipswich last year, and had then stated that one of 
their difficulties lay in the wide range of climatic 
conditions in that country, the higher slopes of the 
hills being fit for wheat growing, while such tropical 
fruits as bananas grew in the valleys. 


MoperNn Fiour Minitinc MACHINERY. 

The second paper was read by Lieut.-Colonel 
F. W. Turner. It was entitled ‘“ Modern Flour- 
Milling Machinery.” This will be reproduced in 
a future issue of ENGINEERING. Colonel Turner 
commenced by stating that his subject was divided 
into three parts, viz., transporting the grain into 
the premises. cleaning and conditioning it, and 
milling it. Under the first head, the pneumatic type 
of intake plant was described, and compared with, 
the ordinary ship elevator. The power required for 
the former was more than that needed for an 
elevator, being 1-4 h.p. to 2-0 h.p. against rather 
less than 0-5 h.p. per ton of grain. The distance 
grain could be conveyed by pneumatic plant was 
300 ft. or more. These were the figures given in 
the paper, but since writing it the author had 
obtained additional data. On an actual test of a 
pneumatic plant having a lift of 34 ft. and a 
horizontal run of 12 ft., 1 brake horse-power per 
ton per hour was required. Another intake plant 
had a lift of 35 ft. and a run of 35 ft., and the 
power consumed was 1-15 brake horse-power 
per ton per hour. A larger plant with a lift of 
65 ft. and a horizontal run of 275 ft., took 2 brake 
horse-power per ton per hour. In dealing with 
separators, the author described the Carter disc 
separator and exhibited actual parts of the indented 
discs used for the separation of the cockle and 
other seeds from the wheat. In this connection 
he had just received a letter from the makers of 
the machine stating that recent experiments had 
demonstrated that, in separating not only these 
impurities from the wheat, but oats and barley 
as well, the machine was completely successful, 
so that a more perfect separation was now 
practicable. The author then dealt with scourers, 
and textile dust collectors, which are either of the 
suction or pressure types. The latter consists of 
a number of vertical tubes of closely-woven fabric 
down which the wheat is run with accompanying 
air pressure, the dust being blown through the 
material. The rationale of conditioning was 
discussed. By means of a diagram the author 
then explained the lay-out of a flour mill, but 
explained that the practice in the industry in this 
respect varied very widely. He stated that the 
power required for a complete four-roller mill, 
having two pairs of 40-in. by 10-in. rollers, would be 
about 4 h.p. to 5 h.p., and not as given in the 
advance copies of the paper. 

A vote of thanks was passed to the author, and 
on the discussion being opened, Mr. Cecil Bentham 
said he thought that Colonel Turner had treated 
the subject in an admirably descriptive manner, 
but had not quite brought out the fact that all 
the machines mentioned were only parts of one 
huge machine, the flour mill as a whole. <A flour 
mill was practically automatic ; it would run night 
and day all the year round, and its reliability was a 
credit to engineers, though not a source of profit 
to them. He knew of machines that had been 
running thirty years or more without loss of effi- 
ciency. He thought the fact that 70 per cent. to 
72 per cent. of flour was obtained from the raw 
materials was also highly creditable. English and 
American practice were radically different. In the 
United States the grain handled was more uniform. 
Higher speeds were used there, and this involved 
the absorption of more power, though it reduced the 
capital cost of a plant. Probably the fact that 
power was cheaper on the other side of the Atlantic 
had something to do with the practice. Again in 
sieving, in this country 14 sieves in a machine was 
ordinary practice, but 30 sieves were common in 
the United States. Referring to the pneumatic 
intake plant, his experience was that there was no 
limit to the distance grain could be conveyed by 
this method. He was concerned with a plant, for 
instance, in which the horizontal run was 700 ft. 
In addition to its use as a conveyor, the pneumatic 
intake worked excellently as a cleaner, its scouring 
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action along the tube taking off all surface dirt, 
He would like to point out that the disc separators 
required special metal for the discs, and also that 
the cylinder separator was by no means superseded. 
It had been in use for fifty years practically un- 
changed, but under the stimulus of recent invention 
in other directions it had been so improved during 
the last two years that its capacity had been doubled. 
He did not like the pressure dust collector, as it 
blew dust into the room. He could not see the 
logic of introducing water in the whizzer, which 
was a machine expressly designed to take it out. 
He thought the diagram referred to might have 
been improved by the Continental practice of giving 
the various machines their own characteristic forms 
instead of indicating them by blocks only. 

Mr. W. H. Patchell gave some interesting reminis- 
cences relative to the first milling exhibition at the 
Agricultural Hall, forty years ago. He asked the 
author if there were a standard sieve in the flour- 
milling industry, and suggested that an international 
understanding on the matter would be valuable, 
supporting his contention by referring to the 
standard sieves used in other industries, e.g., Portland 
cement manufacture. 

Mr. C. E. Stromeyer spoke on the relative positions 
occupied by development and invention. He 
considered flour milling was an invention, and that 
by Anglo-Saxons. Development was destroyed by 
wars, and so civilisations perished. Invention was 
fostered by wars, hence the chances of the dis- 
appearance of modern civilisations in the way in 
which the older forms had vanished were reduced. 

Mr. Worby Beaumont said he would like to refer 
briefly to the author’s mention of the vibromotor. 
The essential thing to remember was that in 
apparatus with cranks, balancing had to be done 
with weights on a flywheel or other methods (not 
always successful), while the vibromotor did not 
absorb the unbalanced forces by damping them out, 
but utilised them effectively in machinery which 
required vibrations for its successful operation. 

Mr. Mark Jennings, of London, thought that the 
power required for pneumatic intakes was not likely 
to be less than 1 brake horse-power per ton. He 
endorsed previous remarks with regard to the 
cleanliness of this system of grain transport, in 
which it was ideal. 

Colonel Turner, on being called upon to reply, 
said that, in spite of Mr. Bentham’s objections, 
pressure dust separators were very popular. No 
standard for the sieve existed in the flour-milling 
industry. The silk from which these were made 
was exclusively Swiss, and they had to accept what 
was supplied. He thought that, unless the Swiss 
manufacturers would agree, an international stan- 
dard was hardly possible. 

Before the meeting closed a long list of votes of 
thanks to all who had in any way contributed to 
the success of the meeting by organising entertain- 
ents, &c., was put forward and passed, 


Visits TO Works, &C. 


The party was entertained to luncheon on the 
invitation of the Ipswich Reception Committee. 
and then divided into groups for visits to the works 
of Messrs. Ransomes and Rapier, Messrs. Reavell 
and Co., Messrs. Gabriel, Wade and English, and 
the Ipswich Docks. Later in the afternoon a most 
enjoyable garden party was given by the President 
and Mrs. Reavell at their residence, ‘‘ Broadwater. 

The Institution dinner was held in the evening at 
the Felix Hotel, Felixstowe, when the President 
was supported by the Lord Mayor of Norwich, the 
Mayor and Mayoress of Ipswich, and a number of 
other prominent townspeople. Mr. Daniel Adamson 
proposed “The Industries of East Anglia,” this 
toast being replied to by Sir William Burton, K.B.E. 
Mr. H. N. Gresley, C.B.E., proposed “‘ The Reception 
Committees,” the response being made by the 
Right Hon. the Lord Mayor of Norwich, Mr. Thomas 
Glover, C.B.E. The toast of “The Institution of 
Mechanical Engineers” was presented by Sir John 
F. C. Ganzoni, M.P., M.A., and, in the course of his 
reply, the President dwelt specially upon the work 
the Institution was doing with regard to the educa- 
tion of engineers. 

Wednesday morning, June 16, was devoted to 





visits to the works of Messrs. Ransomes, Sims and 
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Jefferies, Messrs. E. R. and F. Turner, Messrs. 
Cranfield Bros., and Messrs. Vickers—Petters. 
A civic luncheon occupied the middle of the day, 
and in the afternoon the Royal Air Force Marine 
Aircraft Experimental Establishment, near Felix- 
stowe, was inspected. Messrs. Richard Garrett 
and Sons, Leiston, and Messrs. J. W. Brooke and 
Co., Lowestoft, threw open their works to the 
visitors, and a party also inspected the Great Eastern 
train ferries at Harwich. The Ipswich Reception 
Committee held a conversazione at Christchurch 
Park in the evening. 

On Thursday, June 17, the whole day was devoted 
to a visit to Norwich, where, in addition to the 
numerous places of interest in the city, various 
works were visited. These included the works of 
Messrs. Laurence, Scott and Co., Messrs. Boulton 
and Paul, Messrs. the British Gas Light Company, 
Messrs. J. and J. Colman, and the Norwich Corpora- 
tion electric power station, &c. Here again the 
party were most hospitably entertained by the 
Norwich Reception Committee and the civic 
authorities. To-day, Friday, members divide 
into two groups, one visiting Colchester, the 
other Chelmsford. At the former place the works 
of Messrs. Davey, Paxman and Co. and Messrs. 
A. G. Mumford are to be visited ; at the latter, 
those of Messrs. Crompton and Co., Messrs. the 
Hoffmann Manufacturing Company, and Messrs. 
Marconi’s Wireless Telegraph Company. At all the 
places visited the party have been received in a 
manner which shows that no pains had been spared 
by the several reception committees and others to 
make the visit thoroughly enjoyable. The tours 
through the works were admirably planned and 
conducted, and the members were interested in 
noticing the activity exhibited in many of the shops. 





THE CONVERSAZIONE OF THE INSTI- 
TUTION OF CIVIL ENGINEERS. 


THE annual Conversazione of the Institution of 
Civil Engineers was held on the 16th inst., when 
about 2,000 guests were received by Sir William 
Ellis, G.B.E., the President, Lady Ellis, and members 
of the Council. 

A number of exhibits of technical interest were 
shown in the Library, some of them familiar, some 
new, and most of them interesting. A model of the 
Bank of England as it will be after reconstruction, 
exhibited by Dr. Oscar Faber, attracted a consider- 
able amount of attention, as illustrating the remark- 
able development of the accommodation on the 
existing site and within the present walls. The 
progress of photographs transmitted by wireless 
telegraphy was well illustrated by some specimens 
shown by Mr. F. Gill. These included a repro- 
duction of a familiar portrait of Faraday, two 
photographs of the Capitol at Washington, and an 
X-ray photograph of a hand, all of which appeared 
with a clearness comparable with that of an ordinary 
photo-engraving, and with a fine line background 
instead of the perforated screen effect of ordinary 
process work. The rapidity of the process is 
illustrated in, for example, the X-ray photograph, 
which was sent over a circuit of 931 miles from 
New York to Chicago in 7} minutes. The exhibit 
was printed from the untouched negative. 

Sir Robert Hadfield, F.R.S., who, it will be re- 
membered, supervised the preparation of specimens 
for the committee of the Institution of Civil Engi- 
neers on corrosion of metals by sea water, arranged 
an exhibit of heat-resisting and non-corrodible steels 
by Messrs, Hadfields, Limited, and also interesting 
ancient specimens illustrating resistance to corro- 
sion. The exhibit shows to much advantage the 
considerable length to which alloys have developed in 
their resistance to conditions which not very long 
ago would have seemed hopeless for practical pur- 
poses. The principal types shown were the Era/ 
A.1 -V. steel, used in the construction of exhaust-gas 
turbines. A rotor for this purpose was shown, which 
works continuously at 800 deg. C. to 950 deg. C. and 
runs up to 53,000 r.p.m. on test and 30,000 r.p.m. in 
ordinary work, indicating a high mechanical strength 
at a bright red heat, as well as considerable resistance 
to the corrosive and erosive effects of very hot gases. 
Specimens of other Era steels (H.R. and C.R.) of 


also shown in many practical applications. The 
Hecla/A.T.V. alloy was shown in several forms, 
notably turbine-rotor blades, attached to the wheel 
by brazing and to the shroud by riveting. This 
alloy does not require heat treatment in order to 
attain its full resistance to corrosion and erosion, 
nor is it affected by such treatment as brazing. 

Mr. W. R. G. Whiting exhibited a strain-meter 
as made by the Foster Instrument Company, and 
Mr. R. S. Whipple various instruments constructed 
by the Cambridge Instrument Company, including 
his accelerometer, of which we hope to give a 
description at a later date. 

Mr. John L. Hodgson and Professor Douglas Hay 
showed two manometers of Mr. Hodgson’s design, 
constructéd by Messrs. George Kent, Limited, which 
are a considerable advance in apparatus for the 
study of ventilation in mines and analogous 
problems. One of these, a displacement mano- 
meter, is a strong portable instrument, quite easy 
to adjust and read, and with a sensitiveness up to 
about 1/50,000th in. of water. It is essentially 
a combination of the U-tube and inclined-tube 
manometers, the adjustments being made through 
a displacer in the liquid, operated by a milled head, 
the extent of rotation of which is read ona graduated 
dial with a vernier. Two sizes of displacer are 
supplied, one reading to 1/10,000th in. of water and 
the other to 1/50,000th in. A full description of 
the instrument was given by Professor Hay and 
Mr. W. E. Cooke in a paper read before the Midland 
Institute on March 19 last. The other instrument is 
made specially for measuring air velocities in mines 
in substitution for the rotary anemometer, which 
is notoriously erratic, especially at low speeds, and 
not rapid in use. It consists of a simple form of 
Pitot tip carried on a handle, and read on a curved- 
tube manometer, most of the velocity scale of 
which is evenly spaced, and is as open at 
slow as at high velocities. The manometer can be 
levelled and its zero adjusted by means of a screw 
displacer in about a minute, and readings can then 
be made almost instantaneously. Owing to the 
absence of moving parts, the instrument is said to 
attain an accuracy of a fraction of 1 per cent. 
In addition to the mining work for which it was 
primarily designed, this instrument is found 
extremely useful for measuring air velocities in 
fan ducts, &c. 

Among other exhibits, Professor C. L. Fortescue 
showed apparatus for observing under controlled 
conditions the nature of vibrations, and apparatus 
for demonstrating the tendency of thermionic 
valves to generate oscillations in several unexpected 
ways. The National Physical Laboratory showed 
a hob-measuring machine from their Metrology 
Department, and an experiment to illustrate the 
resistance of narrow connecting tubing to the 
efficient working of a high-speed vacuum pump. 
Professor W. E. Dalby showed his optical photo- 
graphic recorder for recording the elastic and 
plastic properties of metals, with records from the 
breaking, elastic, push-pull and torque-twist types 
of that instrument. Mr. R. L. Quertier’s two-stage 
rotary compressor for operating tramcar brakes 
is a particularly robust and compact arrangement 
of a 500-volt motor running at 1,500 r.p.m., 
driving direct a Reavell two-stage compressor, all 
completely enclosed. Mr. Quertier also showed a 
new application of compressed air for operating a 
stereotyping machine for printing Braille, enabling 
a fatiguing job to be done more rapidly and effec- 
tively than by the normal pedal arrangement. 

Professor S. M. Dixon exhibited specimens of 
** Aerocrete,” and showed its method of manufac- 
ture. This substance is, in fact, ferrocrete, which 
is blown out by hydrogen generated by the 
reaction of an alkaline solution on a plate of 
aluminium at the base of the ferrocrete. This 
produces a material much lighter than concrete, 
and of much lower conductivity for heat, volume 
for volume, which seems likely to have many 
practical uses. An exhibit of a similar character 
was made by Mr. C. J. Goodwin, who showed a new 
method of colouring concrete. It consists essen- 
tially in gauging the concrete with a solution of 
a simple derivative of the colouring matter, from 
which exposure to air precipitates the dye, which 


particles, leaving the aggregate untouched. The 
dye-stuffs chosen for the purpose possess high 
fastness to light, and resistance to moisture and 
atmospheric effects, and are practically insoluble 
in water. Thus a through colour is obtained, 
which is inert to sulphuretted hydrogen and sulphur 

dioxide, and affects the concrete with a depth of ° 
tint that depends only on the quantity of cement 
and—presumably up to a limit—is independent of 
the quantity of aggregate. A considerable variety 
of the organic dyestuffs in question is available, 
giving a wide range of colours and depth of tint. 
The samples shown were attractive in appearance, 
and if experience shows no unforeseen circumstance 
affecting the use of these dyed concretes, they 
should have a wide application for many purposes. 





EXPLOSIVE REACTIONS IN GASEOUS 
MEDIA. 


For the engineer, the chief factors of interest in 
the explosion of gases and vapours are the tempera- 
ture and pressure developed and the rates of their 
changes. The pressures are measured directly, but 
the temperatures, whether produced by compression 
or chemical combination, have to a large extent to 
be deduced. They depend upon many features 
which would be uncertain, even if gas reaction 
could be studied without containers. The shapes, 
sizes and materials of the containers affect the 
ignition temperature, the rate of flame propagation 
and the rates of heating and cooling. The combus- 
tion is never complete ; there may be unstable inter- 
mediate reaction products, and with them would 
vary emission and absorption of radiations, dissocia- 
tion, and condensation, the initial uniform flame 
movement, and the subsequent detonation wave. 
The specific heat, and other so-called constants, are 
very imperfectly known at higher temperatures and 
pressures, and all these factors are so closely inter- 
related that many accepted data have little more 
than comparative values. 

The Faraday Society had thus a great variety 
of problems to deal with in the discussion of 
‘** Explosive Reactions in Gaseous Media,” held 
in the building of the Institution of Mechanical 
Engineers, in two sessions, from 2.30 p.m. to 10 p.m., 
on June 24, under the presidency of Professor H. 
B. Dixon and of Sir Dugald Clerk. In his introduc- 
tory address, Dr. W. E. Garner outlined the 
thermodynamic and kinetic problems, also drawing 
attention to his ‘‘energothermic catalysis ” and 
activation in front of the flame by emission and 
absorption of infra-red radiations. A further paper 
by himself and Dr. S. W. Saunders on “ Ionisation 
in Gas Explosions,” discussed the highly-controver- 
sial questions, whether the ionisation during gas 
reactions is purely thermal or partly chemical. 
J. J. Thomson had suggested that electrons moving 
ata high velocity might precede the explosive wave 
and prepare the way for it by ionising the gas. 
Such electrons should be deflected by powerful 
magnetic fields, but Mr. 8. C. Lind, who contributed 
a paper on the subject from Washington, had failed 
to arrest the advance of the flame by this means. 
It did not look as if chemical actions at high 
temperatures could give gas ions, and gas ions 
induce chemical action in a cyclical process which 
would make the flame self-propagating. On the 
other hand, Wendt and Grimm claimed to have 
diminished gas ionisation in acetylene by the aid 
of anti-knocking agents, and Malinowski stated 
that he could prevent flame propagation in benzene 
by a potential gradient of a few hundred volts. 

In their paper on the “ Ignition Point of Gases,” 
Professor H. B. Dixon and Messrs. G. Harwood 
and W. F. Higgins referred to the objection raised by 
Tizard and Pye that unless the piston were arrested 
(and not merely held in place) when ignition- 
compression was reached in slow-firing mixtures, 
the gas during the pre-flame period might do 
work against the piston and be cooled thereby. 
Clamping the piston of a Ricardo engine, or holding 
it by means of a toggle-point or a buffer cushion, 
they found that the ignition point of hydrogen- 
oxygen mixtures was lowered (especially with 
large excesses of oxygen), whilst that of methane- 
oxygen was raised. The relations were different in 
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that there was for each gas a pressure at which 
the ignition point was highest ; that pressure was, 
however, 1,000 mm. for hydrogen and 100 mm. 
for methane. 

Professor W. T. David gave particulars of his 
researches on “‘ Radiations in Gaseous Explosions ” 
which we mentioned in last year’s British Asso- 
ciation report.* He placed a bolometer in the 
cover of his cylinder, fired the charges of coal gas, 
hydrogen or carbon monoxide and air or oxygen 
by electric sparks, behind a window or screen of 
fluorite, quartz, glass or water, silvered or blackened 
the walls of the bolometer chamber to vary the 
radiation effects by reflection, and also introduced 
infra-red radiations into explosive mixtures at 
various stages. He suggested that the absorption 
of radiation favoured the formation of nitrogen 
oxides, and that combustion would lead to 
temporary molecular association between these 
oxides and the combustible gases, thus retarding the 
combustion, but that the further absorption of 
radiation would increase the rate of combustion. 
These conclusions were criticised at length by 
Mr. D. Finlayson from geometrical considerations 
of the pressure rises and other features in the 
spherical, cylindrical and other vessels used by 
Bone, Crowe and Newey, Fenning and Dr. David. 
Pressures acted on the unburnt gas in front of 
the flame and on the burnt gas in its rear; the 
position of the window had an influence, and it was 
erroneous to measure the time intervals from the 
beginning of the pressure rise. With regard to 
this last point and to the question of the obscure 
manner in which pressure was propagated, Dr. 
O. C. de C. Ellis showed recent additions to the 
remarkable photographs of flame development which 
he displayed at Southampton.t 

Without claiming that the rate of uniform 
movement was a physical constant, Dr. Payman 
emphasised, in the paper by himself and Dr. Wheeler, 
the importance of that rate—which was questioned 
by various speakers—and further of correlating 
pressure effects with rates of spread of flame. 
Indirect determinations of specific heats were 
discussed by Dr. Colin Campbell and Professor 
H. B. Dixon in a paper on ‘“ Explosion Waves in 
Cyanogen Mixtures.” As the speed of the wave 
decreased, with excess of nitrogen and oxygen, 
from 2,700 m. to 2,400 m. per second, the specific 
heat of nitrogen decreased from 7-893 to less than 
7-0. Professor W. A. Bone observed in his re- 
searches—of which Mr. Frazer gave a brief account 
in his absence—on the explosion of mixtures of 
hydrogen and carbon monoxide with air or 
oxygen in different proportions, to which argon 
was also added, at initial pressures up to 175 
atmospheres and temperatures probably of 5,000 
deg. C., little dissociation of CO,, but consider- 
able dissociation in mixtures of CO, oxygen and 
argon, as well as further evidence of a formation 
of NO, due to a resonance effect of radiation 
and interaction between CO and oxygen. Copper 
and nickel were observed to catalyse the oxidation 
of carbon monoxide rather by occlusion than 
by carbonyl formation. Professor Bone also 
adduced new experimental evidence that the 
presence of moisture, contrary to the general 
opinion, was not essential to the combustion of CO. 
Mr. T. C. Sutton mentioned, during the discussion 
of these papers, that, at Woolwich, they were 
exploding mixtures of cordite with finely-divided 
metals (steel, nickel, &c., also fluorite) in order 
to study the absorption of gases by these particles, 
at 2,500 deg. C.; previously this had only been 
investigated at temperatures up to 1,000 deg. 
The absorption of gases by the hot particles was 
very large, one volume of steel, for example, 
taking up 150 volumes of gas reduced to normal 
temperature and pressure. 

The evening session was introduced by Sir 
Dugald Clerk, who briefly surveyed explosive 
reactions with reference to internal-combustion 
engines, drawing attention to his early papers and 
to his proposal of the air cycle standard. These 
matters were further discussed by Professor W. T. 
David in his paper on “* Combustion in Gas Engines.” 
Even in closed vessels, the explosive pressures did 








* See ENGINEERING, September 4, 1925, page 284. 
Tt Ibid pages, 285, 286. 








not rise to more than 60 per cent. of the pressure 
which should be observed in the ideal case. Dr. 
David ascribed this to incomplete combustion. 
The specific heats of steam and of CO, increased 
greatly at high temperatures; dissociation of the 
combustion products was small at 2,000 deg. C., 
but the rate of heat loss, was large at the 
moment of maximum pressure, at which therefore 
chemical activity must be vigorous, especially 
with complex fuels. The internal energy of CO, 
and steam also decreased as the density increased 
at high temperatures, but the effects were complex 
in the gas engine. 

Mr. H. T. Tizard maintained in his paper on ‘* Com- 
bustion in Petro] Engines” that the dissociation 
of CO,, which became very rapid in the neighbour- 
hood of 2,500 deg. C., was sufficient to account for 
the almost theoretical efficiency of these engines 
and the maximum power developed by slightly 
rich mixtures. Discussing the investigations of 
Bjerrum, Fenning, Crowe and Newey, and Bone, 
he admitted that the specific heat of CO, was 
somewhat lower, and that of water decidedly 
higher, than Bjerrum had assumed, and that, 
even if the efficiencies he had found, together 
with Mr. Pye, were possibly too high, the actual 
efficiencies reached were difficult to account for, 
because the explosion was not instantaneous. 
Fenning had shown that an increase in the initial 
pressures of explosive mixtures of methane, benzene, 
petrol and CO increased with the time taken to 
reach maximum pressure, but that an increase in 
the initial temperature suppressed that influence. 
The tendency to detonate increased with higher 
pressure, and benzene-air mixtures did not detonate 
at high initial temperatures. One serious objection 
to Callendar’s explanation of detonation, and of the 
action of anti-knock agents, was that the compression 
temperatures of hydrocarbons were mostly higher 
than their critical temperatures; how, he asked, 
could drops be formed under those conditions ? 
Professor Callendar’s views might hold for liquid 
fuels containing high-boiling hydrocarbons. In 
the case of easily volatile fuels, however, the 
detonation was promoted by the attainment of a 
very high temperature in some portion of the gas. 

The anti-knock problem was the direct subject of 
a paper by Lieutenant C. J. Sims and Dr. E. W. J. 
Mardles on the Effect of Metallic Sols in Delaying 
Combustion in Internal-Combustion Engines. This 
we hope to publish in a subsequent issue. It dealt 
with the action of sols of nickel, lead, gold, silver, 
carbon, and pyrophoric organo-metallic compounds ; 
this paper is a further contribution to the investi- 
gations of dopes and detonation by Professor 
Callendar and his collaborators, published in our 
columns on April 9, e¢ seg. Almost all the speakers 
had something to say on the subject of detonation 
without, however, expressing any decided opinion. 





THE ROYAL SOCIETY SOIREE. 


Tue first of the usual two conversaziones of the 
Royal Society having been cancelled owing to the 
strike, Sir Ernest Rutherford, O.M., who succeeded 
Sir Charles Sherrington in the presidential chair last 
Noveinber, received the Fellows and their guests 
for the first time atthe function held on Wednesday 
evening last. The facts that there were no evening 
discourses and that the number of exhibits was not 
large was probably satisfactory to the Fellows, 
who would have had more leisure to watch the de- 
monstrations if there had been less crowding. 

Beginning our notice with astronomical exhibits, 
we mention the fine photographs illustrating the 
results obtained by the expedition sent to Benkoelen, 
Sumatra, by the Royal Society and the Royal 
Astronomical Society, to study the total solar 
eclipse of January 14, 1926. Colonel Stratton and 
Mr. C. R. Davidson were exceedingly fortunate 
in photographing the corona and chromosphere 
and in obtaining spectra in the regions 4,500 to 
7,000 A.U., and in the ultraviolet down to 3,050. 
Some peculiar arcs could be seen in the corona; the 
new coronal lines are being measured. The Astro- 
nomer Royal exhibited photographs of the sun, 
showing the granulation and reticulation of the 
sun’s surface strikingly, and also the large sun spot 
of January 20 last. 


Mr. W. M. Mordey’s experiments on rotation in 
multiphase magnetic fields are an outcome of his 
cognate researches, which we illustrated a few 
years ago.* He had four vertical poles so arranged 
in a circle that the laminated cores of the two 
pairs crossed at right angles. The specimen. 
generally a disc about 2 in. in diameter, up to 
an inch thick, was placed in the circle surrounded 
by the cores: the vertical wire axis of the 
disc passed loosely through the eye of a hori- 
zontal bar fixed above in order to keep the 
axis fairly steady. The discs were built up of 
materials, either non-conductors in themselves. 
or made so by being reduced to powders and 
cemented with glue or shellac; the materials 
used were magnetite, pyrrhotite, steel grit, cast- 
iron, nickel, &c. No appreciable eddy currents 
would be produced in them, but the discs began 
to spin rapidly when the magnets were excited by 
the 83-period currents from Deptford. A rough 
block of pyrrhotite, suspended by a thread, also 
began to spin. Moulded discs or loose powders of 
non-magnetic copper or aluminium would not spin 
(or only very slowly), showing that eddy currents 
were not concerned. The direction of the rotation, 
which Mr. Mordey could not predict, was not the 
same for asolid block of pyrrhotite and its powdered 
particles, which arranged themselves in the peculiar 
ridges previously mentioned. When only one pair of 
magnets was placed horizontally, and the plane of 
the disc was parallel to the plane of the laminations, 
the speed of rotation was greater with the disc 
some distance off the poles than near the poles. 
The discs, it will be understood, form rotors with 
no windings and no induced currents. Mr. Mordey 
attributed the rotation to hysteresis only. 

Dr. W. H. Eccles and Dr. W. Leyshon demon- 
strated a new combination of a tuning fork and a 
neon tube for producing oscillations of harmonic 
frequencies suitable for calibrating wave-meters. 
It had been shown by Pearson and Anson, and 
recently mentioned by us in connection with Sir EF. 
Rutherford’s'lectures on rare gases, that a neon tube 
in parallel with a condenser, resistance, and battery 
gives an intermittent discharge. Dr. Eccles sends 
these currents through an electromagnet between 
the poles of which a tuning-fork is mounted. When 
the electric constants are chosen to make the 
oscillations of the discharge and the fork synchro- 
nous, the tuning fork controls the frequency ; the 
curves exhibited showed that any harmonic, up to 
the fifty-second, may be picked up by the aid of 
tuning circuits and be used for calibrations. Profes- 
sor O. W. Richardson demonstrated the use of an 
apparatus for the investigation of very soft X-rays, 
from 400 A.U. down to 20 A.U. so far, which are 
difficult to study by other methods. His complex 
X-ray tube (of quartz) is exhausted to a pressure of 
one ten-millionth of a millimetre. The rays from the 
target of the metal studied pass through the slit of a 
nickel cylinder into a chamber containing a plate of 
copper; the plate emits photo-electric currents 
which vary with the tube potential, ranging from 
30 volts to 260 volts. As the potential increases, 
these currents increase steadily, but at certain points 
characteristic radiations are produced, and the 
curves show inflections, not of a striking type. The 
materials investigated are carbon, tungsten, nickel 
and iron. 

Professor W. L. Bragg and his collaborators at 
Manchester University exhibited models of crystals, 
studied by X-ray examination, showing that in 
oxides such as BeQ, Al, O;, Be Al, O,, the structure 
is mainly decided by the large oxygen atoms between 
which the other atoms seem to be inserted. Sili- 
cates of magnesium and of calcium-magnesium and 
beryllium-aluminium also resemble the Be Al, O, 
mentioned. The structures of #-manganese and 
y-brass were examined by Mr. A. J. Bradley. Short 
tracks of electrons ejected from atoms, explored at 
Manchester by the C. T. R. Wilson cloud method, 
were also exhibited; several of these showed the 
recoil ascribed to the Compton scattering. Some of 
the radiographs from the Research Department of 
the Woolwich Arsenal concerned the structure of 
the azides of potassium and thallium, highly explo- 
sive compounds of these metals with nitrogen, 
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* See ENGINEERING, June 1, 1923, pages 671, 672. 
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which have to be treated with care. Other radio- 
graphs illustrated the occasional presence of wires 
and other foreign bodies accidentally included in 
blank cartridges, and also the incorrect position of 
the detonators in them. There was also a radiograph 
of a steel block, 4-43 in. thick—probably the 
thickest so far examined—marking, though not 
very distinctly, the position of a lead cross on the 
top of the block and of a hole near its centre. A 
new hexagonal variety of chromium has _ been 
discovered by similar analysis. 

Several mechanical models illustrating the struc- 
ture of the atom were exhibited by Mr. W. A. 
Douglas Rudge, of Rugby. There was one small 
electric lamp with a red bulb (nucleus) in the centre 
of a ring of eight white lamps (electrons); when 
the ring was rotated about its horizontal diameter, 
the electrons appeared, to the observer, standing 
sideways, to describe spiral orbits. In another 
model, two lamps, at the ends of a rod, were simulta- 
neously turned about this axis and an axis at right 
angles to it. In a third model, vacuum tubes 
radiated from a centre. The discharges passing 
through the tubes made all the central ends anodes 
and the outer ends cathodes; the whole ring was 
rotated. 

The Radio Research Station and Professors E. V. 
Appleton and Watson Watts exhibited a large 
number of charts illustrating their radio telegraphic 
studies of atmospherics and the apparatus, oscillo- 
graphs, &c., used for their observation. A large 
aerial had been stretched across the quadrangle of 
Burlington House and connected with the special 
cathode-ray oscillograph, in which the green spot 
was seen to cross the phosphorescent screen slowly 
from left to right and was then suddenly jerked back 
so as to obtain a linear time base. Broadcasting 
going on at the time gave its oscillograph curve and 
atmospheric discharges occurring somewhere at a 
distance marked themselves by sudden flashes ; 
specially produced electric discharges gave larger 
flashes. Such observations are now being taken in 
Scotland, England, Egypt and India. 

The principle of the very instructive model 
apparatus for illustrating the vibrations of a motor 
car, which Professor James J. Guest demon- 
strated, was explained by him in a British Associa- 
tion paper, which we printed on page 367 of our 
issue of September 18, 1925. A long rod of wood 
rested loosely in two stirrups suspended from two 
helical springs. On this rod was laid a heavier bar 
representing the car body ; loads could be fixed at 
different points. The apparatus serves for demon- 
stration and study. There were, along such a rod, 
an infinite series of elastically-conjugate points such 
that a vertical force at one did not produce any 
movement of its fellow, and when masses were 
placed at two such points, each vibrated indepen- 
dently. One of these pairs, termed doubly- 
conjugate, was also related as centres of oscillation 
and of suspension of the car body ; a load added to 
one of these points did not alter the position of the 
pair. The apparatus showed how bouncing and 
pitching may pass into one another, and how rocking 
about certain points may occur. 

The modified manometer for the determination of 
the vapour tensions of liquid metals at temperatures 
up to 1,000 deg. C. or higher, exhibited by Mr. 
C. H. M. Jenkins, of the National Physical Labora- 
tory, is a very interesting novelty. The apparatus 
18 a tube of glass or silica, 2 in. diameter and 18 in. 
long, bent down to form a V at the one end, in which 
the metal is fused. The tube is placed in an electric 
furnace which turns in trunnions so that the tube 
may be horizontal or inclined. As the metal melts, 
its vapours pass into the straight portion of the tube 
which constitutes a kind of reflux condenser to 
return any condensed vapour. The other end of the 
tube is joined to a nitrogen reservoir or a pump, 
outside the furnace. The pressure of the nitrogen 
counteracts the vapour pressure, and the nitrogen 
pressure is regulated until the liquid metal is at 
the same level in the two arms of the V. Observa- 
tions are made through a window in the front of the 
furnace. The metals so far studied are mercury, 
zinc and cadmium. The temperature of the fused 


metal is measured by a thermocouple dipping 
Into it, 


(To be continued.) 








LETTERS TO THE EDITOR. 
PRIMARY STRESSES IN TIMBER 
ROOFS. 


To THE EprTror oF ENGINEERING. 


Srr,—May I be allowed to make a few comments on 
the notes appearing in your issue of May 28 upon a 
paper dealing with ‘“ Primary Stresses in Timber 
Roofs ”’ ? , 

This paper was written at the suggestion of the 
Building Research Section, and your remarks give a 
somewhat erroneous idea of the contents and object 
of the paper. 

In the first place, Rankine’s method of dividing a 
redundant truss into a number of simply braced frames 
gives, in many cases, a result which is sufficiently 
accurate for design purposes, as you rightly remark. 
The degree of accuracy obtained must, however, depend 
upon the relative elasticity of the various members in 
the truss, and where the variation is great the results 
obtained may be quite unreliable. This arises from 
the fact that the method is logically defective in 
assuming that the elastic properties of the frame do 
not affect the stress distribution. 

In the case of timber roofs, many members may be 
curved in form, and the effect of this curvature is to 
modify the load-extension ratio to an extent which is 
seldom appreciated. This results in an effective reduc- 
tion of the modulus of elasticity for the curved member, 
and the main object of the paper was to suggest a 
way to deal with such members which would enable 
trusses containing them to be analysed by standard 
methods of calculation. 

This point was not mentioned in your notes. 

The method proposed is applied in the paper to the 
analysis of the primary stresses in a roof of the West- 
minster Hall type, and the results are at least quali- 
tatively correct. An earlier attempt to do this is 
referred to in an official report upon this roof, and it is 
pointed out that the results obtained were qualitatively 
incorrect. 

An interesting fact is that our qualitatively correct 
results and the earlier incorrect ones are both dis- 
missed, by you and the author of the Report, respec- 
tively, as being of academic interest. On equally 
good grounds I think, any method of stress analysis 
might be dismissed as being of only academic interest, 
including the simple stress diagram. 

We were quite aware, as a careful reading of the 
paper will show, that there were a number of points 
in a timber truss which would modify the results 
of calculation made on any basis whatsoever, and for 
that reason primary stress analysis was alone considered, 
as indicated in the title and explained in the text. 
The secondary effects (using the term in the accepted 
technical sense) some of which are mentioned in your 
notes, certainly need careful consideration, but it is 
quite impossible even to begin a discussion of these 
until the primary stresses have been analysed. 

The paper therefore is an attempt to obtain primary 
stresses in structures with curved members as a first 
contribution to the complete problem. In this con- 
nection your criticism that the joints are far from rigid 
is considerable justification for making the assumption 
that the structure is composed of pinjointed members. 
If your contention is true, as I believe it to be, primary 
stresses will give good approximations to the true 
results. The other points, assembly strains shrinkage, 
&c., will cause self straining of the structure, and these 
stresses should be added to those due to the external 
load system. If the joints are far from rigid, however, 
the method of analysis adopted will give very good 
approximations to the stresses induced by the external 
loading as distinct from those due to internal stress. 

It is quite true that the application of strain-energy 
methods may, indeed, usually does, involve rather 
elaborate computation, but since an arithmetical 
solution of an elastic problem is essentially what is 
needed by the engineer as distinct from the mathe- 
matician, it is surely worth the expenditure of some 
extra time in order to get the best approximation. 

May I also dissent from the view that a more wide- 
spread knowledge of refined methods of stress analysis 
is not free from drawbacks. It does appear to me that 
a better knowledge of such methods must ultimately 
lead to better and more economical design. This has 
certainly been the case in aircraft structures, with 
which I have been closely associated for some time. 
Many instances of accidents in this branch of engineer- 
ing, due to lack of knowledge of accurate methods of 
analysis, could be quoted, and since a more widespread 
knowledge has been successful in reducing such acci- 
dents to an almost negligible number, I can see no 
logical reason for expecting anything but good to 
result from the application of more exact methods in 
other branches of engineering activity. 

I must apologise for the length of this letter, but I 
feel that the points raised in your note are of considerable 








general interest apart altogether from their applica- 
tion to my paper, and the views of other readers upon 
the general issue would be of value. 
I am Sir, Yours faithfully, 
A. J. Surron Preparp. 
University College, Cardiff. June 3, 1926. 


[Engineering being an art rather than a science, 
individual judgments will necessarily differ on many 
matters. For the reasons already stated, we believe 
that roofs of the type discussed by Prof. Sutton 
Pippard are not suitable subjects for the application of 
Castigliano’s methods. Our correspondent holds a con- 
trary opinion. Some may agree with him; others with 
the views we have expressed. On the general question, 
we have always held that the structural engineer should 
have a competent knowledge of advanced methods of 
stress analysis, but that these methods should be 
somewhat sparingly applied. We also believe that 
there is evidence that some of those equipped with this 
knowledge are a little inclined to look upon stress 
analysis as an end in itself‘ and to undervalue the 
importance of other considerations. It is this tendency 
which we regard as the drawback that has accom- 
panied the more widespread knowledge of refined 
methods of stress analysis.—Ep. E.] 











THE WORKS OF MESSRS. GREAVES, 
BULL AND LAKIN, LIMITED, HAR- 
BURY, LEAMINGTON. 

To THE Eprror oF ENGINEERING. 


Str,—In the description of the pulverising machines 
at the works of Messrs. Greaves, Bull and Lakin, 
Limited, on page 684 of your issue for June 11, no 
distinction is made between the construction and 
mode of operation of the turbo pulveriser made by 
Messrs. Clark, Chapman and Co., Limited, and the 
Atritor made by Messrs. Alfred Herbert, Limited, of 
Coventry, the description applying solely to the former 
machine. 

We trust you will permit us to explain that the 
atritor is a very different machine from the turbo 
pulveriser and works on a different principle having 
only one disc, the pulverising and separation taking 
place at two stages only, one on each side of the discs, 
and the material passing radially outwards at the first 
stage and inwards at the second stage. The pulveris- 
ing is accomplished largely by the impact of particle 
on particle. 

The power stated as 90 h.p. for an output of 4,000 
Ib. of coal per hour would be considered very excessive 
for the atritor, which, in ordinary conditions, would 
not require more than half this amount of power, and 
we are normally guaranteeing a power consumption 
of not more than 15 kw. per ton of coal pulverised. 

Yours faithfully, 
ALFRED HERBERT, LIMITED. 
P. V. Vernon, Director.) 
Coventry, June 14, 1926. 

[We regret that the opening reference to the pulver- 
ising plant to which our correspondent draws attention 
is liable to convey an incorrect impression. The des- 
cription which follows, however, will be seen to refer 
specifically to the turbo-pulverisers which were sup- 
plied by Messrs. Clarke, Chapman and Co. The 
Atritor of Messrs. Alfred Herbert, Limited, is so well 
known to our readers that we hardly think confusion 
is likely to arise in this connection. We have fre- 
quently described and illustrated this machine in our 
columns, while an exhaustive article in our issue of 
July 14, 1922 (p. 43) not only gave detailed drawings 
of the appliance, but discussed in particular the appli- 
cation of the machine to coal pulverising.—Ep. E. | 





THE RESISTANCE TO FLOW OF 
WATER IN A CORRUGATED PIPE. 


To THe Epiror oF ENGINEERING. 

S1r,—The editorial note to Mr. Swift’s second letter 
explaining the permissible restriction of consideration 
to hydrodynamical effects, may be illustrated briefly. 

The general vector equation, including the action of 
gravitational forces with potentional 2, may be written 

Ov/ot + curl vy x v = — grad (p/p + 3 v2 + Q) 
—vecurl2 y, 

Putting p = pi + py, defining pe by — grad (p2/p 
+ 42) = 0, and subtracting, we get 

ov/et+curly xy — grad (p/p + 4 v2) 
- veurl2 y, 

Thus, without reference to the physical method of 
setting up the new pressure distribution, giving the 
value of p, over the free surfaces, in this case at the 
ends of the pipe, we reproduce the same hydrodyna- 
mical phenomena in, as it were, an ideal laboratory 
transported to a region of zero gravitational forces. 

Yours truly, 
A. R. Low. 

The Library, Air Ministry, June 11, 1926. 
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NOTES ON NEW BOOKS. 


A COMMONPLACE in the discussion of the relations 
between science and industry is that each ought to 
know more than it does of the purposes and the diffi- 
culties of the other. Some branches, however, are 
now much closer to each other in this respect than 
they used to be, and conspicuous among these is pyro- 
metry. This is not because the art has followed and 
is still following on scientific discoveries. All the 
fundamental science that enters into pyrometry was 
discovered a long while before it was applied to the 
art. Industry has had to follow science into the 
laboratory in connection with the measurement of 
temperature because the quantities now to be measured 
are very small. The measurements are very sus- 
ceptible to interference by accidental circumstances, 
and progress consequently has required in the first 
instance the strict use of scientific method, and 
the full advantage of experimental skill. In this 
country the work by which the limitations of various 
methods of temperature measurement have been 
defined, methods of calibration standardised, and new 
devices and processes elaborated for fresh purposes, 
has largely been in the hands of the National Physical 
Laboratory, and by a happy thought Dr. Ezer Griffiths, 
who is in charge of the Heat Section of the Physics 
Branch of that institution, has collected in a small 
volume particulars of some of the more important 
modern methods and instruments in ‘ Pyrometers : 
Recent Developments in Pyrometric Appliances and 
Methods for Calibrating Temperature-measuring Instru- 
ments, with Notes on Electric Furnaces.’’ (London, 
Sir Isaac Pitman and Sons, Ltd.; Price 7s. 6d. net.) 
All modern thermometry is, of course, not electrical 
nor concerned with radiation through space. In an 
account of expansion thermometers and their cali- 
bration, Dr. Griffiths comments on the “ truly stupen- 
dous ’? amount of thought and ingenuity that has 
been expended on mercury-in-glass thermometers, and 
describes results that have been attained with special 
designs for taking the temperatures of flat surfaces 
and of hot rollers. He also draws attention to results 
obtained with mercury-in-steel thermometers, especially 
for distant readings, and with vapour-pressure thermo- 
meters, the latter of which have been serviceable in 
controlling the temperatures of aeroplane and motor- 
car engine radiators, and describes methods for their 
calibration. The most general use and the most 
active development of modern thermometric methods is, 
however, in connection with thermo-electric, resistance, 
and radiation types, and the variety of typical applica- 
tions of pyrometry described in this volume should 
be of considerable value to those who have to make 
use of such methods in industrial practice. The 
book is singularly free from catalogue and text-book 
matter. It is fully illustrated, and contains a number 
of diagrams and tables that exhibit clearly the manner 
in which some of the chief principles of design are 
applied. It gives some of more important and typical 
data and results. 


Many of the problems with which the student of 
nature is confronted can only be dealt with mathematic- 
ally by means of infinite series. More frequently than 
not, those that thus arise are convergent. When 
Lagrange read the paper in which this question of 
convergency was discussed for the first time, Laplace 
was greatly perturbed because he had made most 
extensive use of infinite series in his astronomical 
investigations without having had up to that time, 
any doubt as to the legitimacy of the procedure. He 
could not, it is reported, rest until he had tested each 
and all of these in the light of Lagrange’s paper, and 
in every case the series proved to converge. This 
happy condition of affairs does not, however, always 
hold, good, but mathematicians have showrthat reliable 
numerical results can be derived even from some diver- 
gent series. The literature on this subject of converg- 
ency grew greatly during the nineteenth century. 
Many fancy functions were invented for which tests 
of convergency at one time deemed adequate have 
been proved to fail, and new criteria have accordingly 
been devised. A comprehensive treatise on the whole 
subject, by Dr. T. J. Bromwich, was published in 
1908 under the title of ‘‘ An Introduction to the Theory 
of Infinite Series.” A new edition of this, revised 
with the assistance of Dr. T. M. Macrobert, has now been 
issued at 30s. net by Messrs. Macmillan and Co., 
Limited. As the war years must be regarded as an 
interregnum, the interval between the two editions 
must be considered as short, and affords proof that 
the work met a very distinct need. Probably only the 
pure mathematician will really read it from end to end, 
but as a work of reference it will appeal to a much 
wider circle. 


There are so many applications for drying processes 


to the series of books, known as the Chemical Engineer- 
ing Library, published, at 6s. each, by Messrs. Ernest 
Benn, Limited, of 8, Bouverie-street, London, of two 
volumes dealing with this subject. In ‘‘ Modern 
Drying Machinery,” Dr. H. B. Cronshaw has concen- 
trated a great amount of information on the removal 
of water from solid or semi-fluid materials by the process 
of vaporisation at temperatures below the boiling point 
of water. 
has not merely confined himself to a consideration of 
the general principles of drying, but has shown clearly 
that methods suitable for one material are, for various 
reasons, inappropriate for other substances. Examples 
of different types of plants are considered, and an 
index of materials to be dried, at the end of the book, 
enables immediate reference to be made to the most 
suitable appliances, in regard to yield and economy, 
for any specific type of work. A further index 
of machinery is also of great service in enabling 





national mercantile marine service, but it can only be 
regarded, at the best, as a taxation of general industry ; contains 
in order that a service can be maintained, which, for 
efficiency, cannot be compared with that provided by |! 
The building up of} ''™" é : ered rai : 
Bee ns : a ve designed in'such a way that dismantling is quickly carried 
ocean shipping has now become a great political ques- out, while all parts are easily accessible. 

tion in America and those who desire to study the | 5, 
conditions under which the endeavour was, and is, being placed on the upper deck forward of the engines ; they 
are equipped for exhaust-gas heating as well as for 


made, as well to understand the nature of the govern- 
oil-fuel burning. 


ment activity, could not do better than study “ The 


the reader to determine what types are made 
by any firm, or are given a particular trade name. 
What Dr. Cronshaw has done for the vaporisation 
method of drying in his volume, Mr. Eustace A. 


and Separators.” Here again the effort is shown to 
make general principles clear, with a treatment of the 
theory in as simple and straightforward a way as is 
possible. Constructional details of actual plants are 
illustrated and described, and their uses for specific 


hesitation, these two volumes on subjects which are 
the concern of those in so many different types of 
industry, for we are convinced that their study by 
young engineers will result in a clear conception of 


their solution. 





The Board of Trade having instituted the Oil Motor 
Certificate and the Oil Endorsement Certificate for 
sea-going engineers, it is natural that marine 
subjects included in the syllabuses. For older engineers 
simple style, should be available for study. To the 
number of these books, Mr. W. C. Macgibbon, of the 
Glasgow School of Marine Engineering, has added a 
volume entitled “‘ Questions and Answers on Marine Oil 
Engines.” 
and Co., Limited, of Glasgow. 


i 


In all, within this 


may have to deal with and cover his requirements 
with launch, as well as ship, engines and auxiliaries. 
The information is imparted in a very clear and definite 
way. In fact, figures are quoted for all sorts of matters, 


which if borne in mind or looked up when needed by | | 


not. Such information for the specific class of engines 
and auxiliaries dealt with in the book, is very well and 
clearly provided in the 160 pages of the volume. 
The leading features of the engines most commonly 
used in British practice are dealt with, and sectional 
illustrations of them and some of their details are given. 

Were it not for overseas transport, Great Britain 
could not maintain her population, for the food that is 
required and the raw materials needed by industry must 
largely be purchased from abroad, by the exchange 
of goods manufactured in her works. It is partly 
for this reason that the mercantile marine of the 
world is so largely in British hands. Other factors, 
which led to the great development of the country 





I 


the men of our race for the constructional work involved t 
and for a seafaring life. Even with these charac- | . 


colonising capabilities of its men and their settlement 
in foreign lands where they are in a position to distribute 
the products of British industry. Other countries have 
these attributes, and the necessity for using them, to 
a varying d°gree. The United States of America has 
a Government which has attempted to foster the 
growth of shipping enterprise. The experiment, though 
it was attempted on a vast scale, was doomed to 
failure because cargo ships cou'd not be produced 
or operated so cheaply by Americans as is the 
case with us. Subsidy may he used for a time 
to bolster up the uneconomic efforts to build up a 


people of other nationalities. 








in the industrial arts, that we welcome the addition, 





Engineers. 
2s. 6d. net, is presented in a very clear way and deals 
anes * with the 
This is published by Messrs. James Munro simple and irregular figures, graphical representation 
volume, 103 questions are set and answered. They . ve sg merge « mechanics and heat and the 
e Imost eve int that a sea-going engineer | (T?”!%8 Of simple machine parts. | . 
CORCEED Geraee Be Bie the same series, which is before us, is entitled “‘ Zlemen- 
tary Electrical Engineering.” 
Dr. O. R. Randall, is Professor of Electrotechnics in 
the University of the Witwatersrand, Johannesburg, 
and he has prepared it as a lecture and laboratory 


the reader, will assist him in deciding whether the], ..- : 
engines in his charge are working in a reasonable way or Certificate on the subject. 

P é ae iEeag 7 current work are equally well treated, and simple demon- 
strations based on numerical work have been resorted 
to as alternatives to rigid proof, when such necessitates 
the use of the calculus. 
textbooks we have seen and is sold at 5s. net. 


Merchant Shipping Industry,” by Messrs. H. C. Calvin 
and E. G. Stuart, which is published in this country 
at 20s. net by Messrs. Chapman and Hall, Limited 
London. Not merely do the authors confine their 
attention to American conditions, but the comparisons 
they make with the circumstances of other lands are 
very informative on the ways in which governments 
control shipping by regulations and in some cases give 


In selecting his subject matter, the author] it aid. The present position in America is such that 


earnest consideration has to be paid to such questions 
as how much shipping they can afford to support: a 
subject on which the authors of this book present some 
very instructive information. On January 1, 1925, 


American shipping in overseas trade amounted to 
2,724,986 gross tons of cargo and passenger vessels 
and 597,595 tons of tankers. 
were 4,223,458 tons of the American merchant marine 
lying idle, 3,806,312 tons of which, belonging to the 
Shipping Board, appear to the authors of this book 
to be surplus property, which should be either sold or 


scrapped. 


On the same date there 





OnE of the most important duties falling to the lot 


Alliott has done equally well for “ Centrifugal Dryers | 4¢ 4 teacher, is the presentation of the elementary prin- 
ciples of a subject in such a way that no miscon- 
ception may be created in the minds of the students, 
and it has to be remembered that it is on the found- 
ation knowledge of elementary matters that every later 
aoe tad ghia tet addition must be made. 
ee eee ease en recommen’ you. | ations are quite clearly understood, it is idle to expect 
a student to make progress in matters of greater 
specialisation and subtlety. Sir Isaac Pitman and Sons, 
Limited, of Parker-street, Kingsway, London, have 
the problems involved and the methods available for ee ae blige rave: i — ee 
desire to call attention. 


Unless fundamental consider- 


In the first, which is entitled 
‘ Elementary Engineering Principles,” and is by Mr. G. E. 


Hall, a lecturer on engineering at the Harris Institute, 
Preston, the work is treated from a beginner’s point of 
engineering schools now devote special courses to the —— pee cnt for students taking the preliminary 

beet) 


passing through which enables 


it is also de:irable that books on the subject,written in sesh Cusine vf ‘ao eae 9 i rca 


n conjunction with the Institution of Mechanical 
The matter of this book, which is sold at 


determination of areas and volumes of 
The other volume of 


The author of this book, 


sourse for students preparing for the First National 
Direct and alternating- 


It is one of the best elementary 





LAUNCH OF THE M.S. “Butysses.’’—The single-screw 
notorship Bulysses, the first of two vessels building tu 


the order of Messrs. Anglo-Saxon Petroleum Company, 
Limited, London, was 
Hebburn shipbuilding yard of Messrs. R. and W. Haw- 
thorn, Leslie and Co., Limited. The vessel has a length 
of 440 ft., a breadth of 59 ft., a depth moulded to the 
upper deck of 34 ft, 9 in., and a deadweight of about 
9,950 tons, : 

: . 10: . a" ae . with poop, bridge and forecastle, and has been con- 
in shipbuilding and shipowning, were the aptitude of pene o Lloyd's rat its on i ellen eanahiand 


launched recently from the 


The Bulysses is of the single-deck type, 


ransverse and longitudinal system of ship construction ; 
he has a straight stem and a cruiser stern. The vessel 


teristics, the trade of Great Britain could not have been | has two longitudinal bulkheads, which, with transverse 
built up to the extent to which it has, but for the} bulkheads, form 21 oil-tight compartments for oil cargo. 
A deep tank for oil fuel is fitted forward, and the fore 
and after peaks are arranged for carrying water ballast. 
The main pump-room is amidships ; 1 
powerful pumps connected to a complete system of pipe 
lines in the cargo tanks, and to the supply and discharge 
lines on the deck. Another pump-room is arranged 
forward ; it contains the necessary pumps for dealing 
with oil fuel and also with the bilge and ballast. The 
propelling machinery will consist of double-acting, 
four-cycle-type Werkspoor engines constructed at the 
St. Peter’s works of the builders. ) 
in six cylinders 820 mm, (32-283 in.) in diameter, with 
a piston stroke of 1,500 mm. (59-055 in.), giving 3,500 
brake horse-power at 90 r.p.m. A notable feature in the 
design of the main engines is the cylinder head, which 


it is fitted with 


Power is developed 


combined exhaust and inlet valves. The 


combination consists of six valves housed in the cylinder- 
head and operated simultaneously by a 


crosshead 
nmediately above the cylinder cover. The covers are 
Two boilers 
yr providing steam for deck and other auxiliaries are 
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ADHESIVES AND ADHESIVE ACTION. 
(Concluded from page 7()1.) 


A POSSIBLY important and certainly interesting 
part of the investigations was given to the tensile 
strength of films of adhesives. With porous 
surfaces into which the adhesive penetrates the 
penetrating power of the adhesive and the rigidity 
and tensile strength of its film must evidently 
affect the strength of the joint; with non-porous 
surfaces the strength of the joint seems also to 
depend on that of the film, though it may turn out 
that the adhesion is due partly to forces independent 
of the strength of the film. Certainly the practice of 
estimating a glue by its jelly strength, viscosity and 
melting point is condemned by experience as well 
as theory. The use of test films has been dis- 
couraged by the difficulty of procuring them free 
from strains generated during drying. It has been 
sought to overcome this difficulty by using strips of 
pure cellulose paper of known strength in the form 
shown in Fig. 9, impregnated with the adhesive 
so as to give as uniform a coating as possible. The 
breaking strength of the dried compound film is 


Fig.9. 
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measured after fracture to 0-001 in. at six points, 
and the order of magnitude of the breaking strength 
of the adhesive is calculated. Apart from the 
relatively large deduction which has to be made for 
the strength of the paper when it is impregnated 
with a weak or poorly penetrating adhesive, this 
method can take no account of the effect of the 
paper on the structure of the film and its mode of 
fracture. Accordingly, a method has been worked 
out for preparing thin films, which, when slightly 
tehumidified before cutting and use, seem sufficiently 
free from internal strains to give concordant results. 
The films were cut into test pieces in the forms shown 
in Fig. 10 and 11, the two giving results in good 
agreement, and the latter being therefore preferable 
for its superior simplicity and economy. The ends 
were reinforced with stiff paper, pressed on to the 
wetted adhesive strip. The reference lines ab and 
ed are drawn in ink or pencil at right angles to the 
axis XY to facilitate fixing the test piece in the 
testing grips so that the load is applied axially. ‘The 
gtips are arranged as in Fig. 12, the whole system 
being carried on a horizontal knife edge, and the 
load applied by placing weights and sand in a 
bucket. After fracture the thickness of the film is 
measured in a micrometer reading to 0-0001 in., 
and the mean of the readings at six points is taken. 


(9590.6) 


method recommended for accurate work is either 
to work in an atmosphere of constant humidity, or 
else to plot tensile strength against humidity. 
Results which are given for films of various glues 
and gelatins with and without solid and soluble 
additions, and show gelatin and glue to have a 
tensile strength of over 5 tons per square inch. This 
is considerably more than that of wood, and explains 
why wood joints are quite unsatisfactory for 
measuring the strength of glue. The several values 
obtained for each set of films, except those with 
added solid particles, are unusually concordant. 
With one gelatin, for instance, five results are within 
a total range of 6 per cent., and in another the 
five highest within 5 per cent. These limits are the 
more remarkable when it is remembered that the 
13,000 Ib. or so per square inch giving a measure of 
the tensile strength, is multiplied up from a measure- 
ment of something under 40 Ib., and the 1 sq. in. 
from an area of 0-5 or 0°6 in. by a few thousandths 
of an inch. The addition to glue solutions of 10 
to 15 per cent. of lead sulphate, calculated on the 
weight of glue, does not affect the tensile strength of 
the film, but the addition of much larger quantities 
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| of that or of certain other substances causes a marked 
| decrease. The effect of soluble additions is shown 
|in most cases to produce a decrease in strength. 
| Glues so treated were used in the hope of detecting 
whether the strength of wood joints made with 
them would be roughly proportional to that of the 
films. Actually the joints, judged by the figures 
given, seem to have had much the same order of 
strength as those made by the unmixed adhesive, 
so that tests with adhesives of still less strength 
must be made to clear up the point. The present 
series showed, however, that a glue of 7,400 lb. 
per square inch tensile strength gave a joint as 
strong (1,400 Ib. per square inch) as one of 12,600 
lb. per square inch, suggesting that the joint failure 
was in some way connected with the wood. In 
every case the fracture showed that the joint had 
failed to some extent in the wood; and where the 
extent was small in some tests, the failure almost 
invariably took place in the layer where the glue 
film was weakened by the wood. The suggestion 
of the report that the most direct determination of 
the strength of the joint is by the measurement of 
the strength of the glue film seems open to objec- 
tion until some relation between the strengths of 
the joints and the film has been worked out more 
definitely. 

A further section gives the results of an investi- 
gation by the Royal Aircraft Establishment, into 
mechanical tests of adhesives. The commonest 





In the later experiments the humidity of the testing | joint appears to have been the simple lap, known. 


room was recorded by a hair hygrometer. 


The | as the A.I.D. type (Fig. 13). 


In this wood failure 


























usually occurs with high-grade glue, and the results 
are also dependent on the position of the test 
jaws and the hinges on which they swing. The 
compression-shear type, shown in Fig. 1, page 701, 
ante, has the advantage of symmetry about the axis 
of loading, but is difficult to construct, and also 
is liable to timber failure with. high-grade glues. 
A cylindrical double-shear test piece (Fig. 14) is 
made of three pieces of timber glued together on 
tangential faces with the grains parallel. Cylindrical 
specimens (Fig. 14a) are turned to be a tight fit 
in three steel plates as shown in Fig. 146, and a 
shearing force is applied to the steel plates as 
indicated. This test piece was unsatisfactory. 
Failure probably started by the cylinder bending, 
setting up tension in addition to the shear on the 
joint. Wood failure often occurred, and the piece 
was difficult to construct accurately. A single-joint 
test piece was tried (Fig. 15) with cross-grain 
compression applied as shown in addition to the 
shear, with the object of reducing the effect of 
cross-grain tension, This design had the advantage 
of using existing joints, such as ihay occur in a 
propeller, and thus being applicable to the investi- 
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gation of suspected deterioration of glued joints. 
The halves of the test pieces were accommodated in 
cups in the grips. Here also wood failures were 
frequent, and seemed to depend to some extent 
on the value given to the angle 6, the best 
results being obtained with 6=6 deg. The 
double cover plate, illustrated in Fig. 4, page 701 
ante, gave more satisfactory results, failure even with 
high-grade glue seldom occurring outside the glued 
joints, probably because it is started by tension 
across a joint at the edge of one of the cover plates. 
No objection to this test piece is seen in the fact 
that it does not work with a pure shear across 
the joint, seeing that bending and distortion occur 
in practice. It seems, however, to be not quite satis- 
factory that in a test the respective amounts of 
shear and tension should not be measurable. 

Another type of joint by which wood failure 
seems to be avoided is the Spandau joint (Fig. 16), 
made on the end grain. Thisis tested ina machine 
that applies a bending moment, and so introduces 
compression and tension stresses across the joint, 
with a small shear force of negligible amount. 
With a standard method of applying the glue this 
joint is simple to construct and test, but the relation 
between the extent of adhesion to end grain and 
to tangential or radial faces has not been worked 
out. A joint, designed by Professor A. Robertson, 
which as a rule also avoids failure in the wood, is 
the “ cantilever ” type (Fig. 17), set up and used as 
indicated, but it is said to give higher variations 
between different batches of test pieces than the 
double cover plate type. 

All present methods of glue testing give wide 
variations of result, amounting usually in a single 
group of tests to 20 to 30 per cent. of the arith- 
metic mean. The cause of this has not yet been 
traced, but an analysis has been made of 26 factors 
that may influence the strength of a glued joint. 
The report describes experiments to elucidate their 
respective effects. Though still leaving the causes 
of these variations obscure, this section con- 
tains a considerable amount of information of 
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practical as well as of theoretical interest. To 
meet some of the difficulties the report suggests a 
new test, in which measurement is made of the 
energy absorbed in pulling a given area of cotton 
webbing from a piece of walnut to which it has 
been glued. 

At the suggestion of the Research Department 
of the Royal Arsenal, Woolwich, an attempt has 
been made to apply X-rays to the examination of 
glued joints, in order to clear up any doubt as to 
whether the adhesive film is continuous. Its use has 
- been found just practicable with ordinary glue, but 
to obtain really satisfactory results the glue has to 
be mixed with a filler opaque to the rays. As 
mentioned above, the addition of 5 or 10 per 
cent. of lead sulphate does not weaken the glue 
film. It seems indeed rather to strengthen the 
joints and, so far as the experiments have gone, 
to give greater uniformity to the results. 





THE HARDENING AND TEMPERING 
OF HIGH-SPEED STEEL.* 
By A. R. Pace. 


HIGH-SPEED steels are well known to be very complex 
alloys, a fact readily grasped when it is considered that 
even simple types contain elements such as tungsten, 
chromium and vanadium in addition to those usually 
found in plain steels, while the newer varieties also 
contain cobalt, molybdenum, &c. Owing to this 
complexity, only one type of steel has been dealt with, 
the two steels experimented upon being similar in 
every respect except for carbon percentage. One 
steel, denoted by the symbol J1, is that which, in Great 
Britain, is probably the most popular, and has already 
received a considerable amount of attention from 
scientific investigators. It has the following approxi- 
mate composition— 


Per Cent. 
Carbon ee aoe . 0°55-0-65 
Silicon .... =< ds ase ue 0:20 
Tungsten 13-0-14-0 
Chromium 3:0-4:0 
Manganese . 0°40°5 
Vanadium = Tak ce . 0-25-0-50 
Sulphur a ices ise sss 0-05 
Phosphorus _.... f ee. 0-06 


The other steel on which some tests have been carried 
out, designated J2, is exactly similar to J1, except that 
the carbon content is 0-7 per cent. to 0-8 per cent. 

Very different views on the exact technique of heat 
treatment are held. Some consider that the proper 
hardening temperature lies anywhere between 1,100 
deg. C, and 1,200 deg. C., while others assert that the 
steel must be subjected to a temperature little short of 
fusion—i.e., 1,300 deg. C. to 1,350 deg. C. This diver- 
sity of opinion can well be understood. The different 
duties which tools, such as reamers, twist drills, lathe 
tools and milling cutters, have to perform are so varied 
that it seems fairly obvious that one common treatment 
may not confer the most efficient properties on all these 
types of tools. In the hardening operation, the high 
temperatures employed cause the molecular mobility 
of the alloy to be greatly increased, so that the time 
of soaking is a considerably more potent factor in 
producing satisfactory results than in the case of 
straight carbon steels, where the times of soaking are 
very much longer, bulk for bulk. The phenomenon of 
secondary hardening and the drop in hardness after 
tempering in the neighbourhood of 400 deg. C. to 
500 deg. C., followed by a subsequent rise in hardness 
at 600 deg. C., is fascinating, and it affords, in the 
author’s opinion, great possibilities in commercial 
age This phenomenon was clearly shown by 

dwards,+ but his paper dealt in a general and pre- 
liminary way with the subject as applied to steels 
containing tungsten and chromium. No single type 
was dealt with in close detail, whereas the object of 
the present paper is to place on record certain observa- 
tions on one particular type. 


Part I. 

Preliminary Investigations on the Effect of Hardening 
and Tempering on the Microstructure, &c., of J1 and J2 
Steels—The material used in this series of tests was 
supplied in the form of }-in. square bar, which had been 
annealed after rolling. The test-pieces all consisted of 
small lengths 1} in. long, so that the mass of each was 
practically the same. Each piece was nicked in two 
places, in order that it could be fractured after hardening. 





* Paper read before the Iron and Steel Institute, 
London, on June 4, 1926. Abridged. 

t C. A. Edwards and H. Kikkawa, ‘The Effect of 
Chromium and Tungsten upon the Hardening and 
Tempering of High-Speed Tool Steel,” ENGINEERING, 
1915, vol. c, page 349. 





After hardening, each piece was broken into three 
pieces, to permit of the examination of the fracture and 
also to provide two further test-pieces for tempering at 
600 deg. C. and 680 deg. C., these two tempering tem- 
peratures being largely used in the manufacture of 
high-speed steel tools. Great attention was paid to 
the hardening of the test-pieces as regards temperature 
and time of soaking. Heating was conducted in a 
small dry-gas-fired furnace, the temperature of which 
was measured by a Féry instrument, which was 
repeatedly calibrated against a standard platinum- 
platinum-rhodium couple. Various temperatures and 
times of soaking were used, and in all cases the pieces 
after heating were cooled in a medium air-blast. Tem- 
pering was carried out in a salt bath, the temperature 
of which was controlled by means of a platinum- 
platinum-rhodium couple. 

A study of the photomicrographs showed that the 
first specimen to give a completely hardened structure 
was that hardened from 1,250 deg. C. after soaking for 
ten minutes. The only other ideal structure was 
given by a specimen hardened at 1,300 deg. C. for two 
minutes. 

A temperature of 1,300 deg. C. seems to be slightly 
high for hardening, unless the time of soaking is very 
carefully watched. Thus, after one minute, the steel 
is not hardened completely, while in five minutes 
crystal growth has taken place. One sample, hardened 
at 1,300 deg. C. for ten minutes, showed enormous 
crystal growth. It is interesting to note that the 
structure develops on tempering into coarse martensite, 
and this becomes more marked in the specimens 
hardened from 1,350 deg. C. A sample, soaked at 
1,350 deg. C. for one minute, was not completely 
hardened, while two minutes at this temperature 
produced large crystal growth. This structure, after 
tempering, showed a very much more marked acicular 
structure. Soaking for five and ten minutes at 1,350 
deg. C produced a very coarse structure, and a peculiar 
herring-bone constituent at the crystal junctions 
made its appearance. In the tempered state these 
specimens showed very much coarser martensite, 
and the eutectic constituent persisted. The over- 
heated specimens showed a development of structure 
inside the crystals, and the interior of the crystals 
darkened rapidly on etching, in contradistinction to 
the very slow attack which took place in sections 
possessing the small austenitic structure. 

Certain specimens were etched in Yatsevitch’s 
reagent (NaOH + H,0,). The herring-bone con- 
stituent was shown up in a marked fashion, and the 
etching plainly showed the increase in the amount 
of this constituent with higher temperatures. Accord- 
ing to Yatsevitch, this reagent attacks the complex 
carbides. Certainly, if a correctly hardened specimen 
is polished and etched in this reagent, the only markings 
which appear are a few black specks, which correspond 
to the brilliant white specks produced when etching 
is carried out in alcoholic 4 per cent. nitric acid. It 
will be found that such specimens which show a sniall- 
grained polygonal structure on etching in HNO, do 
not show up the crystal boundaries in Yatsevitch’s 
reagent as the overheated specimens do. The Brinell 
hardness figures of the tempered specimens throw an 
interesting light on the behaviour of the hardened 
and the unhardened specimens. In all cases where 
the specimens were completely hardened, the hardness 
drops only slightly, the lowest figure being 592, which 
is still a satisfactory cutting hardness, even after 
tempering at such high temperatures as 600 deg. C. or 
680 deg. C. 

The under-hardened specimens, as diagnosed by 
microscopic examination, lose their hardness rapidy 
on tempering. The over-hardened specimens, on the 
other hand, do not lose their hardness at all on temper- 
ing, under the conditions here described. As an 
example, the following three sets of figures may be 
compared :— 











Brinell Hardness. 

a 

ead Over- Correctly Under- 

hardened hardened hardened 

Steel D10. | Steel C2. Steel Cl. 
As hardened oe ae 661 661 622 
Tempered at 600 deg. C. 661 661 534 
» 9» 680 deg. C. 661 592 464 











From an examination of the microstructures, the 
fractures and the Brinell hardnesses, it would appear 
that a temperature of 1,250 deg. C. to 1,275 deg. C., 
for a suitable length of time, gives the best results on 
the particular sections experimented with. This 
temperature appears desirable on account of the 
slightly longer time necessary for complete soaking. 
With the higher hardening temperatures and the 
very much shorter time of soaking, the operation is 
decidedly dangerous, as a slight error in the time of 





soaking has a considerable effect in under- or over. 
hardening as the case may be. 

A very important conclusion from this preliminary 
work is that the Brinell hardness and the appearance 
of the fracture in the hardened state are no criteria 
of correct hardening. 

The Effect of Tempering J1 Steel at 600 deg. C.—Nine 
3-in. cubes of similar steel were hardened as described 
in the previous section. Since the mass of these 
specimens was about one-third of those dealt with 
previously, the hardening treatment adopted, in accord- 
ance with the results already obtained, was 1,260 
deg. C. for two minutes. Micro-examination proved 
that this treatment was satisfactory, the specimen 
showing the correct small austenitic structure. Each 
of the specimens was found to possess a Brinell hard- 
ness of 661. They were then tempered in nitre at 
600 deg. C. for two minutes and the hardness redeter- 
mined. They were tempered again at various tempera- 
tures, 100 deg. C., 200 deg. C., &c., up to 600 deg. C., 
680 deg. C., and 750 deg. C. for ten minutes, and re- 
tested for hardness. The specimens were retempered 
at the same temperatures as before, and hardnesses 
were again determined. The tempering was repeated 
for a further ten minutes, and the hardnesses were re- 
determined, so that in all the specimens received thirty 
minutes’ total tempering at their respective tem- 
peratures, 

The results show that tempering at 600 deg. C., 
after hardening, reduces the hardnesses uniformly, 
but'that, after this treatment, tempering at any tempera- 
ture up to and including 600 deg. C. makes no appreci- 
able difference to the hardness, as would occur to 
specimens which have not been tempered at 600 deg. C. 
It is well known that the hardness drops on tempering 
at 400 deg. to 500 deg. C., and rises again on tempering 
at 600 deg. C. only in specimens which have received 
the correct hardening treatment. Tempering at 680 
deg. C. produces a distinct drop in hardness, while 
at 750 deg. C. this effect is considerable. The important 
point brought out by these tests is that this material, 
after correctly hardening and tempering at 600 deg. C. 
for two minutes, appears perfectly stable as regards 
hardness at any temperature up to 600 deg. C., since 
tempering for as long as thirty minutes did not 
diminish the hardness. 

Investigation on J2 Steel—The work on J2 steel 
followed the same lines as that on J1 steel described 
in the first section. The hardening technique was also 
similar, as the conditions were the same as those 
detailed above. 

A study of the photomicrographs showed that the 
first specimen to give a hardened structure was that 
hardened at 1,150 deg. C. after soaking for five minutes. 
There were signs, in this specimen, of an austenitic 
crystal structure. The latitude in hardening is com- 
paratively wide, 1,150 deg. C. for ten minutes, 1,200 deg. 
C. for five minutes and ten minutes all giving similar 
results. The temperature of hardening for this 
material should not reach 1,250 deg. C., since soaking 
for only one minute produces a large structure, and 
specimens hardened at higher temperatures and for 
longer times show progressive crystal growth, which 
structure on tempering develops into coarser marten- 
site than is desirable. Similar observations as regards 
overheating are noted with the higher carbon steel 
as with Jl, the difference being, however, that the 
overheated structure is developed in the J2 steel at 
a considerably lower temperature. The first indication 
of the intercrystalline eutectic constituent in J1 steel 
was found in the specimen hardened at 1,350 deg. C. 
for five minutes, while 1,250 deg. C. for ten minutes 
was sufficient to cause the commencement of its pro- 
duction in J2 steel. While it was not marked, it became 
very pronounced in a specimen hardened at 1,300 deg. C. 
for five minutes. As in the case of the J1 steel, the 
completely hardened specimens of J2 steel retained 
their hardness on tempering, while in those under- 
hardened the hardness was rapidly lost. 

The main conclusions to be drawn in comparing 
the results of the two steels are: (1) The increase in 
carbon content of 0-1 to 0-15 per cent. in a 14 per cent. 
tungsten high-speed steel causes a diminution in the 
temperature required for correct hardening, the reduc- 
tion being something like 100 deg. C. (2) The effect 
of temperature on the hardened structure is much 
more marked with the higher carbon steel, the produc- 
tion of an overheated structure being effected much 
more easily. (3) The same applies to the production 
of the intercrystalline eutectic constituent, which 
appears to resemble closely the eutectic formed in 
high-speed steel cooled from fusion. The production 
of this constituent is apparently due to incipient 
fusion which takes place at the crystal boundaries. 
(4) The presence of this intercrystalline constituent 
appears to cause excessive brittleness in the hardened 
material. (5) The range of temperature and time for 
hardening the higher carbon steel is greater than for 
the lower carbon material. With the specimens 
experimented upon, between 1,150 deg. C. and just 
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over 1,200 deg. C., and five to ten minutes, according 
to the temperature, appears suitable for J2 steel, 
whereas with the J1 steel, 1,250 deg. C., or just over, 
seems to give the best results. If this temperature 
is exceeded by any appreciable amount, the time 
necessary is reduced to such a short period as to reduce 
the factor of safety in commercial hardening. (6) The 
higher carbon material is considerably more brittle 
when hardened. (7) A peculiar microstructural effect is 
evident in the specimens which are not quite hardened 
—that is, those which, though showing a high hardness 
figure after hardening, lose their hardness rapidly on 
tempering. (8) The conclusion already arrived at 
with the Jl series is confirmed in this higher carbon 
series—namely, that hardness and fracture in the 
hardened state are no criteria of *the material having 
been correctly hardened to produce the red-hardness 
property. 
Part II. 

Effect of Time and Temperature of Hardening and 
Tempering on the Hardness of J1 and J2 Steels.—The 
material used for these investigations was similar to 
that employed in Part I. The bars of } in. square 
section were received in the annealed condition, and 
the specimens used were cut off so as to form pieces 
}in. cube, weighing approximately 18 grammes. The 
specimens were hardened, four at a time, in a Bray- 
shaw gas-fired furnace. On removal from the furnace 
they were cooled in a medium air-blast. Tempering, 
up to, and including 300 deg. C., was carried out in an 
oil-bath, and above that temperature in a nitre bath, 
the former being suitably controlled by a base-metal 
thermocouple, and the latter by a platinum-platinum- 
rhodium couple. Micro-examination was carried out 
on samples from the various batches after hardening, 
to ensure that each batch had received the same harden- 
ing treatment, and one specimen was kept in the 
hardened state for reference. Examination of the 
tempered specimens has not yet been made, but it is 
intended to do this at a future date. After hardening 
and tempering, the specimens were lightly ground 
(wet) so as just to remove the scaly surface, and then 
polished up to the 000 emery-paper to facilitate accu- 
rate readings. Brinell hardness determinations were 
then made. 

Scheme of Research.—Five series of specimens of J1 
steel are being investigated ; in the first four series, 
the hardening temperature has been kept constant, 
and only the time of soaking varied from one to eight 
minutes, while in the last series the hardening tempera- 
ture has also been increased. 

The hardening temperature, 1,260 deg. C., has been 
adopted in all cases, except the last, as this was the 
best temperature indicated in the preliminary investi- 
gations described in Part I. The treatments were 
designed so that the specimens of Series A were not 
completely hardened (1,260 deg. C., 1 minute soaking), 
those of Series B were just completely hardened 
(1,260 deg. C., 2 minutes soaking), and those of Series C, 
D, and E represented successive stages of over- 
hardening. Micro-examination of representative sam- 
ples from each series showed that these conditions 
had been attained. Tempering was carried out at 
temperatures of 100, 200, 300, &c., up to 600 deg. C., 
and also at 680 and 750 deg. C., for periods varying 
from 1 to 10 minutes. At the present time, Brinell 
hardness results have been obtained on the specimens 
of Series B only. 

Definite signs of secondary hardening in the neigh- 
bourhood of 600 deg. C., were obtained, although 
the hardness produced by tempering never reached 
or exceeded the original hardness in the hardened 
state. It was evident, however, that the series had 
been satisfactorily hardened, and this was confirmed 
by micro-examination of the untempercd specimen ; 
a small austenitic structure, considered to be repre- 
sentative of correct hardening, was to be seen. In 
the first place, the hardness of the specimens, without 
tempering, was 670. With increasing tempering tem- 
perature, the hardness gradually dropped to a minimum, 
at a temperature range 400 deg. C. to 500 deg. C. 
A rise led up to the secondary hardening zone, in the 
neighbourhood of 600 deg. C. Above 600 deg. C. the 
hardness fell away rapidly with increasing temperature. 

Investigation showed that the hardness reached a 
minimum between 400 deg. C. and 500 deg. C. in the 
neighbourhood of five minutes. It was noted that 
tempering at 600 deg. C. did not produce such a marked 
softening ; after one minute’s tempering, the hardness 
dropped sharply, but further tempering caused a rise, 
which reached a maximum at four minutes, producing 
the greatest hardness after tempering of all the treat- 
ments. Further tempering, up to ten minutes, pro- 
duced a slow decrease, but there were indications that 
the material was nearly stable. 

The present theory of the secondary hardening 
phenomena of high-speed steel attributes this hardening 
during tempering to the production of martensite, 
which is somewhat harder than the austenite produced 
during hardening. In the steels under review (heated 





to 1,260 deg. C. for two minutes and cooled in an air- 
blast) the maximum secondary hardening effect occurs 
at 600 deg. C., but there are signs of secondary harden- 
ing at 500 deg. C. if the tempering time is long enough. 
The results show that, in the material tempered at 
600 deg. C., the maximum breakdown of austenite to 
martensite, causing maximum secondary hardening, 
occurs after tempering for four minutes. Longer 
tempering times produce a slight breakdown of this 
martensite. : 
Experiments with Steel J2.—Similar work to that 
described in the previous section was carried out on 
the higher carbon steel J2. The temperature of 
hardening for this series, designated ‘‘ Series N,”’ was 
1,220 deg. C. and the time two minutes, these being 
decided upon after consideration of the results obtained 
in Part I. Tempering was carried out as before, and 
the Brinell hardness numbers of the specimens deter- 
mined. An examination of the results obtained for 
Series N showed that, in certain respects, they were 
similar to those already described for Series B. First, 
it was noticed that the initial hardness (636 Brinell) 
of the material was lower than that of the B Series. 
Secondly, the hardness dropped gradually with increase 
of tempering temperature until a minimum zone was 
reached in the neighbourhood of 500 deg. C. Thirdly, 
the hardness then rose again to figures which were 
considerably higher than the original hardness in the 
hardened state. In the lower ranges of tempering 
time, the maximum secondary hardening took place 
at 680 deg. C. up to five to six minutes, while at ten 
minutes the maximum effect took place at 600 deg. C. 
Investigation showed that the hardness dropped 
rapidly when the steel was tempered at 600 deg. C. up 
to three minutes, and then rapidly hardened up again, 
until, at ten minutes, the material was harder than 
it was originally, but even at this point it was not 
stable. There were signs of secondary hardening at 
500 deg. C. and 400 deg. C. if the tempering time were 
long enough. Further series are being investigated, 
but. at the moment all that can be said is that the 
initial hardening treatment has a profound effect on 
the behaviour of high-speed steel during tempering. 





APPLICATIONS OF ENGINEERING 
TO AGRICULTURE.* 


By Frank Ayton. 

Tue oldest of the world’s industries, agriculture, was 
among the first to enlist the aid of the engineer in 
carrying out more speedily, efficiently, and economically 
the various operations concerned with cultivating the 
land, gathering the crops, preparing the produce for 
the market, and doing the host of other things which 
are part of, or incidental to, farming. The most 
important operation in agriculture is that of ploughing 
the land and its subsequent cultivation. The principal 
implement employed, the plough, may truly be classed 
among the romantic things of the world. Its history 
goes back to the ancient Egyptians, and the early 
biblical writers were familiar with its use. The 
Romans, in their long occupation of four centuries, 
brought ploughs to this country, and it is said they used 
the wheel and the removable breast, but they found 
ploughs in Britain when they arrived. These early 
ploughs were of a crude type, the most primitive being 
entirely of wood. Wrought-iron plough-shares or 
points were, however, used many centuries before the 
Christian era by the Romans and the Persians. Ig those 
troublous times it was often a case of ploughing one 
year and fighting the next, so that the plough points 
would be hurriedly beaten into spears and swords, only 
to be converted again into shares when the war had 
come*to an end. 

Up till the year 1785, plough-shares were made in 
wrought-iron, but in that year a patented process of 
making and hardening shares in cast-iron was intro- 
duced, to be followed in 1803 by a method, Ransome’s 
patent, by which the under side of the cast-iron share 
was chilled. This permitted the upper and soft side 
of the share to be worn away at a quicker rate, leaving 
the lower or chilled edge always projecting and sharp. 
The year 1808 witnessed a further and notable advance 
in the design of the plough, which had up till that time 
not been constructed in such a way as to facilitate easy 
replacement of parts in the field. The new designs 
introduced overcame this difficulty. 

From being fashioned as it was in remote times from 
the branch of a tree, the plough has evolved through the 
ages to the present-day types by definite stages ; that 
is, first by the fitting of a metal point or share, then the 
addition of a wooden breast or mouldboard which 
served to turn over the furrow. In the course of time 
this breast came to be made with a covering of sheet 
iron over the wood. At the end of the eighteenth 
century solid metal breasts began to be fitted, which 





* Paper read at the Summer Meeting of the Institution 
of Mechanical Engineers, at Ipswich, on Tuesday, June 
15, 1926. Abridged. 





were sometimes made of cast-iron and in other cases of 
wrought-iron. These improvements were followed as 
previously stated, by the fitting of improved shares 
and by better methods of assembly. 

High-carbon steel enters very largely into the 
manufacture of modern ploughs, and is especially 
necessary for those for use overseas, where the more 
strenuous ploughing conditions are met with. Drop 
forgings and malleable cast-iron are also extensively 
employed. 

Ploughs are constructed in a great variety of types 
for haulage by animals and others for use with mecha- 
nical power, and for various classes of work, such as 
ordinary ploughing, subsoiling, ridging, draining, &c. 
For ordinary ploughing they are made to turn a single 
furrow or two or more furrows at a time. In Africa 
and certain other parts of the world, where very dry 
conditions are met with and the surface of the land is 
baked into a hard crust, another type of plough is 
frequently used, known as the “disc”? plough. Each 
furrow is turned by a revolving disc of saucer shape 
with a sharp cutting edge, the plane of the disc being 
set at an obtuse angle to the surface of the ground 
and at an angle in relation to the direction of ploughing. 

In tilling virgin land in overseas countries, tree- 
stumps and hidden rock are frequently met with. 
Special designs, in the form of “stump-jump” 
ploughs, for withstanding such conditions are in 
considerable vogue in Australia. These are both of 
the mould-board and disc types, so constructed 
that when meeting a buried rock or tree-stump the 
plough body or disc will automatically climb or slide 
over the obstacle and enter into work again without 
damage to itself. For reducing the adhesion of sticky 
soils, and in such manner lightening the draught of the 
plough, many ploughs are now fitted with mould- 
boards of a hardened special steel having a highly 
polished, glass-hard surface. With mouldboards of 
this type a cleaner turnover of the furrow is also 
obtained. Mouldboards made from the so-called 
stainless steel would appear to offer advantages 
by reason of its non-rusting qualities, but at the 
present time this material is too costly to employ for 
this purpose. 

Mechanical Power for Hauling Ploughs.—British 
engineers were the first in the world to develop the 
use of mechanical power for hauling ploughs. Among 
the early pioneers in the development of the steam 
engine there was at least one who foresaw its use in 
connection with agriculture. Trevithick wrote in 
1812 :-— 

“It is my opinion that every part of agriculture 
might be performed by steam, viz., in carrying manure 
for the land, ploughing, harrowing, sowing, reaping, 
thrashing, and grinding.” 

Steam-Ploughing.—Mr. J. T. Osborne in 1848 demon- 
strated near Stratford, in Essex, the haulage of a 
plough backwards and forwards across the field by 
means of an endless rope and steam-driven windlass. 
To Mr. John Fowler, of Leeds, belongs the credit of 
introducing the first really practical system of steam- 
ploughing. His first attempt, however, was concerned 
with land drainage, the plant being designed to draw a 
mole-draining plough by cable. This system was 
demonstrated before the Royal Agricultural Society at 
its Carlisle Show in 1855. It was not until 1856, 
however, that, at the Royal Agricultural Show at 
Chelmsford, Mr. Fowler was able to exhibit a practical 
steam-ploughing equipment. In all the early steam- 
ploughing tackles only one engine was used, either 
an ordinary portable engine driving a windlass by 
belt, or a special type of cable ploughing engine in 
which the winding drum was disposed in some way or 
other on the engine itself. The method described was 
known as the “ Round-about”’ system, the engine 
being fitted with double drums, the rope from one 
drum being connected direct to the plough and serving 
to haul it across the field towards the engine, the rope 
from the other drum being taken to a snatch-block 
placed in an opposite corner of the field, and thence 
to a movable anchor carriage positioned on the opposite 
side of the field to the engine. The rope worked round 
a pulley on the carriage mentioned, and was attached 
to the other side of the plough, serving to haul it in 
the direction away from the engine. The anchor 
carriage was caused to move forward the required 
distance along the headland by the direct pull of the 
rope. These ‘‘round-about” tackles were first intro- 
duced by Mr. Fowler, and were afterwards made also by 
Messrs. J. and F. Howard, Ltd., of Bedford, Messrs. 
Barford and Perkins, Ltd., of Peterborough, and others. 

Double-Engine System.—The ‘“‘round-about” tackles 
while doing satisfactory work, were displaced when 
Mr. John Fowler, between 1860 and 1862, introduced 
his improved double-engine system, the engines alter- 
nately pulling the plough across the field one way or the 
other. Fig. 1, page 740, shows a modern Fowler engine, 
and Fig. 2, Plate LIII, a ten-furrow plough in use. The 
length of rope usually provided on each drum is 450 
yards, but engines have been supplied with ropes up to 
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600 yards in length. In the later stages of develop- 
ment of the steam-plough another Leeds firm, Messrs. 
J. and H. McLaren, took an important part. 

In connection with cable ploughing, the latest develop- 
ment has been the employment of 4-cylinder oil-engines 
in place of steam for driving the capstans, Fig. 3. 
These plants are made by Messrs. McLaren as also by 
Messrs. Fowler. A feature of Messrs. McLaren’s plant 
is the provision of a self-starting device. When the 
plough has almost reached the end of its haul across 
the field by one engine, the motion of the idle rope, 
which is being pulled off the drum of the other engine, 
is brought into play to restart the engine. With this 
class of tackle a draw-bar pull can be obtained on the 
rope almost equal to the actual weight of the engine. 

Ploughing by Direct T'raction.—This system had been 
employed abroad for a number of years prior to the War, 
steam traction-engines being generally used, which 
hauled multi-furrow ploughs, some of them cutting 
as many as 20 furrows at one time. In this country 
the direct traction system came into prominent use 
during the war with the advent of petrol-paraffin farm 
tractors of 20-30 h.p., hauling two or three furrow 
ploughs, Figs. 4, Plate LIII, and 5, Plate LIV. The 
earlier tractors gave a good deal of trouble mainly 
through heavy wear and tear, caused by gears and 
driving chains being exposed to dust and dirt, and to 
the absence of any provision for preventing dust 
making its way into the cylinders through the induction 
pipe. Enclosed dust-tight gears and bearings, and the 
provision of an air-filter on the carburettor intake, have 
overcome these drawbacks. In North America the 
adoption of the tractor for farming operations is making 
rapid strides. The greater speed at which farm work 
can be dealt with by a tractor, as compared with 
horses, is a feature of value to the farmer. It must 
be remembered, however, that tractors can only work 
satisfactorily on the land when the latter is in a fairly 
dry condition. 

Chain-Track Tractor—Another type of tractor is 
that known as the Caterpillar or chain-track type 
(Figs. 5, 7 and 8), the pressure per unit of area upon 
the land surface due to the weight of the machine 
being comparatively low owing to the Jarge contact 
area of the track system. The adhesion is also much 
greater, and the machine can usually exert a draw-bar 
pull equal to its weight. The heavy wear and tear on 
the chain-track mechanism is, however, somewhat of 
a drawback to the employment of this type of tractor 
as compared with the wheel type. 

A comparison of the capacity in acres per day of 
the different methods of ploughing can hardly be very 
accurate, for the reason that conditions vary so greatly. 
The effect of the quality of the soil upon the draw-bar 
pull is well exemplified in the test results obtained in the 
1921 Tractor Trials at Shrewsbury, organised by the 
Society of Motor Manufacturers and Traders. The 
average resistance of land per square inch of furrow 
section worked out at 10-9 lb. for heavy land, 8-37 Ib. 
for medium land, and 5-44 Ib. for light land. The 
following may be taken as very approximately repre- 
senting the average area which it is possible to plough 
per eight-hour day in average land and under average 
conditions :— Acres 

Horse plough, with single-furrow plough, ~ : 

two horses in light land and three in 

in heavy shi ayy fer ore 1 
Tractor, with two-furrow plough 2 ROS 
Steam, double-engine set, 75 i.h.p., o 


equivalent oil-engines .... is .... 10 to 12 
Steam, double-engine set, 100 i.h.p., or ‘ 
equivalent oil-engines .... ear .. 16 to 18 

Steam, double-engine set, 135 i.h.p., or 
equivalent oil-enyines .... is .... 20 to 23 

Steam, double-enyine set, 200 i.h.p. or 
equivaient oil-engines .... sais ... 80 to 34 

Steam, double-engine set, 250 i.h.p., or 
equivalent oil-ergines .... me .... 32 to 40 


Electric Power fur Ploughing—On the Continent, 
particularly in France, Germany, and Italy, electric 
power is in some instances being applied to ploughing 
by means of cable haulage. The question is whether 
there are such advantages over the steam- or oil-engine 
plants as will offset the trouble and expense of erecting 
overhead supply lines to the different arable fields on 
a farm, assuming, of course, that the farm is in such 
a position that it can command a supply of electrical 
energy from some public transmission system. It has 
to be remembered that most of the steam-ploughing 
tackles are worked by contractors who go from farm 
to farm, and it is not likely that, until all farms in a 
neighbourhood are electrified and provided with supply 
connections to the different fields, the ploughing con- 
tractor will look with favour upon a type of plant, 
which, even though in cost of operation comparing 
favourably with steam or oil, has to depend upon some 
other means than electricity to haul it from place to 
place. The difficulty of haulage has, in some cases, 
been overcome by the provision of a separate oil-engine, 


son unfavourable with the completely mobile and very 
handy steam- and oil-engine ploughing tackles. 
Alternate Methods of Power Tillage——From time to 
time machines have been invented and constructed to 
supersede the plough. An example is the steam- 
digger, imitating the use of the spade. Mr. T. C. Darby 
was a pioneer in this direction. In recent years 
machines of another type have been introduced. 
Among these is one of Swiss origin—the Simar rotary 
tiller (sée ENGINEERING, vol. cxii, page 36). This has 
a rotating shaft, on which are mounted renewable 
spring tines of an ingenious and quickly replaceable 
type. This shaft is driven by an internal-combustion 
engine. The tines are forced into the soil, breaking it 
up and throwing it out behind, thoroughly aerating 
it in the process. The machine is equipped with 
wheels for supporting its weight and for giving the 
desired travelling motion, provision being made also 
for steering and for regulating the depth of penetration 
of the tines in the soil. 

Land Drainage.—A subject which. is receiving a 
good deal of attention at the present time is that of 
the drainage of heavy agricultural land. The system 
referred to entails the use of a special mole-draining 





ism, became associated with McCormick, with the 
result that the complete reaping and binding machine 
was introduced. The binding was done with wire. In 
1880, however, William Deering, another American, 
brought out machines which bound the sheaves with 
twine—this was a notable improvement. Fine examples 
of the self-binding reaper are now made in this 
country, Canada and the United States. 

A later development of the machine just described 
is the harvester thrasher, which is extensively used 
in parts of North America, the Argentine, North Africa 
and Australia. This machine in one form is a combina- 
tion of a reaper and a simple type of thrashing machine. 
It carries a petrol engine for driving the thrasher, but 
the reaping knife, which in this case only cuts off the 
grain-carrying heads from the crop, is driven from the 
large land wheel of the machine. In operation a 
wagon is kept moving alongside the machine, and into 
it the grain is delivered as it comes from the thrashing 
machine. In another form of harvester thrasher, which 
is used mainly in Australia, the corn is gathered by 
means of hollow fingers, which comb off the heads, the 
grain being collected in the hollows of the fingers. 
The grain from a harvester thrasher is not graded as 
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plough. An example of this machine was described and 
illustrated in ENGINEERING, October 23, 1925, page 529. 
It consists of a carriage carrying a vertical cutting 
blade, to the lower part of which is attached the mole. 
The latter is a cylindrical piece of steel with a nose 
specially shaped to facilitate its passage through the 
subsoil, and to enable it to leave behind it a smooth 
drainage duct. Jn certain subsoils a second piece of 
steel, shaped like an elongated egg, is dragged by a link 
behind the mole, and being a little larger in diameter 
than the latter, serves to smooth and consolidate the 
wall of the duct. These ducts, which are from 3 in. 
to 4 in. diameter, are cut across the land in parallel 
lines. , It is, of course, essential that the parallel drains 
across the land shall have a fall towards an inter- 
cepting outfall drain. In arable land, the drains have 
to be made at a depth of uot less than 24 in. as a rule. 
Sometimes the ducts are made at a depth as great as 
36 in. For these deep drains the engine whichehauls 
the plough in the working direction has its cable 
arranged for double purchase, but the engine which 
hauls the plough backwards and out of work uses a 
single cable. Drains made by this system have heen 
known to remain effective for no less than 30 years. 
Messrs. Fowler have lately brought out a machine for 
pushing tile drains (earthenware pipes) into the ducts 
formed by the mole-drain plough. The machine requires 
the provision of access holes along the line of the duct 
at from 60 to 100 yards apart. It is estimated that 
when such tiles are inserted, a drainage system is 
obtained which will remain effective for from 50 to 
60 years. 

Harvesting Machines.—In connection with machines 
used for harvesting, the reaper and binder stands out 
as of such value as a labour-saving appliance that 
were it not available to-day the cost of wheat through- 
out the world would, undoubtedly, be higher than it 
is. The reciprocating V-shaped blades, arranged 
in succession along a carrying bar, which with the 
fixed fingers torm the cutting mechanism of the modern 
reaper and binder, as also of the grass cutter or mower, 
was the invention of an American, Cyrus H. McCormick, 
in 1831. This first machine was merely a mower or 
reaper. It was not until 1874 that Withington, 





but all this is complication which makes the compari- 


another American, having invented a binding mechan- 
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in a finishing thrasher, and the system has the dis- 
advantage that weed seeds separated during the 
thrashing operation are again deposited on the land to 
seed again. The use of the harvester thrasher is 
confined to those parts where the grain ripens uni- 
formly, and the land is more or less level and not hilly ; 
it would not be suitable, for example, in this country. 

Beet Sugar Cultiration—The Government subsidy 
on home-made beet sugar has served to make the 
growing of sugar beet a paying proposition. The usual 
contract between the farmer and the factory stipulates, 
among other things, that about 2 in. of the upper 
portion of each beet is to be cut off before delivery to 
the factory, whilst the beet has also to be freed from 
adhering soil. The long tap root must, however, be 
left intact. Lifting and topping the beet is, therefore, 
one of the expensive operations concerned with growing 
this crop. In the ordinary way it is done by loosening 
the surrounding soil by the use of a special kind of 
plough, which is run alongside the row of beet, the plough 
having a side projecting share which lifts the soil in 
which the beet is growing. The beets are then lifted, 
cleaned and topped by hand. Attempts have been 
made to devise machines which will not only raise the 
beets, but will also automatically top and clean them, 
but so far with little success. 

Thrashing Machines.—With the exception perhaps 
of the reaper and binder, the most interesting, and at 
the same time complex, machine which the farmer uses 
is the thrasher. The designing of thrashing machines 
differs radically from that of ordinary machinery, 
which usually has to be planned to perform some 
definite work under clearly defined conditions. The 
conditions under which grain grows and has to be 
handled vary so widely that the knowledge required for 
the designing of thrashing machines is only obtained by 
long experience, and it may be said that there is no 
technical literature dealing with the subject. The 
earliest designs of thrasher of which there is record, 
namely, the machines of Michael Menzies and Jethro 
Tull, built in 1770, sought to imitate as closely as 
possible the action of the flail. The first machine to 
bear any resemblance to the modern machine in respect 
of having a revolving thrashing drum, was that o! 





Andrew Meikle, produced at the commencement of the 
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nineteenth century. It may be noted that the first 
occasion when thrashing was done by the use of steam 
power was in 1841. 

The best work is done in the complete finishing 
thrasher of moderate or large output, in which the 
grain is not only separated from the ear, cleared of 
chaff, &c., but, in addition, is polished and graded. 
Of late years the use of small light thrashers has been 
extended. The small light thrashers referred to do not, 
of course, produce as fine a sample of grain as can be 
obtained from the before-mentioned complete fmishing 
machines, see Fig. 9, Plate LIV. In spite of this they 
appeal to agriculturists in different countries ty reason 
of the fact that they are light, and more easily trans- 
ported, and that they can be driven by ordinary 
farm tractors as well as capable of being hauled by 
the latter. 

The general design of thrashing machines has under- 
gone little change in recent years, such alterations as 
have been made having been concerned with simpli- 





is a frame carrying lines of similar steel pegs pointing 
towards the centre of the drum and so disposed that 
the drum pegs move in between the fixed pegs of the 
cage. The thrashing action is therefore akin to a 
combination of stripping and impact. 

The differences between the working of the two types 
of drum is that, while for given dimensions a greater 
quantity of crop can be put through the peg-drum 
machine than in the case of the beater-drum machine, 
it delivers the straw in a mangled or broken condition. 
In the countries where a peg-drum machine is employed 
this is not a disadvantage because the straw is often 
burnt as valueless, or is used for cattle feeding. To 
bring it to the necessary fineness for this latter purpose 
a special straw chopping and bruising apparatus can be 
fitted to either peg-drum or beater-drum thrashers, :» 

American Thrashing Machines.—British thrashers are 
generally timber-framed with matchboard panels. On 
the other hand, thrashing machines made in the 
United States are almost universally built with"steel 


point where they are fed into the cage. The action of 
the helix revolving in the cage, which consists of stout 
round bars supported by steel rings, results in a com- 
bination of impact and stripping on the maize grains 
attached to the cob. The machite is not provided with 
shakers, but has the usual system of riddles and blast 
for dressing, as also, in the more complete machines, a 
grading apparatus. In certain countries the husks, 
or leaves which enclose the cob, are taken off by hand, in 
which case the maize sheliing machine has only to 
remove the grain from the cob. In other cases the 
machine is required to husk as well as shell. 

Accessories for Thrashing Machines.—There are 
various accessories and fittings supplied with thrashing 
machines for special purposes, such as mechanical 
teeders for delivering the sheaves into the drum, such 
apparatus frequently being fitted with rotating knives 
for cutting the binding twine encircling the sheaves ; 
elevators for delivering the straw on to a stack; 
straw and chaff blowers for blowing the discharged 








Fig. 10. SranparD SINGLE CYLINDER PoRTABLE ENGINE; Messrs. MARSHALL, 
Sons anp Co., Lim1Tep. 


fication in detail design from the point of view of more 
economic nianufacture and other details making for 
the lightening of moving parts, and the reduction of 
friction by the fitting of ball bearings. These changes 
have, in the main, been brought about since the war, 
and their effect upon the output considered in relation 
to the power input has been noteworthy. Pre-war 
types of thrasher gave an output of approximately 
200 Ib. of wheat per brake horse-power-hour, whereas 
recent designs yield, even in the case of small machines, 
about 250 lb. per brake horse-power-hour. 

Thrashing Drums.—The actual thrashing is done by 
the thrashing drum revolving at high speed in a cage 
partly encircling the drum, which is called the concave. 
Thrashing drums are made in two types, namely, the 
beater drum and the peg drum. The first-mentioned 
type carries diagonally-fluted bars mounted axially on 
discs or spiders, and the drum rotates in the concave, 
an adjunct already referred to above. The grain falls 
through the spaces between the steel bars of the con- 
cave, after being knocked out by the impact and 
stripping action on the grain ears as they are swept 
Tound in the confined space between the concave and 
the rapidly rotating drum. The concave is adjustable 
for clearance between itself and the drum bars, the 
clearance at the point of entry of the wheat sheaves 
being greater than the clearance at the point of leaving. 
In the case of the peg drum, lines of specially shaped 
steel pegs take the place of the beater bars referred to 
above, and the concave, instead of being a plain cage, 
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frames and sheet steel panelling, the advantage claimed 


straw and chaff on to heaps which may be some distance 
away from the machine; straw trussing apparatus, 
which automatically bindies and ties up the straw 
as it comes from the thrasher. 

Drying of Crops.—-The artificial drying of crops, for 
the purpose of rendering harvesting operations as far 
as possible independent of the weather, is not a new 
idea. Recently it has again come to the fore, Dr. B. J. 
Owen, of the Institute of Agricultural Engineering in 
the University ot Oxford, in conjunction with Mr. C. 
Tinker, having introduced a system by which heated air 
is blown by a fan through ducts into a central chamber 
formed inside the stack. It is claimed that a crop cut 
in the usual way, if left for a period not exceeding 
24 hours, may be stacked, and after blowing hot air 
through it for 8 hours, is usually dry. In the case of 
hay, the rapid removal of the moisture is said to prevent 
any chemical change from taking place, in consequence 
of which there is no loss of nutriment. 

Another system is that employed at the present time 
by Mr. Borlase Matthews, who employs an unheated 
supply of air forced through the stack by a fan. This 
system was originally introduced by a well-known 
mining engineer, Mr. W. W. Hood, in 1920, and in 
connection with it fermentation is allowed to take place 
while the drying out operation is proceeding. At 
the present time there is no unanimity on the subject. 
Portable Steam-Engines.—In regard to prime movers 
as employed in farming the principal comment which 
has to be made relates to the change which has taken 
place in the economic position of the steam-engine in 
relation to the oil-engine. The successful development 
of the portable steam-engine was, to a great extent, due 
to the encouragement given by the Royal Agricultural 
Society of England, who, in the beginning, held annual 
trials which started in 1841. 

While it is perhaps a little difficult to decide as to who 
brought out the first portable steam-engine, it is of 
interest to note that in regard to an engine exhibited 
by Ransomes at the Royal Agricultural Society of 
England Meeting at Liverpool in 1841, the Society 
reported: ‘‘ To Messrs. Ransome of Ipswich the Society 
is indebted for what may be termed the great novelty 
of the Meeting. We believe this is the first attempt to 
render steam-power portable.” The report adds that 
the engine “‘ appears to have worked well.” It may be 
added that at the next meeting of the Society a similar 
engine was exhibited, mounted on four wheels (pre- 
viously it was on two) with a chain-drive from 
the crankshaft to the hind wheel-axle, thus becoming 
the first self-moving engine, the precursor of the road 





for this construction being that it is unaffected by 
climatic changes. The steel type of construction 
has, however, this disadvantage that it is difficult 
to avoid rapid deterioration by corrosion of internal 
surfaces and parts. <A steel-framed machine is not 
so flexible as a wooden one over rough ground, and 
the necessary labour for repair is more difficult to 
obtain. 

Clover Hullers.—Machines are also employed for 
thrashing linseed, clover and other crops having small 
seeds, although where clover is concerned it is more 
satisfactory to employ a machine built espcially for 
the purpose and known as a clover huller. The reason 
is that for properly thrashing this crop two drum 
operations are required, the first operation in an 
ordinary beater-type drum knocking off the clover 
heads, and incidentally liberating some of the seed, the 
heads in the second eperation baving the remaining 
speed removed by a rubbing action in a drum of special 
construction. 

Maize Shellers.—When it comes to dealing with a 
crop such as maize an entirely different type of machine 
is required. The maize sheller uses what is known as a 
helice. This can be best described as somewhat similar 
to a two-hladed fan, very short radially, but in length 
practically the full width of the inside of the frame of the 
machine, the blades at one end being bent slightly in a 
spiral for the purpose of propelling the maize-cobs 
along the cage in which the helix revolves, from the 





locomotive or traction engine. The speed of this 
engine upon the road was four to six miles per hour. 

It is only right to say that round about the date 
(1841) when the Ipswich firm exhibited their first 
portable steam-engine, there were others at work upon 
the problem, namely, Tuxford, Howden, Dean and 
Cambridge. Dean and Cambridge exhibited engines 
for the first time at the Royal Show in 1842. It may 
be added that between 1845 and 1856 one firm alone, 
Messrs. Clayton and Shuttleworth of Lincoln, had 
manufactured no less than 2,200 portable steam- 
engines. In later years the trade in these engines 
expanded greatly in the hands of the nine or ten firms 
who had taken it up, so that portable engines of British 
make were used on a large scale over all the great 
wheat-growing areas in Eastern Europe and South 
America. 

Steam-Pressures.—In the early days portable engines 
were of various designs. Finality of design was ulti- 
mately reached with the locomotive type of boiler, 
having a horizontal engine fixed above it. It is 
interesting to note that from the year 1839 to about 
1860 the working steam-pressure of portable engines 
varied from 40 to 45 lb. per square inch. Working 
pressures have steadily advanced since that time. 
To-day 150 Ib. per square inch is the pressure employed 
in some of the latest single-cylinder high-pressure 
engines. 

During late years the oil-engine has become a powerful 
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The measured-mile trials were carried out off Whitley 
and were arranged thus :— 


Four runs (Nos. 9 to 12) at nominal engine speed of 
86 r.p.m. 
Four runs (Nos. 5 to 8) at nominal engine speed of 
75 r.p.m. 
Two runs (Nos. 3 and 4) at nominal engine speed of 
61 r.p.m. 
Two runs (Nos. 1 and 2) at nominal engine speed of 
43 r.p.m. 


In the case of each of these speeds the consecutive 
runs were made alternatively north and south. 
The fuel-consumption trials were arranged thus :— 
Between the mouth of the Tyne and the Farne Islands, 
four hours’ run at nominal engine speed of 75 r.p.m. 
Between the Farne Islands to a few miles below the 
mouth of the Tyne, four hours’ run at nominal engine 
speed of 85 r.p.m. This pair of runs are referred to 
in the tables as Nos. 13 and 14 respectively, and the 
observations and deductions are recorded along with 
those of Run Nos. 1 to 12, in the tabulated results. 
Throughout the trials the sea was smooth. There 
was a slight swell from south-east by east when on the 
measured mile, but the ship neither pitched nor rolled 


Fig.25.VARIATION OF SPECIFIC GRAVITY | 
OF FUEL OIL WITH TEMPERATURE. 
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TaBLe XVI. 





Load Condition|Trial Condition. 











Draught Forward 26 ft. 63 in. 25 ft. 10 in. 
bee ee 26 ft. 6} in. 26 ft. 11 in. 

Total displacement cs ..| 14,708 tons 14,592 tons. 
Moulded displacement (excludes 

bossing and shell) .. ..| 14,625 tons 14,512 tons 
Block coefficient (en moulded 

displacement and dimensions) 0-778 0-777 
Midship Area (moulded) ..| 1,479-1 sq. ft. | 1,468-5 sq. ft. 

» 5, coefficient (moulded 0-990 0-990 
Prismatic coefficient (moulded) 0-786 0-785 
Wetted surface (moulded) --| 40,140 sq. ft. | 39,976 sq. ft. 
Wetted surface total, including 

all appendages.) te ..| 40,865 sq. ft. | 40,701 sq. ft. 





In the case of the measured mile runs (Run Nos, 1 
to 12) the revolutions made by the engine were recorded 
when the signal was received from the bridge that the 
vessel was passing the line of posts on entering the 
mile course, and again on leaving, as well as at inter- 
mediate intervals. The level of the fuel in the 
measuring tank was observed at one-minute intervals 
from the time that the vessel had been put on a straight 
course before entering the mile, and the observations 
were maintained until the vessel was turned out of 


were altered as little as possible between the successive 
runs at any given nominal revolutions per minute, 
once the required speed had been attained. The 
running conditions are given in Tables XVII and 
XVIII, and the observations made in the engine-room, 
mainly for comparison with those obtained during the 
trials ashore, are shown in tabular form as follows :— 
Table XVII.—Ship and engine speed, indicated 
power, fuel for main engine, and deduced 
torques. 





TABLE XVIII.—A, EnaInE Controts; B, PRESSURE IN CrLINDERS; C, Ex#aust Gas OBSERVATIONS ; 
D, TEMPERATURES OF CooLING WATER CIRCUITS. 

















Run Number: 9-12 5-8 | 3 and 4 | 1 and 2 13 14 
(A) Engine Controls*— 
Fuel-pump control numeral 18-5 14-5 10-5 7-0 13-5 18-0 
Fuel-valve control numeral “a Ha 49°5 39-3 37-0 30-0 38-5 49°5 
Air-compressor Suction Throttle ie 22-5 16-0 31-0 92-0 19-5 23-0 
(B) Pressures (lb. per square inch) in cylinders— 
At end of compression .. Pe A) mm ua 480 470 440 420 470 480 
Maximum during firing .. A és ae :. 650 610 620 540 610 660 
At end of Expansion ie ve ate en 35 30 20 15 20 35 
(C) Exhaust Gas Observations— 
Temperature (deg. F.) by pyrometerft at— 
Exit from: Cylinder No.1 forward .. is wa 492 378 260 160 354 504 
ie No. 2 ie as oa ve 488 372 262 162 351 501 
i No. 3 ue “ a ae 495 378 260 155 — -~ 
a No. 4 = ee rie ea 497 380 260 155 358 511 
a No. 6 aft .. ue aw ‘we 488 380 255 152 357 502 
Temperature (deg. F.) by the thermometer at end of 
exhaust manifold ve * AG ar ee 557 419 280 220 415 565 
Pressure in exhaust manifold (ins. of water) .. a 26-0 18-5 12-5 5-0 18-0 26-0 
(D) Temperature (deg. F.) of Cooling Water Circuits— 
Power cylinders (fresh water)— 
At common inlet to jackets and pistons 86 78 69 65 89 82 
At outlet from :— 
Jackets oe =< “as ue a“ * 109 96 79 72 104 105 
Upper pistons se ae os <¢ aa 107 93 78 73 103 102 
Lower pistons sf = eg a wd 113 97 81 74 107 107 
Jackets water cooler eae ie és “a 90 88 73 66 92 79 
Pistons water cooler 96 82 74 68 97 82 
Air-compressor (salt water)— 
At outlet from jackets “ “e és ar 64 64 63 61 65 66 
9 er coolers xe ee ee ow 102 100 104 93 101 105 
Water coolers (salt water) — 
At outlet from jackets cooler 70 65 60 58 71 71 
ee P pistons cooler 67 64 59 - 58 70 67 




















* The mancuvring hand wheel dial indicated ‘‘ Ahead, 6-oil ’’ throughout. 
+ Pyrometer indicating at exit from cylinder No. 5 was defective. 


TABLE XIX.—A, InJection Arr-COMPRESSOR—PERFORMANCE ; B, ScAVENGE AIR-PUMPS—PERFORMANCE. 

















appreciably. On the first day the wind had a velocity 
of approximately 8 knots at the beginning and end 
and reached about 10 knots at midday. On the second 
day, the ship encountered an adverse tide and a slight 
head wind throughout the run north, and on the run 
south there was a head wind of about 8 knots velocity 
which died away about 4 p.m. 

During the measured-mile runs a “ Walker” log 
was trailed from aft, so that the fish was on the outer 
edge of the propeller wake ; readings of the log enabled 
the corrections necessary to obtain the true speed 
from the log record to be derived. The speeds obtained 
by log in the two long runs have been corrected to 
true speed by means of the calibration data obtained 
on the mile runs. The mean of the speeds obtained 
by direct timing over the measured mile, and by 
corrected log for the consumption runs, are recorded 
in Table XVII, page 742. In every case the vessel 
was on her course four or five minutes before entering 
On the measured mile, and the angle of the helm was 
very small throughout. 


























her course on its completion. 


Run Number : | 9-12 | 5-8 | 3 and 4 | 1 and 2 13 14 
(A) Injection Air-Compressor— 
Air temperatures (deg. F.) :-— 
Before entering : 
After-cooler .. ae wa ae és “a 236 231 197 155 228 237 
3rd stage cooler “a mF “a oe ea 228 215 213 180 217 231 
2nd ” te a re aa am 234 221 217 199 221 236 
L.P. ae 183 174 169 151 177 188 
After leaving : 
After-cooler (blast-air) ms ai a a 106 97 90 79 95 102 
3rd stage cooler ee be <s ~ aa 110 103 105 92 104 109 
2nd Re ~ es xe Ze! = 100 94 98 90 96 100 
L.P. 9 oe Pa se oe ea 114 109 113 105 112 117 
Pressure (Ib. per square inch) at :— 
H.P. delivery (blast-air) ; <a - 1,010 1,000 980 840 1,000 1,000 
3rd stage delivery wa a, é< e aa 300 290 357 360 302 300 
2nd Ps es én ee ee 3 86 84 105 110 88 87 
uP Pe ou és ste ee P 2) 21 28 29 22 22 
Mean indicated pressures (Ib. per square inch) :— 
H.P. stage oa F Sa ae és oe 483 475 436 373 464 480 
3rd_,, i ne ua ee a 6 178 158 187 183 150 165 
2nd _sC,, os ss oe os a“ F 40 38 46 45 40 41 
L. & P. stage .. te am “¢ ae oa 14 14 17 16 15 14 
Indicated horse-power :— 
H.P. stage oh sw s oe oe ee 46 41 31 19 39 46 
a i ae a aa aa «; 53 43 42 29 40 50 
2nd (,, de a be a oS ee 38 33 34 23 34 40 
Sus os 8 es oa a xe aa 41 39 39 26 39 44 
Total indicated horse-power of compressor 178 156 146 97 162 180 
(B) Scavenge Air-Pumps— 
Pressure (lb. per square inch) in receiver oe es 1-8 1:6 0-9 0-6 1-55 1-34 
Average pressure during : 
Suction* (lb. per square inch) 0-87 0-60 0-50 0-17 0-59 0:87 
Delivery ,, ” ee a ae 2-83 2-12 1-44 0-65 2-10 2-9? 
Mean indicated pressure (Ib. per square inch) .. 2-90 2-21 1-51 0-70 2:18 2:91 
Indicated horse-power .. Fic ms s 160 112 64 20 108 164 
* Below atmosphere. 


It was possible to 
obtain one set of indicator cards from the main engine 
during each run. Temp2ratures, &c., were also recorded 
during each run. In the case of the fuel-consumption 
runs (Run Nos. 13 and 14), the revolutions made by 
the engine, the level of the fuel in the measuring tank 
and the level in the service tanks supplying respectively 
the main engine and the electric generator in use 
(port service tank), and the boilers (starboard daily 
service tank), were observed every half-hour, when also 
indicator cards were taken and other observations in 
the engine-room were recorded. The speed of the 
main engine was arranged so that, for no helm on the 
ship, the revolutions per minute should be as nearly 
possible the respective nominal revolutions mentioned 
when referring to the speed and course above. For 
the measured-mile trials, the controls of the engine 





Table XVIII.—Engine controls, pressures in cy- 
linders, exhaust-gas observations, and tempera- 
tures of cooling-water circuits. 

Table XIX.—Performance of injection air com- 
pressor and scavenge air pumps. 

In Tables XVIII and XIX, averages only, from the 
observations made throughout all runs at a given 
nominal speed, are recorded. temperature 
(approximate) at the top platform in the engine-room 
on both days of the trials was 70 deg. F. 

The fuel consumptions and the deductions from the 
indicator diagrams are recorded in Table XVII, and 
should be inspected injconjunction with the remarks 
which follow on the fuel and its measurement, the 
indicated horse-power, and the estimation of torque 
deduced from the main engine data. The main engine 
exhaust pipe and the boiler uptakes are carried alongside 
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each other to the top of the funnel casing, but, in 
spite of the possible interference of boiler smoke, it was 
noted that the exhaust gases were colourless through- 
out the trials. The silencing of the exhaust was 
effective, but no special attempt appeared to have 
been made to silence the noise of the scavenge-pump 
suctions. 

Observations of the lubrication of the main engine 
showed that the pressure of supply of oil to the crank- 
case was approximately 16 lb. per square inch, the 
rate of circulation being about 30 tons per hour. 
The temperature on the first day of the trials rose from 
60 deg. to 70 deg. F., and on the second day from 
67 deg. to 78 deg. F. 

For normal running at sea, the main engine and the 
electric generator engines receive their supply of 
fuel from the port service tank, which contains filtered 
oil. The boilers are supplied with unfiltered oil 
direct from the bunkers. The service tanks were fitted 
with pneumercator gauges, graduated for fuel of 
0-93 specific gravity. For the purposes of the trials 
the Committee’s fuel measuring tank was interposed 
in the supply-pipe to the main engine, the arrangement 


TABLE XX.—Slarting Air Consumption Trial. 


fuel consumption are shown, as well as those adjusted 
to agree with the fair curve of Fig. 26. The faired 
consumptions only have been used to derive the engine 
torques from the characteristic diagram. 

Indicator cards were taken from the engine on every 
run. The indicated horse-powers developed are 
recorded in Table XVII. The deductions from the 
indicator cards taken from the injection air-compressor 
and from the scavenge-pump are recorded in Table XIX 
along with the corresponding pressures by gauge in the 
reservoirs. 

Using the mechanical  efficiency—M.I.P. curve 
(Fig. 164, page 675 ante) deduced from the trials ashore 
of the engine, the shaft horse-power (forward of the 
thrust-block) corresponding to theindicated horse-power 
developed by the engine at sea, can be derived ; whence 
knowing the revolutions per minute, the torque can be 
computed. The shaft horse-power and torque for each 
run determined in this way are recorded in Table XVII. 
Similarly the use of the torque—M.L.P. curve (Fig. 17, 
page 676 ante), also drawn for the shore trials, gives 
the torques delivered by the engine ; but as these agree 
with the torques obtained by means of the former 
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the engine could be manceuvred, and the ability of the 


manceuvring air-compressor plant to meet the demands 
made upon it. The compressor was therefore in opera- 
tion continuously throughout the test and one-half, 
or 16, of the total number of starting-air reservoirs was 
connected. The orders given from the bridge, and the 
time intervals between the receipt of an order in the 
engine-room and the attainment of the given engine 
speed, is recorded for each order in Table XXI. 
The column headed “ R.P.M.”’ represents the speed of 
the engine as prearranged to agree with the titling on 
the telegraph, and the tachometer was relied upon to 
give the indication that a particular speed had been 
achieved. Immediately an order had been carried out, 
a signal was sent from the engine room to the bridge. 
In the case of reversals at full speed (Order Nos. 11 and 
12) a period of one minute was allowed after full speed 
had been attained in order that the ship should gather 
way, and to ensure as far as possible that the next 
manceuvre should be made under average working 
conditions. In certain points the record differs slightly 
from those of previous trials, namely : (1) at the signal 
to commence the test, the engine was not running, so 


TABLE XXL—Manavuveme Trrat. 














Get peng (Ib. 

rder on i per sq. in.) in 
Telegraph. Time (seconds). Starting-Air 
Reservoirs. 

For all 

No.} Direction. | cylinder |To attain |To stop |Before | After 

to fire. speed. | turning. | Order. | Order. 

0} Stop : = = -- 1010 1010 
1! Ahead .. 25 6 6 1010 935 
2 | Astern .. 10 5 2 935 879 
3 | Ahead .. 20 6 7 870 800 
4) Astern .. 10 5 5 800 765 
5| Ahead .. 10 5 2 765 750 
6| Astern .. 10 3 5 750 715 
7| Ahead .. 13 4 2 715 675 
8 | Astern .. 6 6 2 675 645 
9| Ahead ,. 10 6 1 645 615 
10 | Astern .. 8 2 4 615 595 
11 | Ahead 12 4 1 595 575 
12 | Astern .. 5 4 2 575 550 
13 | Ahead .. 1l 5 2 550 540 
12; Astern .. 8 2 2 540 515 
15 | Ahead .. 11 2 2 515 510 
16 | Astern .. 8 8 8 510 500 
17 | Ahead ,. 10 4 2 500 495 
18} Astern .. 16 8 5 495 475 
19 | Ahead ,. 10 3 4 475 445 
20 | Astern .. 5 + 4 445 430 
21); Ahead .. 9 3 2 430 410 
22 | Astern .. 8 2 4 410 395 
23] Ahead .. il 3 2 395 380 
24 | Astern .. 8 4 2 380 365 
25 | Ahead .. 12 + 2 365 845 
26 Astern .. 10 3 2 845 330 
27| Ahead .. 13 3 2 330 315 
28 | Astern .. 1l 4 5 315 300 
29} Ahead .. 1l 5 4 300 290 
30 Astern .. 7 4 2 290 280 
$1} Ahead .. 10 3 2 280 270 
$2 | Astern .. 12 5 2 270 265 
83 | Ahead .. 14 ay 2 265 255 
34 | Ahead* 61 _ —_— 255 225 
35 | Astern .. 6 4 2 225 205 




















* In carrying out Order No. 34, the engine twice failed to fire 
in the astern direction when put on to fuel; the engine fired at 
the third attempt, the direction being then ahead. 
being similar to that described in the First Report; 
readings of the level in this tank, therefore, give directly 
the fuel consumption in the main engine. The boiler 
in use was supplied with fuel from the starboard 
service tank. Due to small movements of the ship and 
to the large free surface of the fuel in the tanks, the 
readings of the pneumercators were not generally 
satisfactory except in the case of Run No. 13, where 
the observations give a fairly reliable figure for the 
consumption of fuel in the boilers. The fuel used in the 
generator engine in use has been computed from the 
electrical output on the basis of test-bed performance of 
engine and generator, as obtained by the makers, 
namely, 0-55 lb. of fuel per brake horse-power delivered 
at the generator terminals. The following daily 
consumptions of fuel (on the basis of Run No. 14) are 
therefore put forward as being representative of 
performance in fair weather: main engine, 12-8; 
boiler, 0-83; and generstor engine, 0-17; making a 
total consumption of 13-8 tons per day for all purposes. 

The analysis of the fuel used is recorded in Table VI 
(page 640 ante), and the curve showing the specific 
gravity at various temperatures is shown in Fig. 25, page 
743. The temperature of the fucl in the measuring tank 
was noted during each measured mile run and periodic- 
ally throughout the fuel consumption trials, and the 
rates of consumption recorded in Table XVII duly 
include a correction for temperature. The lowest and 
highest temperatures of the fuel, which rose continuously 
throughout each day, were observed to be 69 deg. and 
74 deg. F. respectively. For both the measured mile 


and the fuel consumption trials, the fuel used per 
minute has been plotted to a base of indicated horse- 
power (Fig. 26). 


In Table XVII the observed rates of 


























| Pressure (lb. per square 
Order on Telegraph. | Time required : inch) in starting-air 
| (seconds). Reservoirs. 
| 
R.P.M. 
on To repl 
Tachometer.| To carry to bello 
No. Direction. Speed. out and to Before After 
| manceuvre. receive Order. Order. 
| next order. 
1 Stop .. Xu ae es D ay _ _ — 1,010 1,010 
2 ea 
2 Ahead a } 43 10 5 1,010 990 
3 Astern Full af 75 35 10 — -- 
4 Ahead Slow .. 61 20 8 910 870 
5 Astern Full +e 75 22 7 830 820 
6 Ahead Half es 73 23 3 790 780 
7 Astern Full 4 75 22 5 ws 750 
8 Ahead Full ae 84 33 ae 760 740 
9 Astern Full . 75 19 2 745 715 
10 Stop .. a — 11 4 720 720 
11 Ahead Full t 84 21 61 720 680 
12 Astern Full . 75 23 62 720 660 
13 Ahead Full . 84 22 5 695 660 
14 Stop .. _ _ 8 7 670 670 
15 Ahead ay =e --| Slow. 61 15 23 670 640 
16 Astern Ke 2 a ae ; 43 21 31 655 610 
17 Ahead ae ie ws a : 61 7 31 600 570 
18 Astern ae wis re mx : 43 6 13 580 550 
19 Ahead = ey ae + sie 61 8 21 560 530 
20 Astern a ae = a : 43 14 26 540 510 
21 Ahead ee me os ns oo 61 -, 22 520 500 
22 Astern a of Oy ee : 43 18 28 510 495 
23 Ahead a s Pe ” é 61 8 18 500 470 
24 Astern es = Ge has ee 43 15 5 475 440 
25 Stop .. _ — 8 _ 45 450 

















alternative method they are not recorded therewith. 
The torques read off the characteristic diagram (Tig. 19, 
page 677 ante), using the fuel consumption and engine 
speed oniy, are recorded in Table XVII. 

On the completion of the manceuvring trial and slow 
speed test (see below), the engine was stopped for a 
period of one half-hour to replenish the starting-air 
reservoirs, and to allow the temperature condition; 
throughout to approximate to those which would 
obtain in a normal “start from cold.” Although 
there was provision for preliminary heating, no steam 
was passed into the circulating water, the outlet 
temperature from the jackets being 92 deg. F. For 
the purposes of the test, the manceuvring air-compressor 
was not in use in charging the reservoirs, of which only 
one-half namely, 16, of the total number of reservoirs 
was connected. The air before reaching the engine 
is passed through a reducing valve, 600 lb. per square 
inch being the normal pressure available at the starting- 
air valves. The speed attained in all cases was approxi- 
mately 60 r.p.m., as indicated by tachometer and 
corresponded to ‘slow’ on the telegraph. The 
times taken to complete the various orders, which 
were alternately ‘“‘ ahead slow” and “astern slow,” 
and the corresponding pressures in the reservoirs 
are recorded in Table XX. The engine was controlled 
almost entirely by the manceuviing hand wheel; the 
blast pressure remained constant at 900 lb. per square 
inch; the fuel-pump control numeral, 17; and the 
fuel-valve control numeral, 40. From this table it 
will be observed: (1) that the number of starts 
possible with an available initial pressure of 1,010 lb. 
per square inch, and with all the reservoirs connected 
is 70; (2) that the average volume of free air used 
per start is 443 cub. ft.; and (3) that the lowest 
pressure at which the engine started was 225 Ib. per 
square inch, the engine having refused to start with 
205 lb. per square inch at the 36th order on the tele- 
graph. i 

The mancuvting trial was carried out following the 
completion of the measured mile runs on August 11, 
the object being to determine the rapidity with which 








that the time required to stop is not recorded; (2) 
during the second portion of the test, “stop” signals 
were inadvertently introduced between the. alternate 
“slow ahead” and “slow astern”’ orders. The time 
necessary to accomplish these additional orders has, 
in each case, been included in the time required to 
reply to the bridge and to receive the next order; and 
(3) in certain cases the air pressures in the starting- 
air system were not recorded. Sos cot 

A slow speed test was carried out on the completion 
of the manceuvring trial. At the time when the signal 
to commence the test was given, the engine was not 
running. Readings of the revolution counter were 
taken every half-minute, and the lowest speed recorded 
over a period of ten minutes was 28-9 r.p.m., and 
that over five minutes was 28-4 r.p.m. The engine 
controls were observed to be as follows :—Fuel-pump 
numeral, 5; fuel-valve numeral, 33; manceuvring 
wheel, “ Ahead 6-Oil”; and air-compressor suction- 
throttle numeral, 16 (which represents nearly complete 
closure). The pressure of the injection air fell continu- 
ously from 720 to 600 lb. per square inch, and the 
pressures, by gauge, in the first, second and third 
stage receivers of the compressor were, 24, 85, and 
290 lb. per square inch respectively. 





State Curtine By Wire Saws.—We are informed that 
the United States Bureau of Mines is preparing to carry 
out a series of tests on the cutting of slate by means of 
wire saws. The aim in view is to eliminate quarry waste. 





MeasHam Waterworxks.—The well and _ borehole 
which was recently the subject of a Ministry of Health 
inquiry have been successfully sunk at Measham. After 
a full period of testing, it has yielded an adequate supply 
of some 320,000 gallons of water a day. Further powers 
are now being sought to complete the scheme of pumping 
station, reservoir and mains fe the districts of Measham, 
Oakthorpe and Donisthorpe, all in the rural district of 
Ashby-de-la-Zouch. Messrs. W. H. Radford and Son, 
of Nottingham, are acting as engineers to the council for 
the scheme. 
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RECONDITIONING THE BRAZILIAN 
SCOUT CRUISERS ‘“ BAHIA” AND 
‘““RIO GRANDE DO SUL.”’ 


Ir is common knowledge that in the early days of 
the marine steam turbine, which was coupled 
directly to its propeller, a compromise had to be 
effected between the speed of rotation required to 
secure turbine efficiency, and that desirable for the 
propeller. A noteworthy illustration of the sacrifices 
involved in this procedure, and the great benefit due 
to gearing as introduced by Sir Charles Parsons, is 
supplied by the reconditioning of the scout cruisers 


reduce fuel consumption at low speeds cruising 
turbines were also provided for each wing shaft, 
and the astern turbines were incorporated in the 
L.P. casings. Steam, at 250 lb. per square inch, 
was supplied by ten coal-fired water-tube boilers. 
These boilers were arranged in two boiler-rooms, 
and had a total heating surface of 35,000 sq. ft. 
Since these vessels were constructed, there have 
been very marked improvements in the design of 
marine steam turbine machinery. The most 
important change has been the introduction of 
reduction gearing between the turbine and the 
propeller. The use of oil fuel for naval vessels has 





Fig.6. SECTION AT FRAME 117. (LOOKING FORWARD). 





















10% COCKBURN MACNICOLL SELF-CLOSING 
STOP & EMERGENCY VALVES. 


with Messrs. J. I. Thornycroft and Co., Limited, 
for the new machinery and boilers. 

It was decided to convert both ships to oil fuel, 
replacing the ten original boilers required for the old 
plant by six Thornycroft boilers, and also to replace 
the five old direct-coupled turbines with three of 
the geared type, and of a somewhat higher power. 
By these changes the designed shaft horse-power has 
been raised from 18,000 to 20,000, and the speed to 
27 knots. The radius of action at 24 knots 
has at the same time been increased from41,500 
to 2,400 knots, using about the same total weight of 
fuel. At 10 knots the radius of action with the old 
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Bahia and Rio Grande do Sul, which formed part of 
the 1906 Brazilian Naval programme. These boats 
were built by Sir W. G. Armstrong Whitworth & 
Co., Limited, at Elswick, but the machinery was 
supplied by Messrs. Vickers Limited, of Barrow-in- 
Furness. The leading features of these vessels as 
originally designed were as follows :— 


Length overall — te 401 ft. 6 in. 
Length between perpendiculars 380 ft. 
Breadth, moulded .. Py 39 ft. 

Depth, moulded 23 ft. 6 in 
Draught (mean) 13 ft. 6 in 
Displacement 3,102 tons. 
Bunker capacity 650 tons (coal). 
Shaft horse-power .. . 18,000 

Speed Ge és ac 26-5 knots. 
Radius of action at 10 knots 3,500 miles. 


The propelling machinery consisted of direct- 
coupled turbines driving three screws, according 
to the then standard arrangement in which the 
central screw was driven by a high-pressure turbine, 
which exhausted into two low-pressure turbines, 
each of which drove one of the wing shafts. To 





N93 BOILER 


OIL FUEL PUMPS 


also become general. These changes have tended to 
increase greatly the radius of action, and to reduce 
the number of the boiler-room crew. Another 
noteworthy improvement has been the general 
adoption of the Michell thrust block. 

In view of these fundamental improvements 
in practice it was decided in reconditioning the 
Brazilian Scouts, to instal new machinery and 
boilers, and to bring the boats as far as practicable 
into line with present-day practice. 

The Brazilian Government with a view to develop- 
ing national resources, entrusted the work to the 
Companhia Nacional de Navegacao Costeira, who are 
well-known as large shipowners with a very pro- 
gressive policy, and who are at present adding 
largely to their tonnage, both steam and Diesel 
driven. This firm, of which Mr. Henrique Lage is 
Director President, owns large shipbuilding and 
repairing establishments where they have built a 
number of commercial vessels. They subcontracted 
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plant was 3,500 knots. It will now, with the same 
weight of fuel, be 6,600 knots, or about 90 per 
cent. more. - 

On Plate LV, Figs. 1 to 5, and on this page, and 
on pages 746 and 747, Figs. 6 to 13, we reproduced 
drawings showing the general arrangement and con- 
struction of the equipment now fitted, whilst general 
views of the turbines are reproduced in Figs. 14 and 
15, page 760. 

As shown in Figs. 6 to 8, the six boilers are 
arranged in two engine-rooms, and there are now 
three instead of two funnels. The greater efficiency 
of the new turbines, combined with the adoption of 
oil fuel, has made it possible to reduce the heating 
surface to 26,000 sq. ft. in place of the original 
35,000 sq. ft., but the boiler pressure remains 
as before, viz, 250 lb. per square inch. These 
new boilers are of the Thornycroft type, the 
steam drums, as shown in Figs. 9 and 10, page 
746, being 4 ft. 2 in. in diameter, by 11 ft. 
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¥ [in. long. The oil fuel gear is of the stan- 
dard Thornycroft pattern, which has now been 
fitted to boilers rated in the aggregate at some 
millions of horse-power. The sprayers and deflectors 
fitted have in this instance been specially designed 
for heavy fuels, such as the Mexican oils. Tests 
made of one of the new boilers showed an efficiency 
of 81 per cent. when the rate of evaporation, reduced 
to, from and at 212 deg. F., was 4-5 lb. per square 
foot of heating surface per hour. 

Very extensive changes have been made in the 
engine-room, the condensers being the only large 
portions of the original plant to be retained. The 
new arrangement is shown in Figs. 1 to 3, Plate LV. 
The old turbines consisted of five distinct units, 
of which two were cruising turbines. The new tur- 
bines which are of the Brown Curtis type, are shown 
in section in Figs. 4 and 5, Plate LV. They were 
designed in collaboration with Messrs. John Brown 
and Co., Clydebank. Two cruising stages are 
incorporated at the forward end of the H.P. turbine 
and consist of one three row and one two row 
velocity compounded wheels. These are followed 
by the main H.P. vurbine consisting of one two 
row and three single row wheels. Boiler steam 
can be supplied to each of the first three stages 
through nozzle ports covering a portion only of the 
circumference, and bye pass valves are provided by 
means of which these three stages may be used in 
series, series parallel or parallel, according to the 
horse-power developed. As shown in Fig. 5, the 
L.P. turbine has simple impulse stages throughout. 
The reverse turbine is shown on the right of this 
figure, and is a three-row velocity compounded 
wheel, which is capable of developing about 
55 per cent. of the full power ahead torque, when 
running at 75 per cent. of the full power ahead 
speed. The central screw rotates idly when the boat 
is running astern. Provision is made for a supply 
of steam directly to the L.P. turbines, to facilitate 
mancuvring. ‘Two general views of these turbines 
are reproduced in Fig. 14 and 15, page 760. 

In order to utilise the old intermediate and pro- 
peller shafts with their brackets, it was decided 
not to alter the propeller speed ; but new propellers 
were designed and fitted tu suit the increased power 
now available. Both the L.P. and H.P. turbines 





run at the same speed, which at full power is 
2,500 r.p.m. The spares required are thus reduced 
to a minimum. 

The old turbines, being of the reaction type, 
and directly connected to the propeller, enabled 
the thrust of the latter to be balanced mainly by 
steam pressure. With the new arrangement thrust 
blocks capable of taking the whole propeller thrust 
have been fitted. In the present instance the fore and 
aft space available was restricted, and the blocks have 
therefore been fitted close up to the gearing casing, 
as shown in Fig. 12, page 747. The block is of 
the single-collar Michell type. As shown in Figs. 
11 and 13, the main gear wheels for both the L.P. 
and H.P. turbines measure 60-046 in pitch circle 
diameter, and the corresponding dimension for the 
pinions is 11-572 in. To provide for the additional 
lubrication required, new pumps and coolers were 
added to the old plant. 

The substitution of one set of propelling machinery 
for another is seldom a simple operation, and numer- 
ous difficulties had to be overcome in the present 
instance, in order to fit in the new plant without 
altering the existing lines of shafting. 

The new machinery was all constructed at South- 
ampton, but the erection on board, and the repairs 
and alterations to the hull, were carried out by the 
Companhia Nacional de Navegacao Costeira at Rio. 

Original and still in the main a shipowning 
company, this firm established many years ago a 
repair yard in one of the islands of Rio Bay. 
This yard has been greatly developed of late 
years, and, in addition to smaller vessels, Mr. 
Lage has built here two Diesel engined passenger 
ships for his own company. For some time past 
most of the repair work for the Brazilian Navy has 
been done at this yard, and during the war repairs 
were made here on two of the British cruisers which 
put into Rio after the Falkland Island’s battle. 
The yard possesses a large dry dock excavated out 
of solid granite, and quays alongside which the 
largest liners and battleships can be berthed. 

We should add finally that «information was 
received a few days ago to the effect that the 
Bahia had carried out highly successful trials 
developing 22,000 H.P. at 474 R.P.M. and obtain- 
ing a speed of 27 knots. 
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THE IRON AND STEEL INSTITUTE. 
(Concluded from page 716). 

THE final session of the annual meeting of the 
Tron and Steel Institute opened at 2.30 p.m., on 
Friday afternoon, June 4, last ; Mr. F. W. Harbord, 
vice president of the Institute, occupied the chair. 
In the absence of Mr. G. R. Woodvine, the paper 
entitled “‘ Influence of Segregation on the Corrosion 
of Boiler Tubes and Superheaters,’’ by Messrs. 
G. R. Woodvine and A. L. Roberts, was taken as 
read. Asthe subject is of some interest to engineers, 
the paper was reproduced in our issue of May 28 
last, on page 646. The late Mr. W. W. Hollings’ 
contribution to the proceedings, namely, ‘“‘ Notes 
on the ‘Combustibility’ of Coke, and Direct 
Reduction in the Blast Furnace,” which was left 
over from the morning session, was also taken as 
read. We reprinted this paper, in abridged form, 
in our issue of June 4, last, on page 679. 


Harpness aT High TEMPERATURES. 

The first contribution considered was that by 
Messrs. I. G. Slater and T. H. Turner, entitled ‘‘ The 
Hardness of Carbon Steels at High Temperatures.” 
It was read in abstract by Mr. Slater. We repro- 
duced this paper, in abridged form, in our issue of 
June 11, last, on page 711. 

Mr. H. O'Neill stated that he agreed with the 
general conclusions arrived at by the authors. 
There was little doubt that the dynamic method of 
testing, for the study of a phenomena such as that 
described, was far and away the best. Although 
very little time elapsed between the withdrawal of 
the specimen and the actual testing operation, he 
thought that the authors might have tried to carry 
out the indentation in the furnace itself. He would 
like to raise a point of theoretical interest with 
regard to the use of a ball indenter. A ball was 
very serviceable, and perhaps the best instrument 
for such a piece of work, but it was impossible to 
be sure that, using one fixed impact energy, the 
results obtained from that one value necessarily told 
the whole story. The work of Professor Edwards 
and others had made it clear that there was a rela- 
tion between the energy and the volume of indenta- 
tion produced. He would like to draw attention to 
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the formula: E =aV”; a varied with the metal 
and was a function of the hardness, and the index w 
was also a property of the metal, and gave an 
indication of the flow efiects of the material. 

If the impact hardness were taken as the energy 
producing unit volume of deformation, it could be 
written as being the hardness value, namely :— 
E E\} 

x=y-E/ (Z)° 
Interesting results could be obtained by plotting the 
dynamic hardness against the energy (using increas- 
ing energies with impact). A curve would be 
obtained for a given temperature ¢t,. Unless w was a 
constant at different temperatures, the curve, for a 
higher temperature, would not necessarily fall inside 
the previous curve, and might take another path. 
Unless the index w was the same at any temperature, 
the two curves might cross, and anomalous results 
might be obtained by using different striking energies. 
There was no direct evidence yet available as to the 
behaviour of that index with temperature. It 
could be determined by the authors’ apparatus, using 
different striking energies at a constant tempera- 
ture. As a matter of fact, there was a suggestion 
that w was constant because a Japanese engineer 
had found that w was related to the Meyer index n. 
If that were so, and if w followed the same course, 
then, since a German worker had tested the be- 
haviour of at different temperatures and found 
that it did not vary with the temperature of the 
metal, the hardness curves did not cross and the 
authors’ results appeared to give a correct general 
impression. 

Mr. T. H. Turner, in his reply, said that they had 
used the equation mentioned, in a slightly different 
form, in the paper, and had referred to the fact that 
it was not yet proved that w was constant. A 
matter which had not been discussed, but which had 
greatly interested the authors, was the fact that, at 
the higher temperatures employed, with given 
intensities of impact, a relatively greater volume of 
metal was displaced by a ball-nosed tool than by a 
flat-nosed hammer. . 


Tue Harpenine or Hicu-SpeEep STEEt. 

The second contribution taken was by Mr. A. R. 
Page ; it dealt with the hardening and tempering 
of hi zh-speed steel. The paper, which will be found 
in abridged form on page 738 of our issue of last 
week, was read in abstract by its author. 

Mr. H. O'Neill drew attention to the use of a 
Steel ball for determining the hardness of very hard 
Specimens, Results above 600 Brinell were of little 
use; the impressions were too shallow. He had 
recently conducted hardness tests using a diamond 
ball having a diameter of 1 mm. In one case the 





Brinell result obtained with a steel ball was 670 ; 





\--—-----—-- 3-85 





Fig. 12. 


SECTION THRO L.P STARBOARD GEAR CASE. 
LOOKING AFT. ' 


— th 


KW wWJHex 2) 
WY 
S SALES 
ND 
S 
g 


















Sp NY; WRN 
CNS 













S 3 4 
l A ‘ 
A\Aol O 
(9525.1) 


using a diamond ball 1 mm. in diameter, under a 
load of 30 kg., on the same steel, the hardness 
number obtained had been 875. When a steel was 
hardened right out, evidence showed that a steel 
ball took on a “ flat” and gave a low figure. 

Mr. H. Brearley asked the author if in practice 
he had found that his methods of testing led to 
gratifying results in service. Professor T. Turner 
thought that the method in which Mr. Page had 
presented his data showed at a glance the effects 
of the various treatments given to the steels. Colonel 
N. T. Belaiew said that the author had mentioned a 
herring-bone constituent which had occurred in 
one of his specimens hardened from 1,350 deg. C. 
He would like to know how close this temperature 
was to the fusion of the steel. 

In reply, Mr. Page stated that he quite realised 
that steel-ball tests on a hard material did not give 
the true figure. He had used a small ball, and the 
impressions were not as shallow as they would have 
been if he had used a 10-mm. ball and a load of 
3,000 kg. The hardness figures quoted by Mr. 
O’Neill—namely, 670 with a steel ball and 875 
with a diamond indenter—were interesting ; they 
confirmed the figures he had obtained, using a dia- 
mond pyramid in connection with a Vickers machine, 
The hardness diagrams produced were similar, 
except that, in the case of the Vickers machine, 
the values obtained were much higher. The net 
result was that differences in the high hardnesses 
were much magnified; in the neighbourhood of 
400 Brinell, the results obtained from the steel ball 
and from the diamond indenter were practically 
identical. In answer to Mr. Brearley, he could say 
that it had been his experience that the results he 
had obtained in the paper were confirmed in prac- 
tice. He hoped, later, to correlate these results 
with the actual behaviour of tools in service. 
There was no doubt that the temperature of 
1,350 deg. C. approached the fusion temperature 
of the steel, and the specimens hardened from 
1,350 deg. C. were fused on the outside. 
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Ratio oF TENSILE STRENGTH TO BRINELL 
HaRrDNESS. 


The last paper taken was by Dr. R. H. Greaves 
and Mr. J. A. Jones. It was entitled ‘‘ The Ratio 
of the Tensile Strength of Steel to the Brinell 
Hardness Number,” and was read in abstract by 
Mr. Jones. We reproduced this contribution to 
the proceedings on page 673 of our issue of June 4 
last. 

Professor T. Turner said that the relationship 
between tensile strength and Brinell hardness was 
an interesting one. It was known that, as a rule, 
a definite relationship existed; it was obvious, 
however, that it varied with the nature of the 
material dealt with. Similar discussions had taken 
place on the subject of the relationship which 
existed between the Shore scleroscope value and 
the Brinell hardness number. He had put that 
figure at 6:1, but Mr. Shore had demonstrated 
that the ratio had to be varied according to the 
nature of the material under test. It was obvious 
that this condition held in the case of the work 
carried out by the authors. It was very interesting 
to know that such a ratio was available, and that it 
could be used so long as one adhered to the same 


material. Other ratios would hold good for the 
non-ferrous metals, and the same reservation 
applied. 


Mr. Jones, in reply, said that they realised that 
the ratios they had given only applied to steels, 
and they had made the further reservation that 
these values did not apply to severely cold-drawn 
nor to austenitic steels. He quite agreed that the 
ratios for the non-ferrous metals would be different. 

The other papers on the agenda were taken as 
read, and the Chairman thanked all the authors 
for their contributions. The usual vote of thanks 
to the Institution of Civil Engineers for the accom- 
modation which they had kindly afforded for the 
meeting, terminated the proceedings. 





Tue STEAM TuGs “ Papupo ” AND ‘“‘ GEORGE LIVESEY.” 
—On May 20, last, Messrs. Harland and Wolff, launched 
from their Govan shipyard, the single-screw tugs Papudo 
and George Livesey. The former was recently completed, 
and has undergone successful trials. She is intended 
for the Pacific Steam Navigation Company and will 
operate at Valparaiso. The vessel is 62 ft. long, between 
perpendiculars, and has a breadth and a depth moulded 
of 15 ft. 2 in. and 7 ft., respectively. The engine is of 
the compound surface-condensing type and has cylinders 
8 in. and 16 in. in diameter, and a piston stroke of 12 in. 
This, together with the cylindrical boiler, were constructed 
by Messrs. McKie and Baxter, Govan. The George 
Livesey is being built for the South Metropolitan Gas 
Company; she has a length, between perpendiculars, 
of 83 ft., a breadth moulded, of 21 ft., and a depth, 
moulded, of 10 ft. 6 in. The propelling machinery is 
also of the compound surface-condensing type; the 
cylinders are respectively, 18in. and 38 in. in diameter, 
and the piston stroke 27 in. The cylindrical multi- 
tubular boiler is specially arranged for burning coke. 





748 


ENGINEERING. 


[JUNE 25, 1926. 








A METHOD OF CALCULATING 
SHIP VIBRATIONS. 
By Georcr E. Pavienxo (Leningrad). 

THE general equation for the free transverse 
vibrations of a rod of varying cross-section can be 
written in the form 

oF oy q oy 

5 at EI. Aas + = owe 0 
where y denotes the transverse displacement of a 
point on the neutral axis of the bar, distant x ft. 
from the origin of co-ordinates, qg is the weight 
per ft. run of the bar at the point x, whilst E, I, 
and g have their usual significations. 

The first term on the right of this equation repre- 
sents the force acting at the point x tending to restore 
the bar to its original form, whilst the second term 
is the mass acceleration at the same point. 

It is known that every possible transverse vibra- 
tion of a rod can be regarded as built up of a series 
of simple-harmonic terms. We may thus write 
the expression. 

i= 
y= 2 vi pi 
= 
where p; denotes sin kj ¢ and v; is a function of x 
only. The general term is therefore y = vp. 

In the case of ship vibrations, it is generally suffi- 
cient to take into consideration only a few of these 
harmonic terms, and the advantage of the method 
to be described lies in the fact that tables can be 
compiled, once for all, by which the coefficients of 
these can be readily calculated. 

Two problems are, first, the determination of the 
periodicities of the free vibrations of a hull, and, 
next, the maximum value of the vibration caused 
by a periodic force applied at some specified point. 

It is known that the total energy, kinetic and 
potential, of a vibrating bar is the sum of the energies 
corresponding to each of the simple-harmonic 
elements into which the actual vibration can be 
analysed. 

If we denote the kinetic energy corresponding 
to any of these harmonics as T, we have 


1 
r=] 1 wide 
0 


which, on making the substitution y = vp, gives 


1q 
T= }(p'? . | =~ 2d x 
0 g 
It is convenient to make the substitution 


t 
a= [fe ae. 
Jo 4 


The corresponding potential energy of the bar 
may be denoted by U, and it is easy to see that 


so that T = $(p’)? . Q 


l 
v=al EI (v’)@ . p?. dz 
0 


rt 
= tp? | EI (v”)?@dz. 
“9 


If we denote this integral by R, we have 
U = hp? R. 

It will be noted that Q and BR are absolute con- 
stants, independent both of x and ¢, and, as will be 
shown later, they can be calculated from the 
drawings of the ship. 

In a free vibration, the total energy does not 
change with the time but remains constant. 

Hence 


d 
ai’ (T+ U) =0. 
Substituting for T and U the values found above, 
we get 
a *\2 i) 2 
$Q7; (?’) + tR.55-P = 0, 
or 
Qp'p” + Rpp’ =0, 
which, on division by p’, gives the equation 


Qp” + Rp =0. ar 
RK 


A solution of this is p = sin kt, where k = r/ a 


Hence if we calculate R and Q we get the frequency 
of the corresponding vibration. 


C sin k,t is applied at some specified point, the total 
energy of the vibrating bar will no longer be con- 
stant but, in the short time 4 1, will be increased by 
the work done by the periodic force, which moves 
in this interval through a distance 4 y = oY at. 
Equating this to the change in the total energy, 
we get 


oO (T+ U)At =Csinkt. BY ay, 
ct dt 


But y = v p, so that oY = vp 
on substituting for T and U, the equation 

Qp'p’ + Rpp =Cov.p'sinkt 

or Qp”+ Rp =Cosinkt 
It will be found convenient to make the substitu- 

ta 2924 Py = Prmax, So that if uw, 
denotes the value of uw at the point where the 
periodic force is applied, we have 

Q vmax. pi” + Remax, n= C tmax. Uc . Sin ko t 

Whence 


Hence we get, 





tions u = 


Q.n” + Rp =Cu-sin kot 
A “particular ” solution of this equation is : 
— Cucsin kot 
R — &&Q 
But by definition p, = max, P = Umax. Sin kp t. 
Hence 


Pl 


Cu. 
R— k&?Q 

This is the expression for the greatest amplitude 
of vibration due to the assigned periodic force. 

To obtain numerical results it will be necessary 
to make use of approximate expressions to repre- 
sent the distribution of the weight along the axis 
and the variation of the moment of inertia from 
point to point. 

In formulating these approximations the follow- 
ing conditions should be satisfied : 
(1) The errors introduced must have little effect 
on the value of & and vmax found. 

(2) The numerical coefficients involved must be 
readily determined. 

(3) The formula should be simple in form. 

(4) The coefficients involved should be readily 
definable, and be based on data which are either 
known at the outset or are required for other calcu- 
lations involved in the design of the ship. 

The practice has been to determine I for a few 
—generally three—sections of the hull, and to join 
the values thus found by a continuous curve from 
which intermediate values are scaled. This is 
done even in cases when the exact law of variation 
is known and a similar procedure is equally legiti- 
mate in vibration problems. 

We shall therefore assume that the variation of 
I can, with sufficient precision, be represented by 
a parabola, the three coefficients of which are 
chosen so as to give the true values of I at certain 
selected points. In fixing these points we note 
that the sections near mid-length have the greatest 
influence both on the frequency and the amplitude. 

The periodicity and the maximum amplitude of 
a vibration depend mainly on the moments of 
inertia near the mid-length, and are but little affected 
by the end values. Thus, so far as the first 
harmonic is concerned, the moments of inertia out- 
side of the central two-fifths of the total length 
are relatively of little importance. In the case of 
the second harmonic, the “important ” portion of 
the mid-length is 0-6 of the total length of the ship, 
whilst the corresponding figure for the third 
harmonic is 0-7 of the total length. 

In all cases, the value of I at the ends of the 
beam is without significance. 

Hence we shall select the coefficients of the 
parabola for I so as to pass through the values of 


Umax, = 


I when z= ae when z = u and when z = 3 
Writing this parabola as 


I= A; +B, 2+ (C; 22 
we have 
Ai=31—-3k +I; 


B= F[-6h+8h—30) 


Coming next to the “load curve,” it will be 
assumed that this also may be expressed as a 
parabola, so that we may write 

q= Ao + Bez + C2 x? 
The coefficients will be selected so that the parabola 
has the same area, the same centre of gravity, and 
the same moment of inertia about the origin as the 
real curve. 

Denoting the area of the true load curve by V, 
the distance of its centre of gravity from the left- 
hand end of the rod (which is taken as the origin of 
co-ordinates) by n, and the moment of inertia of 
the load curve about the origin as J, we have 


7 
[404 Bea + Cea8) dem v 8) 
0 


i 
| (Ao x + Bo 2? + Cox)dx=nV 
0 


0 
In respect of a ship’s design the same letters 
denote: V = displacement (total weight) of ship; 
n = distance of the mass centre from the left-hand 
end, and J = moment of inertia of the ship about 
the same end. 
From this it follows that 


J nV Vv 
Ao = 30 -— 36 __ + 9— 
A\2 zt i 


B 
J nV Vv 
Be = — 1802 + 192" — 36 ~ 

: at 13 RB 


J nV Vv 
Ce = 180 = — 180% + 30 | 


l 
| (Ag a? + Bo 23 + Cy 24) dx =J 


The expression for the frequency of the vibration 
then becomes 
t 1 
Eg. [=| (vo)? d 2+ By | a (v’Rda+ 
0 Jo 
C; { at (vi)2 , as| 
0 





t cl 
aa| v2 da +B avvda+ 
0 0 

Uj 

«| atvda 

0 
Similar integrals will enter into the expression for 
the amplitude of a forced vibration. 

It is known that if the motion of a non- 
uniform bar does not differ much from that of a 
uniform bar, the values of p will be approximately 
the same in both cases. 

In fact, if the departures from uniformity of 
loading and of constant moment of inertia is such 
that 
> fend >4 


7 >}and 
dinax Traax 





then the error involved in the assumption will 


from the results given by an exact calculation. 
The general equation for the transverse vibration 
of a uniform bar is 


aty q y 
ee neg ee 
RS g° ae 
which, on substituting y = vp (see above), reduces to 
— is, : 
where m is defined by the relation 
at, 
ys Be 


The general solution of this equation is 

owA (cos Me z + cosh 72) 
+B (cos ; 2 — cosh 7 2) 
+ C (sin ° a + sinh * 2) 
+D (sin * 2 — sinh * «) 

Since the ends are free, A = D = 0 and 


v= A (cos oe + cosh * 2) 








If the vibration be not free but a periodic force, 


Ci = }th-2h +13] 


+C (sin 2 + sinh 7 2) 


not differ by more than 1 per cent. to 2 per cent.. 
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with the further conditions| that 
A _ —sinm + sinhm — _ 


Cc — cosm + cosh m 


— cosm + cosh m' 
sin m + sinhm 





and cos m X cosh m = 1, 
The expression found for &? contains 6 integrals, 


viz. <— 


q 
(1) | wvdz 
0 


t 
(2) | avedz 
0 


if 
(4) | (v" Pda 
0 


H 
(5) | a (u’)2 dx 
0 


1 
(6) | at (v2 da 


t 
(3) | weedx 
0 


0 
In accordance with what has been said above as 
to the smallness of the difference between the 
motion of a uniform and non-uniform bar, it will 
be assumed that the value found above for v can 
be substituted in these integrals. 
Of these, (1) and (4) have been evaluated by Lord 
Rayleigh in his ““ Theory of Sound,” where he shows 
that] 


} i 
vdaem— . v9. 
0 
and 


U ak 
v2 da = ™ of, 
| (ve)? dx iB 7) 
0 
where Uy) denotes the value of v when x = 0. 
To evaluate the remainder it is convenient to 
replace x by the non-dimensional variable z, defined 


‘2 
by the relation z = ™ x. We then get 


rm m 
tds ma vdz— 4. 
~0 “0 


im 
—2vv"+20' v" 


To satisfy the end conditions we must have v” and 
v” both equal to zero when x = 0 or x = I, so that 


[« (v”)2-—3.zvv" 


l 
2 
[ wvtda am” we, 
8 
0 
Similarly, we get 


‘m m 
swreae=| zvedz2+[zv'v'”’ —zvv'”’— vv” 
“0 0 

+ (0 )2], 


and, as before, the term in the brackets vanishes at 
both limits, so that 
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0 
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0 
we have 
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ze y2dz=4 22. dea [4-20 —G oe" 
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To determine 
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+4 (v')Pdz 
And we also have 4 


m 
(v')2d2z=—}(— 300 42200" —2 (v’)2 
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™ 
+ v”’ vw” yee z wre | 
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The final result is 
rm m m “Mm 
tds m2. wdz—Zvv’ +§2(v') | 
Je Je 0 _0 
Now the function v is either symmetrical or 
asymmetrical, and hence at the limits we shall have, 
in the case of odd functions, 
0; = v9 and v// = — 19. 
whilst for even functions 





0; = — v9 and v/ = v9’ 


Hence, in both cases, 
vv = — 19 v9 and (t;’)2 = (9’)2 
We also have 


, 


[=] 
& 
Pla 


= 


LB) 


zx 
Hence 


1 
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PtdcuBest (tl + 32_, C4 _% (2 
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Similarly 
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which, on applying the conditions at the limits, gives 

; : 
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We thus get finally 
ba ‘ 
T+ A/EOR 
Cul 


m  pm—’n 
12 g 


Umax ™ 


where 
M 
R= ¥ M = (11 + I3)+92 Ie, 


N=p, Vl — p2 (ve-7) 


gq =8 mu —0-5, qo=1-25—16u, po = 3d — 2°25, 
po = 150 — 15, 


em bo S — am (5) 

12 4m A 8 m2 \A 
Ry pis 3 C\e 

12) 4m E+ gaz '(§) 


To determine the numerical values of the above 


and 


coefficients g, and p, we have found the value of 4 


for the first harmonic by an accurate expression, 
and for the following harmonics by the approximate 


ay 


value — [2 - | where 7 denotes the order 


of the eanelita concerned, since for the higher 


harmonics the value of m is very nearly (2 7 + 15 


and e~” is always small. 
The values thus obtained are tabulated below :— 











Pits Bad of Soli a te | 

0! ar- } 

monic, | ™ a | a Pl | Pe 
1st 22-37 500 | 0-0437 | 0-1625 | 0-5265 |1-659 
2nd | 61-62 | 3,790 | 0-1061 0-0378 | 0-3868 0-8177 
3rd_| 120-9 | 17,670 | 0-1328 —0-01565 | 0-323 [0-439 
4th | 199-9 | 39,940 | 0-1452 —0-0408 | 0-298 '0-290 
5th | 299-0 | 89,300 | 0-1518 |—0-0536 | 0-283 [0-200 











The values of the function wu = — are given for 
a 


the half-length of 1; for the other half, u will place 
itself in the symmetrical way for the uneven tones 
and in an asymmetrical way for the even ones. 





| 





en 1st 2nd 3rd 

Cry Harmonic. | Harmonic Harmonic. 
0-00 > a2 +2 j; +1 
0-05 + 0-7677 + 0-6079 | + 0-436 
0-1 + 0-5272 + 00-2274 § — 0-050 
0-15 + 0-3121 — 00-1175 | — 0-441 
0-2 | + 0-0978 — 0-3972 — 0-643 
0-25 — 0-0992 — 00-5847 | — 0-621 
0-3 | — 0+2720 — 0-6620 | — 0-397 
0-35 — 0-4142 — 0-6245 | — 0-044 
0-4 — 0-5202 — 04830 | + 0-328 
0-45 — 0-5857 — 0-2627. | + 0-607 
0-5 — 0-6078 0 + 0-711 


{ 





In the following example we show the calculation 
of a frequency by the above method for a bar of 
varying section, which provides a comparison with 
the results obtained by other methods. 

Example.—To calculate the frequency of free 
vibrations of the first harmonic for a ship, having 
sections and loads distributed according to the 





following laws :— 


a= [1-2 (2-5) 1: ti es i ae "| 5 
a@=p = 3:10-4 
mtr 
The dimensions of the ship :— 


~=100 mtr ; Ip = 20 mtr4; 2 =7 tn 
g mtr 


The values, derived from the formule are :-— 
13 
I, =I3 = — Ip; Ip =I 
amigo 5, 10: Ia le 
V =525tn xg; n=s = 50 mtr. 
J ent x 105tn x mtr? xg 
0.0437. 2 lb +0- 1625 Ip 4,67 
1,659 x 16-3x1083— Se 50 —0,5266°100) 11170 
/ Eg R= 91-5; k=20°5; N = 196in a minute. 


Other solutions of the same problem are: 


1. By the method of Ritz. k= 21.6 N=20 

2. By the method of Tobbin . k=20.1 N= 

3. By replacing the parabola 
by a broken line 

4. By the formula of Schliek, 
with C = 31°105 


gR= 





k =21-49N = 20 
k =20.33N =19 
Average number . . k=20.88N =—19 
For the cylindrical bar with I=Io, g=qo, we get N= 162. 
In this case, even with the variations from 


the cylindrical form, defined by the values : ae 





¢ min : , 
ae ham 4, the error committed is only 1-5 per 
cent., and the solution obtained by our method is 


nearer than all the others to the average solution. 








THE ROYAL SOCIETY SOIREE. 
(Concluded from page 735.) 

ConcLuDINe our description of the Royal Society 
Soirée held on the 16th inst, we may first refer 
to the specimens of single crystals of aluminium, 
and also of iron, in the compressed and uncom- 
pressed state, exhibited by Professor G. I. Taylor. 
These revealed the uniform character of the distor- 
tion produced by the compression of single crystals in 
a very striking manner. The specimens were discs, 
about the size of a sixpenny piece; they had been 
polished, and lines crossing at right angles had been 
scratched into the surface. The discs were com- 
pressed between parallel steel plates after being 
carefully lubricated in order to ensure a perfectly 
normal pressure free from shear. The discs were 
thus merely flattened out, but the circular discs 
became elliptical, and the reference lines intersected 
at oblique angles while remaining perfectly straight 
and parallel. In the iron disc, which had been 
compressed by 10 and 17 per cent., the straightness 
of the lines was not fully preserved. 

Sir Robert Hadfield displayed a collection of 
alloy steels capable of bearing extreme conditions. 
The 8-in. rotor in Era/ATV steel exhibited has been 
used in the construction of exhaust-gas turbines, in 
which it runs at working speeds of 30,000 r.p.m. 
and has withstocd test speeds of 53,000 r.p.m. at 
gas temperatures between 850 and 950 deg. C. ; 
high mechanical strength was as essential as high 
resistance to corrosion. A massive tuning fork 
with short square prongs, also shown, was made 
of high nickel-chromium steel having a low tempera- 
ture coefficient of the modulus of elasticity in order to 
maintain a constant frequency at varying tempera- 
tures. Various test ingots illustrated methods of 
obtaining sound steel. When a test ingot settles 
satisfactorily ina mould of green sand, it may be re- 
lied upon to give sound castings in either sand or 
ingot moulds ; a test made in a cast-iron mould may 
be deceptive, because the rapid solidification of the 
metal would prevent the escape of gases, the 
presence of which would not then be suspected. 

The Leeuwenhoek microscope, exhibited by 
Mr. George H. Gabb, was constructed by Butter- 
field, who described it in 1678 to the Royal 
Society. Though a very small instrument, the 
three lenses of which were mounted on a silver 
plate only 3 in. long, it enabled the famous 
microscopist to discover bacteria and living 
yeast cells. The vector colorimeter of Mr. J. 
Guild and Dr. Perfect, an exhibit of the National 
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Physical Laboratory, enables a colour to be specified 
by qualitative measurements involving only two 
colour matches and avoids the difficulties inherent 
in quantitative evaluations. The chief interest of 
the oil-jacketed polarimeter, exhibited by Messrs. 
Adam Hilger, lies in the way in which the tube 
containing the liquid to be examined and the 
cylindrical oil jacket around it are closed by terminal 
glass plates. These plates are not fused on; the 
ends of the tubes and the plates are polished optically 
flat and pressed together after gentle heating ; they 
will then adhere firmly at temperatures of 200 deg. C. 
The cylinder of this polarimeter was only 2 in. long ; 
the sealing of the glass tube in a larger water- 
jacketed tube of steel was effected in the same way, 
the object being to avoid all contact between the 
liquid and any cement. Other exhibits of the firm 
were spectrograms taken with a 2-metre vacuum- 
grating spectrograph and of the new aluminium 
line, 1,862, A.U., taken through 3 m. of air—which 
is certainly a remarkable achievement—and the new 
measuring microscopeof Mr. Dowell, which we noticed 
in connection with the Optical Convention on page 
549 of our issue of April 30 last. The borehole align- 
ment indicator of Dr. J.S. Owens was also illustrated 
recently, on page 87 of our issue of January 15. 
We hope later to describe the photo-electric photo- 
meter for density measurements on photographic 
negatives of small areas, spectral lines, &c., designed 
by Professor F.A. Lindemannand Dr.G. M. B. Dobson, 
and made in the Clarendon Laboratory, Oxford. 

The exhibit of the Cambridge Instrument Com- 
pany was a three-pendulum apparatus for gravity 
determinations, which we hope to describe in a later 
issue. Indirectly the firm was also represented in 
the dynamometer exhibit of the Rothamsted 
Experimental Station. Exact measurement of the 
soil resistance has been found to be of importance 
in the soil researches conducted by Drs. B. A. Keen 
and W. B. Haines. The dynamometer used com- 
prises a Bourdon tube surmounted by a wedge- 
shaped recorder box, ir which the resistance is 
traced on a celluloid strip for subsequent micro- 
scopical examination. Svils appearing uniform to 
visual inspection may vary greatly in the resistance 
they offer to the plough. 





New EnNcGINecERING TESTING LABORATORY AND 
Lrsrary, SHANGHAI.—In compliance with the request 
of the Chinese Engineering Association, Shanghai, 
states a writer in a recent issue of the Chinese Economic 
Bulletin, the China Education and Culture Fund 
Commission has sanctioned the appropriation of 
110,000 dols. for the establishment of a laboratory 
for testing engineering materials, and for the founding 
of an engineering library. The association is to 


co-operate with Nanyang University in the matter. 





REMOVING OVERBURDEN IN 
QUARRYING OPERATIONS. 


ALTHOUGH the employment of mechanical scrapers 
on road and excavation work is not new, we believe 
the operation we illustrate in Figs. 1 to 3, above and 
on the opposite page is being carried out for the first 
time in this country. This operation consists in the 
removal of the overburden from a large area on a 
deposit of chalk intended for the manufacture of Port- 
land cement. When this is completed the chalk itself 
will be handled in a similar way. 

The works concerned are those of Messrs. The Duns- 
table Portland Cement Company, now in process of 
completion, and the machines employed are a 5-ton 
‘Caterpillar’ tractor and three 1} yard Baker-Maney 
self loading scrapers. Messrs. Tractor Traders, Limited, 
of Thornycroft House, Westminster, S.W.1, are the 
sole concessionaires for these machines in this country. 

For the assistance of those who may not be familiar 
with the action of a self-loading scraper, these machines 
may be described as an adaptation of the well-known 
Ramsbottom water scoop to the handling of solids. 
As the water is carried up the inclined plane of the scoop 
by the motion of the train in the one, so in the other 
case the earth is piled up in the box scraper, which 
takes the place of the scoop and tender of the locomo- 
tive. The construction of the Baker-Maney scraper 
can be readily followed from Fig. 3, which shows the 
““D” model having a capacity of 1} cub. yards. 
A }-yard machine, model “ H”’ is of lighter design 
The machine is of the four-wheel pattern. The wheels 
are of steel with spokes 1 in. in diameter, and tyres of 
6-in. tread. The rear wheels are 42-in. in diameter, 
the front wheels are 24-in. in diameter, and the wheel 
base is 7 ft. 104 in. Both pairs of wheels are carried 
on steel axles 2}-in. square in the body. The front 
pair are, of course, arranged to swivel, and in addition 
to this the bolster connections are constructed to 
permit of the axle tilting laterally when going over 
uneven ground. The utility of this arrangement will 
be realised from the position of the first two scrapers 
in Fig. 1. The draw bar, 1} in. in diameter, is housed in 
a cast steel tongue coupled to the bolster connection. 
It is threaded through two adjustable spiral springs 
fitted with collars for taking up shocks in either a 
forward or backward direction. It ends in a plain 
shackle, with a pin 2 in. in diameter, which couples 
either to the scraper ahead or to the tractor as the case 
may be. 

The frame is of channel section with gussets and other 
bracing. The bottom member is 5 in. deep, the top 
member 4 in. deep, and the vertical angle bar connect- 
ing the two at the nose and with the bolster casting 
is 8 in. by 8in. by $ in. The angle struts across the 
frame at the base of the front triangular part are 
visible in Fig. 3. A channel iron above and to the rear 
of the back axle completes the main frame. The pan, as 
will be realised from the illustrations is of box-like 
form, in two parts, which are described more fully 
below. It is about 40 in. in width, 34 in. in depth, 
and 45 in. from back to front and is made of high- 








10-Ton CaTERPILLAR TRACTOR WITH Four 1}-Yarp Sevr-Loapine SoraPeERs. 


carbon boiler plate steel, ,5, in. in thickness. The cut- 
ting edge of the pan is a detachable strip of crucible 
steel, 0-8 to 0-9 carbon. It is 6 in. in width by }-in. 
thick, with both edges bevelled. The channel seenfat 
the front of the pan in Fig. 3 is a stiffener. It is bent to 
a U-shape and runs across the open top of the pan. 
One of the lifting chains may be distinguished just in 
front of it with its point of attachment to the pan. 

The lifting gear is arranged as follows :—A sprocket 
wheel is carried on the inside of each back wheel, to 
which it is coupled by a one-way clutch. From these 
wheels a chain drive is run to each end of the lifting 
shaft on the top of the frame. The shaft carries a pair 
of tapered drums of small diameter to which the lifting 
chains at the front of the pan are attached. The 
rotation of this shaft results in the lifting or lowering 
of the cutting edge of the pan by the winding or 
unwinding of the chains on the drums. The sprocket 
wheels on the lifting shaft are provided with clutches 
similar in design to those on the axles. One of these 
clutches is also arranged for use as a brake. ‘To this 
end a brake block is fitted on its exterior face, so that 
when the disengaging lever is pushed far over, the 
block presses against a disc on the shaft and exercises 
a retarding effect. This disc is clearly seen in Fig. 3. 

To understand the action of the scraper clearly, 
it is necessary to consider first the operation of the 
whole train. The train may consist of any number of 
scrapers up to six. Fig. 2 shows a train of three 
machines working at Dunstable. When moving to 
the site all the pans are in the raised or carrying 
position—that is, as in Fig. 1, but empty. In this 
position there is about 17 in. clearance between the 
under-side of the pans and the ground. For such a 
train two men are needed, one to drive the tractor, 
the other to operate the scrapers. To begin the cut, 
the attendant, who is seated on the first scraper, 
throws out the clutches on the lifting shaft by means 
of the horizontal lever in his right hand in Fig. 3. 
This allows the chains to run out and the front edge 
of the pan to drop to its cutting level, part of the weight 
being taken by the suspension chains seen near the 
back wheel, the ends of which are attached to a channel 
on the bottom of the pan and the underside of the 
main frame respectively. He then re-engages the 
clutch. When the forward movement of the train has 
resulted in filling the first scraper, the attendant, by 
means of a foot lever, throws in the axle clutches. He 
then jumps off the machine and repeats the lowering 
operation on the second scraper. In the meantime 
the motion of the back axle transmitted to the lifting 
shaft winds up the chains and raises the pan of the 
first machine to the carrying position, in which it is 
automatically stopped by a trip gear throwing out the 
axle clutches. The lever actuating this trip gear may 
be seen along the side of the pan near the bottom in 
Fig. 3. The gear can be set to stop the pan at any 
desired point. Another lever is connected with @ 
ratchet wheel on the lifting shaft. By means of this 
an independent rotation of the shaft is provided. This 
enables the level of the cutting edge to be varied or 
the pan to be raised when the machine is not in motion. 
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In Fig. 3 this lever is to be seen extending back imme- 
diately above the bottom member of the main frame. 

The time taken to fill a scraper is normally about 
15 seconds—that is, from the dropping to the loading 
position to when the pan begins to rise. A four- 
scraper train can be loaded, therefore, in about a 
minute. Two men are, however, necessary at the 
scrapers with a four or six-scraper outfit, the operation 
in a four-scraper train being that the man on the 
second scraper drops his pan as soon as the first begin 
to leave the ground, the first man going at the same 
time to the third machine. The operation is therefore 
continuous, and when all the scrapers are filled the 
train goes to the dumping ground, where the material 
is deposited without a pause, the train returning 
immediately to take another cut. 

In Fig. 2 the train is shown fully loaded and moving 
off for the dumping ground, the attendant being on 
the first scraper ready to release the pan. This he 
does by jerking a chain by means of the handle seen 
just above the rear wheel in Fig. 3. To make the 
following movements clear, a more detailed descrip- 
tion of the pan is required. The pan has neither front 
nor top, and the back is formed by a swinging plate 
which is bent round so as to form two sides which 
embrace the sides of the pan. The back is connected 
to the pan by a pivot at a point above and behind 
the | geometrical centre of the side of the pan. In 
addition this end gate, as it is called, is pivoted on a 
spindle running across its back, the ends of which are 
Provided with rollers carried on the main frame. The 











1}-Yarp Baker-Maney Sextr-Loaprne Scraper. 


end gate also has a catch-bolt engaging with a lug on 
the bottom of the pan itself. The action will perhaps 
be clearer by reference to the rough sketch given in 
Fig. 4, which shows very approximately the relative 
positions of the two parts during carrying and dump- 
ing. The pivot d is attached to the end gate and, 
except for a small adjusting travel, retains its position. 
The pan and end gate are pivoted together, as already 
stated. The point f is the cutting edge of the pan. 
Attached to this end are the lifting chains winding 
round the lifting rollers ¢; g shows the position of the 
catch bolt. When cutting the point f is lowered to 
the ground, the whole turning upon the pivot d and, 
when full, the pan is lifted by winding in the chains, 
to the carrying position shown by the full lines in 
Fig. 4. The bottom of the pan then takes up the posi- 
tion indicated at a, the end gate being at right angles 
to it at b, while the weight of the load is distributed 
between the rollers on d and the chains on c. When 
the catch-bolt g is withdrawn, however, the weight 
of the material and that of the parts themselves causes 
the pan and end gate to separate along the back edge. 
The bottom of the pan falls to the position shown at 
al, while the endgate turns over forwards to position 
b1, the two plates being now nearly parallel to one 
another and giving a free exit to the contained material. 
The point e describes a curve round d to e, while f 
describes an arc round c to f!. The travel of the point 
g on the pan bottom is limited by the chains under- 
neath the main frames, already alluded to. The pan 
is closed again by lowering the cutting edge f, when it 











Figé. DIAGRAM OF PAN IN CARRYING AND 
DUMPING POSITIONS. 
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swings round on the pivot e and the catch-bolt, which 
is provided with a spring, slips into place, and locks the 
two parts once more. It is to this bolt that the re- 
leasing chain, referred to above, is connected. 

The control is completed by a vertical lever which 
the operator in Fig. 3 is holding in his left hand. This 
is used to stop the winding at any point desired inde- 
pendently of the automatic gear. The drums on the 
lifting shaft are tapered so that the rate of lifting 
becomes more rapid as the pan edge leaves the ground. 
The driving chains can be tightened by moving the 
bearings of the lifting shaft nearer to the nose of the 
machine. 

On dumping, the edges of the pan and endgate 
are about 6 in. from the ground and the deposited 
material is spread out into a uniform layer by the 
passage of successive scrapers. It is claimed that this 
dumping in thin layers, together with the roller action 
of the heavy wheels, consolidates the spoil so that the 
subsequent shrinkage never exceeds 3 per cent. 

The tractor has three speeds, and cutting is usually 
done on the low gear, but in many cases the high gear 
can be used in returning from the dump, the average 
speed being 3 m.p.h. to 4 m.p.h., the condition of the 
ground, gradients, and so forth naturally affecting 
the speed. Reverse gear is also fitted. As regards the 
amount of power necessary to operate the scrapers, this 
depends to some extent upon the nature of the soil, 
but, generally speaking, it requires 20 h.p. to 25 h.p. 
to load and haul three 1}-yard scrapers. For this duty 
a 5-ton Caterpillar tractor is supplied, this machine 
being illustrated in Fig. 2. For trains of four, five, or 
six scrapers a larger machine is necessary, and what is 
called the Caterpillar “‘ Sixty ”’ tractor should be used. 
This exerts from 40 h.p. to 50 h.p. An earlier pattern 
of this machine was used at Blackpool on excavation 
for the new artificial lake. It is shown at work with 
four scrapers in stiff clay in Fig. 1. For one or two 
scrapers, agricultural work, and general tractive 
purposes a small 2-ton tractor is made. This has a 
capacity of 15 h.p. All three machines have a four- 
cylinder, four-stroke, water-cooled engine, with three. 
speed and reverse transmission gear. 
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NOTES ON NEW BOOKS. 


A memoir entitled “The Concealed Coalfield of | a laboratory for testing the various materials used in 


Yorkshire and Nottinghamshire,” by G. V. Wilson, 
B.Sc., has recently been issued by the Geological 
Survey of England and Wales and published by 
H.M. Stationery Office, (London: Adastral House, 
Kingsway, price 8s. net). Although this was origin- 
ally published in 1913, when it was compiled by 
Dr. Walcot Gibson, the present edition has been entirely 
rewritten to include a considerable amount of recent 
information obtained since the publication of the first 
issue. It is, in fact, more than double the size of the 
latter, which has been out of print since 1923. Although 
the first attempt to prove the existence of coal below 
the Permian and Triassic rocks, in that part of the 
Trent basin lying east of the Pennines, was made as far 
back as 1854, it is during the present century that the 
most rapid progress in the development of the con- 
cealed coalfields by means of shafts and boreholes has 
been accomplished. This coalfield has now been 
proved to cover about 1,200 square miles, extending 
from the River Trent on the east to the outcrop of the 
base of the Permian rocks on the west, and from the 
River Ouse on the north to a line drawn from Grantham 
to Ruddington on the south. In most cases the shafts 
and borings go down only to the Barnsley or top hard 
coal, but recently some of the older pits have been 
deepened to the Parkgate or deep hard seam, and others 
to the Silkstone. Further boring and sinking is being 
undertaken near Mansfield and Doncaster. The main 
formations, briefly summarised, consist of : (1) Triassic, 
comprising Keuper marl, Bunter pebble beds, and 
sandstones; (2) Permian, comprising upper, middle 
and lower Permian marls and limestones ; (3) carboni- 
ferous, comprising upper, middle and lower coal 
measures foliowed by millstone grits. During the 
recent borings for oil in the exposed area, the full 
section of the millstone grits and part of the carboni- 
ferous limestone series were penetrated. The greatest 
thickness of the coal measures found in any single shaft 
or boring is 2,510 ft. at Yorkshire main colliery, but a 
thickness of 4,000 ft. of coal measures has been proved 
in the concealed area. Only two borings are definitely 
known to have passed through the lower coal measures 
into the millstone grits, in the concealed area. The 
principal seams occur in the middle coal measures, 
' some workable beds are found in the lower, but none 
in the upper coal measures. In the appendix of the 
memoir a large number of records of shaft sinkings and 
boreholes is given, and in this connection it should be 
noted that two colour-printed sheets, Nos. 91 and 92, 
of vertical sections, illustrating the sequence of strata 
in this coalfield, have been published (price 2s. 6d. 
each) to illustrate the geology of the area. Mr. Wilson 
gives a warning against too great reliance being placed 
on the thickness of coal seams as obtained from bore- 
holes, pointing out that owing to the soft nature of coal, 
& seam can easily be completely bored away and lost, 
unless the greatest care is taken. He quotes a case in 
point where a shaft has proved the thickness of a coal 
seam to be nearly four times as great as that recorded 
in a neighbouring borehole. 





Aut who have had any experience, or who have been 
brought into direct contact, with legal questions, will 
recognise the difficulties liable to arise in dealing with 
an Act of Parliament. A great deal may hang on the 
correct interpretation of a single term. Legislation 
dealing with mines has been very prolific during recent 
years, and the colliery manager deserves some sympathy 
in this respect, for technical and administrative matters 
already make a full claim upon his time, so that it 
would seem only fair to provide him with the legal aspect 
of his duties in as clear and terse a manner as possible. 
New problems are bound to arise from time to time, 
compelling him to a greater or less extent to study the 
law as it is laid down, or as it has been interpreted in 
similar cases. A new book which should render 
undoubted service to all concerned with the Act of 
1923, has recently been published by the Colliery 
Guardian Company Limited, London; entitled ‘‘ The 
Miner (Working Facilities and Support) Act, 1923,” 
by P. Gordon Bamber, A.M.I.Min.E. An appendix on 
the practice of the Railway and Canal Commission 
Court is by J. J. Clare Hunt. The Act is important 
and far reaching, dealing as it does with making 
angio for facilitating the working of minerals and 
or imposing restrictions, on the working of minerals, 
required for the support of railways, buildings and 
works. It will probably lead to many fresh decisions 
being made and possibly some changes in mining law 
may result from its provisions. 





TxE phenomenal increase in the number of motor-cars 
during recent years has, as a natural sequence, led to 
much greater attention being paid to roads and their 


case. This applies with especial force in the United 


of the large cities, have a special department, termed 
the Highway Department, which is provided with 


road-making, besides which there are material testing 
laboratories in all the principal universities and 
colleges where civil engineering is taught. To meet 
the needs of both students and engineers specialising 
in this subject, a book has recently been published by 
the McGraw Hill Publishing Company, entitled 
“Sampling and Testing of Highway Materials” 
(London, 17s. 6d. net), by W. H. Barton and Louis H. 
Doane. The first chapter of this work gives a detailed 
list of apparatus and equipment, together with sugges- 
tions for planning a complete laboratory. Sampling 
is dealt with under the following headings: (1) Non- 
bituminous materials; (2) Bituminous materials; 
(3) Miscellaneous materials. This is followed by 
detailed descriptions of tests, commencing with cement, 
such as determination of specific gravity, fineness, 
normal consistency, soundness, tensile and compressive 
strengths. The methods given, as the authors acknow- 
ledge in a footnote in each case, conform to the require- 
ments of the American Society for Testing Materials. 
For concrete, consistency (slump and flow-table tests), 
compressive strength and transverse tests, are des- 
cribed. Specimen forms are given at the end of each 
description for statement of conditions and results of 
tests. Paving bricks are tested in a _ standard 
“rattler”? machine, in which 10 large cast-iron balls, 
3-75 in. in diameter and about 250 balls 1-875 in. in 
diameter, are placed with the bricks to be tested in the 
drum and revolved 1,800 times at about 30 r.p.m. 
The degree of toughness, hardness and strength is 
determined by the loss in weight and other visual 
effects on the bricks, such as distortion, cracks, &c. 
After dealing at length with the testing of aggregates 
for mortar or concrete, hardness tests with the Dorry 
machine, toughness with the Page impact machine, 
miscellaneous materials are dealt with. In each sub- 
section a comprehensive list of definitions is given 
which is very helpful. A number of standard speci- 
fications are given for comparison for the benefit of 
students. In conclusion, a chapter has been written 
by J. R. Boyd on Subgrade Soils—a subject which has 
recently been given greater attention. 





Tue Hiitte, Taschenbuch der Stoffkunde, is published 
by the Akademische Verein Hiitte which recently 
brought out the 25th volume of its Ingenieurs 
Taschenbuch. The new volume on materials [Berlin : 
Wilhelm Ernst and Sohn; price 22-80 marks] is 
edited by the Verein and Dr. Ing. A. Stauch, and 
has been compiled with the collaboration of the 
Association of German Works Engineers. The book 


materials, their properties and their testing. The first 
71 pages (out of a total of 1,171 pages) deal generally 
with inorganic and organic chemistry; methods of 
testing are described in the second part, and the last 


with particular regard to their utilisation. There 
are sections on metals, non-metals, corrosion, acids ; 
artificial carbons (electrodes, &c.); abrasives, cement, 
ceramics, glass; textiles, paper, woods and their 
pests ; oils, lubricants, transformer oils, rubber and 


might, surely, have been left to the advanced volume. 
We do not see either what is gained by headings such 
as: Does gas pressure affect the volume of gas, and, if 
so, to what extent ? Both the volumes are arranged on 
this question plan, though there are also chapters. Tho 
paragraph mentioned, like many others, reads too much 
like an abstract not exactly suited to the standpoint 
of the uninitiated. The index does not contain an 
entry “Gas Meters.” Chapter VII. deals with them, 
but might be clearer, both in subject-matter and in 
illustration, and the same must be said of the diagrams 
of domestic water heaters. On page 183 there are 
references to a previous text-figure and page, both 
wrong. 





Wuen Sir Edward Thorpe died on February 23 of 
last year, as we recorded on page 256 of our issue of 
February 27, 1925, the two last volumes of the 
“ Dictionary of Applied Chemistry,” which he had been 
editing, were waiting for final revision. This revision 
was undertaken by Dr. H. Foster Morley, M.A., who 
was joint editor of the last edition of Watt’s “ Dictionary 
of Chemistry and director of the International Catalogue 
of Scientific Literature. Volume VI of the “ Dictionary 
of Applied Chemistry,” dealing with the letter S and 
with T up to tetryl, has now been published [London ; 
Longmans, Green’ & Co., Limited, price 60s.], and the 
last volume is to come out before the end of the year. 
Under the circumstances we will only say a few words 
on the new volume. The article on Stellite does not 
mention that this alloy is being tried as a material for 
weights. In tellurium we miss reference to the persis- 
tent poisonous effects of some of its compounds. The 
articles on sugar, by various contributors, and on 
salcylic acid are of considerable extent; the latter 
gives some patents by numbers without dates. There 
is very little (not 20 lines) on snake venoms, and the 
long article on synthetic drugs, good in itself, does not 
open with an outline of the sub-headings, a usual 
failing in this dictionary, which makes perusal difficult 
for the non-expert. The article on steam is hardly 
what one would expect in a chemical dictionary ; 
but we do not wish to criticise as we do not know what 
the last volume may have to say on water. 





LAUNCH OF THE s,s, ‘‘ Ex Amtr Farovg.’’—The twin- 
screw steamship El Amir Faroug, which Messrs. R. and 
W. Hawthorn, Leslie and Co., Limited, are building to the 
order of the Coastguards and Fisheries Service of the 
Egyptian Government, was launched at Hebburn-on- 
Tyne, on June 11, last. The vessel has an overall length 
of 255 ft., and a beam of 34ft.3in. She will be rigged as 
a two-masted, fore and aft schooner, with raked stem 
and cruiser stern. The full complement of the vessel 
will number 91 persons. Electric heating as well as 


may be characterised as a concise treatise on technical electric fans are provided throughout the accommodation. 


The ship is sub-divided by eight water-tight bulkheads, 
and a hold is arranged forward, together with the necessary 
cargo appliances. Refrigerated chambers are located 
at the fore end of the machinery space. The propelling 
machinery, which was constructed at the St. Peter’s 


two parts discuss separately the materials, inorganic | works of the builders, consists of two sets of triple- 
and organic, of the engineer, architect and electrician, | expansion engines. Steam is supplied by two cylindrical 


boilers working under Howden’s system of forced draught; 
an independent donkey boiler is also provided. All 
the boilers are equipped with the White system of 
oil-fuel burning. 





TRIALS OF THE S§.S. BayRuPERT.—The S.S. Bayru- 


resins ; solvents (a very useful section), varnishes, 
leather ; fuel, tar, tar colours and explosives. There 
is a special section on alloys in which, for some reason, 
notes on alloys of copper with nickel and manganese 
are wedged into aluminium alloys; Y alloys are not 
mentioned. The index of 18 pages is good, but it 
should be more detailed. 


THE education scheme, which the Institution of Gas 
Engineers adopted a few years ago, covers the 
education and certification of those engaged in the 
technical work of the gas industry. A good many 
gas engineers at once availed themselves of the facilities 
offered for acquiring ordinary and higher certificates 
and dipiomas in gas engineering and in gas supply. 
So far, the City and Guilds of London Institute had 
been the only body which awarded certificates in gas 
works’ practice, gas supply practice and gas fitting, 
and these certificates are recognised by the Institution 
of Gas Engineers when a higher status in the profession 
The well-known books by 
“Mentor,” on Self-Instruction for Students in Gas 
Supply, are intended chiefly for students who cannot 
enjoy the college training which the higher examina- 
tions of the Institution practically presuppose. The 
books mentioned are published in two volumes,— 
Elementary, now in the fourth edition, and Advanced, 
now in the third edition. 
Limited; price 10s. 6d. each volume.) The books 
are popular, and have their good points, giving 
useful information on matters outside the scope of 
construction and maintenance than was formerly the | scientific primers. The lines on which the distinction 


is desired by candidates. 


pert, which has been built by Ardrossan Dockyard, 
Limited, Ardrossan, Ayrshire, for the Hudson’s Bay 
Company, recently carried out her speed trials in the 
Firth of Clyde. She has been specially designed and 
constructed to fulfil the requirements of a supply ship 
to trading stations in Hudson’s Bay Territory. The 
vessel is of the complete superstructure type ; she has 
two complete decks, top-gallant forecastle, promenade 
and boat decks amidships, and boat deck aft. The 
Bayrupert has a length between perpendiculars of 
320 ft., a breadth moulded of 51 ft., a depth moulded 
to main deck of 23 ft., a depth moulded to super- 
structure deck of 31 ft. 3 in., and a deadweight of 
3,700 tons, on a mean load draught of 21 ft. 11} in. 
The shell plating, framing, and side stringers are much 
in excess of Lloyd’s requirements for ice strengthening, 
and special provision is made in the forward peak and 
in No. 1 hold to resist ice pressure; the stringers in 
the fore peak are carried solid across the ship. The 
cruiser stern is also of very heavy scantling for resisting 
the pressure of ice. The stern is of cast steel and is 
specially curved to resist ice pressure. Pitch-pine 
beams are fitted in three tiers in No. 1 hold and two 
tiers in Nos. 2 and 3 holds, in the same vertical plane 
as the side stringers. The cargo-handling appliances 
comprise six 8 in, by 12 in. Clarke, Chapman and Co.’s 
Cyclops-type steam winches, arranged to work two 
5-ton derricks at No. 1 hatch, two 5-ton and one 25-ton 
at No. 2 hatch, and two 5-ton and one 10-ton derricks 
at No. 3hatch. A steam windlass of extra heavy type 
is fitted on the forecastle head. The main propelling 
machinery was supplied and installed by Messrs. 
John G. Kincaid and Co., Limited, Greenock, and 
consists of a set of triple-expansion engines having 
cylinders 23} in., 374 in. and 63 in. in diameter, and & 
piston stroke of 39 in. Steam is supplied by three 
single-ended boilers arranged for owden’s forced 





between the two volumes is drawn are not clear; main 





States of America. In America, each State and most! laying, which is discussed in the elementary volume, 


draught ; each is 15 ft. 9 in. in diameter and 11 ft. 6 in. 
long. The working pressure is 200 lb. per square inch. 
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THE INTERNATIONAL FOUNDRY 
TRADES EXHIBITION. 
(Concluded from page 723.) 

In concluding our description of this interesting 
exhibition, we may first refer to the Technical 
Exhibit which was undoubtedly one of the fea- 
tures of outstanding interest, and the fact that 
such a section was included is indicative of the 
change which has taken place, during the past 
few years, in the foundry industry. The ex- 
hibits were prepared by the leading scientific 
institutions, and the object of the scheme was to 
illustrate the importance of research in all foundry 
operations. Among the institutions which co- 
operated in the organisation of the section, were the 
National Physical Laboratory; the Research 
Department, Woolwich ; the Universities of Shef- 
field, Birmingham, Manchester, and Glasgow ; 
the British Cast-Iron Research Association; the 
British Non-Ferrous Metals Research Association ; 


of magnesia, as is customary in furnaces of this 
type. The resistance elements were supplied by the 
Electrical Equipment and Carbon Company, 
Limited, of 109, New Oxford Street, London, W.C.1, 
and are manufactured from mixtures of carborun- 
dum, silica and carbon. It was stated that the 
material was capable of working at temperatures 
up to 1,400 deg. C., and that temperatures. of 
1,300 deg. C., could readily be maintained within 
the furnace tube. One of the properties_ possessed 
by these resistance rods is that they have appreciable 
conductivity at room temperatures, and therefore 
do not require to be preheated before operations are 
commenced. 

The exhibit of the Research Department, Wool- 
wich, was devoted mainly to the illustration of 
segregation defects in steel and surface imperfections 
in rolled-brass strip. A number of etched sections 
of rolled and forged steel bars, and sulphur prints 
obtained from them, were shown, together with 





typical examples of rolled-brass strip. The latter 
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the Verein Deutscher Eisengiessereien Giessereiver- 
band (German Foundry Owners’ Association) ; 
and a number of makers of scientific instruments 
and apparatus. The exhibits were of a non-com- 
mercial character, including apparatus available for 
the scientific control of foundry processes, samples 
of high-grade refractories and finished metals, and 
selections of typical castings, together with a 
varied selection of micro-photographs, charts and 
diagrams. 

Among the most interesting exhibits on the stand 
of the National Physical Laboratory were two pieces 
of beryllium, one of the rare light metals, which 
has a density only a little above that of magnesium, 
and is stated to possess a hardness similar to 
that of mild steel. One of the specimens shown 
was in the form of a cylindrical cathode deposit 
of high purity, containing only 0-05 per cent. of 
carbon, 0-05 per cent. of iron, and 0-05 per cent. of 
aluminium. The other specimen was a small ingot 
of the metal obtained by melting a cathode deposit 
m vacuo, Very pure samples of manganese, silicon, 
and electrolytic chromium were also shown. These 
elements were all prepared at the Laboratory by 
Special methods, and are intended for research 
purposes. Another exhibit of interest on this 
stand was an electric resistance tube furnace of the 
usual cylindrical type, heated by six “ Silit ” resist- 
ance rods, placed longitudinally along the furnace 
tube, and carrying the heating current. The 

ce tube itself was composed of alundum, 
Pe had an internal diameter of two inches; the 
eat-insulating packing round the tube consisted 








DENBIGH ENGINEERING CoMPANY, LIMITED. 


illustrated a research which is being carried out for 
the British Non-Ferrous Metals Research Associa- 
tion, the object of which is to improve the quality 
of rolled-brass strip. A collection of refractory 
materials, demonstrating the work of the Refractories 
Department of Sheffield University, were shown on 
the stand occupied by that institution. A number 
of photographs and charts were also exhibited. 
Several interesting specimens illustrating Professor 
T. Turner’s researches on silicon in cast iron were 
to be found on the stand of the University of 
Birmingham ; this exhibit also included large-scale 
diagrams prepared by various workers in the course 
of investigations on the magnetic properties of 
cast iron and on the density and brittle ranges of 
brass and bronze. A large number of diagrams, 
graphs, and charts relating to foundry work in all 
its aspects were set out for inspection on the stand 
reserved for the German Foundry Owners’ Associa- 
tion. 

A large and comprehensive series of exhibits were 
shown by the British Cast-Iron Research Associa- 
tion. One of the most interesting sections was that 
devoted to moulding sands. Typical representative 
samples of the red, naturally-bonded moulding 
sands found in the Midlands, notably in the Mans- 
field, Doncaster, Worksop, Kings Winford, and 
Bromsgrove districts, were available for inspection. 
The method of carrying out the mechanical analysis 
of a moulding sand by means of Professor P. G. H. 
Boswell’s elutriator was demonstrated. The process 
consists essentially of floating off the clay from a 
weighed sample of the sand, contained in an upright 








glass tube, by means of a controlled current of water 
entering at the bottom of the tube. The silt and 
the finer grades of the sand are then successively 
removed by increasing the velocity of the current 
of water; the coarse grains of sand which are left 
in the tube are finally graded by sifting. The figures 
obtained in this way are used in plotting diagrams 
from which valuable data on the physical properties 
of the moulding sands may be deduced. 

It is stated that this is the first occasion on which 
a technical section has been incorporated in the 
Foundry Trades Exhibition in Great Britain. 
There is no doubt that the innovation has been 
appreciated, and it is to be hoped that the feature 
will not only be repeated in future exhibitions, but 
will be considerably amplified. The only criticism 
which may be offered on the present occasion, is 
that the scientific demonstrators in attendance were 
hardly numerous enough, and that literature on the 
actual exhibits and processes shown was generally 
lacking. 

Turning now to some of the remaining industrial 
exhibits, we may first deal with that of the Denbigh 
Engineering Company, Limited, of Tipton, who 
have found their smaller hand jolt-ram mould- 
ing machines so successful that they have been 
encouraged to put a larger one on the market, the 
first example of which was shown on their stand, 
and is illustrated in Fig. 24, herewith. The principle 
underlying the construction of the hand jolting 
machine is that of balancing the downward thrust, 
due to the weight of the pattern and its plate, 
the moulding box and the sand, by springs acting 
upwards. The hand lever thus requires very little 
pressure applied at its end to effect the jolting, 
even when the total weight on the table is as much 
as 1 ton. The machine we illustrate is of this 
capacity, the hand lever being visible on the right- 
hand side. The toy engine and boiler, with a 
belt drive below it, shown in the illustration, were 
arranged to test the machine by applying a very 
small effort, which could not possibly be increased 
owing to the size of the motive power unit. The 
second friction drive was provided with a crank 
pin coupled by a connecting rod to the hand 
lever, and this gave the oscillatory movement, 
normally applied by hand. The lever is pivoted, as 
shown, and on the opposite side of the fulcrum is 
expanded into a gear cut sector. This engages with 
the rack, visible on the main ram in the centre of 
the table, and the jolting is effected by oscillation 
of the lever, the double socket for which merely 
provides an alternative position. The cylindrical] 
structures at each side of the centre ram contain 
the balancing springs. These are adjusted, to 
suit the weight being handled. The top of each 
spring presses on the underside of the table; the 
bottom rests on a collar of a sleeve, which contains 
a small ram moving in an oil cylinder. The oil 
cylinder of each spring is connected to a common 
larger cylinder, the ram of which is loaded by means 
of a handwheel, with a screw-down stop valve 
action. By thus increasing the pressure in this 
cylinder, the compression of the springs is increased, 
and vice versa. If a loss of oil has occurred from 
any reason, it is made good by raising the large ram 
sufficiently to uncover some ports in the cylinder 
connected with an oil reservoir, when a fresh supply 
is forced in by atmospheric pressure. The vertical 
racks at each corner of the table are for stripping the 
mould. The pattern plate is provided with holes 
through which the pins at the ends of the racks 
pass. The position of the pins is adjusted to come 
under the edges of the moulding box. When 
jolting is being done, the top pawls lock the racks 
to the table, and the bottom pawls are disengaged. 
When stripping the mould, the bottom pawls 
lock the racks to the frame at the desired height, 
and the top ones are disengaged. The table and 
pattern plate are then withdrawn downwards by 
means of the jolting lever, and the box is left 
supported by the racks. The adjustment of the 
racks laterally to suit different sizes of box will be 
clear from the illustration. 

The exhibit of Messrs. L’Outillage de Fonderie, 
of Paris, included portable drying kilns, ladles. 
electric sifting machines, centrifugal and vertical 
sand mixers, and a sand mill. The last-mentioned 
machine may be taken as typical of the modern 
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Continental practice of using narrow-surface-rollers 
for milling sand. The machine exhibited is similar 
to that illustrated in Fig. 25, above. This illustra- 
tion, however, shows a mill as actually installed in a 
foundry, and discharging into a disintegrator. The 
pan rotates, being driven by a pinion on the under- 
side with fast and loose pulleys on the spindle, and 
forms a channel section. The inner wall of the chan- 
nel, however, is stationary, being carried from the 
cross-bar seen in the illustration, and has a gap in it. 
A plough, which, when milling is proceeding, allows 
the material to pass underneath it, is also carried on 
this bar; the operating gear may be seen at the left 
hand. To discharge the sand, the plough is dropped 
into the pan when it sweeps the sand, through the 
gap in the inner wall, into a chute leading to a disin- 
tegrator, or as otherwise desired. There are four 
rollers on each side of the pan, formed of wheels 
with rims of circular cross-section, similar to hand- 
wheels. Each roller is free to revolve independently 
of the others, and each set of four is threaded on a 
spindle hinged at the centre of the mill, the other 
end of the spindle beirg free to move in a vertical 
slot inthe frame. This ensures that only the weight 
of the arms and rollers will be operative, whatever 
the thickness of the sandin the pan. Fixed ploughs 
of different shape attached to the cross-bar distribute 
the sand under the rollers. Sand may be fed into 
the pan either by hand or from a hopper. 

The largest machine exhibited by the Etablisse- 
ments A. Sisson-Lehmann, Charleville, France, was 
an automatic sand-blast cleaner with a rotary 
turntable, and having some new and interesting 
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features, but the small hand-moulding machines 
also displayed were, perhaps, somewhat more 
noteworthy. There were two of these shown on 
the stand, and we illustrate the larger in 
Fig. 26, on this page. The table is fixed and is an 
integral part of the machine, while the pressure 
plate is carried on.an overhanging arm which can 
be swung out of the way, as shown in the illus- 
tration. The hand-lever gear folds up when the 
arm is in this position. When the arm is brought 
round over the table and the machine is ready for 
moulding, the hand-lever system engages with 
the projection on the front of the machine, and, 
as the total lever ratio is 200 to 1, a small and easily 
controlled effort is all that is needed on the lever. 
The pressure plate is adjusted as regards initial 
position by the perforations and pin at the top of 
the machine. Pattern drawing is effected by means 
of a movable table under the box table. This 
carries slotted arms having vertical lifting rods 
at their ends. The rods pass through the box table 
and engage with the box to be lifted. A pair of 
cylinders under this movable table contain balance 
springs and guides working in oil. Movement is 
effected by the lever at the right hand of the figure. 
A cam device ensures slow lifting at first, the speed 
increasing when the pattern is getting clear of the 
sand. The machine which we illustrate will take 
a moulding box up to 23 in. by 16 in., and has a 
lift of 54 in. The nature of the work done on it may 
be seen from the casting in the foreground. The 
device on the side‘of the machine is an electrical 
vibrator, not included in the normal equipment. 
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We have endeavoured to make a representative 
selection of the exhibits for descriptive purposes, 
but considerations of space have prevented reference 
to many interesting machines. Of the exhibits 
with which we have been unable to deal, several 
have been described in our pages in the past. 
Amongst these may be mentioned appliances shown 
by the Constructional Engineering Company, 
Limited, of Charles Henry-street, Birmingham. 
We described a cupola and cupolette exhibited by 
this firm in our issue of June 30, 1922, page 809. 
We also described their self-levelling foundry ladle 
in our issue of March 6, 1925, page 303, and their 
portable mechanical riddle in our issue of April 11, 
1924, page 477. The latter machines were both 
shown at the exhibition, in addition to a shaking 
barrel, spark arrester, and other foundry plant. 

When dealing with the exhibition held in Birming- 
ham in 1924, we described an exhibit of Necol 
plastic wood, shown by Messrs. Necol Industrial 
Collodions, Limited. The description will be found 
on page 825 of our issue of June 27, 1924. This 
material was again exhibited on the stand of Messrs. 
Nobel Chemical Finishes, Limited, of Stowmarket, 
Suffolk, where its use was demonstrated by typical 
specimens of patterns in which it had been em- 
ployed to build up fillets and other parts. 

The Consolidated Pneumatic Tool Company, 
Limited, of 170, Piccadilly, W.1, showed examples 
of their well-known Boyer pneumatic hammers, 
Boyer Keller sand rammers, sand shakers, and other 
pneumatic tools. Electric arc-welding plants were 
also shown in operation on the stand, and demon- 
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strations were given of the process for repairing 
defective castings, fillmg blow holes, and other 
foundry applications. A description of some of the 
firm’s pneumatic tools was given on page 641 of 
our issue for November 20, 1925, and of their 
electric welding machines on page 734 of our issue 
of December 1] in the same year. 

Messrs. Shell-Mex, Limited, of Kingsway, W.C.2, 
exhibited a 300-lb. central-axis tilting furnace, 
manufactured by the Monometer Manufacturing 
Company, Limited, of Birmingham. The furnace 
was Shown in operation on Mex fuel oil, ingots of 
metals having a low fusing point being poured into 
moulds on the stand. Other appliances made by 
the Monometer Manufacturing Company were 
shown on their own stand in another part of the 
hall. These included a Simplex pressure die-casting 
machine, an aluminium-melting furnace, and white- 
metalling furnaces. We gave a description of an 
installation of die-casting plant and white-metalling 
furnaces designed by this firm when dealing with 
the car repair shops of the London Underground 
Railways on page 202 of our issue of February 15, 
1924. With reference to our description of the 
method of moulding cast-iron cooking pots on page 
721 of our issue of June 18, we are asked by Messrs. 
J. B. Corrie and Co. to state that this process has 
been patented by Mr. Alfred Baillot. 

There can be no doubt that, as suggested by Sir 
Robert Hadfield when he opened the exhibition, 
the promoters have been severely handicapped by 
the conditions resulting from the coal crisis. We 
were unable to refer to Sir Robert’s speech in our 
introductory remarks, as our issue of June 11 was 
in the hands of the printers before the exhibition 
actually opened. He took occasion to pay a tribute 
to the skill of the modern foundryman, and pointed 
out how seldom the human energy and ability 
required to produce a complicated casting was 
adequately recognised. As an instance, he drew 
attention to the high degree of specialisation re- 
quired in the foundry itself, where it was necessary 
to deal successfully with a wide range of metals 
varying in melting point from a few hundred 
degrees Centigrade, in the case of non-ferrous 
alloys, to 1,500 deg. C. in the case of cast steel. 
Perhaps the most important part of Sir Robert 
Hadfield’s speech, however, was that referring to 
the situation in the mining industry. He suggested, 
as a possible solution of the present impasse, that 
the employers and miners should form a panel 
outside those immediately concerned, to whom the 
whole subject could be referred, and whose decision 
should be final and binding on both sides. Referring 
to the suggestion put forward on behalf of the men 
that the price of coal should be advanced 3s. per 
ton, he asked how firms like his own, who use 
weekly thousands of tons of coal and coke, were 
going to face the extra charge. Steel manufac- 
turers, engineers, and other industrialists already 
find it impossible to meet the competition in many 
lines of work coming from the Continent, where 
labour is paid at a much lower rate and much 
longer hours are worked. In the case of his own 
firm, Sir Robert said that such extra cost would 
mean a dead charge of some 15,0001. to 20,0001 
per annum. He characterised such an advance in 
costs as impossible if business was to be retained. 

Returning to Sir Robert’s first point, while it is 
regrettable that a number of firms were prevented 
from exhibiting owing to the crisis, the organisers 
are to be congratulated on their success in getting 
together a very representative group of exhibits. 
The amount of work involved in arranging that the 
majority of the machines should be shown in 
action can only be realised by those who were able 
to visit the Royal Agricultural Hall a few days 
before the exhibition opened. It is therefore satis- 
factory to be able to record that the attendance, 
particularly of overseas visitors, was large, and 
that the amount of business done proved sufficient 
justification for holding the exhibition in London 
instead of in Birmingham. 





ame SURVEYORS’ InstiTUTION.—We are informed that 
arrangements in connection with the Salisbury meet- 
ag of the Surveyors’ Institution have now been com- 
pleted. Che proceedings will commence on June 30 next, 
and will terminate on July 2. 





REACTIONS IN THE BLAST FURNACE. 


It is an undeniable fact that great progress has been 
made in blast-furnace practice during the past few 
decades and such matters as coke consumption and 
by-product recovery have received a great deal of 
attention. It is, however, equally true that some of the 
reactions taking place within the blast furnace itself, 
are still open to controversy. Opinions remain divided 
upon such matters as the size which should be given to 
the materials forming the charge, the flow of the gases 
up the burden, and the path taken by the gases. All 
these problems have been considered for many years 
and are still awaiting satisfactory solutions. A recent 
contribution to our knowledge of this particular branch 
of metallurgy has been made by the United Statet 
Bureau of Mines.* Experiments on a somewhas 
elaborate scale were conducted to determine the size, 
shape and influence of the combustion zone, and the 
upward flow of the gases. These tests form part of a 
larger investigation on the combustion of coke and the 
reduction of iron oxides in the blast furnace. 

In order to determine the height at which oxygen 
is found, in a vertical direction, above the tuyeres, and 
to confirm the results obtained from a five-ton experi- 
mental blast furnace at Minneapolis, it was decided 
to carry out tests on an ordinary industrial 300-ton 
furnace making foundry iron, and operated by the 
Central Iron and Coal Company, at Holt, Alabama. 
The height of this furnace, from tuyere level to stock 
line, is 63 ft. 4 in., the internal diameter at the stock 
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line is 13 ft. 3 in., and the internal diameter of the bosh 
19 ft. 62 in. The furnace was smelting southern red 
and brown ores and nodules of pyrite sinter; samples 
of gas were taken from a number of planes located 
between the tuyere level and the stock line. Horizontal 
sample holes, 2} in. in diameter, were bored radially 
in the wall of the furnace, at various heights. The 
samples were collected over mercury by means of 
water-cooled tubes, and were analysed in a modified 
(Burrell) type of Orsat apparatus. Samples of gas were 
taken from about 20 points in each plane. The first 
were collected close to the inwall and the tube was then 
pushed farther and farther into the furnace until the 
centre was reached. Several samples were taken at 
each point, and the average of each set of analyses 
taken. The first sample hole (plane 1) was situated 
3 ft. below the stock line and 60 ft. 4 in. above the 
tuyere level; the second sample hole (plane 2) was 
10 ft. below the stock line and 53 ft. 4 in. above the 
tuyere level, and planes 3, 4, and 5, were, respectively, 
21 ft. 7 in., 44 ft. 1 in., and 61 ft. 1 in., below the stock 
line, and 41 ft. 9 in., 19 ft. 3 in. and 2 ft. 3 in. above the 
tuyere level. 

Only a trace of oxygen (0-4 per cent. or less) was found 
at any point in the line of sampling on plane 5. This 
indicates that the oxygen of the blast has been con- 
sumed, in the process of combustion, by the time it 
reaches a plane 27 in. above the centre line of the 
tuyeres. In the course of a previous investigation, a 
series of gas samples were taken, through the tuyeres, 
across the hearths of 13 blast furnaces; the results of 
analysis showed that practically all the oxygen dis- 
appeared at a distance of some 30 in., measured on a 
horizontal line drawn from the centre of the nose of the 
tuyere to the centre of the furnace at the tuyere level. 
The penetration of the combustion zone in a vertical 
direction is, therefore, practically the same as that in a 
horizontal direction. The approximate size and shape 
of the combustion zone is shown in the accompanying 
figure. The volume represented by A is that portion 





* “ Study of the Reactions in an Iron Blast Furnace,” 
by S. P. Kinney, P. H, Royster and T. L. Joseph. US. 
Bureau of Mines. Serial No. 2747. 








of the combustion zone in which free oxygen is found, 
and volume A! is that portion where carbon dioxide is 
present. There is no free oxygen in this latter zone. In 
zone B, carbon dioxide has also disappeared ; the gases 
in this portion of the bosh are composed of carbon 
monoxide and nitrogen in roughly equal proportions, 
together with a small quantity of hydrogen. 

The composition of the gas across plane 4 (19 ft. 3 in. 
above the tuyere level) is constant. The average of 
some 139 analyses gave: carbon dioxide, 1-1 per cent. ; 
oxygen, nil; carbon monoxide, 33-6 per cent. ; hydro- 
gen, 0-8 per cent.; and nitrogen, 64-5 per cent. 
Analyses of the samples taken at planes 3, 2 and 1, 
which were approximately 41 ft., 53 ft., and 60 ft. above 
the tuyere level, showed that the composition of the 
gases varied considerably. Four factors are thought 
to be at work, namely : (1) Differences in porosity in the 
stock column; (2) segregation of iron oxides in the 
outer portion of the column; (3) unequal stock flow ; 
and (4) unequal gas flow. It is pointed out that, in 
practice, the charge, dumped from the bell on to the 
stock line, takes a shape similar to that of a V. The 
coke is probably distributed fairly uniformly over the 
area of the stock line, while the iron ore has a tendency 
to fall near the wall of the furnace ; large pieces of ore 
and coke may, however, tend to roll down to the centre 
of the V depression. The method of charging em- 
ployed brings about, therefore, a segregation of iron 
oxide near the walls of the furnace and causes the 
charge in the centre of the shaft to be more porous and 
open than elsewhere. It would, in fact, seem advisable 
to keep the charge a little more dense near the walls, 
thus reducing gas flow in this region and protecting the 
walls. The more porous centre, however, leaves a path 
of lower resistance through which a freer passage of gas 
may take place causing unequal gas flow. Moreover, 
if the greater part of the ore falls near the wall, gases 
containing a low proportion of carbon dioxide will 
emerge from the centre of the shaft. 

The final conclusion arrived at is that better practice, 
with lower coke consumption, might be obtained if 
operations were conducted in such a manner as to 
ensure, firstly, a uniform percentage of carbon dioxide on 
any plane above No. 4, and, secondly, an increase in 
carbon dioxide content with increase of distance from 
the hearth level. If by suitable arrangement of the 
materials in the stack the charge could be maintained of 
uniform composition throughout the column, this 
condition would be realised. It would then follow, as 
a natural consequence, that the flow of gas and stock 
in the column would be uniformly maintained. 





InstituTION oF PusBLIC LIGHTING ENGINEERS.— 
Mr. A. C. Cramb, M.Inst.C.E., M.I.Mech.E., engineer and 
manager, Electricity Department, County Borough of 
Croydon, has accepted the invitation of the Council of 
the Institution of Public Lighting Engineers to take the 
office of vice-president, with a view to becoming president 
of the Institution in the year 1927, when the annual 
meeting and conference will be held at Brighton. As 
announced in our issue of March 12 last, on page 343, the 
annual meeting and conference of the Institution will 
be held this year at Newcastle-on-Tyne, on September 14, 
15, and 16. The honorary secretary of the Institu- 
tion is Captain W. J. Liberty, City of London Public 
Lighting Superintendent, Public Lighting Office, Guild- 
hall, London, E.C, 2. 


NATIONAL FEDERATION OF IRON AND STEEL MANv- 
FACTURERS.—At the annual general meeting of the 
National Federation of Iron and Steel Manufacturers, 
held on June 17 last, Mr. H. C. Bond, J.P., was elected 
president for the ensuing year, and Mr. J. J. Burton, J.P., 
vice-president. A resolution on the coal crisis passed 
at the meeting, was to the effect that the iron and steel 
manufacturers were the largest industrial consumers of 
coal in the country, and that any increase in the price 
of coal must reduce still further the competitive power 
of the iron and steel industry, with consequent increase 
of unemployment, and must react to the detriment of 
the coal industry itself. It was essential, therefore, 
that any settlement of the coal crisis should not be such 
as to impose further burdens on the iron and steel indus- 
try. The headquarters of the Federation are at Caxton 
House (East), Tothill-street, London, 8.W.1. 





A 160,000-Kw. TuRBO-GENERATOR.—Messrs. British 
Brown-Boveri, Limited, Trafalgar House, Waterloo- 
place, London, 8.W.1, inform us that The American 
Brown-Boveri Electric Corporation has just obtained 
an order from the United Electric Light and Power 
Company, New York, for a turbo-generator designed for 
a continuous output of 160,000-kw., to be installed in 
their Hell Gate power station. Messrs. Brown, Boveri 
& Cie., Switzerland, are the designers of the plant. The 
reason that a set of this size has been ordered is because 
floor space in and around New York is very valuable, and 
the problem was to instal plant of the greatest possible 
capacity in the space still available in this power 
station, namely, 67 ft. by 39 ft. The set will be of the 
cross-compound type, having one high-pressure cylinder 
at 1,800 r.p.m., and one double-ended, low-pressure 
cylinder at 1,200 r.p.m., driving, respectively, generators 
of 75,000.kw. and 85,000 kw., wound for 13,800 volts. 
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THE NEW CAVERSHAM BRIDGE. 


On this and the opposite pages we reproduce views 
of the new bridge over the Thames between Reading 
and Caversham, which is to-day to be officially opened 
by the Prince of Wales. This ceremony had originally 
been fixed for May 8 last, but the general strike necessi- 
tated a postponement. 

The bridge replaces a lattice girder structure erected 
at the same site in 1869, which had proved unequal 
even to the relatively moderate strains imposed by 
pre-war traffic. In fact, owing to frequent failures of 
the troughing under the roadway it had been found 
necessary for some years before the war to restrict the 
passage over it of all but the lighter loads. The 
carriage way, moreover, was only 21 ft. wide, and the 
two footpaths but 4 ft. wide. It was accordingly 
decided in 1913 to pull down this bridge and replace 
it by one of ferro-concrete. Designs to this end were 
prepared by Messrs. L. G. Mouchel and Partners, 
Limited, of 38, Victoria-street, S.W.1, but the war 
brought matters to a standstill. When action again 
became possible it was considered advisable, in view 
of the rapid growth of motor road transport, to get 
out new plans, which were prepared by Messrs. 
Mouchel in consultation with Mr. A. S. Parsons, 
M.L.C.E., borough engineer to the Corporation of 

ing. It was then decided to make the new 


of Transport from whom grants in aid were sought and 
obtained. 

We hope to deal in detail with the new structure in 
a future article, but, in view of to-day’s ceremony, a 
preliminary notice may be of interest. The bridge 
consists of two ferro-concrete arches, of which the 
southern or Reading span measures 126 ft. 4} in. 
in the clear. The corresponding opening on the 
Caversham side is 106 ft. 44 in. The width between 
parapets is 56 ft., and the total length of the structural 
work including the approaches, is 457 ft. 6 in. 

As shown in Fig. 3, a very characteristic feature of 
the new structure is the central pier. This is founded 
on a natural island, which has most conveniently esta- 
blished itself in mid-stream. This island has, in a 
most ingenious and effective fashion, been incorporated 
bodily into the bridge structure. It was encircled and 
trued up with: ferro-concrete piling, and on it pro- 
menade bays semi-circular at the ends were erected 
on each side of the pier proper. This feature is in 
some respects a return to medieval practice when it 
was not uncommon to establish a chapel at the side 
of a river pier. In the present instance, these promen- 
ade bays provide a resting place for viewing the river, 
and they add very materially to the zsthetic value of 
the structure as a whole. Indeed, very special con- 
sideration has been given throughout to what for lack 
of a better term, must be called the architectural 


cannot, of course, be considered an expert in structural 
design, highly capable though he undoubtedly is of 
criticising the proportions of a building. 

The arches have a low ratio of rise to span; the 
thrust is very considerable, amounting in the case of 
the larger opening to 3,500 tons. Nevertheless, the 
bridge conveys the impression of great stability, due 
in part to the ingenious treatment of the central pier, 
already described and to the massive character of the 
abutments provided. This characteristic impression of 
massiveness has been preserved in the design of the 
ribs, spandrel columns and_ balustrade. Possibly, 
objection may be taken to the surface decorations 
applied to the facade, as shown in Fig. 3. Such 
surface decorations have no structural significance, and 
mere decoration stuck on for decoration’s sake is 
seldom successful. As a whole, however, it must, we 
think, be admitted that the complete structure 

resents a particularly pleasing appearance. 

r The bridge crosses the river at an angle of 78 deg. 
Considerable difficulty was experienced in fixing levels 
and gradients. The requirements of the Thames 
Conservancy set a lower limit to the height of the road- 
way, whilst the conditions at the river banks made it 
financially impracticable to adopt long approaches. 
Hence a gradient of 1 in 24 has had to be accepted on 
the Caversham side of the river, whilst the Reading 
approach has a gradient of 1 in 30. Such ag meee 
of course, undesirable as they may be for horse 








bridge conform to the requirements of the Ministry 


considerations, though the British architect of to-day 
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traffic, present practically no obstruction to motor 
vehicles. 

Each span comprises six arched ribs of ferro-concrete, 
the intrados being parabolic. These ribs are uniformly 
45 in. deep at the springings, but the width is varied 
according to the load to be carried. The heaviest are 
60 in. wide and the narrowest 24 in. At the crown the 
depth of the internal ribs is, 24 in., but the face ribs 
have been made in the one case 40 in. deep at the 
crown, and in the other 38in. This was done in order 
to increase still more the appearance of stability, which 
is such a marked characteristic of the structure. Span- 
dril columns spring from these ribs and carry longitu- 
dinal ferro-concrete beams 20 in. deep by 10 in. wide. 
These in their turn support the cross-girders. over 
which comes the ferro-concrete decking which is 6} in. 
thick, At the central portion of each arch, however, this 
arrangement of cross-girders and decking is replaced 
by a solid floor, 12 in. deep which spans the ’tween 
spaces between the ribs. 

The rolling load provided for consists of four of the 
typical trains which constitute the load adopted as 
their standard by the Ministry of Transport. Each of 
these trains is made up of a 20-ton traction engine 
followed by three 13-ton trailers. 

The contractors for the work were Messrs. Holloway 
Bros., Limited, of London, whose tender amounted to 
63,162/. For the bulk of the work ordinary Portland 
cement was used, but for some of the piling where 
rapid hardening was required ciment fondu and Light- 
ning Brand cements were substituted. 

Figs. 2 and 3 are reproduced from photographs taken 
during the progress of the work. A notable feature is 
the character of the centering used. As will be seen, 
plate girders were employed to support the forms. This 
plan was adopted in part, in order to meet the require- 
ments of the Thames Conservancy as to the clear 
opening to be provided through the false work. 

The Caversham Bridge is the second to be erected at 
Rearing to the designs of Messrs. L. G. Mouchel and 
Partners, Ltd. The first was built in 1923, and was 
described in detiil in our issue of September 28, of 
that year, page 385. It crossed the river in a single 
span of 180 ft., which was the largest, up till then, 
attempted in this country with ferro-concrete. 








‘ New Maps ror Mororists.—The number of hotels 
olding the Automobile Association’s official appoint- 
ment has increased considerably during the past year, 
and this has necessitated the production of an entirely 
new edition of the A.A. hotel-location map. Two 
eg maps have been published, one for England 
obe Wales, and another for Scotland. Both may be 
pi — free of charge by A.A. members, on application 
H the Secretary, Automobile Association, Fanum 
‘ Ouse, New Coventry-street, London, W.1, or to any of 
© association's area offices, 





Fig. 3. GENERAL VIEW AFTER COMPLETION. 


WIRELESS DIRECTION FINDING. 


A Goop example of an art in which laboratory dis- 
coveries have been applied almost immediately to prac- 
tical uses and have at once shown the need for further 
scientific observations, is that of wireless transmission. 
As in many other arts, the needs of the war led to great 
improvements being made in wireless practice with 
the least scientific investigation that was sufficient 
for immediate purposes, and very shortly after the 
Armistice, the Department of Scientific and Industrial 
Research set up the Radio Research Board under the 
chairmanship of Admiral Sir Henry Jackson, to follow 
up the indications for research that had been gathered 
from practice. A special committee of the Board was 
formed to investigate the phenomena of direction 
finding, and has now published the third and last part 
of a report by Dr. R. L. Smith-Rose on nearly 200,000 
observations made between February, 1921, and March, 
1924.* The general scheme of these observations was 
that, at a number of receiving stations equipped with 
direction-finding apparatus, the apparent bearings 
indicated by radio transmission from stations at dis- 
tances varying from close by up to 1,500 miles and more 
were compared with the accurately known positions 
of these stations, in order to obtain data on the nature, 
magnitude and other characteristics of the variations 
that occurred in radio bearings. The receiving stations 
were in various parts of the United Kingdom, but the 
transmitting stations from which signals were regularly 
received extended all over Europe. The wave lengths 
used by most of the transmitting stations were from 
2,000 to 9,000 metres, both spark and continuous-wave 
signals, and the periods of observation were distributed 
over the 24 hours. 

For the detailed results obtained in this laborious 
and comprehensive investigation, reference must be 
made to the original reports. It may, however, be 
of interest to note the position in which they exhibit 
the present state of knowledge and practice. More 
than one design of direction finder is in use, but preli- 
minary observations established the fact that the results 
obtained from any of these are directly comparable 
with those of the others. In any of the standard 
forms they depend on recognising the disappearance 
or minimum intensity of a signal heard through a 
telephone, and the aggregate instrumental error of an 
apparatus can be made not to exceed 1 degree. The 
actual divergence of apparent from true bearing may, 
however, be enormously greater, sometimes, though very 





* Department of Scientific and Industrial Research. 
Radio Research: Special Report No. 4. Variations of 
Apparent Bearings of Radio Transmitting Stations. 
Part III: Observations on Ship and Shore Transmitting 
Stations, November, 1922 to March, 1924. H.M. 
Stationery Office, 28. 6d. net. 





rarely, exceeding 90 deg. These variations appear to 
depend partly on the geographical circumstances of the 
site of the stations and the path of the waves, and 
partly on the season of the year and time of day, being 
usually greatest and most erratic at night. 

Up to now the results of the most practical interest 
relate to oversea transmission,which is of a far higher 
order of uniformity and accuracy than over land. In 
experiments described in the present report, observations 
were made on transmissions from steamers of the Great 
Eastern Railway during their passages between Har- 
wich and the Continent, the transmissions being received 
at a shore station equipped with direction-finding 
apparatus, and also on signals from certain land stations 
received on the ships. It was found that, under the 
most favourable conditions, the limiting accuracy 
of observed bearings obtainable by highly skilled opera- 
tors at a land direction-finding station is of the order 
of 1 deg.; that is to say, the same as the limit of the 
instrumental error. For long periods this accuracy 
can only be maintained throughout both day and night 
for short distances, say 10 to 16 miles. For distances 
above 30 miles, transmissions entirely over land are 
useless for navigational purposes by night, but for 
daylight, working can be maintained within an error 
of 2 deg. When, however, the transmission is entirely 
over sea, an accuracy within 2 deg. can be maintained 
by night as well as by day up to nearly 60 miles and 
usually up to 100 miles. Such ranges and accuracy 
are sufficient for most navigational purposes. The 
influence of land has been noticed in practice, and it is 
becoming customary to mark charts of coastal waters as 
“ of good bearings” for various transmitting stations. 





SOCIETY OF GLASS TECHNOLOGY. 


Tue last meetings of the Society of Glass Technology 
for the session 1925-26 were held in London on 
Tuesday and Wednesday, June 1 and 2. The meeting 
on Tuesday was held in University College, Gower 
Street, the president, Mr. Walter Butterworth, sen., 
M.A., occupying the chair, and a lecture and demonstra- 
tion on “ Glass in Early Ages ’’ being given by Professor 
Sir W. M. Flinders Petrie, F.R.S. 

Professor Sir W. Flinders Petrie said that, in his 
opinion, no glass was made in Egypt prior to about 
1500 B.c., all earlier specimens being imported. There 
was no question that the Syrians were far ahead of 
the Egyptians up to this period in the matter of 
art and industry, and one had little difficulty in 
attributing to the Syrians the glasswares which were 
imported into Egypt prior to the date mentioned. 
Examples of glass had been found in Syria, in 
the Euphrates region, which could definitely be 
dated back to 2500 s.c. It was significant that 
only fifty years or so elapsed between a time when 
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glass was a comparatively rare commodity in Ezypt 
and a time when it was possibly the commonest com- 
modity of all. Glass vases and glass beads rapidly 
came into everyday use. At first it was not a liquid 
glass which was produced, but a glass paste which could 
be moulded in the plastic state. No blown glass was 
found in Egypt until one came to an examination of the 
products of the Christian period. The aim of the early 
Egyptians was to produce something which would 
emulate precious stones. For this it was necessary to 
obtain the right colour, and the whole of the earliest 
glasswares discovered in Egypt were coloured. 

It was not until about 1200 B.c. that the Egyptians 
began to make glass by pressing it into moulds, and 
from thence onwards, until the seventh century B.c., the 
colour of their glassware appeared to get worse and 
worse, although the patterns became more and more 
composite. It was not until after the Roman period 
that the problem was tackled of painting glass by the 
application of colours to the surface. From the year 
350 a.p., the Egyptian glass makers resorted to the 
moulding of glass in the production of standard weights 
for gold coins, a practice which was later copied by the 
Arabs and led to the development of a remarkable 
system of weights. About 780 a.p. there was a sudden 
outburst of accuracy in the production of weights, and 
three examples of glass weights had been excavated 
which agreed to within a 200th of a grain. Sir Flinders 
Petrie then went on to deal with the application of a 
glass or glaze to other materials. The glazing of stones 
appeared to have been begun in Egypt about the 
twelfth century B.c., and the Egyptians early learned 
the lesson that they must, at all costs, keep iron out of 
their glazes or else their colours would be lost. Some 
of the tiles covering the walls of early Egyptian chambers 
were magnificent examples of colouring. Not only 
single colours were achieved, but also polychromes. 

On the evening of June 1, the annual dinner of the 
society was held in the Hotel Cecil. During the morn- 
ing of June 2 members of the society visited the Osram 
G.E.C. Glass Works and the Research Laboratories of 
the General Electric Company, Limited, at Wembley. 
A general meeting was held in the afternoon in the 
Library of the Research Laboratories. At this meeting 
three papers were presented :— 

The first, a communication from the Research 
Laboratories of the General Electric Company, Limited, 
was by J. W. Ryde, and was entitled ‘‘ Opal Glass.” 
It stated that opal glasses could be divided into two 
groups, those which obscured a source of light placed 
behind them, and those through which a red image of 
the source was visible, the glass itself appearing bluish. 
A number of commercial and experimental glasses were 
examined by the X-ray method in order to determine 
the nature of the opacifying material which separated 
out. From the X-ray patterns obtained it was shown 
that sodium fluoride and calcium fluoride had separated 
out from the glasses examined. It was also found that 
from one glass, no X-ray pattern was obtained and the 
opacity in this case was attributed to the presence of 
bubbles. In another glass containing very little lime 
only sodium fluoride was found to have separated out, 
but as the lime contents of the glasses increased, calcium 
fluoride separated out in increasing quantities. Some 
glasses that were suddenly chilled were almost clear, 
but had a bluish cast. In these, the particles which 
separated out were very small. The rates of cooling 
were controlled and varied so that the effect of the 
rate of cooling on the depth of opal produced could be 
investigated. With slow cooling the size of particles 
which separated out increased until a certain limiting 
size was reached. To demonstrate the influence of 
opacifying-particle size on the transmission of light, 
standard solutions were prepared which contained very 
fine white particles in suspension. By means of these 
solutions the effects of particle size and total mass of 
particles on the transmission of light were demon- 
strated. A solution with large particles appeared 
bright by transmitted light and dark by reflected light. 
Hence in bulbs made of opal glass in which the 
opacifying particles were relatively large, very little 
light was scattered back to traverse the bulb again. 

The second paper was entitled “ The Electrical Con- 
ductivity of Glasses at High Temperatures,’ and was 
read by F. F. 8S. Bryson, -vho said that the electrical 
conductivity of several series of glasses was determined 
at temperatures between the softening point and 
1,150 deg. C. The glass was heated in a small cylin- 
drical crucible in a platinum-wound electric furnace. 
A valve generator was used as a source of current, and 
a bridge method was employed for measuring the 
resistance between platinum electrodes immersed in 
the glass. The results showed that a considerable 
increase in conductivity was obtained when Na,O was 
substituted for SiO, in a simple soda-silicate glass. In 
three-component glasses, the conductivity was increased 
hy the substitution of MgO for SiO,, but lowered by 
the substitution of Al,O, for SiO, or for Na,O. The 
temperature-resistance curves for several of the glasses 





curves for similar glasses, and suggested the possibility 
of using conductivity measurements as a method of 
determining changes in the viscosity of a glass im- 
mediately before being worked. An experimental 
arrangement was described, by means of which a 
record was obtained, on a millivolt recorder of the usual 
works type, of the variations in the conductivity of the 
glass flowing along the channel leading from the tank 
to a bottle-making machine. 

The third paper, on “* The Influence of Moisture on the 
Rate of Melting and on the Properties of Soda-Lime 
Glasses,” by Edith M. Firth, F. W. Hodkin, M. Parkin 
and Professor W. E. S. Turner, reported the results of 
experiments with four series of meltings in two of which 
soda was introduced wholly as soda ash; in the other 
two partly as saltcake. Moisture was present in 
amounts ranging from 0-25 per cent. to 15 per cent. in 
different batches. In general, the presence of a limited 
amount of moisture had a beneficial effect on the rate 
of melting. In the case of batches containing no 
saltcake, the best amount appeared to be about 1 per 
cent. and not exceeding 2 per cent.; for batches con- 
taining saltcake, 3 per cent. to 4 per cent. The glasses 
made from batches containing saltcake were refined 
more easily and were freer from waviness than those 
prepared from batches containing soda ash only. 
Glasses prepared from batches containing more than a 
certain proportion of moisture were found to be more 
viscous and to have a shorter working range than those 
obtained from ordinary dry batches. 
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Tue BrrMINGHAM EXxcHANGE.—We received recently 
a copy of the Directory of Members, Subscribers and 
Representatives of the Birmingham Exchange. It 
contains the names and addresses of some 1,300 
individuals and firms, together with various particulars 
concerning their activities. The Exchange was founded 
in 1861, and was incorporated in 1880; it is fully 
representative of all the business and commercial 
interests of the City of Birmingham. A special section, 
membership of which is restricted to non-ferrous metal 
merchants, has been formed. Particulars regarding 


this, or any other of the many activities of the Exchange, 
may be obtained from Mr. A. Dudley Evans, Secretary, 
The Birmingham Exchange, Birmingham. The price 





bore a close relationship to the temperature-viscosity 


of the above-mentioned directory is 2s. 6d. net. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Cleveland pig-iron is now 
extremely scarce, and No. 3—the quality mostly in 
request—has “become almost unobtainable. Makers’ 
stocks of that grade are considerably over-sold. Merchants 
have only small parcels available for disposal, and, as 
output of Cleveland pig is confined to the production of 
two furnaces, something in the nature of a famine exists 
so far as No. 3 is concerned. Manufacturers are able to 
quote only for delivery of iron yet to be made. Under 
such conditions, values continue to move upward. For 
home purposes No. 1 has become 82s. 6d.; No. 3 g.m.b., 
80s.; No. 4 foundry, 79s.; and No. 4 forge, 78s. 6d. : 
while for shipment overseas 6d. above these figures is 
named. 


Hematite.—Supply of East Coast hematite iron con- 
tinues fairly plentiful, a considerable proportion of the 
stocks at makers’ yards being still unsold, and quota- 
tions keep very low in comparison with rates ruling for 
Cleveland pig. The result is that some founders are 
substituting, where possible, the use of hematite for 
foundry iron. Nos. 1, 2, and 3 hematite are offered 
freely at 80s., both for home consumption or for shipment 
overseas, which is barely the value of No. 3 Cleveland, 
whereas the difference under normal conditions is 8s. to 
10s. 


Foreign Ore.—Business in imported ore is unheard of, 
but market rates are nominally upheld, sellers still 
basing quotations on best rubio at 21s. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—Transactions in furnace coke are 
very few. Supply is very ample, but high prices are 
realised. 

Manufactured Iron and Steel.—Very little news is 
ascertainable concerning finished iron and steel. Certain 
commodities are still being sold from stock, but manufac- 
turers are not at all disposed to negotiate at round about 
current rates for their future output. Among the 
principal recognised market quotations are :—Common 
iron bars, lll. 15s.; iron rivets, 121. 158.; packing 
(parallel), 8/.; packing (tapered), 11/.; steel billets 
(soft), 77. 5s.; steel billets (medium), 7/7. 10s.; steel 
billets (hard), 87. 2s. 6d.; steel ship, bridge and tank 
plates, 7/. 12s. 6d. to 7. 17s. 6d. ; steel angles, 7/. 2s. 6d. ; 
steel joists, 7/7. 2s. 6d. ; heavy steel rails, 8/. ; fish plates, 
121. ; and galvanised corrugated sheets, 15/. 15s. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Apart from the bulk steel trades, which 
are paralysed through lack of fuel, the local industries 
are carrying on at from 30 per cent. to 50 per cent. 
capacity. All the big firms are operating, and very few 
cases are reported of smaller concerns being totally 
closed. ‘The use of foreign coal is assisting the manufac- 
ture of special steels to meet urgent contracts in genera! 
engineering. Buying of steel-making hematites, pig- 
iron, scrap, and alloys has inevitably fallen to a minimum. 
Stocks at furnaces have so far been ample to meet 
requirements. Business in steel strip and bars is obtain- 
able only in face of severe price-cutting from the Conti- 
nent. More rails and wagons are on order for British 
railways, and fair outputs are recorded at works supplying 
foreign mining and electrical enterprises. Overseas 
inquiries for general railway stores are steadily broaden- 
ing. Good business continues to be done in ironware 
for the home building trades. There is, however, little 
demand for structural steels in connection with industrial 
extensions, or for iron and steel works plant, though the 
steady rise in foreign quotations, through the increased 
cost of labour and currency difficulties, puts local prices 
in a more favourable light, and would be a valuable 
factor if the mining trouble were settled. ‘The lighter 
trades are not doing so badly, considering the difficulties 
of the position. The receipt of further orders from 
Russia has improved the outlook in file and tool manufac- 
ture. Orders for automobile parts from British engineers 
show no diminution, and there is a steady run on magnet 
steel. Other fairly active lines are joiners’ and car- 
penters’ tools, stainless steel, rustless iron, and garden 
requisites. 


South- Yorkshire Coal Trade.—The product of outcrop 
workings forms a valuable addition to rationed supplies 
of fuel for manufacturing use. Several substantial 
businesses owe their continued activity largely to this 
factor. ‘There is a slightly increased call for German coal, 
but, as charges range up to 55s. per ton for less service- 
able supplies than are normally obtainable on Sheffield’s 
doorstep, its use is prohibitive for keenly competitive 
lines in the iron and steel trades. Few complaints are 
heard from householders about the local tightening of 
rationing regulations, and, as far as can be gathered, 
needs are being fairly evenly met from available resources. 





PropuctTion oF Pia-IRoN AND STEEL.—Information 
which has reached us from the National Federation 0! 
Tron and Steel Manufacturers, Caxton House (East), 
Tothill-street, Westminster, London, S.W.1, states 
that, owing to the general strike and the coal stoppage, 
the production of pig-iron in May only amounted to 
88,800 tons. This figure represents less than one-sixth 
of the total for April. Of the 147 furnaces in blast at 
the end of April, only 23 were in operation at the end of 
May, the remaining 124 having been either damped down 
or blown out. The production of steel ingots and castings 
only amounted to 45,700 tons. The output for the 





previous month was 661,000 tons. 
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NOTES FROM THE NORTH. 


2 GiLasaow, Wednesday. 

Scottish Steel Trade.—There has been no change of 
any kind in the Scottish steel trade position during the 
past,week, beyond the fact that stocks carried by makers 
are more depleted. The demand for material has 
fallen off considerably as consumers’ stocks of fuel have 
got less, and as no settlement of the coal trouble is 
visible, the outlook for trade is now extremely serious. 
Makers of black sheets are still mostly employed,. but 
stocks of fuel are gradually disappearing and some will 
require to stop manufacturing shortly. The inquiry 
is good, but fresh business cannot be accepted under 
any guarantee as to delivery because of the uncertainty 
of the position. Prices all round are really nominal, 
and the following may be taken as the basis :—Boiler 
plates, 11/. per ton; ship plates, 7/. 17s. 6d. per ton ; 
sections, 71. 7s. 6d. per ton; and sheets, under + in. to 
} in., 91. 128. 6d. per ton, all delivered Glasgow stations, 
Sheets (galvanised corrugated, 24 g.) are quoted at from 
161. to 171, 5s. per ton, f.o.b. Glasgow. 

Malleable-Iron Trade.—Although the malleable-iron 
makers in the West of Scotland have been carrying on 
in a moderate way, the demand has not been heavy. 
The difficulties attending the running of plant are increas- 
ing, and the majority of those works now in operation 
are likely to close down shortly for want of fuel. 
Inquiries are not very numerous. The price quoted for 
Crown bars is unchanged at 111. 5s. per ton, delivered 
Glasgow. 

Scottish Pig-Iron Trade—In the Scottish pig-iron 
trade, stocks in makers’ yards are gradually disappear- 
ing, and as all demands have now to be met by these, 
the outlook for the immediate future is not very promis- 
ing for consumers. The foundries in operation are 
experiencing difficulty in securing supplies of certain 
brands, as some of these are almost exhausted, and the 
only two furnaces in blast are turning out hematite iron. 
Prices have all an upward tendency, and the market 
quotations are round the following :—Hematite, 77s. 6d. 
delivered at the steel works ; foundry iron, No. 1, 83s. 
to 85s., and No, 3, 78s. to 80s., both on trucks at makers’ 
yards. 

Shipments of Scottish Pig-Iron.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, June 19, amounted to 1,141 tons. 
Of the total, 906 tons went to foreign destinations and 
235 tons coastwise. For the corresponding week of last 
year the figures were 944 tons overseas and 138 tons 
coastwise, making a total shipment of 1,082 tons. 





PERSONAL,—Messrs. the Non-Ferrous Die Casting Com- 
pany, Limited, have removed their show rooms and 
offices from 18, Savoy-street, Strand, to 36, Grosvenor- 
gardens, London, S.W.1.—Mr. G. 8. W. Marlow, B.Sc., 
F.LC., has been released by the Association of British 
Chemical Manufacturers to devote part of his time to the 
appointment of secretary and editor to the Faraday 
Society, and secretary of the Institute of Physics, pending 
the completion of final arrangements for carrying on 
the official work of these institutions.—Messrs. Thornes 
Limited, proprietors of the Indian Railway Gazette, 
have opened an office at 69, Fleet-street, London, E.C.4, 
from which all European and American business will 
in future be conducted. Mr. 'T. H. Thorne, M.C., will 
control the affairs of the journal from the London Office. 
-—Mr. F. W. Perks, who until recently was the London 
manager of Messrs. The Marconiphone Company, Limited, 
210, ‘Tottenham Court-road, London, W.C.2, has been 
appointed general sales manager of the company. The 
duties of London manager will be taken over by Mr. E. A. 
Oakman.—Mr. T. H. Silk, until recently general manager 
of the Morts Dock and Engineering Company, Limited, 
Balmain, Australia, has now been appointed managing 
director of that Company.—Mr. W. A. Banger, A.M.I.E.E., 
102, Albion-street, Leeds, has now taken up the Yorkshire 
agency for the Electrical Apparatus Company, Limited, 
Vauxhall Works, South Lambeth-road, London, S.W.8. 





TENDERS.—The New Zealand Government Railway 
Department is calling for tenders for new locomotive 
shops at Hillside, Dunedin, and a new car and wagon shop 
at Addington, Christchurch. Tenders will be received 
at Wellington, New Zealand, until noon on November 1, 
1926.—The Public Works Department of New Zealand, 
's inviting tenders, to be presented by September 28, 
1926, for the supply of three motor-driven low-lift pumps, 
wit h control apparatus, for the Taieri drainage scheme.— 
The India Stores Department is calling for tenders for 
electrical generating plant for the Peshawar power station 
of the North Western Railway. 'Tenders will be received 
in Simla until August 9, 1926.—The Egyptian Ministry 
of the Interior is inviting tenders for the supply and 
erection on site of a steel water tower for the town of 
Zifteh, Tenders must be presented at Cairo not later 
than August 5, 1926. Local representation is essential.— 
The Argentine Ministry of Public Works is calling for 
tenders. for the supply and delivery of a floating steam 
rock-drilling plant. Tenders are due at Buenos Ayres 
by 3 p.m., on August 23, 1926.—The Direction de l’Outil- 
lage du Port, Antwerp, is inviting tenders for the supply, 
and delivery in the port of Antwerp of a floating grain 
elevator, Tenders must reach Antwerp not later than 
= evening of July 19, next.—The New Zealand Public 
Vorks Department, Wellington, is calling for tenders, 
to be presented by September 7, 1926, for a synchronous 
condenser for the Arapuni electric power scheme, section 
: 0. 165.—The Deputy Director of Posts and Telegraphs, 
: elbourne, Australia, is inviting tenders to be presented 
4 August 31, 1926, for telégraph equipment (Schedule 
- 109), Further particulars regarding any of the above 
tenders may be obtained from the Department of Overseas 


Trade, 35, Old Queen-street, London, 8.W.1. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade—No developments of particular 
importance have occurred in the Welsh coal trade posi- 
tion during the past week, Export business has remained 
virtually at a standstill, and though in isolated cases 
efforts have been made to secure a return to work, they 
have not been successful, the men continuing to adhere 
to their demand for no reduction in the rates of pay 
and no lengthening of the working day. In the past 
week, 1,558 tons of coal were exported from South Wales, 
of which 1,528 tons left Cardiff for Fayal, and 30 tons 
Swansea for West Italy. The total compares with 
436,920 tons in the corresponding period of last year. 
The Welsh coal trade is being afforded another oppor- 
tunity to secure the order of the Egyptian State Railways’ 
requirements of 150,000 metric tons of coal delivered 
at Alexandria. Adjudication is to take place at Cairo 
on July 17, but the administration also invite offers for 
suitable American or Continental coals. Prices are also 
asked for 30,000 tons of Natal coal delivered at Suez. 
It may be recalled that, in April, the Egyptian Autho- 
rities secured tenders for a similar quantity of coal deli- 
vered over June, July and August. Messrs. Watts, 
Watts & Co., Limited, submitted the lowest price of 
3ls. 5d. c.if. Alexandria, but the adjudication was 
cancelled, in view of the then threatened strike of miners. 
The last business placed by the Egyptian State Railways 
was in December, when they contracted with Messrs. 
Watts, Watts & Co., Limited, for 200,000 metric tons 
at 28s. 9d. and for 50,000 tons each, with Messrs. T 
Beynon & Co., Limited, at 29s. 9d., and Messrs. Wm. 
Milburn & Co., Limited, at 29s. 10d. c.i.f. Alexandria. 
As a month will elapse before prices are to be decided, 
there is still a possibility of South Wales securing this 
important order, but everything will, of course, depend 
on whether the miners return to work or not, and on what 
conditions. In the meantime, importation of foreign 
coal continues, and is likely to increase. Up to the 
present, five vessels have discharged 8,050 tons of foreign 
coal at the Welsh ports, cargoes having been received at 
Penarth, Barry, Newport and Briton Ferry, while several 
other steamers have also been arranged for loading at 
Dutch, Belgian and German ports for this district. Ten 
of the thirteen cargoes of Welsh coal on board vessels 
detained since the commencement of the strike have 
been re-sold at prices which cover the original owner 
of the cargo and the shipowner for the costs of detention. 
Negotiations are also proceeding for the disposal of the 
remaining cargoes. It is stated that some of the cargoes 
arriving in this country from the Continent consist of 
British coals delivered during and just after the war 
and also of American coal imported during the 1921 strike 
of British miners. 








TRIALS OF THE §.S. ‘‘San Nicozas.”—The specially 
designed, shallow-draught oil tanker San Nicholas, built 
by Messrs. Harland and Wolff, Limited, for the Lago 
Shipping Company, Limited, was recently delivered 
to her owners after running satisfactory trials in Belfast 
Lough. The vessel is 315 ft. long, 50 ft. broad and has a 
gross tonnage of 2,360 tons. She has a straight stem 
and an elliptical stern and is rigged as a one-masted fore 
and aft schooner. A 5-ton derrick is arranged amidships, 
and a steam warping winch is situated on the poop deck 
aft. The electrical installation consists of two 5 kw. 
dynamos direct-coupled to an enclosed, high-speed, 
forced-lubrication engine. These two sets supply the 
electric power required for 95 light distributors through- 
out the ship, including a 600 c.p. $-watt lantern in the 
machinery space, and a Morse signalling lantern on the 
bridge. ‘The vessel is propelled by twin-screw engines of 
the triple-expansion type, developing 1,100 h.p. Steam 
is supplied by two cylindrical, single-ended boilers ; each 
boiler has three Morison furnaces arranged to burn oilfuel, 
under natural draught, on White’s system. 'The working 
pressure of the boilers is 180 lb. per square inch, The 
Ambrosio, a sister ship of the San Nicolas, has since been 
launched by Messrs. Harland and Wolff, Belfast. 





Launen or THE §.S. “ British INVENTOR” AND 
‘* ArricsTaR.”’—Messrs. Palmers Shipbuilding and Iron 
Company, Limited, recently launched two vessels, one from 
their Jarrow Yard, and one from their Hebburn Yard. 
The vessel launched at Jarrow was the S.S. British Inven- 
tor, the first Isherwood ‘“‘ bracketless ’’ oil tanker built to 
the order of the British Tanker Company, Limited. The 
ship has an overall length of about 447 ft., a beam of 57 ft. 
8 in., and will carry about 10,650 tons deadweight on a 
moderate draught. The propelling —e is installed 
aft and consists of a set of single-screw, triple-expansion 
engines, which will give the vessel a speed of 11 knots. 
Steam is supplied by three cylindrical boilers burning oil 
and fitted with Howden’s forced draught. The out- 
standing feature of interest in this vessel lies in the 
constructional arrangements, which are on the “ bracket- 
less ” system, recently introduced by Sir Joseph W. 
Isherwood. Longitudinal framing is adopted, but the 
longitudinals are not connected by the large flange 
brackets at the bulkheads, associated with the usual 
practice; the ends of the heavy longitudinals are cut 
away. This applies to the longitudinals on the bottom, 
sides and decks of the vessel, and results in a considerable 
simplification of plating and riveting work throughout 
the vessel. The 8.S. Africstar, which was launched at 
Hebburn, has been built to the order of the Blue Star 
Line (1920), Limited. She has an overall length of 
about 494 ft., will carry a deadweight of about 11,750 tons, 
and has been insulated for the carriage of chilled meat. 
The vessel has been built under Lloyd’s special survey, to 
their 100 A.1 class, and will be fitted with twin-screw 
single-reduction geared turbines. Steam will be supplied 
bytwo double-ended and two single-ended boilers, arranged 
or burning oil fuel. 


NOTICE OF MEETING. 





THE Dieset ENGINE Users’ Assocration.—To-night 
at Caxton Hall, Westminster, S.W.1. ‘“‘ Some Deleterious 
Properties of Lubricating Oils,” by Mr. J. E. Hackford, 

Se. 





Strain Lines IN SrtrRucTuRAL STEEL.—We have 
received from the United States Bureau of Standards 
a chart upon which are reproduced two photographs 
illustrating the strain lines developed by compressive 
tests on two structural members of the Delaware River 
bridge. The chart, which is priced at 5 cents, is issued 
in connection with a technological paper of the Bureau, 
to be published in the near future; the author is 
Mr. R. 8. Johnston. 


Contracts.—The Fiat Company, 43-44, Albemarle- 
street, London, W.1, has received an order from the 
United Fruit Company of Boston, U.S.A., for four 
Diesel engines, to be installed in the Diesel-electric, fruit - 
carrying ship La Playa. The original electrical portion 
of the ship’s machinery will be retained. This was 
constructed by Messrs. The British Thomson-Houston 
Company, Limited, of Rugby, and has worked perfectly 
throughout the severe tests to which the vessel has 
been subjected.—Messrs. Loudon Brothers, Limited, 
machine-tool manufacturers, of Johnstone, recently 
secured a large contract from the New Zealand Govern- 
ment Railways. Other work, which they have in hand 
is for various Dominions and for India.—Messrs. Harvey 
Siemens Furnaces (Gibbons Brothers, Limited), 26, 
Victoria-street, London, S.W.1, have received an order 
from Messrs. Guest, Keen and Nettlefolds, Limited, for 
two of their special furnaces for heating 2,300 tons of 
steel slabs a week. These furnaces are complete with 
gas producers having mechanical coal feeders, and are 
to be built at their East Moors Works, Cardiff. 





Fim SHowine THE LayIne oF REINFORCED Tar- 
MACADAM.—The Roads Department of the British 
Reinforced Concrete Engineering Company, Limited, 
recently filmed the operation of laying reinforced tar- 
macadam on the Abergele main road, Colwyn Bay. The 
operations shown include the scarifying of the old road 
surface, the relaying of the road bed after scarifying, the 
laying of the undercoat, the unrolling of B.R.C. fabric on 
the top of the undercoat, the spiking down of the rein- 
forcement, the laying and rolling of the top coat, the 
spreading of the sealing coat, and the final rolling. The 
film, together with a number of lantern slides depicting 
tar-macadam roads reinforced with B.R.C. fabric, has 
been shown in North Wales. The company have asked 
us to state that they would be pleased to receive applica- 
tions for the exhibition of the film, from engineers and 
others interested. The film can be shown in the country 
or at the London office of the company. Further parti- 
culars may be obtained from the British Reinforced 
Concrete Engineering Company, Limited, Roads Depart- 
ment, King’s Buildings, Smith-square, Westminster, 
London, 8.W.1. 





Society or CHEMICAL INDUSTRY: CONGRESS OF 
Cuemists.—The forty-fifth annual general meeting of 
the Society of Chemical Industry, which is to be held in 
London from July 19 to 23 next, will take the form of a 
congress of chemists, in the arrangement of which the 
other chemical societies are co-operating. It is expected 
that representatives of foreign chemical societies will be 
present. The proceedings will commence at 10 a.m. 
on July 19, when thé fourth annual corporate meeting 
of the Institution of Chemical Engineers will take place 
at the Central Hall, Westminster. This will be followed, 
at 11.30 a.m., by the opening of an exhibition of chemical 
plant at the Central Hall. The Messel Memorial lecture 
will be delivered at 2.30 p.m. at the Mansion House, 
by the Rt. Hon. the Earl of Balfour, K.G., F.R.8. The 
annual dinner of the Institution of Chemical Engineers 
will be held at the Hotel Great Central at 7 p.m. in the 
evening. On July 20, at 10.30 a.m., a joint meeting of 
the British Chemical Plant Manufacturers’ Association, 
the Institute of Metals, the Institution of Chemical 
Engineers, and the Society of Chemical Industry 
(Chemical Engineering Group) will be held at the Hotel 
Great Central, and a symposium on corrosion will be 
considered. Papers will be read by Mr. U. R. Evans, 
Dr. W. H. Hatfield, Mr. P. Parrish, and Mr. R. J. Sarjent. 
In the evening, at 7 p.m., the annual dinner of the British 
Chemical Plant Manufacturers’ Association will take 
place at the Hotel Great Central. The annual meeting 
of the Society of Chemical Industry will be held at the 
Hotel Great Central at 10.30 a.m. on July 21, The 
afternoon will be devoted to visits to works and labora- 
tories in the vicinity of London. The annual dinner of 
the Society of Chemical Industry will be held at 8 p.m. 
at the Hotel Great Central. A joint meeting, to com- 
mence at 10.30 a.m. on July 22, has been arranged by 
the Chemical Engineering Group, the Institution of 
Petroleum Technologists, and the Institution of Chemical 
Engineers. The subject of Power Alcohol will be 
considered, and papers will be given by Dr. W. R. 
Ormandy and Mr. D. Ross. A joint meeting of the 
Institution of the Rubber Industry and the Oil and 
Colour Chemists’ Association has also been arranged for 
July 22. At the meeting on July 23, papers on “ Fat 
Extraction by Solvents ”’ and ‘“‘ Solid Smokeless Fuel ”’ 
will be read and discussed. All communications and 
inquiries regarding the Congress should be addressed to 
the Genceal Secretary, Society of Chemical Industry, 
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THE SHIPBUILDING ENQUIRY. 


Sons fifteen months ago theshipbuildingemployers 
invited the shipyard trade unions to join with them 
in setting up a joint committee of enquiry into the 
conditions affecting the shipbuilding and _ ship- 
repairing industry in foreign competition, the proce- 
dure and machinery for avoiding disputes, and the 
establishment of an index for regulating future 
fluctuations of wages with knowledge on both sides 
and in accordance with the ability of the industry to 
pay. The trade unions accepted the invitation to 
enquire jointly into the state of the industry, but 
decided for the time being not to consider measures 
for avoiding disputes or regulating future fluctua- 
tions of wages. Except for furnishing information 
in regard to foreign conditions, no co-operation was 
asked from the Government, and no independent 
chairman or other influence extraneous to the 
industry was sought. In October the committee 
published an interim report, dealing with conditions 
within the industry, both at home and abroad, and 
has now presented its final report, which embodies 
also its conclusions in regard to elements of cost 
outside the control of the industry Under the award 
of an arbitration tribunal in 1924 wages in the 
industry were raised by 7s. a week, and the employers 
do not propose either to reduce the present wages or 
increase the hours of work. Provided effect is given, 
on the lines defined in the report, to the agreed 
findings of the joint committee in regard to matters 
within the control of the industry, they have in- 
formed the committee that in their judgment much of 
the new work and the greater portion of the repairing 
work which at present go to the Continent could 
be kept in British yards, and shipowners may be 
encouraged to place new work at the reduced prices 


consent is now required to give effect to the agreed 
findings of the joint committee. 

Both parties to this enquiry may be congratulated 
on having undertaken it. Each of them is interested 


6|in its subject matter more directly and intimately 


than the State or any other body or individual 
outside the industry can be, and in making their 
own joint investigation into what is their own joint 
business they have taken a course that all industry 
would rejoice to see successful, because it would be a 
precedent of inestimable value not only to shipbuild- 
ing but to other trades. The agreed conclusions 
that have been reached include some that are funda- 
mental in all modern construction and manufacture. 
The committee believes, for instance, that it is 
possible to secure greater elasticity and interchange- 
ability of labour without infringing the broad 
principles of craftsmanship, and puts forward in its 
report the employers’ proposals for the modifi- 
cations of demarcation practices that they believe 
to be necessary, with a large number of examples 
defining how such modifications would work. 
It recognises that the use of labour-saving machinery 
is to be encouraged, and that “‘ it is the duty of all 
parties to secure for the industry as a whole all 


such savings in cost as can be obtained from the 


fullest use of machinery and methods conducive 
to economic output.” It finds that there is no 
substance in the contention that the loss of orders 
to German yards is due to any greater skill in German 
workmen, or superior equipment, organising capa- 
city, or shipbuilding science in German over British 
yards. 

The conclusions in the second part of the report, 
dealing with conditions beyond the control of the 
industry, apply also in great measure to other 
industries, and notably to the engineering trades. 


3|In some materials the committee finds prices 


unreasonably high, whether as compared with pre- 


4) war values or with the general price level of other 


products. Though many of these commodities 
do not individually form a large part of the cost of a 
ship, the collective effect of their inflation is very 
serious, and the committee proposes to ask the Board 
of Trade to investigate the operation of ringsand price- 
fixing associations with the object of bringing relief 
to shipbuilding. The amount of local rates and 
taxation is more than treble what it was before the 
war, and on the present reduced turnover gives a 
still heavier burden per ship. It arises not merely 
from increased poundage rates but from the now 
redundant extensions made during the war under 
Government pressure, and from increased valuations 
for assessment. A portion of these rates are levied 
to enable the local authority to meet sinking funds, 
and ought not to be paid by establishments, such as 
shipyards, that at present do not earn enough to 
provide for their own depreciation. The tax is 
the more severe because the industrial depression, 
which indirectly it serves to increase, increases 
unemployment and the cost of poor law relief, 
which under the existing law falls on the district 
in which it occurs. Much the same may be said of 
the cost of national insurance schemes, the part of 
which that falls on employers is likewise three times 
its pre-war figure, and presses specially on the heavy 
industries. The committee seeks therefore a more 
equitable distribution of the cost of these schemes 
as between the industry and the State, a more 
equitable distribution of rates, and the temporary 
suspension of the need to levy rates to provide 
for sinking funds. A general demand is made 
on the Government for steps to effect a substantial 
reduction in the cost of living. In many districts 
the charges for pilotage and towage, dry dock dues 
and railway carriage are represented as unduly 
high. Finally, the committee has agreed that, 
notwithstanding the fundamental national impor- 
tance of the industry both in peace and in war, 
neither its own ultimate interests nor those of the 
country would be helped by a subsidy. It urges, 
on the other hand, that the advantages of the Trade 
Facilities Act in the matter of enabling employment 
to be provided in the industry have been such that 
they should be continued and even enlarged ; 
and doubtless this view will be received with the 
more respect by reason of the committee’s judicious 
attitude in regard to the suggestion of a subsidy. 





that would then be practicable. Some 50 trade 
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unions are represented on the committee, and their 





As is natural, the prospects of obtaining the 
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desired relief in respect of matters outside the control 
of the industry are more remote than those of the 
more substantial relief in matters within its own 
control, if the trade unions implement the report of 
the joint committee. What is claimed in respect 
to some of the external troubles may be criticised 
adversely, and in any case would take time and 
consideration before a decision could be reached and 
put into operation. Time, however, is what the 
industry in its present condition cannot afford to 
give. As far back as August last the employers 
drew the attention of the committee to the urgency 
of immediate action in the matters that were under 
the control of the industry, and expressed the fear 
that if such action was not taken the condition of the 
industry would be far worse in the then coming 
winter than it was in the winter of last year. The 
prediction of the employers has been verified. In 
March of last year a third of the men in the ship- 
building and ship-repairing industry were unem- 
ployed, as against 11°4 per cent. for all industry. 
By April of this year unemployment for all industries 
had dropped by 2°2 per cent., but in shipbuilding 
and ship-repairing it had risen by 1°5 per cent. 
Even these figures do not represent the full gravity 
of the situation. The unemployment is due not so 
much to depression of business as to loss of orders. 
In March, 1913, the merchant tonnage under con- 
struction in Great Britain, apart from the large 
amount of naval work for foreign governments as 
well as our own, was half as much again as that in 
the rest of the world. In March, 1926, it had fallen 
by no less than 59 per cent.; and while even in 
the previous twelve months construction in Great 
Britain had dropped by 27} per cent., construction 
in other countries had dropped only by 5 per cent., 
standing at little less than in 1913, and half as much 
again as the tonnage now under construction in Great 
Britain. The total tonnage under construction 
throughout the world has, in fact, dropped since 
1913 by 42 per cent., and six-sevenths of the loss is 
borne by Great Britain. 

These facts compel attention to an aspect of the 
joint committee’s enquiry that those who are 
interested in the shipbuilding and allied industries 
must deplore. According to the report, it is just 
on a year since the committee knew the working 
conditions in Holland and Germany, its chief 
competitors, and learned from the employers what 
modifications in the conditions of British yards 
would allow them to resume effective competition. 
The continental yards work longer hours than the 
British, and are paid much lower wages. The differ- 
ence in wages is even more than is shown by the 
rates for each grade of workman, because many 
occupations that in this country are rated as skilled 
or semi-skilled are rated there as semi-skilled or 
unskilled. There are no demarcation regulations, 
and no restrictions on the use of labour-saving 
machines. From the outset of the enquiry the 
employers have proposed to leave hours and wages 
untouched, which on the face of it was a bold 
course in the actual situation of the industry. 
They undertook to pull the industry round if only 
it was relieved of the artificial demarcation regula- 
tions and restrictions on the use of machinery, and 
the men would observe loyally the agreement of 
1918 on which the 47-hour week was conceded. 
The extreme complexity of the trade union organi- 
sation in the shipyards makes it impossible to 
censure the course taken by the men’s representatives 
on the joint committee in holding up the solution 
proposed by the employers for nearly a twelvemonth 
after it had been offered and the conditions of 
competing yards had been ascertained. They best 
know whether they interposed this unfortunate 
delay because they doubted whether they could get 
their principals into line, or whether any other 
motive was in their minds. It is easy to conjecture 
what they would have said, and with justice, had 
such a delay been caused by the inaction of the 
employers or of a government department. The 
figures of tonnage and unemployment quoted above 
express the price the whole industry has had to 
pay for postponing its action. 

The report shows clearly that outside the recom- 
mendations contained in its first part there is no 
present hope of retrieving the situation. In 
entering on and prosecuting this inquiry both the 


ENGINEERING. 


[JUNE 25, 1926, 








employers and the trade unions set an example 
of admirable wisdom, which has evoked a corre- 
sponding breadth of view in their joint committee. 
Where other industries have been deluded into the 
belief that their troubles could be relieved by 
doles from the community with and for which 
they should be working. this committee has seen 
that such a course would be futile. Where a 
narrow view would have dwelt on the differences 
in wages and hours of work between British and 
foreign yards, the committee has found a means 
by which it is hoped confidently to extricate the 
industry without touching either wages or hours. 
It is a long start to give away to enterprising and 
determined competitors, who are gaining ground 
steadily. If the business of the shipyards continues 
to fall away as it has fallen in the last twelve months, 
a time must come before long when this start 
can no longer be conceded to foreign yards, and 
those who wish to remain in the British industry 
will either have to work as long for as little money 
as their competitors, or see yard after yard close 
down. The joint committee, expressing the views 
of employers no less than of workmen, deprecates 
this calamity, and has presented the means of 
avoiding it. With the rest of the country the 
engineering trades are waiting anxiously to be able 
to congratulate the shipbuilding industry on having 
profited by the wisdom that has produced this 
opportunity. 








MINE TIMBER. 


Apart from the wages controversy, the most 
urgent problem before the mining, as before other 
industries, is that of reducing the other costs of 
production. Much has been, and continues to be, 
written on the ways and means which should be 
adopted to secure economy. Modernisation and 
standardisation of practice and equipment, the 
more extended use of electricity and labour-saving 
machinery, have been consistently advocated. 
Unfortunately these measures nearly all involve 
a heavy capital expenditure which, in the present 
unsettled state of the industry, would create 
additional financial burdens, and their adoption 
is therefore liable to powerful opposition in their 
fulfilment. It is not intended here to discuss 
whether such capital outlay would be justified or 
not, but pending a settlement of general policy 
outside the control of the mine operator, the activi- 
ties of the latter might well be turned to ascertaining 
whether it would not be possible to effect positive 
economies with materials and stores. 

Prominent amongst the items of expenditure 
under this heading in most mines is that of mine- 
timber—“ pit-props.” It is an item which of 
course varies considerably in importance in different 
districts and with different systems of mining. 

It is probable that familiarity with this 
constantly recurring item of expenditure may in 
some cases have caused it, or rather the extent of 
it, to be looked upon as inevitable; whereas a 
close study of the subject might reveal the possi- 
bility of considerable economy. The problem may 
be considered from various aspects such as (1) Pre- 
vention of waste, including preliminary deterioration 
before being taken underground ; (2) Preservation 
and protection against decay, fire, &c.; (3) Salvage 
or recovery of timber; (4) The use of substitutes, 
such as brickwork, concrete, steel, &c.; (5) The 
selection of the most suitable qualities, i.e., strength, 
durability and cost with relation to the purposes 
for which it is required. It is evidently poor economy 
to use timber of inferior quality, however cheap, 
on work which is required to stand for a lengthy 
period ; the result is heavy expenditure for repairs, 
not to mention other consequences such as delay 
or accident which may be even more serious. But 
the converse also applies, and for less exacting 
conditions it may often be possible to employ 
inferior qualities of timber, and thus save expense. 

The depletion of the forests during recent years 
has become a source of grave concern in the U.S.A., 
and the mining industry there is in consequence 
faced with serious difficulties in obtaining supplies, 
prices having increased in various important 
mining districts to from 2 to 5 times as much as 
they were 20 years ago. 





In view of the importance of the subject to the 





mining industry, an investigation was commenced 
in 1921 by the U.S. Bureau of Mines in co-operation 
with the U.S. Forest Service with the object of 
ascertaining how economies might be effected, 
The results of this have been published recently as 
U.S. Bureau of Mines Bulletin No. 235, entitled 
“Mine Timber, its selection, storage, treatment and 
use.” This report is drawn up by Messrs. R. R. 
Hornor and H. E. Tufft. A chapter on methods of 
prolonging life of mine timber is by Mr. George 
M. Hunt, of the U.S. Forest Service. 

In Illinois the amount of timber used in collieries 
has nearly doubled in the past 15 years, but the 
Pennsylvania mines, especially the anthracite 
mines, are the largest users, the present annual 
consumption (including the bituminous mines, 
which rank next after the anthracite mines) being 
estimated to exceed 100,000,000 cub. ft. In 1905 
the average cost’ of round mine timber was 6-6 
cents per cub. ft., and in 1921 this had increased 
to 27-5 cents per cub. ft., of which 57-3 per cent. 
represents transport charges. In the same district 
it was calculated that in 1923 the consumption of 
timber was 7 board feet per short ton of anthracite 
mined, and about 4 board feet per short ton of 
bituminous coal mined. 

In 1920 the U.S. Forest Service made a report 
in which it is stated that three-fifths of the original 
timber of the United States is gone, and timber 
is being consumed four times as fast as it is being 
grown. Remaining supplies become more and more 
difficult of access. The above facts, taken in con- 
junction, demonstrate with sufficient force the 
urgent need for economy. 

Timber supplied to a mine may have to be stored 
for one of two reasons, either to accumulate a 
reserve or for seasoning. Much depends on the 
conditions and care with which it is stacked, whether 
seasoning takes place or preliminary deterioration 
is set up, which may seriously impair both strength 
and durability. Sometimes it is considered that 
the timber will only be stored for a short period, 
and therefore systematic stacking is neglected as 
involving too much labour and expense. As no 
check is made on the deterioration occurring from 
this cause, it is ignored, but it is suggested that the 
extra expense of careful handling and stacking 
would generally be more than saved by the resulting 
prevention of waste. The conditions for preventing 
deterioration and at the same time favourable to 
seasoning of timber, are a well-drained location, 
with free circulation of air and freedom from débris 
and decaying material (especially decaying timber, 
as the spores of fungi are blown by the wind on to 
the new timber). Litter, rubbish, bark, sawdust, 
&e., if allowed to accumulate, encourage insects 
and fungus, tend to keep the lower timbers damp, 
and increase risk of fire. Each piece of timber 
should be so stacked that air can circulate entirely 
around it, and of course all timber must be kept 
off the ground ; foundations of concrete or treated 
wood may be used for this purpose. 

If timber can be actually placed in the mine 
within a very short time after it is cut, and only a 
short life is desired, then the removal of the bark, 
or “‘ peeling,” may not be necessary. But other- 
wise the durability can be increased, as has been 
shown by investigations which have been made, by 
10 to 15 per cent., and in some cases more, by peel- 
ing—and this is especially to be recommended in 
cases where the timber is liable to be stored for 
any considerable period before use, or is intended 
to be given preservative treatment. The advant- 
ages obtained by peeling more than outweigh the 
additional cost, and this should be done preferably 
by the producer directly after cutting the timber. 
Seasoning of timber by reducing weight makes it 
easier and therefore cheaper to handle, and for use 
in dry places it will last as much as 25 per cent. 
longer than green material. 

Several American mines installed plants for pre- 
serving timber 12 to 15 years ago, and have been 
using these plants ever since, and they afford a good 
opportunity of comparing the relative life of treated 
and untreated timber. Preservative treatment 1s 
advantageous in all cases where long service is 
desirable, since decay may be retarded by this 
means for many years, and timber be made to 
last several times as long as it would without 
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treatment. Railway companies and other large users 
of structural timber realise this much more fully 
than mining engineers. Amongst the obvious 
advantages of treated timber may be mentioned : 
the saving of wages for replacing decayed timber, 
less danger from fire, since sound timber is less 
easily ignited; less liability to sudden failure 
caused by gradual decay not noticeable externally, 
while it does not vitiate the atmosphere by the 
generation of CO, and absorption of oxygen—an 
effect produced by decaying timber which in certain 
circumstances may be highly undesirable. 

The preservatives most commonly used are 
coal tar creosote, water-gas tar creosote, zinc 
chloride, sodium fluoride, copper sulphate, mercuric 
chloride (corrosive sublimate), and tar. 

The extent to which coal tar creosote is used is 

shown by the consumption in the U.S.A. in 1923, 
when 127,000,000 gallons were employed for treat- 
ing timber. Its advantages are protection against 
fungus, relative insolubility in water, and low 
volatility which cause it to remain in the wood 
and retain its effectiveness almost indefinitely, ease 
of application, cheapness, and general availability. It 
has been objected, not without cause, that creosoted 
timber in mines increases the risk of fire, and in the 
case of freshly-treated wood, this no doubt holds, 
but after being seasoned a few months the more 
volatile fractions of the oil disappear and it is then 
not much more easily ignited than untreated wood ; 
indeed, after a few years’ service it becomes less 
inflammable than untreated timber of the same 
age, which would then have commenced to decay. 
Naturally in"places where risk of fire is great some 
other preservative should be used or the timber 
be covered with a fireproof coating such as cement 
“ gunite,” mentioned below. 
F Water-gas tar creosote is a petroleum product, and 
although not considered quite as good as coal-tar 
creosote, it is nevertheless very effective and may 
be used where the latter is not available or is too 
costly. The properties of the two kinds of creosote 
are in general the same. 

Tar is not much used alone because it cannot 
be made to penetrate the tissues of the wood 
sufficiently, and it is less toxic to the wood-destroying 
fungi than creosote. 

Zinc chloride is soluble in water and is the 
standard wood preservative of this class in the 
U.S.A., where the consumption for this purpose 
was over 28,000,000 lb. in 1923. The chief advan- 
tages are cheapness, uniformity, lack of odour, ease 
of transport, cleanliness, and freedom from fire 
risk. Against this are the disadvantages that it is 
soluble in water and adds temporarily to the weight 
of the wood. It is largely used for treating railway 
sleepers. Although a certain amount of leaching 
certainly occurs, the average life of a zinc-treated 
sleeper is about twelve years, and in dry places 
often much longer. Although it tends to diminish 
inflammability, zinc chloride should not be con- 
sidered as a fire-proofing agent. 

Sodium fluoride has been used considerably in 
Europe and has some advantages over zinc. It is 
not as soluble and does not attract moisture. Its 
chief drawback is its high price; if it could be 
produced at a price comparable with zinc chloride 
it would, no doubt, be used extensively in the 
U.S.A. Copper sulphate has no particular advan- 
tages over the two preceding salts and is well 
known in Europe. Mercuric chloride was used 
first for preserving wood in 1705, and, although very 
effective, its high price and poisonous character and 
corrosiveness to metals prevent its use extending. 
There are also several proprietary preservatives 
most of which are good, but few, if any, of these are 
better than plain coal tar, creosote or zinc chloride, 
especially when the price is taken into account. 

Timber to be treated must be peeled, seasoned, 
and free from decay. Any bark remaining will 
prevent penetration, and the effectiveness of the 
treatment is measurable by the amount of penetra- 
tion. _Steeping, dipping, brush-treatment, and 
Spraying are the simpler methods of applying the 
Preservative, but the most effective method is by 
Pressure, requiring special plant. In the usual 
impregnating process the air is exhausted from the 
cylinder containing the timber by means of a 
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maintained for half an hour, and hot zinc-chloride 
solution or creosote is admitted without admitting 
air, and further solution is pumped in under pressure 
until sufficient absorbtion has been secured. There 
are various modifications involving the same general 
principles and more or less elaborate equipment. 

As a means of rendering shaft timbering immune 
to fire, the practice of spraying this with a mixture 
of cement and sand by means of a nozzle or “‘ cement 
gun”? and compressed air has been extensively 
employed. This process has been frequently 
referred to in our columns. The coating is often 
reinforced by means of wire netting, expanded 
metal, &c. The well-known Anaconda Copper 
Mining Company have treated several shafts in this 
manner. Gunite is used not only in metal mines, 
but extensively in coal mines for fireproofing shaft 
timbers, entry walls, and the timbering in entries. 

Numerous instances have occurred where gunite 
has prevented what might otherwise have developed 
into serious mine fires. Its effect on preventing 
decay is, however, largely uncertain and depends 
naturally on the extent and thoroughness of the 
cement coating—as a rule, it is impracticable to 
cover the sides of the timber next the wall or roof 
and this remains open to attack by decay. The 
most durable results would be obtained by using 
timber previously treated with preservative. 

The proportion of pit props recovered in pillar 
and stall mines in the U.S.A. varies from nil to 
50 per cent., according to local conditions. In some 
mines no effort is made at recovery, and in most 
the proportion is very low. A good deal depends 
on the size and quality of the props employed. In 
English longwall collieries a case has been quoted 
in which an average recovery of 45 per cent. un- 
broken timber was obtained—all timber being 
drawn, the unbroken being sent forward for further 
use at the face and the broken being cut into head 
trees and wedges. Tubular props of weldless steel 
filled with wood are used in a certain Scottish 
colliery (see ENGINEERING, page 169 ante). 

Steel and reinforced concrete are extensively used 
in large mines at pit bottoms and for shaft linings, 
especially in large collieries—conditions in metal 
mines being usually less favourable to their use. 
Steel tipples are now common, and at some coal 
mines concrete tipples have been constructed. 
Brick and stone are seldom employed in American 
mines. Whenever the permanency of the work 
justifies their use, these substitutes for timber are 
usually advantageous, but it is quite safe to say 
that no material will ever completely replace wood 
so long as the latter can be obtained at a cost com- 
parable with that of other suitable materials. 

The chief causes of destruction of mine timber 
are decay, attack by insects, breakage, wear and 
fire. Mention of some of these has already been 
made, but decay is the most serious, and the other 
causes are frequently engendered or facilitated by 
decay, as, for example, breakage and fire. The 
varieties of fungi which can grow on timber are 
numerous, but without going into too great detail 
they may be divided into two groups: moulds and 
wood-destroying fungi. The former may be passed 
over as their effect on the strength of the timber 
is only small. Fungi appear in the form of fine 
threads or as mushrooms, brackets and tough in- 
crustations at a later stage of development. These 
bodies produce spores—minute reproductive par- 
ticles comparable to seeds, in appearance like fine 
flour. They are produced in millions, are very light 
and readily carried by air currents. When these 
spores settle on wood surfaces under favourable 
conditions of temperature and humidity, they will 
start decay in sound wood. They grow in the form 
of a short tube developing into long cotton-like 
threads, which bore through the wood, dissolving 
its substance by ferments which they produce, 
These growths sometimes spread mat-like over the 
surface of the intervening rock from one prop to 
another. Temperatures between 72 deg. and 
90 deg. F., a lot of moisture and some air are the 
conditions favourable to growth. Considerable heat 
kills them and they cease to grow in very cold 
weather. Very dry wood does not decay, and timber 
saturated with water is not attacked by fungus 


THE PROBLEMS OF ILLUMINATION. 

Ir is becoming generally recognised by works 
managers and others concerned, that insufficient 
lighting in a workshop is an outstanding cause 
of low output and poor quality work. For the 
best results the illumination should be specially 
arranged for each type of work, and the sources of 
illumination must be situated in such positions that 
the rays do not fall directly on the eyes of the 
worker or cause the casting of shadows on any part 
of his work. No two classes of work have the same 
requirements, and consequently a large amount of 
investigation must be conducted before suitable 
arrangements can be made. In the past, there can 
be no question that illumination, like heating and 
ventilation, was often left to the consideration of 
people having quite an inadequate appreciation of 
the problems involved, or of the effects that their 
haphazard work may later cause. In recent years 
great improvements have been made, but the 
subject is, even now, frequently not given the 
attention which it deserves. Illumination is one 
of the most important matters which come up 
for consideration in dealing with the lay-out of a 
works. That this is so, is evident when the returns 
of output in every hour of natural lighting are com- 
pared with those during which artificial illumination 
must be used. Again, bad lighting is a frequent 
cause of accidents, and damage may be done to the 
eyesight of the men, with a resulting drop in 
efficiency, should the lighting be insufficient or be 
accompanied with glare. Idling may also result 
when a workshop is badly lighted, through the 
difficulty of supervision. The subject of illumina- 
tion has many aspects, and an interesting review 
of many of them was contained in a paper 
which Mr. John W. T. Walsh read at a recent 
meeting of the Illuminating Engineering Society. 
This paper, which was given the title ‘‘ Research 
in Illumination,” dealt mainly with the work 
already carried out, and that which it is proposed 
to undertake, by the Illumination Research Com- 
mittee of the Department of Scientific and 
Industrial Research. This organisation has also, 
it may be noted, recently issued a pamphlet 
through His Majesty’s Stationery Office on the 
same subject. 

Successful illumination is dependent on complying 
with a series of conditions, some of which are of 
an engineering character, while others are of 
the type which must be left to the consideration of 
medical authorities. Firstly, light must be produced 
as economically and as efficiently as possible, but it 
must be used in such a way as to cause no injurious 
effects on the human eye. The need was recognised 
in 1923 for the constitution of an authoritative body 
of representatives of all the interests concerned 
with these questions and the Committee, already 
referred to, was then founded under the chairmane 
ship of Mr. C. C. Paterson, of the General Electric 
Company, Limited. Mr. Walsh, in his paper, first 
referred to the necessity of carrying out fundamental 
work, as well as conducting investigations into 
problems of immediate practical importance. The 
first basic problem that would be tackled was the 
production and effects of glare. Another matter of a 
fundamental nature for which a solution was being 
sought was the relation between the degree of 
illumination and the ease and accuracy of perform- 
ing fine work. Printing was chosen as the first 
process for investigation in relating to lighting, and 
from the work already done it was found that 
increased illumination was beneficial up to about 20 
foot-candles. The light transmission properties of 
window glass have also received some attention, and 
nine different kinds of glass, including varieties of 
prismatic glass, have been experimented with in 
association with direct lighting, the passage of 
diffused light, and also when the beams are 
restricted to angles of incidence greater than 45 deg. 

Another problem already investigated was the 
compromise which was advisable between freedom 
from glare and efficiency, with enamelled-iron 
reflectors for direct lighting in industrial and other 
premises. In some districts alternating current 
with a low periodicity was used for lighting, as 
well as power. Flickering was sometimes observed, 
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ing have been available, yet, although it has been 
spoken of as objectionable, no definite information 
had been obtained as to whether it interfered with 
ease of vision. Now, probably, we shall obtain 
the required knowledge, which will be of value, 
not. only in the determination of standard fre- 
quencies in countries where generation is being 
concentrated in some few super-power stations, but 
also in settling the types of electricity supply in 
parts of the world where there is, as yet, no electric 
power available. Active co-operation with the 
British Engineering Standards Association has been 
effected by the Illumination Committee and much 
of the investigation work, necessary before standards 
can be set up, was now in progress. 

This brief statement will give an idea of the varied 
classes of work the Illumination Committee is doing, 
and proposes to do in the future. The most import- 
ant work of all is that of a purely fundamental 
character, which, because of its intricacy, must 
necessarily take up a lot of time before full know- 
ledge is available. In the earlier reports, pressing 
practical problems much less difficult of solution, 
are being dealt with, and these will serve to show 
those concerned with illumination the value of the 
work and the necessity for their co-operation in 
putting the findings of the Committee into practice. 








THE NATIONAL PHYSICAL 
LABORATORY. 


By invitation of Sir Ernest Rutherford, as Presi- 
dent of the Royal Society, and ex-officio chairman 
of the General Board of the National Physical 
Laboratory, a very large number of visitors, on 
Tuesday last, were enabled to inspect the Laboratory 
and to witness various demonstrations. The visitors 
were received by Sir Ernest Rutherford, and 
Sir Joseph Petavel, Director of the Laboratory. 
The report* of the Executive records with regret 
the death, in September last, of Captain H. Riall 
Sankey, one of the members, and the retirement 
of Sir Arthur Schuster, who has now been 
elected a member of the General Research 
Committee of the Laboratory which previously 
consisted of Sir J. J. Thomson, Sir W. H. 
Bragg and Sir E. Rutherford. The work of the 
Laboratory has become so ramified that even the 
excellent arrangements made could hardly afford 
the visitor an adequate idea of its importance. 
Everything was explained readily and fully, and 
we are ourselves glad to have this opportunity of 
thanking the members of the staff for the great 
courtesy they have always extended to us. In 
our comments we shall refer back to our articles of 
previous years; those of last year appeared in 
our issues of June 26 ef seq. 

Engineering Department. Fluid Motion.—In the 
study of dynamical similarity in the motion between 
fluids and solids, the eddies have been observed 
which are thrown off from a wire, 1 mm. in 
diameter, placed in a stream of water with the 
cylindrical axis at right angles to the direction 
of flow. Photographs of the eddies observed 
by Dr. Stanton at a mean speed of 6-6 cm. per 
second were reproduced on page 472 of our issue 
of October 16, 1925; these eddies were thrown 
off at a frequency of 7-6 per second, and the 
quantity pD/v, where p is the frequency, 
D the diameter of the wire, and v the velocity 
of the stream, was 0-146 when vD/v was 76. This 
ratio is in fair agreement with the experiments 
on the swinging of circular wires in a stream of 
air as observed by Messrs. Relf and Ower in the 
Aeronautics Department. The investigation of 
the frictional resistance exerted by the wind on 
the surface of water by measuring the fall of 
pressure in the flow of water through a corrugated 
copper pipe (presented by the Broughton Copper 
Company) concerns matters on which a controversy 
between Professor A. H. Gibson, Major A. R. Low 
und others has been carried on in our correspondence 
columns since May 28. In the Teddington experi- 





* The National Physical Laboratory. Report for the 
Year 1925. Published by H.M. Stationery Office for the 
Department of Scientific and Industrial Research. 
Price 8s. 6d. net. 


ENGINEERING. 


ments, the pitch of the wave was 1-27 cm., and 
the diameters of the crests and hollows were 
1-14 cm. and 0-89 cm.; the resistance of the cor- 
rugated pipe was found to be seven or eight times 
larger than that of the plain pipe. Th> problem 
is to be further studied by measurements of the 
heat transmission from the heated pipe walls to 
the fluid. As regards the variation of heat trans- 
mission with the speed of air flow V and the 
friction about nickel cylinders, Miss D. Marshall’s 
experiments show that this variation is in close 
agreement with the relation between skin friction 
and speed. As in previous experiments, the calcu- 
lated heat was some 20 per cent. less than the 
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spring steels of 0-8 per cent. carbon steel, oil 
quenched, and silico-manganese steel, both oil-and 
water-quenched, are of considerable interest. The 
ratio of the fatigue limit (under reversed stress) to 
the ultimate tensile stress was found for several 
heat treatments to be 0-50, although the materials 
had tensile strengths of over 80 tons per square inch. 

The new alternating torsion machine, illustrated 
in Fig. 1 on this page, was designed by Mr. G. A. 
Hankins (on similar lines to Dr. A. A. Griffith’s 
machine at the Royal Aircraft Establishment), 
and has proved very satisfactory. The specimen 
A is clamped at one end, and the other end is sub- 
jected to alternating torsion by the angular move- 
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observed heat for smooth surfaces; when the 
surface of the nickel cylinder was roughened with 
serrated ridges, however, the discrepancy vanished. 
Friction and heat of transmission increased with 
speed at a much higher rate than for smooth 
surfaces, suggesting that there is some unknown 
factor in Reynolds’ theory. In another line of 
research, water flows through a canal 2 in. sq., 
while air is blown over the surface, which shows 
two systems of ripples, due to gravitation and 
friction. The loss of pressure in the air, as well 
as in the water, is determined along the canal 
which is about 6 ft. in length and made of glass. 
Hardness.—The hardness test research has been 
continued by Messrs. R. G. C. Batson and G. A. 
Hankin with diamond indenting cones on materials 
too hard for steel ball tests. It has been found in 
tests made with 1 ads of 60 kg. and 150 kg. with five 
different diamond tools, that the effect of adhesiun 
or friction is much smaller with hard steel than with 
mild steel or copper, and that variations in initial 
surface lubrication conditions matter but little. The 
coefficient of adhesion » was 0-1 for all materials 
of Brinell hardness greater than 350, 0-32 for mild 
steel and 0-25 for annealed tool steel. The 
diamond cone appears to be a very suitable tool. The 
machines used for the diamond tests are of the 
Vickers and Rockwell types. The former was 


illustrated in our issue of April 25, 1924, on page 518. 

Testing of Materials. Springs, Torsion and Endur- 
ance Tests——It has been found advisable to cut 
out the specimens from heat-treated plates instead 
of heat-treating the specimens after machining. 





The result of fatigue and impact tests on standard 











ALTERNATING TorsION MACHINE. 


ment of the balanced lever on the left, which the 
torsion-meter B connects with the specimen ; 
the lever is actuated through a connecting rod, 
a variable eccentric, and a motor. The torsion- 
meter shows the elastic twist by the small angular 
movements of two mirrors M. This movement is 
about a horizontal axis at right angles to the axis of 
the specimen, but the mirrors move at the same time 
about the axis of the specimen through the same 
angle as the end of the specimen. The motion of 
each mirror is shown by a spot of light reflected 
from the mirror and focussed on the screen of the 
camera box above the machine. Each spot traces a 
continuous torsional stress-strain diagram. The 
specimen is given any initial torsional stress desired 
by an angular movement of an arm into which the 
end of the specimen is fixed on the right. The 
double set of mirrors automatically shows the static 
stress applied in addition to the alternating stresses. 
Three typical forms of stress-strain diagrams traced 
out by the mirrors are explained by Fig. 2, a, band c. 
In a non-elastic material, the straight lines of these 
diagrams would appear as hysteresis loops; any 
changes in the loops during the course of the test 
can be observed. The machine can be worked at 
2,000 stress cycles per minute ; exact speed control 
is unnecessary, because the stress on the specimen is 
independent of the speed. Endurance tests on steels, 
on a ten million reversal basis, indicate that the 
resistance to torsional fatigue is not greatly less at 
high mean stresses than for reversed stresses, 
although the superior stress limits in the former 
tests were well outside the proportional elastic 
limits, and, in some cases, outside the elastic limits 
of the specimen. Although the alloy steels 
(silico-manganese and chrome vanadium) gave, in 
tests pieces, 50 per cent. greater fatigue strength 
than the carbon steel, their performance was about 
the same in the form of laminated springs. These 
tests, however, are not yet completed, and an auto- 
matic control for the spring-testing machine has been 
constructed. Large Brinell test impressions on the 
spring leaves should be avoided as they are apt to 
start fatigue cracks. 


(To be continued.) 
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THE INSTITUTION OF NAVAL 
ARCHITECTS. 


On Monday last, about 6 p.m., the members of 
the Institution of Naval Architects arrived in Brussels 
to attend the Summer Meeting, In the evening 
a reception was held at the Fondation Universi- 
taire. In the absence of the Président du Lloyd 
Royal Belge, M. Francqui, Ministre d’Etat, the 
members and their friends, to the number of about 
one hundred and twenty, were received by Pro- 
fessor A Nerincx. After apologising for the un- 
avoidable absence of M. Francqui, Professor Nerincx 
mentioned the circumstances under which the 
Fondation Universitaire was founded, and ex- 
plained the nature of the work which was being 
carried out under its auspices. He stated that the 
Belgian authorities, in collaboration with Mr. 
Herbert Hoover, had decided to utilise the surplus, 
resulting from the funds of the relief commission, 
in the creation of an institution of a nature pre- 
viously unknown in any other country. Part of 
the funds available were used to erect the building 
in which the reception was being held, and which 
constituted an inter-university club for the pro- 
fessors of the four Belgian Universities of Ghent, 
Liege, Louvain, and Brussels, together with the 
School of Mines in Mons. The interest on the 
remainder of the fund was employed for the encour- 
agement of research in various directions, and for 
providing loans to enable suitable students, who 
would otherwise be unable to do so, to bring their 
studies to a successful issue. In completing his 
address of welcome, Professor Nerincx referred in 
complementary terms to the achievements of 
British naval architects, and remarked that it was 
significant that the term naval architecture was 
not employed in other countries, the expression 
naval engineer being used instead. 

His Grace the Duke of Northumberland thanked 
Professor Nerincx and his committee, on behalf of 
the members of the Institution, and said he felt 
that British naval architects might learn much 
from those of other countries, particularly those of 
Belgium. 

INTRODUCTORY PROCEEDINGS. 

The first meeting for the reading and discussion 
of papers was held at the Palais des Académies, 
Brussels, on the morning of Tuesday, June 22. The 
proceedings opened with an address by Mr. E. 
Anseele, of the Ministry of Railways, Marine 
Communications, and Telegraphs, who welcomed 
the members of the Institution to Belgium in the 
name of the Government, and wished them every 
success on their visit. 

The Duke of Northumberland, replying to M. 
Anseele, expressed the thanks of the Institution 
for the warm welcome which had been accorded 
to the members and their friends. He then briefly 
outlined the history of the Institution from its 
foundation sixty-six years ago. He said that the 
prosperity of the whole world was dependent on 
the progress made in naval architecture, and that 
it was most satisfactory to be able to state that, 
although the Institution was fundamentally British, 
it numbered amongst its members representatives 
from a large number of foreign countries. It was, 
in fact, hardly too much to say that the Institu- 
tion formed a League of Nations in a particular 
industry. He mentioned that the Institution had 
requested permission to ask His Majesty the King 
of the Belgians to accept honorary membership, 
the Kings of Norway, Sweden and Spain having 
already honoured the Institution in this manner. 


THe BELGIAN MERCANTILE Marine. 


His Grace the Duke of Northumberland then 
took the chair, and called upon M. A. Pierrard, 
C.B.E., the Director of the Belgian Marine, to read 
his paper on “The Belgian Mercantile Marine.” 
The paper is reprinted on page 770 of the present 
issue. 

The discussion was opened by Sir Archibald 
Denny, who referred to the long and intimate 
connection between the author of the paper and 
his firm, and mentioned the valuable work done by 
M. A. Pierrard while he was a member of the 
Conference on the Safety of Life at Sea which was 
teferred to in the paper. He thought that the 


latter was of great value, and trusted that the work 
of collaboration between the two Governments of 
Great Britain and Belgium would continue and 
increase. He particularly desired to draw attention 
to the author’s remarks on the principles of inter- 
national commercial intercourse, and said it was very 
regrettable that nations should from time to time 
introduce legislation discriminating against the 
fleets of foreign nations. 

Monsieur H. de le Paulle also spoke on the value 
of the principle of freedom for all, and the author 
then thanked Sir Archibald Denny for his kind 
remarks. 


THE RevaTivE EFFICIENCY OF TURBINE AND 
DreseL MACHINERY. 


In the unavoidable absence of Sir John Biles, 
Hon. Vice-president of the Institution, his paper 
on “ The Relative Commercial Efficiency of Steam 
Turbine and Diesel Machinery for Cargo Vessels ” 
was read by Mr. R. W. Dana, the secretary of the 
Institution. This paper is reproduced on page 771 
of this issue. 

In opening the discussion, Mr. Harold Yarrow said 
great advances had been made since Sir John Biles 
contributed his previous paper on the same subject, 
and there was every hope that in a few weeks 
results would be available from the new vessel fitted 
with high-pressure turbines and water-tube boilers. 
It was well known that the experimental vessel 
was to be fitted with boilers for a steam pressure of 
575 lb. per square inch, and, in addition to the 
information to be obtained from this ship, further 
data of great value would result from the experience 
gained from the two liners, which had just been 
ordered, and were to be fitted with boilers to work 
at 350 lb. per square inch. Mr. Yarrow pointed 
out that there was no difference between the hulls 
of these and vessels with normal steam plant, and 
that the difference between the turbines was very 
slight. The essential differences, in fact, were all in 
the substitution of high-pressure water-tube for ordi- 
nary boilers, and he thought that as more experience 
was gained with the former at sea the prejudice 
against them was likely to disappear. It was usual 
to compare the high-pressure system with that of an 
ordinary tramp steamer, but this was not quite 
fair, and a better comparison would be against the 
Diesel ship. If this basis were adopted, it might 
be argued that it was quite justifiable to pay for a 
higher degree of skill in the engine-room, as the 
higher cost would be offset against the increased 
efficiency. 

He thought that the comparisons between coal- 
burning and oil-burning ships given in the paper 
were most interesting, and suggested that develop- 
ments were likely in the direction of more efficient 
methods of coal burning on ship board. It was 
almost certain that mechanical stoking would have 
an increasing use on vessels, and it was now possible 
to visualise the employment of pulverised fuel at 
sea. Under such circumstances it might be anti- 
cipated that the plant would compare very favour- 
ably with the most economical Diesel installations. 

Professor Hogart said that the work of the author 
led to the very unexpected result that there appeared 
to be practically no difference as between the 
turbine ship with oil fuel and the Diesel-engined 
vessel. The coal-fired vessel did not show up so 
favourably, but the advantage of the Diesel on the 
whole was certainly not so great as might have 
been expected. The conclusions could only be 
regarded as of great value, both on account of the 
recognised authority of Professor Biles and on that 
of the fairness of the figures taken. The compari- 
sons had been based on technical and commercial 
considerations, and he would like to suggest that 
the human factor should also be taken into considera- 
tion. Labour troubles were much more likely to 
arise on vessels on which stokers were employed, 
and if looked at purely from the shipowner’s point 
of view, it might be desirable to modify the figures 
given in the table by multiplying each by a “ co- 
efficient of probability of labour trouble.” Of 
course, this argument would not apply if mechanical 
stoking or the use of pulverised fuel became common. 

Sir Eustace Tennyson d’Eyncourt mentioned that 
the paper appealed equally to the shipowner and the 





naval architect, and it would, therefore, be of value 


to obtain the views of the former. In conversation 
with owners, he found that many were still in favour 
of steam plant with coal. He thought that when 
high pressures were advocated by such men as 
Sir Charles Parsons and Mr. Yarrow, favourable 
results might be awaited with confidence, and he 
recalled that the first introduction of the steam 
turbine was accompanied by very similar conditions. 

Dr. Hele-Shaw inquired what would happen if 
the two systems of turbine and Diesel engine were 
merged into one another, as would occur on the 
successful development of the internal-combustion 
turbine. He said that a few years ago such a ques- 
tion could be regarded as of no practical importance, 
but the recent developments in alloy-steels capable 
of withstanding continuous high temperatures, were 
quite likely to lead to the successful development 
of such a turbine. 

Mr. W. J. Willett Bruce said that the subject of 
the paper was occupying the minds of many engineers 
at the present time. The internal-combustion engine 
was limited by considerations of size, and was not 
suitable for accelerated services across the Atlantic. 
He had in mind shaft horse-powers of 80,000 to 
90,000, and such powers imposed serious conditions. 
In the case of Diesel engines, he might quote the 
Asturias, with a shaft horse-power of 23,000, as 
having done exceptionally well, but there was a 
great gap between this and the figures he had 
quoted. In addition, it might be mentioned that 
the normal shaft horse-power of the Asturias would 
be about 18,000 or 19,000, whereas the larger vessels 
with the steam installation were always working 
up to full power. In connection with the manipula- 
tion and management of water-tube boilers, he 
thought that the mercantile marine were becoming 
gradually initiated into their satisfactory working. 
In the case of the Majestic, eight such boilers were 
in use, and it was satisfactory to record that over 
a period of nearly five years they had not experienced 
either difficulties or troubles arising from inexperi- 
ence in working. He felt certain that such boilers 
had a great future in marine service. 

The Secretary announced that he had received 
a written contribution to the discussion from 
Mr. J. W. R. Williamson, and that this would be 
incorporated in the transactions in due course. 

Sir Archibald Denny said he was confident that 
the water-tube boiler would not be opposed by the 
important shipping interests. He added that in 
connection with the remarks made regarding the 
two new vessels for which orders had been placed, 
he thought that he and Mr. Yarrow were entitled 
to a little credit for taking the first step with a much 
higher pressure. 

In summing up, the Duke of Northumberland 
expressed his disappointment that Sir John Biles 
was unable to be present to reply to the discussion, 
and said he felt the paper was a very valuable one, 
as it puts the comparison between the different 
forms of propulsion in the fairest possible way. 


Incyininc EXPERIMENTS. 


In the absence of the author, Professor William 
Hovgaard, the chairman called upon Mr. W. J. 
Luke to give a summary of the paper on “ Inclining 
Experiments on Ships of Small or Negative 
Stability.” The object of the paper is to discuss 
the accuracy with which the position of the centre 
of gravity of a ship can be determined by means 
of inclining experiments when the metacentric 
height in the upright position is small or negative. 
First the conditions under which the ordinary 
formule can be safely used are discussed; and, 
second, the cases where it is necessary to use more 
accurate formule. The method of carrying out 
the experiment in each case is described, and the 
requisite formule developed. The author’s method 
of obtaining a rigorous solution is to construct a 
curve of stability with great accuracy, corresponding 
to the displacement of the inclining experiment, 
extending from zero inclination up to a point 
including all angles of heel that are likely to be 
reached in the inclining experiment, say up to 
5 deg. or 10 deg. The author shows that in most 
modern battleships, which are fairly wall-sided 
in the region of the water-line, the error resulting 
from the employment of the usual formula is only 
about one-hundredth of a foot at angles from 
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1 deg. to 2 deg. The error does not become 
appreciable until the angle reaches some 5 deg. 
The error is also shown to be small in the case of 
most merchant ships, as in this case also the sides 
are vertical above and below the water line within 
the range of the inclining angle. A number of 
special cases are taken and discussed, and in one 
example it is shown that whereas the standard 
formula gives an initial metacentric height of 
1 ft., by the accurate method the height is shown 
to be — 1-0 ft. 

In opening the discussion, Professor Hillhouse 
said there was a great tendency in ordinary practice 
to work with accepted formule without making 
certain that they were entirely applicable to every 
case in which they were adopted. While agreeing 
that the author’s method was desirable in many 
cases, he was not clear how it was practicable to 
obtain an accurate curve of stability at inclinations 
of one or two degrees. The most important case 
of divergence between the approximate and accurate 
methods was that in which the ship was not upright. 
The example of this given in the paper was very 
illuminating, but had the error been in the other 
direction it would have been much more serious. 

Mr. Williams recalled a similar paper read before 
the Institution in 1904 and said a comparison of the 
two was interesting as showing how the same 
subject could be viewed from divergent aspects. 
He agreed with Professor Hillhouse that it was 
very difficult to obtain an accurate curve of stabilty 
when dealing with very small angles. Speaking on 
the same point Mr. Myard suggested the use of 
clinometers in preference to plumb-bobs. He said 
he believed that clinometers had been tried, but 
had not been found altogether satisfactory, but 
he thought this was possibly due to an unsuitable 
curve being adopted. If a curve approximating to 
the ordinary plumb-bob, say of 20 ft. to 30 ft., 
were adopted, he felt that the method was likely 
to give more accurate results. 

Sir Archibald Denny mentioned that his firm 
had adopted the clinometer with a curve of the 
type indicated, and the results were very satis- 
factory. He suggested that if at all possible it 
was better to start with a stable ship by filling 
any necessary tanks. 

The Duke of Northumberland expressed the regret 
of the meeting at the absence of the author, and then 
thanks to Mr. Luke for his summary of the paper. 
This ended the proceedings at Tuesday’s meeting. 

(To be continued.) 








EDUCATION OF INDUSTRIAL 
WORKERS. 

Trstimony to the value of well-trained employees 
in industry was well afforded in a paper on “ What 
Education is doing for the Gas Industry,” which 
Mr. F. W. Goodenough presented at a conference 
of the Association for Education in Industry and 
Commerce at Birmingham on Thursday, June 10. 
There was now a complete scheme of education in 
operation for every class of worker in the gas 
industry, culminating in the work done in the 
modern universities, where scientific education has 
ever been the main line of their development. Prior 
to the institution of the scheme, by which the 
organised industry, the individual gas undertakings 
and the students co-operate in meeting the expenses, 
there were some large gas companies, which did 
much to encourage their young men to take full 
advantage of the educational facilities then avail- 
able for them. Mr. Goodenough, as the head of a 
department of the Gas Light and Coke Company, 
employing some five thousand men, has had 
experience of the value of educational training 
over a period of twenty years. From this experience 
he has come to the conclusion that money spent 
upon properly-devised and efticiently-operated 
schemes for the education of both adolescent and 
adult employees is a thoroughly sound and highly 
remunerative investment. It so much increased 
the value of the employees that they found that it 
was possible to promote to staff positions of import- 
ance a higher percentage of the young men entering 
their service from elementary schools, than they 
could find worthy of promotion before their educa- 
tional schemes came into operation. The British 
worker was highly responsive to genuine efforts 


to aid him in his self-development and advance- 
ment, to practical evidence of goodwill towards 
him, and especially to the knowledge that he could 
win promotion through merit, and in no other way. 








LETTERS TO THE EDITOR. 


THE RESISTANCE TO FLOW OF 
WATER IN A CORRUGATED PIPE. 
To tHe Epitor or ENGINEERING. 


Str,—With reference to Major Low’s letter in 
your issue of June 11, my claim,is not by any 
means that the form of the result is the same for 
laminar and turbulent flow, but that it makes no 
difference to the final expression whether in the 
dimensional reasoning we choose 7 = pv? or 7 = “. 
and I was careful to emphasize that recourse to 
experience was necessary to determine the form of 
the function ¢. 

Your view that gravity may be omitted when it 
does no work, or has no work done against it, is 
suggestive and helpful, but the number of problems 
in hydraulics for which this is true is limited, and 
even here it seems to me that real assurance lies in 
experience. 

Stokes pointed out that a conservative system 
of external forces adds in effect the quantity 
e f (Xdx + Ydy + Zdz), which includes gravity, to 
the pressure, and, by extending the significance of 
the symbol p to include this, he was able thereafter 
to omit terms representing external forces for the 
sake of simplicity. In a later discussion of viscous 
laminar flow he explains that gravity “is balanced 
by the variation of hydrostatic pressure due to it,” 
but I am unable to find evidence that he regarded 
gravity as superfluous in the general case. I should 
perhaps explain that this point is of direct interest 
to me in reference to some experimental results with 
an orifice which show the coefficient of discharge, 


when plotted against values of =, to diverge from 


a single curve under certain conditions to an extent 
which cannot easily be explained in terms of surface 
tension. 
Yours faithfully, 
H. W. Swirt. 
The University, Leeds, June 15, 1926. 








THE LATE MR. H. E. JONES. 


Tre death is announced from Melyniog, Llansant- 
ffraid, of Mr. Herbert Edward Jones, who was for over 
twenty years the locomotive, carriage, and wagon 
superintendent of the Cambrian Railways. At the 
time of his decease—Sunday, June 20—he was in his 
seventy-second year. 

Mr. Jones was the son of the late Charles Henry 
Jones, of Huddersfield, one of the original directors of 
the Lancashire and Yorkshire Railway. He was 
educated at Huddersfield College and in Geneva, and 
commenced his railway career when he entered the 
Derby works of the Midland Railway, as a pupil at 
the age of eighteen, in 1872. When his pupilage was 
concluded, he became attached to the carriage and 
wagon department, and took an important part in a 
series of trials of continuous brakes. Later he was 
given the charge of the installation of an extensive 
hydraulic plant.at the goods depot of the Midland Rail- 
way at the Victoria Docks, London. On the completion 
of this work, Mr. Jones went to Brecon as district loco- 
motive superintendent. Promotion soon followed and 
took him to Toton, and, in 1881, to Manchester, where 
he remained until appointed locomotive, carriage and 
wagon superintendent of the Cambrian Railways in 
1899. Mr. Jones was elected a member of the Institu- 
tion of Mechanical Engineers in 1881. 








Fuasu-Pornt Apparatus FoR Or Fuet.—The Board 
of Trade regulations contained in their Circular 1647 
require passenger steamships, using oil fuel, to carry an 
apparatus for determining the flash point of the oil fuel 
supplied to the ship. It is stated in Circular 1661, 
recently issued by the Mercantile Marine Department of 
the Board of Trade, that a standard apparatus is now 
available. It is designed for testing petroleum having 
a flash point above 120 deg. F., and is described as the 
‘“‘ Standard Pensky-Martens Tester ” ; it will be certified 
by the National Physical Laboratory. The apparatus 18 
now on sale, and where new apparatus for this purpose 
is required for use on passenger ships, it must be of a 
type tested and certified by the National Physical Labora- 
tory, such as the Pensky-Martens type. No objection 
will be raised to the continued use of apparatus which has 
already been supplied, provided it conforms to the 
requirements of Circular 1647. Copies of Circular 1661 








may be obtained from H.M. Stationery Office, Adastral 
House, Kingsway, London, W.C.2, price Id. net. 
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ROYAL METEOROLOGICAL SOCIETY. 


THE last monthly meeting of this Society for the 
present session was held on Wednesday, June 16, 
at the Society’s Rooms, 49, Cromwell Road, South 
Kensington, with Sir Gilbert T. Walker, C.S.1,, 
F.R.S., President, in the chair. 

Three papers were read and discussed : —The first 
entitled ‘‘ Report on the Phenological Observations in 
the British Isles, 1925,” by J. E. Clark, I.D. Margary 
and R. Marshall, stated that that year illustrated 
strikingly how easily extreme conditions might cancel 
out each other if the year was taken as a whole. 
December, 1924, and November, 1925, stood out, one 
as the mildest for many years, the other among the 
coldest. May gave extremes of warmth and cold and 
was very wet. June drought and heat were extreme. 
Yet the year was exactly normal in temperature and 
so too was the mean date of flowering. Migrants were 
only a day late. The tree fruit was doubly hit. Early 
blooming after the warm winter exposed it to the 
inclemency of late April and May. Then June drought 
was fatal to young fruit set badly and also to later 
sown crops. Hay, early sown grain, and roots including 
potatoes, did pretty well where weather permitted 
fair harvesting, but sunshine after mid-July was 
lacking. Normal plant progress was uneven in various 
districts, lines of equal unseasonableness showing 
some districts very early, others as much later. The 
spread over the British Isles of the cuckoo compared 
to the swallow, shows that passing westward to Ireland 
from §.E. England its lag behind increases from 2 to 
10 days. But northwards to Berwick it loses only 
three days and then begins to catch up, finally reaching 
north Scotland a day early on the average of 35 years. 

The second paper, a “ Report on Winter Thunder- 
storms in the British Islands from January 1 to 
March 31, 1925,” by S. Morris Bower, stated that the 
results of the thunderstorm census showed that, in 
1925, February was the stormiest month in England 
and Wales, while January was most disturbed in Scot- 
land and Ireland. The distribution maps for England 
and Wales, showed the stormiest areas were mainly 
on or near the south coast, the southern parts of Sussex 
and Surrey being very pronounced. The final paper 
by Edward Kidson on ‘“‘ Abnormal Rates of Ascent of 
Pilot Balloons in the Lower Levels of the Atmosphere 
at Melbourne,” discussed observations extending from 
1922-25 and gave tables showing respectively (1) rapid 
ascending currents in the atmosphere and (2) low rates 
of ascent. These tables showed that both rapid ascend- 
ing currents and low rates of ascent most frequently 
occurred in the months of September to February 
inclusive, that was in the months when the land was 
warmer than the air and sea. The rapid ascending 
currents were encountered with the greatest relative 
frequency at 11-00 hrs. and the least at 9-30 hrs. 
With the low rates of ascent the greatest and least 
relative frequency were at the same hours. It was 
suggested that the low rates of ascent were very largely 
the result of turbulence, the balloon being caught 
in the ascending portions of eddy currents. 





THE OPTICAL SOCIETY. 


At a meeting of the Optical Society, held at the Im- 
perial College of Science and Technology, South Ken- 
sington, on Thursday, June 10, 1926, the following 
papers were presented and discussed : 

“The Distribution of Light in Elementary Optical 
Images,”’ by Dr. L. C. Martin. The paper presented the 
results of a series of calculations on the distribution of 
light near the “star focus”’ of a centred lens system 
in the following cases: (a) Freedom from aberration, 
(6) Primary spherical aberration, (c) Zonal spherical 
aberration. In the two latter cases the condition 
chosen was that when the least residual phase differ- 
ences amounted to 7/2. The characteristic extra 
focal effects were determined, and the effect of primary 
spherical aberration on resolving power was discussed. 
In the case of zonal aberration, the greatest axial 
intensity was not found at the focus giving least phase 
residuals. In both cases of aberration a concentration 
closely resembling, in some respects, the ‘“ Airy” disc 
characteristic of zero aberration was found. These 
results were an extension of those previously obtained 
by Conrady and Buxton. 

“The Stationary Value of Axially Symmetric 
Functions,” by T. Smith. The formula for the station- 
ary value of a function was put into a form which 
shortened the calculations involved in applying it to 
functions possessing special kinds of symmetry, 
such as that corresponding to symmetry about an axis. 

“Note on the Criterion for the Best Position of 
Focus” by T. Smith. The position in which the amount 
of energy within the first dark ring of the diffraction 
image of a point is a maximum was suggested as not 
unlikely to correspond to the best focus found by 
visual observation in the presence of moderate amounts 








of aberration. 
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LABOUR NOTES. 


Tue texts of the measures in which the Government 
seek powers to deal with the present situation in the 
coal mining industry were issued on Tuesday. The 
Bill to amend temporarily the Coal Mines Act, 1887 
to 1919, with respect to the hours of employment 
below ground, is a short one. According to its pro- 
visions, Section 3 of the Coal Mines Regulation Act, 
1908, is to have effect as if the words ‘on not more 
than 60 days in any calendar year” and sub-section 
(2) are omitted. The new Act is to continue in force 
for a period of five years. The Reorganisation Bill 
has seventeen clauses, but only one or two of them 
have a direct bearing on the labour question. It is 
proposed that a shilling in the pound on mineral 
rights duty and mineral wayleaves shall go to a miners’ 
welfare fund to provide accommodation and facilities 
for workmen taking baths and drying clothes at the 
pits. The Ministry of Labour is to be given powers 
in regard to the regulation and restriction of recruit- 
ment of men to the industry, and penalties are to be 
imposed for contraventions. The Act is to remain 
in force until the end of 1929, and under it profit- 
sharing schemes are to be lawful. 





The original intention of the Government was to 
take the second reading of the Hours Bill this week, 
and that of the Reorganisation Bill next week; but 
on Monday it was announced in the House of Commons 
that it had been decided to alter the order of procedure 
and take the longer measure first. The Reorganisation 
Bill was taken on Wednesday. On behalf of the 
Labour Party, the following amendment, of which 
notice had been given by Mr. Hartshorn and Mr. 
William Graham, was moved :—‘ That this House, 
believing that a comprehensive policy of. unification 
in the coal industry under public ownership and con- 
trol, with progressive development of the scientific 
treatment of coal, is essential to secure the prosperity 
of the industry and the interests of the public, declines 
to assent to the second reading of a Bill which not 
only fails to provide for systematic unification, but 
also, by leaving amalgamation to the voluntary act of 
the owners without compulsion in case of default at 
the end of a specified period, and by omitting any 
provision for the transfer of minerals to the State, 
the establishment of selling agencies and the muni- 
cipal sale of coal, disregards the recommendations of 
the Royal Commission.” The amendment was, after 
discussion, rejected by 336 to 147, and the Bill was 
read a second time. 





When the second reading of the Hours’ Bill is taken 
on Monday or Tuesday next, the following amend- 
ment is to be moved by Mr. Stephen Walsh :—‘‘ That 
this House declines to assent to the second reading 
of a Bill which, aiding and abetting the employers’ 
demand for an extension of the working hours of the 
coal miner, provides no remedy for, but will aggravate, 
the present difficulties of the coal industry, is calcu- 
lated to embitter and prolong the existing dispute, 
and is directly contrary to the recommendations of 
the Royal Commission.”’ 





On Wednesday the General Council of the Trades 
Union Congress announced that, acting in conjunction 
with the representatives of the Miners’ Federation, it 
had decided to postpone the conference of executive 
councils called for to-day to receive the report of the 
General Council “‘ on its policy in the recent national 
stoppage.” The reasons given for the postponement 
were “the attacks which the Government and the 
employers are making to reduce the standard of life 
of the workpeople, and, in particular, the decision of 
the Government to pass legislation for increasing the 
hours of labour in the mining industry in direct oppo- 
sition to the report of the Coal Commission.” In 
these circumstances, it was considered to be “‘in the 
interests of the miners and the movement as a whole ” 
that the conference should be postponed until after the 
mining dispute is settled. A united policy was impera- 
tive, it was declared, “ to resist to the fullest possible 
extent the Government action.” ‘ The General Council 
and the Miners’ Federation,” it was added, “ regard it 
also as of the greatest importance at this juncture that 
all sections and parties should avoid statements, either 
in speech or writing, which create friction and mis- 
understanding and divert attention from the purpose 
m view.” 





__A resolution passed at the quarterly meeting on 
Tuesday of the Central Council of the National Union 
of Conservative and Unionist Associations “ urges his 
Majesty’s Government to introduce early legislation to 
restore freedom of action to British workers, to secure 
for them the right to work, and to absolve them from 
penalties for non-compliance with a strike order unless 
their individual opinions on the matter in dispute have 
been sought by a secret ballot.” Another resolution 
adopted calls upon the Government to amend the 


Trades Disputes Act, so as to provide (1) for all trade 
unions to be registered under the Trade Union Acts, 
(2) for a properly conducted ballot of members to be 
taken before declaring a strike, (3) for proper legal 
notice terminating contracts to be given before a strike 
can be declared, and (4) for an annual return to be 
made to the Registrar of Friendly Societies, the 
accounts to be audited by a public auditor. A resolu- 
tion inviting the Government forthwith to repeal the 
Trades Dispute Act of 1906 and the Trade Union 
Amendment Act of 1913 was also adopted after an 
amendment to insert the words “ or amend ”’ after the 
word “‘ repeal ’”? had been rejected by a small majority. 





Only one of the matters dealt with by the Ship- 
building Joint Committee in the second stage of its 
investigation can be regarded as a Labour question. 
The complete report—which was issued on Monday— 
contains a section embodying information provided by 
the Ministry of Labour relating to the cost of living and 
the effect on it of the wages paid in the trades whose 
products are taken into account in arriving at the 
official index figure. The Ministry pointed out, it is 
stated, that the available information was in nearly 
every instance limited to standard or minimum rates 
fixed by agreement or arbitration, or under the Trade 
Board Act, and that it was possible that alterations of 
machinery and methods in industrial organisations and 
systems of remuneration over a period of twelve years 
had resulted in appreciable changes in the general level 
of wages in some industries. On that account, the 
Ministry suggested, the information should not be 
regarded as more than a rough indication of the com- 
parative levels of wage rates before the war and at the 
present time. In an appendix details of the wages paid 
in various industries are contrasted with those paid 
in shipbuilding. While the weekly wages of ship- 
wrights have risen from 41s. 4d. to 55s. 7d. since 1914, 
those of bakers have increased from 37s. 6d. to 70s. per 
week. The wages of the more highly paid men in the 
boot and shoe manufacturing industry have risen from 
30s. to 60s. per week, and those of railway engine 
drivers from 40s. 6d. to 87s. 5d. per week. And while 
the wages of labourers in shipyards have increased from 
22s. 10d. to 38s. 5d. per week, those of goods porters and 
permanent way labourers on the railways have risen 
from 22s. to 50s., those of labourers in the employment 
of municipal authorities from 26s. 9d. to 53s. 7d. per 
week, those of gasworks’ labourers from 25s. 8d. to 
52s. lld. per week, those of labourers in electricity 
supply undertakings from 26s. 6d. to 51s. 1d. per week, 
and those of dock labourers from 6s. Id. to 12s. 3d. 
per day. 

With regard to the effect of these wages on the cost 
of living the Ministry, while explaining that the con- 
siderations entering into price levels were so varied 
that it was not possible for them from the materials at 
their disposal to make a precise analysis, stated that 
broadly the wage reductions which had taken place 
from the peak of 1920 to the present levels in the services 
relating to the cost of living items had been reflected 
in a lowered cost of living. On this section of their 
investigation the Joint Committee pronounced as 
follows: ‘“‘In view of the extent to which the wage 
rates of workers in shipbuilding and other heavy 
industries are still further depressed by the continued 
high cost of living, we agree to urge the Government to 
consider what steps can be taken to effect a substantial 
reduction in the elements entering into the cost of 
living items, and thus increase the purchasing power 
of wages generally.” 

The Central Board of the Shipbuilding Employers’ 
Federation has formally adopted the complete report. 


Ata meeting in York on Friday last week representatives | 


of the trade unions considered it, but as the full 
executives of some of the organisations were not present 
it was decided to defer a definite decision in the matter 
until another meeting. 





In the course of a statement to representatives of 
the foreign press at Warsaw, on Friday last week, M. 
Kwiatkowsky, the Polish Minister of Trade and Com- 
merce, declared himself in favour of the ‘‘ extension ”’ 
of the eight-hour day to nine and ten hours in certain 
branches of industry, especially iron and steel, in order 
to compete with Germany. 





According to the Ministry of Labour Gazette, employ- 
ment was seriously affected in the first half of May by 
the general strike, and subsequently by the increasing 
shortage of fuel resulting from the stoppage of work in 
the coal-mining industry. In most of the large coal- 
using industries employment was bad, and, in many 
industries—particularly iron mining, and pig-iron, 
iron and steel, tinplate, and pottery manufacture 
—a large number of works were either closed down 
or working a considerable amount of short time at the 





end of the month. Among the 11,892,000 workpeople 





insured against unemployment under the Unemploy- 
ment Insurance Acts in Great Britain and Northern 
Ireland, the”percentage unemployed at May 24, 1926, 
was}14-5, as compared with 9-2 at April 26, 1926, 
and 10-9 at May 25, 1925. Among the members of 
those trade unions from which returns were received, 
the percentage unemployed was 13-2 at the end of 
May, 1926, compared with 10-0 at the end of April, 
1926, and with 10-1 at the end of May, 1925. Work- 
people in the coal-mining industry who ceased work on 
account of the dispute are not included in the later 
figures. 

In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during May resulted in a reduction of over 20,0001. in 
the weekly full-time wages of nearly 240,000 work 
people, and in an increase of 3,9001. in those of over 
25,000 workpeople. Among the largest groups of 
workpeople affected by reductions were steel smelters 
and millmen in various districts in England and 
Scotland. The reduction in steel works, which did not 
apply in the case of lower-paid adults, affected over 
30,000 workpeople and amounted generally to about 
3 per cent. on current rates. Other bodies of work- 
people whose wages were reduced included iron puddlers 
and millmen in the North of England and Scotland, 
blastfurnacemen in Cumberland, North Lincolnshire 
and Scotland, and Siemens steel workers (except lower- 
paid men) in South-West Wales. The increases 
affected principally building trade operatives at Liver- 
pool and Birkenhead, iron ore miners in Cumberland 
and workpeople employed in the explosives industry. 
During the first five months of 1926 the changes reported 
to the department in the industries for which statistic 
have been compiled, have resulted in net increases 
amounting to 14,800/. in the weekly full time wages of 
116,000 workpeople, and in net reductions of 52,0001. 
in those of 520,000 workpeople. 





The Gazette states that the stoppage in the coal- 
mining industry has involved about 1,075,000 work- 
people. The industries most affected by the general 
strike were transport, printing, building and iron and 
steel. Statistics relating to this strike are not suffi- 
ciently complete to enable a precise calculation to be 
made of the number of workpeople who took part in 
it, but they probably numbered about 14 to 1} million. 
In addition to the coal-mining stoppage and the general 
strike, 17 other disputes, all of which were relatively 
small, were reported to the Ministry of Labour as 
having begun in May in Great Britain and Northern 
Treland, and 18 disputes which began before May were 
still in progress at the beginning of that month. The 
number of workpeople involved in these 35 smaller 
disputes in May (including workpeople thrown out of 
work at the establishments where the disputes occurred, 
but not themselves parties to the disputes) was about 
18,000 and the estimated aggregate duration of these 
disputes in May was about 114,000 working days. — 





TuE Ministry of Labour states that on June 14, 1926, 
there were 1,629,900 unemployed persons on the 
registers of Employment Exchanges in Great Britain, 
of whom 1,224,000 were men, 45,100 boys, 315,000 
women, and 45,800 girls. On June 7, 1926, the number 
was 1,609,119, of whom 1,207,864 were men, 45,326 
boys, 308,915 women and 47,014 girls ; and on June 15, 
1925, it was 1,280,370, of whom 1,011,467 were men, 
34,767 boys, 207,228 women and 26,908 girls. The total 
of 1,629,900 includes 80,300 ‘‘ persons normally in 
casual employment.” No account is taken in the 
reckoning of the totals of ‘‘ persons who ceased work 
in the coal-mining industry on account of the dispute.” 





A new agreement, provisionally arrived at by the 
Building Trades Employers’ National Federation and 
the operatives’ organisation, has. been submitted to the 
various districts for confirmation. It embodies several 
slight modifications of the old terms, and provides for 
stabilisation of wages for another twelve months at the 
present rates. Certain sections of the operatives 
inclined to press for increases of wages ; but it has been 
pointed out to them that nearly every class of building 
labour which is unaffected by the coal stoppage is 
getting more money than at any previous period in the 
history of the British building trades. 





THe WatTeR Suppty or Ciray Cross, DERBYSHIRE.— 
The Urban District Council of Clay Cross, Derbyshire, 
has applied to the Ministry of Health for sanction for 
a loan to augment the water supply of the locality. 
It is proposed to sink a further borehole in Press Lane, 
Ashover, Derbyshire, from which it is hoped to obtain 
a yield of at least 100,000 gallons a day. A new intake 
from the Press Brook is also under consideration ; 
this water will be subjected to bacterial and mechanical 
filtration before it enters the mains.. A new 1,000,000- 
gallon reservoir is also contemplated. The scheme has 





been prepared for the Council by Messrs. W. H. Radford 
and Son, Nottingham. 
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4-8-2 TYPE LOCOMOTIVE FOR THE SOUTH AUSTRALIAN 


RAILWAYS. 


OONSTRUCTED BY MESSRS. SIR W._G. ARMSTRONG, WHITWORTH AND O©O., LIMITED, ENGINEERS, NEWCASTLE-ON-TYNE. 
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joint, coupled with the rack gear on the engine. The 
shaft is shown in Figs. 61 and 62. At the front end 
of the trough, on the upper side, is a cover provided 
with crusher teeth. Against these the coal is worked 
by the conveyor and reduced to suitable size for 
firing. The conveyor feeds two screw elevators set 
Vee-shaped on the boiler back head, and connecting 
with two holes provided with rings, like small fire holes. 
These are shown in Fig. 49. The elevators work 
alternately, being driven by pawl and ratchet motion 
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from the engine rack; one works on the out stroke 
of the piston and the other on the reverse. Near 
the head of each elevator is a branch projecting into 
the fire-box. The mouth of this is fitted with peculiarly 
shaped top and bottom lips devised to scatter the coal 
which, as it is raised by the elevator, is propelled into 
the fire-box, through the branch piece, by means of 
steam jets. 

The grate is of the rocking type with front drop 
section. The ash pan is of the hopper type with 
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pneumatically operated doors. The smoke-box is of 
the extended type. It is arranged with an ash ejector. 
The front plates are fitted with hinges, and hinged 
doors, the latter bedding into an asbestos-packed recess 
in the door ring. The chimney is fitted with an adjust- 
able petticoat. 

The boiler is fed by means of two Nathan injectors 
delivering to the top of the barrel. Two steam gauges, 
two reflex water gauges, and a thermo-electrie pyro- 
meter are provided. In addition a Pyle Nationa 
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electric headlight is provided, as well as electric lamps 
for lighting the cab fittings. A ‘‘ clear vision’? window 
is fitted on each side of the cab. A Flaman speed 
recorder is fitted to one engine of the class. 

The tender frame is of rolled steel sections with 
plate and angle stretchers, and cast-steel bogie centre 
pivots. The four-wheeled bogies are of the equalised 
pedestal type, with swing link bolsters and roller 
side bearings. The capacity and other particulars of 
the tender were given in the article in our issue of 
April 16, above referred to. 

The view reproduced in Fig. 65 above is given as a 
fitting conclusion to this description. It illustrates 
the M.S. Belray loaded with the locomotives built by 
Messrs. Sir W. G. Armstrong, Whitworth & Co. for 
the South Australian Railways, and is the more 
interesting since this vessel was both built and engined 
by the same firm, the loading operation being 
performed by the large Armstrong-Whitworth crane 
at the Elswick works. 





THE BELGIAN MERCANTILE MARINE. 
By A. Prerrarp, C.B.E.* 


MariTIME transport may be viewed as an industry 
which is of interest to the world as a whole, and the 
characteristics of any merchant marine are applicable 
to others, whether the fleets be large or small. The 
periods of good and bad trade which all go through 
proceed from the same causes, but with this proviso, 
that special features occasionally arise due to political 
or economical reasons in the different countries. 

In 1914 Belgium owned a small merchant fleet of 
125 vessels, having a total of 339,748 gross tons. 
But, notwithstanding its small size, this fleet warded off 
the threat of famine from the country during the war 
period, and greatly reduced the sufferings of the people 
by ensuring the delivery of the goods supplied by the 
Commission for Relief in Belgium, which was very short 
of tonnage. At the commencement of hostilities all 
our ships were held up in the various ports where they 
had taken shelter, and in this connection it should be 
remarked that our current insurance policies did not 
cover war risks. Belgium being a“ treaty country ’— 
a country ever neutral—no one had considered the 
eventuality of a naval war or the consequences which 
such a war would involve. It was only at the begin- 
ning of August, 1914, that the question of insurance 
against war risks was for the first time sprung upon the 
Belgian nation. The proolem was surrounded with 
great difficulties, one of these being the comparatively 
small numerical importance of the fleet, which did not 
allow of the owners joining together to form an effective 
association. The situation was saved in London. 
The Board of Trade—to whom we owe a debt of deep 
gratitude—came to our assistance and helped us to 
establish the ‘‘ Belgian Government War Risks Associa- 
tion,” which functioned during the whole time the 
war lasted as an adjunct of the British Government 
War Risks Insurance Office. 

This first step had immediately to be followed by 
another, the prevention at all cost of the denationalisa- 





* Paper read at the Summer Meeting of the Institution 
of Naval Architects in Belgium, June 22, 1926. Abridged. 
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tion of the fleet, or, in other words, to prevent our ships 
passing from the Belgian flag to another. Our Govern- 
ment, then sitting at Havre, was the first amongst the 
Allied Powers to decree that no ship should be sold to 
a foreign country. Before the war, moreover, there 
was no Belgian law empowering the State to requisition 
all sea-going ships. This also had to be provided for, 
not so much with a view to give the State the legal 
means to compel shipowners to contribute to the 
public safety as to protect both the latter and the 
State—thanks to the clause inserted in every charter- 
party under the heading ‘“ Arrest and restraint of 
princes, rulers, and people ”—against claims by third 
parties following a forced cancellation of long-term 
freight contracts which had been entered into in the 
case of a number of Belgian vessels. A decree signed 
by the King soon placed all ships in the re-victualling 
service, both for the Army and for the civilian popula- 
tion of the occupied regions. The retaining of her 
merchant fleet proved a great boon to Belgium, as 
the general shortage of tonnage from 1916 onwards 
became so acute that the Allied Powers were all 
compelled to reserve their tonnage exclusively for their 
own use. In this connection it may be noted that, 
whilst Great Britain and the United States were able 
both to build new ships and to repair their damaged 
ones, and France and Italy also, although in a lesser 
degree, Belgium, being deprived of her territory and 
of her shipyards, could do nothing but watch in utter 
dismay the loss of her vessels one after the other ; 
35 per cent. of her tonnage and over 10 per cent. of 
her crews were lost during the war. 

Fortunately, Belgium owned a reserve of tonnage on 
which she had not counted at first, and which was 
rescued in much the same way as some articles of one’s 
belongings are occasionally saved from a fire ; I allude 
to the Ostend—Dover packet-boats. These had been 
actively employed at the time of the Yser battle, both 
in evacuating the Belgian wounded to the French 
western ports or to the British Channel ports, and for 
revictualling the troops. Their réle appeared to have 
come momentarily to an end when circumstances 
rendered them once again of very great value. England 
had need of steamers of this class for transporting her 
armies to France and for repatriating her wounded. 
Our mail-boats were rapidly converted into troop and 
hospital ships and placed at the disposal of the British 
authorities. Over two million men and half a million 
wounded were carried in these vessels across the 
channel. In exchange, Great Britain placed at our 
disposal such merchant tonnage as we required. The 
balance-sheet of these reciprocal loans of tonnage 
between the two countries resulted in a credit balance 
in favour of Belgium. Another instance of the soli- 
darity between the small navy of Belgium and the 
much larger British Navy was the fact that a British 
torpedo-boat conveyed H.M. King Albert back to 
Ostend after the final offensive, whilst Marshal Haig 
and his staff crossed to England on the Belgian ship 
Jan Breydel after the signing of the Armistice. Further, 
the Belgian vessels were armed at the same time as 
the British, their hulls were camouflaged, and they were 
fitted with anti-submarine devices, smoke-screens, &c., 
and their crews were initiated into the secrets of 
war-time navigation, all with the aid of Great Britain. 
Never before had there been closer association between 








two nations for mutual protection, and this lasted 
throughout the greatest war which the world has ever 
experienced. 

After the armistice, when shipping was once more 
free and sales of ships were no longer prohibited, 
the size of the Belgian fleet rose at one time to, 201 
ships with a total of 543,723 tons gross. At] the 
present day, owing to the business crisis which’ has 
now lasted five years, and is felt in London and 
Liverpool as well as in Antwerp, the Belgian marine 
is reduced to 156 ships, having a total of 486,000 tons 
gross. The causes of this unprecedented crisis are 
well known. There is, on the one hand, an excess 
of tonnage throughout the world, the total having 
increased from 42,500,000 tons in June, 1914, to 
59,000,000 tons; whilst, on the other hand, overseas 
traffic has not reached the magnitude of pre-war 
years, while cost of fuel, wages and harbour dues 
calculated on a gold basis have increased by 50 per 
cent. during the same period. These facts were bound 
to have the same effect everywhere. Remedial 
measures in different countries have, generally speaking, 
been similar. All shipping companies have endeavoured 
to lower their working costs, and the whole period of 
crisis has been one of attempted adaptation to new 
conditions. In some countries the Government has 
intervened by helping shipping and shipbuilding to 
bridge over the period by means of subsidies, but in 
Belgium no such aid has been forthcoming. A law 
on the lines of the British Trade Facilities Act would 
have been welcomed by Belgian shipbuilding firms. 
There are in the country two yards having a certain 
importance, but their orders for ships have been as 
few and far between as those of British yards. The 
struggle is, and will for many years remain, a hard one, 
both in shipbuilding and shipping. Improvements in 
both design and equipment, adapted to the different 
kinds of traffic, are being effected. For example, a 
great expansion in motorship construction is taking 
place, the world tonnage of this class of ship having 
risen from 234,000 tons in 1914 to 2,750,000 tons. 
Belgium also has given attention to the building of 
ships of this type. 

Besides the difficulties of a more general character 
which shipowners have to solve, there are in some 
countries temporary or permanent difficulties specially 
due to that country’s economic condition. In Great 
Britain the crises in the coal trade exports have 4 
detrimental effect upon shipping freights. In Belgium 
our mercantile ships are handicapped by the great 
prosperity of the port of Antwerp. This may appear 
at first sight somewhat paradoxical, but the anomaly 
is easily explained. The Belgian authorities have 
always acted upon broad principles in the matter of 
overseas trade. The Belgian ports are open to all 
flags, and no discrimination has ever been made 
against other nationals. Over two hundred regular 
lines have headquarters in Antwerp, and of the 
20,000,000 tons entering in 1925 over 7,555,576 tons 
were carried in British ships. The large number of 
regular sailings added to the fact that the harbour 
dues are very low and labour is good, have made 
Antwerp the cheapest of all ports. This cheapness is 
an important element of prosperity for the export 
trade; but, on the other hand, these favourable 
conditions have placed national shipping in a position 
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of inferiority compared with that of other countries. 
The Belgian lines which start from Antwerp take 
freights of low value, whilst the foreign ships which 
start from other ports only call at Antwerp to complete 
their cargoes, their chief goods being carried at com- 
paratively more remunerative rates. Be this as it 
may, one essential fact has to be borne in mind, viz., 
that a shipping industry working for the ascendancy of 
its flag, becomes incorporated in the world trade, and 
the profit gained by private interests is conducive to 
the general prosperity. The first principle in regard to 
international commercial intercourse, therefore, can be 
laid down as freedom for all, without protective 
measures, direct or indirect in favour of the few. By 
the natural play of the laws of economics the whole 
world benefits by this freedom. Belgium has always 
understood it thus, and has always applied the policy 
thus enunciated, save in the one specific instance 
created by the late war. 

As already intimated the Belgian losses due to the 
German submarines were terrible, and at one time 
the Belgian Government appeared to be faced with 
the dark prospect of regaining .her territory after 
peace without any means of carrying the necessary 
overseas trade for reconditioning the country. An 
occasion presented itself for the formation of a fleet 
which, whilst not a State fleet, like that of the American 
Shipping Board or that of the French Ministry of 
Commerce, was nevertheless at the disposal of the 
Government. Belgian shipowners, while refugees in 
London, had formed under the British flag a shipping 
concern Owning 24 ships having a total of 159,000 
tons d.w. The Belgian Government could not re- 
quisition these ships since they were under a foreign 
flag, nor was it able to prevent their sale. In order 
to acquire them definitely when the restrictive measures 
which prevented their transfer were lifted, the Belgian 
Government agreed to advance to the owners 
100,000,000 francs in two instalments in the form of 
4 per cent. State bonds. This was the origin of the 
Royal Belgian Lloyd, which at one time owned 
86 ships of a total of 209,145 tons gross. This concern, 
like certain plants whose life continues but for a short 
time, had too rapid a growth; it had acquired at 
too high a cost a certain number of standard ships, 
and was severely hit by the crisis which followed the 
boom of 1919-20. It had to be financially reorganised 
several times, and, on the last occasion, not very 
long ago. 

Following the murderous strife of the Great War, 
the world is now engaged in a struggle equally severe 
in the field of economics. It is necessary, as already 
stated, that the principles of freedom and equality 
should be maintained; and, further, that those 
countries which understand each other and have 
held one another in esteem through their war-time 
co-operation should continue in the same close asso- 
cation in peace time. The great British nation helps 
Belgian maritime interests by organising lines to the 
Belgian ports, and by applying to Belgian shipping 
her own national laws. To continue this policy of 
free competition and international assistance is to 
contribute to the well-being of all nations. 





THE RELATIVE COMMERCIAL EFFI- 
CIENCY OF STEAM-TURBINE AND 
DIESEL MACHINERY FOR CARGO 
VESSELS. * 

By Sir Jonn Brrzs, K.C.1L.E., LL.D., D.Sc. 

Tue object of this paper is to provide a simple 
financial comparison between the two most economic 
forms of propulsion, viz., Diesel engines and high- 
efficiency turbines, as applied to cargo vessels of 
from 8,000 tons to 14,000 tons d.w. Freight rates 
have been assumed, various prices of fuel and varying 
lengths of voyages have been taken, and the results 
show under what conditions one type of machinery 
makes more profit than another. The vessels taken 
for the calculations in the paper are of three amounts 
of carrying capacity, viz., 8,000 tons, 10,000 tons and 

14,000 tons d.w. The speeds and _horse-powers 

assumed for these vessels are as follows :— 








Deadweight. | Sea Speeds. | 8.H.P. | Number of Screws. 
| 
8,000... 114 2,700 | Single. 
10,000. . 12 3.600 | Single. 
14,000... 14 7,300 | Twin. 








_ 


Two kinds of fuel—coal and oil—have been taken 
for the turbine system of propulsion. These two, 
together with the Diesel oil, are the three kinds of 
fuel used for marine propulsion. The system adopted 
im this paper has been to calculate the running costs 
per annum of each type of machinery with varying 








* Paper read at the Summer Meeting of the Institution 
of Naval Architects in Belgium, June 22, 1926. Abridged. 


Lcargo deadweight that can be carried on a given 


prices of fuel, taking account of the following items : 
Capital charges (i.e., interest, depreciation, maintenance, 
insurance), fuel, lubricating oil, engine-room wages and 
food, and fresh water. For the purpose of calculating 
the fuel, lubricating oil and fresh water costs, the 
number of days per year at sea has been assumed, to 
be 250. Account is then. taken of the differences in 


length of voyage due to differences in weight of 


the range of prices of best steam coal in the United 
Kingdom and abroad, although at some ports in the 
United Kingdom it is cheaper than 23s., and at some 
ports abroad it is dearer than 33s. The prices taken 
for boiler oil, 65s. and 34s. per ton, and Diesel oil, 
80s. and 34s. per ton, represent the respective prices 
at which oil can be obtained in the United Kingdom 
in large quantities and the cheapest price abroad. 
Lubricating oil has been calculated throughout at 
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341. 10s. per ton. 

Figs. 2, 3 and 4, on page 772, give, in the form of 
curves, the differences in annual profits between steam 
and Diesel machinery of 2,700, 3,600 and 7,300 s.h.p., 
respectively. From these curves for a given number 
of days voyage the gain of one kind of machinery 
over the other can be read off for the various prices 
of fuel given on the curves. These differences are 
naturally more pronounced with the 7,300 s.h.p. 
installations than with the lower powers, and can 
be seen at a glance by comparing Fig. 4 with Figs. 
2 and 3. 

One method of comparing the relative commercial 
efficiencies of the different types of machinery is to 
find the length of voyage for which the profit is the 
same for chosen prices of fuel at the rates of fuel 



























































Length of Voyage in Miles weneuwe | consumption as given in Tables I, Il and III. These 
TABLE I.—Careo VessEt, 8,000 Tons DEapweEicuT, 11} Knots Sea SPEED, 2,700 SHarr 
Horse-Power, 250 Days PER YEAR aT SEA, 115 Days In Port. 
H.P. Turbine with Coal. H.P. Turbine with Oil. Diesel. 
First cost of machinery 45,0002. 45,0002. 63,0002. 
Weight of machinery .. 480 tons. 480 tons 670 tons 
Fuel per 8.H.P./hour .. 1 Ib. 0-67 Ib. 0-42 lb 
Fuel per day at sea 28-93 tons 19-28 tons 12-15 tons 
Fuel per day in port .. 5 tons 3 tons 3 tons 
Fuel per year at sea .,. 7,233 tons 4,820 tons 3,038 tons 
Fuel per year in port.. 575 tons 345 tons 345 tons 
Total fuel per year 7,808 tons 5,165 tons 3,383 tons 
Cost of fuel per ton 238. 288. 338. 65s. 348. 80s. 348. 
£ £ £ £ £ £ £ 
Cost of fuel per year .. ws 8,979 10,931 12.883 16,786 8,781 13,532 5,571 
Cost of lubricating oil per year 140 140 140 140 140 825 825 
Engine-room wages and food.. 3,800 3,800 3,800 2,950 2,950 2,750 2,750 
Fresh water i sa ae 107 107 107 107 107 16 16 
Charges, 18} per cent. of cost ..|° 3,325 8,325 8,325 8,325 8,325 11,655 11,655 
Total 21,351 23,303 25,255 28,308 20,303 28,778 20,997 
TABLE II.—Carao VzsseEt, 10,000 Tons DEADWEIGHT, 12 Knots SEA SPEED, 3,600 SHarr 
Horse-Power, 250 Days PER YEAR AT SEA, 115 Days In Port. 
H.P. Turbine with Coal. H.P. Turbine with Oil. Diesel. 
First cost of machinery 58,0007. 58,0002. 85,0002. 
Weight of machinery .. 560 tons 560 tons 850 tons 
Fuel per 8.H.P./hour .. 1 Ib. 0-67 Ib. 0-42 Ib. 
Fuel per day at sea 38-6 tons 25-7 tons 16-2 tons 
Fuel per day in port 6 tons 4 tons 4 tons 
Fuel per year at sea 9,650 tons 6,425 tons 4,050 tons 
Fuel per year in port .. 690 tons 460 tons 460 tons 
Total fuel per year 10,340 tons 6,885 tons 4,510 tons 
Cost of fuel per ton 23s. 28s. 33s. 65s. 34s. 80s. 34s. 
£ £ £ £ £ £ £ 
Cost of fuel per year... ea 11,891 14,476 17,061 22,376 11,705 18,040 7,667 
Cost of lubricating oil per year 187 187 187 187 187 1,100 1,100 
Engine-room wages and food .. 4,240 4,240 4,240 3,300 3,300 3,100 3,100 
Fresh water a Pe ma 143 143 143 143 143 21 21 
Charges, 184 per cent. of cost 10,730 10,730 10,730 10,730 10,730 15,725 15,725 
Total 27,191 29,776 32,361 36,736 26,065 37,986 27,613 


























machinery and weight of fuel and water to be carried. 
The weight of fuel and water to be carried depends on 
the length of voyage, so that it has been necessary to 
make calculations for voyages of different lengths, 
which have been taken at 11, 18, 25 and 30 days. 
Freight rates have been assumed and the increased 
yearly earnings due to differences of machinery and 
fuel weights have been deducted from the annual 
running costs in making the comparisons. The results 
of these comparisons are given in the form of curves 
of differences of profits on a base of length of voyage. 
In Tables I, II and III above and on page 772, are 
given the main particulars of cost, weight, &c., of the 
various machinery installations, together with the items 
of the running costs and their totals. 

No account has been taken of differences of hull 
costs, weights and charges on these, nor of the deck 
officers and crew, which are all about equal for all 
three types of machinery. Table IV is a specimen 
of the comparisons that are made, showing the 
deductions from the running costs of the amounts 
of the increased earnings of the extra deadweight 
that can be carried due to the difference in weight 
of machinery and fuel. Fig. 1 gives a curve of the 


freight rates on which these extra earnings are based. 
It will be noticed that the coal prices chosen range 
from 23s. to 33s. per ton, and these cover fairly well 





lengths of voyage are given in Tables V and VI on 
page 773. It will be seen that with coal at 23s. (United 
Kingdom price) the steam vessel makes more profit than 
the Diesel when the voyage is less than 11,320 miles in 
the 8,000-ton d.w. ship, the voyage length increasing 
as the size of ship increases till, in the 14,000-ton 
ship, the limit is reached at a voyage of 13,570 miles. 
If the coal is 33s. per ton (foreign port price) these 
figures are reduced to 6,460 miles and 9,040 miles, 
respectively. The foregoing figures are based on 
80s. per ton for Diesel oil and 65s. for boiler oil. These 
oil prices are ‘for the United Kingdom, and are not 
far from those in Eastern and Australian ports. The 
prices of oil in American ports are taken at 34s. for 
both Diesel and boiler oil, and the results show that, 
even on a 14,000-ton d.w. ship, the coal must be below 
23s. per ton to enable the steam machinery to compete 
with the oil for voyages of more than 4,400 miles. 
For such voyages where oil is as cheap as 34s. per 
ton the oil-fired boiler will enable the steam machinery 
to compete with the Diesel for distances of 5,660 miles 
for the 8,000-ton d.w. ship to 9,850 miles for the 
14-000-ton d.w. ship. 

In the comparisons of the differences of profits of 
the Diesel engines and the oil-fired turbine installations, 
it will be seen that for all powers there is very little 
difference whether the prices of the boiler and Diese} 
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oils are both 34s. per ton, or whether they are, 
respectively, 65s. and 80s. per ton. This seems a 
strange result at first glance, as it would be expected 
that where the Diesel oil is 15s. per ton more than 
the boiler oil the results would be very much more in 
favour of the oil-fired turbine than when the prices 
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steam ship is that the fuel for the two former can be | double bottoms, on account of difficulties of contamina- 


TS. 





ry 








9): RN 


AY 




















Poy, iy, 
y ia 
A 


co 
fo 
y 


Y 











& 


























7 
7 

















® ty oy 
£8,000 £4000; 0 i £4000 
Differences uv Annual Profits 


uw favour of Duesel _ 


£6,000 





> 


tn favour of Ow or Coal (A.P.T.) | 
a 


£8,000 s £4,000 0 
Differences in Annual Profits 


carried in spaces where no coal can be carried, such as | tion of harbour when the water ballast is pumped out. 
the double bottom. This advantage only exists as 
long as the oil which can be carried in the double | the case of the 10,000-ton ship, the increase in size to 
bottom is sufficient, but as most cargo-carrying ships| carry the capacity _— by carrying fuel in the 
can carry in their double bottoms enough oil to do the | double bottom instea 
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(1) Diesel Machinery : 


TABLE III.—Carco VesseEt, 14,000 Tons Dre 


(2) Oib-fired H.PT; 


ADWEIGHT, 14 Knots Sea SPEED, 7,300 SHarr 


Horse-Power, 250 Days PER YEAR aT SEA, 115 Days In Port. 


(3) Coal-fired H.P.T 


TABLE IV.—3,600 Shaft Horse-Power, 250 Days per Year. 
Diesel Compared with Coal-Fired H.P.Turbine. Diesel 

















H.P. Turbine with Coal. H.P. Turbine with Oil. Diesel. 
First cost of machinery 112,0007. 112,0001. 170,0002. 
Weight of machinery .. 1,050 tons 1,050 tons 1,725 tons 
Fuel per 8.H.P./hour .. 1 lb. 0-67 Ib. 0-42 lb. 
Fuel per day at sea se 78-22 tons 52-15 tons 32-85 tons 
Fuel perdayin port .. - 9 tons 6 tons 6 tons 
Fuel per year at sea ; = 19,555 tons 13,038 tons 8,213 tons 
Fuel per year in port .. 1,035 tons 690 tons 690 tons 
Total fuel per year de 20,590 tons 13,728t ons 8,903 tons 
Cost offuel perton .. a's 23s. 28s. 33s. 65s. 34s. 80s. 34s. 
£ £ £ £ £ £ £ 

Cost of fuel per year .. oe 23,678 28,826 83,974 44,616 23,338 35,612 15,135 
Cost of lubricating oil per year 380 380 380 380 380 2,230 2,230 
Engine-room wages and food .. 7,200 7,200 7,200 5,600 5,600 5,200 5,200 
Fresh water of be on 290 290 290 290 290 43 43 
Charges, 18} per cent. of cost 20,720 20,720 20,720 20,720 20,720 31,450 31,450 

Total .. Hp 4h 52,268 57,416 62,564 71,606 50,328 74,535 54,058 


























of both fuels are the sams. The apparent anomaly 
is explained, however, if we take the difference in 
rices of the oils, viz., 80s. — 34s. = 46s. for the 
iesel, and 65s, — 34s, = 31s. for the boiler oil, and 
multiply these by their daily consumptions. This 
shows that the increased cost of the total oil used 
per day in passing from the lower to the higher price 
per ton is about the same in each case, so that the 
yearly profits are altered by about the same amounts. 
The ships compared are supposed to be engaged in 
the same trade, and of the same type and block 
coefficient, and no allowance has been made for any 
difference in cubic capacity of cargo due to any 
difference in the space occupied by the machinery. 
The advantage of the Diesel-engined and the oil- 


distances above which for other reasons the Diesel 
ship is more economical than the steam ship, the gain 
in capacity due to the elimination of coal bunkers 
is fully realised. It is only in trades where the cargoes 
are of an average density less than sufficient to load 
the ships to their L.W.L. that there is any advantage 
in this gain in capacity. The same gain can be obtained 
by increasing the dimensions of the ship, and it becomes 
a question whether the consequent increases in charges 
due to the increased cost of hull will be more than the 
money earned on the increased capacity. The gain 
in capacity will be the volume of the space in the double 
bottom available for oil, modified by the gain or loss 
in engine-room capacity due to the difference in space 
occupied by the respective types of machinery. 





fired steam cargo-carrying ships over the coal-fired 


In some trades it is not desirable to carry oil in the 
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Ton, 80s. 
Coal, | Coal, | Coal, | Diesel, 
238. | 288. 338. 808. 
£ £ £ s £ 
Running costs per annum ..| 27,191 | 29,776 | 32,361 | 37,986 
1l-day voyages :— 
Extra freight earnings, 2 

Diesel .. 7a — — — 572 
Diesel, net .. ws sie ce — — 87,414 
Difference in favour of 

coal-fired H.P. Turbine | 10,223 | 7,638 | 5,053 _ 

18-day voyages :— 
Extra freight earnings, 

Diesel .. ¥. ee — — —_ 2,844 
Diesel, net .. oe ae —_ — — $5,142 
Difference in favour of 

coal-fired H.P. Turbine 7,951 | 5,366 | 2,781 _ 

a =" ‘e ~-— i 

xtra freig earnings, 

Diesel .. Pe wa — —_ os 4,900 
Diesel, net .. se fo —_ — 33,086 
Difference in favour of 

coal-fired H.P. Turbine 5,895 | 3,310 725 _ 

30-day voyages :-— 
Extra freight earnings, a3 

Diesel .. a ae _ _ — 6,58¢ 
Diesel, net .. ee fo — -— 31,403 

Difference in favour of coal- 
fired H.P. Turbine --f 4,212 | 1,627 _ — 
Difference in favour of 3 
Diesel Foo oe o- _ 95: 
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than 4,000]. The extra charges on this capital will 
not be more than 740]. per annum, and the distance 
in which the coal-fired steam ship would equal the 
Diesel or oil-fired steam ship will not be decreased 
by more than about 600 miles. 

It is difficult to give exact figures for the space 
occupied by Diesel machinery, but, in general, the space 
occupied by the high-efficiency turbine installations 
with water-tube boilers is less than that taken up by 
Diesel machinery. In a comparison between a coal- 
burning and Diesel-engined ship this fact has to be offset 
against the gain in capacity due to the fuel being carried 
in the double bottom. 

In writing this paper there has been no wish to 
seem unduly to favour the case against oil, and in 


LENGTH OF VOYAGE FOR WHICH H.P. TURBINE STEAM 
Surips AND Diese. SuHrps CAN BE Equa IN Com- 
MERCIAL EFFICIENCY. 

TaBLE V.—Diesel Oil, 80s. per Ton; Fuel Oil, 65s. per 
Ton. Diesel Consumption, 0-42 Lb. per Shaft Horse- 
Power Hour, Fuel Oil Consumption, 0-67 Lb. per Shaft 
Horse-Power Hour. 











Coal Fired. 
S.H.P. Oil Fired. 
238. 28s. 338. 
per Ton per Ton. per Ton. 
Miles Miles Miles. Miles. 
2,700 11,320 8,890 6,460 5,160 
3,600 12,530 10,080 7,780 7,110 
7,300 13,570 11,260 9,040 9,170 














TaBLE VI.—Diesel Oil, 34s. per Ton ; Fuel Oil, 348. per 
Ton. Diesel Consumption, 0-42 Lb. per Shaft Horse- 
Power Hour, Fuel Oil Consumption, 0-67 Lb. per Shaft 
Horse-Power Hour. 














i Coal Fired. 
8.H.P. Oil Fired. 
238. 28s. 33s. 
per Ton. per Ton. per Ton. 

Miles. Miles. Miles. Miles. 
2,700 1,710 — —_— 5,660 
3,600 3,000 690 —_ 7,570 
7,300 4,400 2,120 =. 9,850 








TaBLE VII.—Diesel Oil, 80s. per Ton ; Fuel Oil, 658. per 
Ton. Diesel Consumption, 0-45 Lb. per Shaft Horse- 
Power Hour. Fuel Oil Consumption, 0-70 Lb. per 
Shaft Horse-Power Hour. 





Coal-fired. 


> 
—*: Oil-fired. 
238. per ton. | 288. per ton. | 33s. per ton. 








Miles. Miles. Miles. 
2,700 12,850 10,470 7,915 5,350 
3,600 14,100 11,690 9,240 7,200 
7,300 15,230 12,860 10,490 9,300 











TaBLe VIII.—Diesel Oil, 34s. per Ton Fuel Oil, 34s. 
per Ton. Diesel Consumption, 0-45 Lb. per Shaft 
Horse-Power Hour. Fuel Oil Consumption, 0-70 Lb. per 
Shaft Horse-Power Hour. 





Coal-fired. 


S.H.P. Oil-fired. 
238. per ton. | 28s. per ton. | 33s. per ton. 














Miles. Miles. Miles. Miles. 
2,700 2,210 = —_ 5,570 
3,600 3,660 1,152 _ 7,460 
7,300 5,120 2,740 521 9,660 





making the above comparisons and remarks, rather 
low figures have been taken for the oil-fired steam 
installation and for the Diesel machinery, namely, 
0-67 lb. per shaft horse-power per hour, and 0-42 lb. 
per shaft horse-power per hour, respectively. In 
Tables VII and VIII are given the distances at which 
steam and Diesel-engined ships are equal in com- 
mercial efficiency, the results in these tables being 
based on the higher consumptions of 0-70 Ib. and 
0-45 lb. per shaft horse-power per hour for the oil-fired 
steam and Diesel installations, respectively. In the 
case of coal-fired steam versus Diesel installations, the 
former is better under these higher rates of consump- 
tion. In the case of oil-fired steam versus Diesel, there 
is practically no difference in the results whatever rate 
of consumption is taken. 





Tue Instrrution or Locomotive ENGINEERS.—On 
Tuesday next, June 29, the members of the Institution 
i Locomotive Engineers will pay a visit to the G.W.R. 
. comotive Works at Swindon. The party will leave 
red the 10.45 a.m. train from Paddington and will return 
ey the 6.7 p.m. train from Swindon. Members desiring 
3 attend should communicate immediately with the 

ecretary of the Institution, Denison House, Vauxhall 





ridge-road, London, S.W.1. 


RECORDING ‘DIONIC ’? WATER- 
TESTING APPARATUS. 


THE now well-known fact that the electrical conduc- 
tivity of water containing any electrolytic material 
is due to the dissolved substance, and only to a negli- 
gible extent to the water itself, was established many 
years ago by Kohlrausch, who also showed, that in very 
dilute solutions, the conductivity is proportional to the 
percentage of the dissolved substance present ‘n the 
water. If therefore the nature of the dissolved material 
be known, it is possible to determine the quantity 
present by conductivity measurements. An instrument 
making use of this property, and invented by Messrs. 
Digby and Biggs, was put on the market by Messrs. 
Evershed and Vignoles, Limited, Acton Lane Works, 
Chiswick, London W., as far back as 1910. It has been 
used as a simple and rapid method of measuring the 
conductivity of water and other liquids for engineering 
and industrial purposes, such as the determination of 
hardness, the detection of leakage of cooling water 
into surface condensers, the measurement of sewage 
pollution in rivers, the detection of minute traces of 
impurities in distilled water, and the investigation of 
priming in steam boilers. The Dionic water tester, 
as it is called, is, of course, incapable of discriminating 
between one electrolytic substance and another, but: 


née 






Fig.1. 
for 


——— 
this is immaterial in the majority of engineering and 
industrial applications, as the material present is known 
or can be determined once and for all by chemical 
analysis. In such cases, the Dionic water tester will 
indicate the quantity present with great accuracy, 
and is capable of detecting traces which would entirely 
escape an ordinary chemical analysis. It has the 
particular advantage of being more sensitive to the 
presence of small quantities than to larger quantities. 
and is therefore well adapted to the detection of 
contamination. : 

The instrument consists of a vertical glass tube 
having electrodes at its upper and lower ends and 
a branch at the lower end connected by rubber tubing 
to a glass funnel. The water to be tested, when poured 
into the funnel, rises in the vertical tube so that it 
covers both electrodes, any surplus escaping through 
a branch outlet from the vertical tube located above the 
upper electrode. The two electrodes are connected 
to the terminals of a conductivity meter consisting of 
a hand-operated direct-current generator and an indi- 
cating instrument similar in principle to the firm’s 
well-known Megger used for measuring the insulation 
resistance of electrical installations. The reading of 
the inaicating instrument, when the hand generator 
is operated, gives the conductivity of the water in 
units which have no distinctive name but are the 
reciprocal of 1 megohm per centimetre length of a 
column having a cross sectional area of 1 sq. cm. 
The scale, which is divided from zero to 2,000 units, 
is very open near the zero end, about half its total 
length covering the readings from zero to 100 units. 
It is thus possible to read the low conductivities result- 
inz from slight contamination to a high degree of 
accuracy. 

Although we have not yet referred to the point, it 
will be obvious that the results of conductivity measure- 
ments would be greatly affected by the temperature of 
the water under test, if suitable precautions were not 
taken to allow for this. Actually a temperature com- 
pensator of a simple and ingenious form is incorporated 
in the design of the instrument, so that the scale 
reading gives the conductivity at 20 degs. C. whatever 
the actual temperature of the water under test may be. 
For this purpose, a mercury-glass thermometer is 











mounted in a holder on the upper end of the test tube, 
in such a manner that the bulb and stem can be raised 
or lowered in the water so as to vary the length of the 
portion immersed. The cross-sectional area of the 
water in the annular space between the thermometer 
and the test-tube is, of course, less than that in the tube 
below the thermometer bulb and, consequently, its 
resistance per unit length is higher. It will thus be 
clear that by lowering the thermometer in the tube the 
total resistance between the electrodes will be increased. . 
and vice versa, irrespective of the conductivity of 
the water, and this is actually done to compensate 
for the temperature of the water. In taking a reading, 
the temperature of the water, as indicated on the ther- 
mometer, is first noted, and the thermometer is then 
raised or lowered so that a pointer attached to the 
thermometer holder coincides with the given tempera- 
ture on a stationary scale. This scale is graduated 
so that the movement of the thermometer accurately 
compensates for the variation in conductivity due 
to the temperature of the water, and the reading of 
the conductivity meter is in this way corrected to give 
the conductivity at 20 degs. C. by the direct scale 
reading. 

The instrument described above has many useful 
applications, some of which have been mentioned. It 
is, however, of the indicating type, and is only capable 
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of measuring the conductivity of individual samples. 
The need has been felt for some instrument operating 
on the same principle which would be capable of giving 
a continuous indication and a graphical record of the 
conductivity of water, so that any sudden change in 
this property would be indicated as soon as it occurred, 
and not allowed to continue over a comparatively long 
interval between the testing of two samples. This is 
particularly necessary in the case of feed water or 
circulating water, when the instrument is used to 
detect the presence of corrosive or scale-forming 
elements. The production of such an instrument, 
however, involved considerable difficulties, which have 
been overcome by Mr. C. E. Perry in an ingenious 
manner in the apparatus made by Messrs. Evershed 
and Vignoles and illustrated in the accompanying 
figures. It was necessary, for example, to take steps 
to prevent the polarisation at the electrodes which 
would result from the continuous flow of a unidirec- 
tional current, and also to devise a temperature 
compensator which would be entirely automatic in 
action. 

Fig. 1 above shows the conductivity-recording appa- 
ratus in diagrammatic form, and Figs. 2, 3 and 4 on 
page 774 show the three main components, consisting of 
the electrode tube and temperature compensator, the 
recorder, and the motor-driven generator supplying 
the necessary current. The three components can, of 
course, be located close together or separately in any 
convenient position. The water of which it is required 
to record the conductivity, is passed continuously 
through a glass tube, shown in Fig. 2, the glass tube 
being fitted with metal-end caps and a central division 
which form electrodes between which the peracetic | 
is measured. The arrangement, it will be understood, 
provides two parallel paths for the current, which 
enters at the central division and leaves from both 
ends. The total resistance of the water is thereby 
reduced to one-fourth of that between a pair of elec- 
trodes placed at the opposite ends of the tube, as 
indicated in the diagram, Fig. 1. From the glass tube, 
the water passes through the temperature-compensating 
device, which consists of a metal jacket surrounding 
another tube containing two electrodes and permanently 
filled with a liquid having the same temperature 
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coefficient as that of the water. The liquid is thus kept 
at the same temperature as the water flowing through 
the jacket. The two sets of electrodes, of the test tube 
and temperature compensatur, respectively, are con- 
nected in parallel with the generator, which is of the 
continuous-current type, but, to prevent electrolytic 
action at the electrodes, reversing commutators are 
included in each circuit, as is most clearly shown in 
the diagram, Fig. 1. Actually the reversing com- 
mutators, as shown in Fig. 4, are mounted on the shaft 
connecting the generator with a small driving motor 
of about 4th h.p., supplied with either continuous or 
alternating current from the mains. 

The recording instrument, illustrated in Fig. 3, 
is of the moving-coil type, having two coils mounted 
on a common axis similar to the pressure coil and 
current coil of the Megger ohmmeter ; the coils carry, 
respectively, the current flowing through the tem- 
perature compensator and the water under test. It 
will, of course, be obvious from the connections 
indicated in the diagram, Fig. 1, that the direction 
of the current flowing through the instrument coils is 
not affected by the reversing commutators, so that it 
always flows in the same direction, this beinz essential 
for the op2ration of a1 instrument of the moving-coil 
type; there is thus a continuous current in one part 
and an alternating current in another pat of th» same 
circuit. The two coils, however, are wound so as 
to produce deflections in opposite directions, and the 
position they take up therefore depends upon the 
difference in the strength of the current flowing in 
each. Thus it follows that the indications of the 
instrument will not be affected by the variation in 
the generator voltage, or by a proportional change in 
the resistance of both circuits, since in each case the 
current flowing in both coils will be increased or 
reduced in the same proportion. A change in the 
temperature of the water under test will, of course, 
affect the resistance of the circuit including the current 
coil, but the compensating device will produce a 
corresponding change in the circuit containing the 
pressure coil so that the instrument reading will be 
unaffected. If, however, the conductivity of the water 
alters owing to a variation in the proportion of dissolved 
salts, the current in the current coil will alone be 
affected and the recording pen will be deflected. The 
chart thus constitutes a reliable record of the impurities 
present in the water. 

The recorder is of substantial design and construction, 
carefully shielded so as to be unaffected by external 
magnetic fields, and also protected from mechanical 
damage when the case is opened, by a shield embracing 
the poles of the permanent magnet; the shield, how- 
ever, was removed before the photograph from which 
Fig. 3 has been prepared was taken. On the left 
of the magnet in this illustration, will be noticed a 
small relay which is operated by the pointer of the 
recorder to control a local circuit giving audible or 
visual warning of any departure from the normal 
conductivity exceeding a pre-determined amount. 
This is, of course, a most useful provision when the 
apparatus is installed in the feed range of a power 
station, as the attendant is instantly apprised of any 
change in the chemical properties of the feed water 
likely to result in corrosion or scale formation in the 
boilers. The apparatus illustrated is similar to that 
installed at the Barton power station of the Manchester 
Corporation as mentioned on pages 191 and 258 ante. 
A number of other stations, we understand, have also 
been similarly equipped including the Valley Road 
station a: Bradford, and the Barking power station. 





TRIALS OF THE M.S. ‘‘ SPRINGBANK,’’—The twin-screw 
motorship Springbank, built by Messrs. Harland and 
Wolff, Limited, Govan, jor Messrs. Andrew Weir and Co. 
(Bank Line, Limited), was recently delivered to her 
owners after running very satisfactory trials on the 
Clyde. We gave a brief description of this vessel in 
our issue of June 1] last, on page 701. 

THe ‘‘GEORGE MONTEFIORE”? PriIzE.—The council 
of the old students’ Association of the Montefiore Electro- 
Technical Institute, Liége, Belgium, informs us that a 
prize, valued at 20,500 fr. and designated the ‘‘ Fondation 
George Montefiore,’’ is awarded every three years to 
the author of the best paper on an electro-technical 
subject received by them. The papers submitted must 
be of a strictly technical nature, and should deal with 
recent advances made in electrical science and in the 
application of electricity to industry ; communications 
which contain a mere recapitulation of previous work 
will not be considered. Papers may be submitted by 
engineers of any nationality and may be written either 
in French or in English ; they should reach M. le Secré- 
taire-Archiviste de la ‘‘ Fondation George Montefiore,” 
H6tel de l’Association des Ingénieurs Eletriciens sortis 
de l'Institut Electro-Technique Montefiore, Rue Saint- 
Gilles, 31, Liége, Belgium, on or before April 30, 1927. 
Twelve copies of the papers should be sent, and each 
should be headed ‘ Travail soumis au concours de la 
Fondation George Montefiore, session de 1923-1926.” 
Further particulars may be obtained from Mr. L. 
Calmeau, Secrétaire-Général de l’Association, at the 
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THE EFFECT OF METALLIC SOLS IN 
DELAYING DETONATION IN INTER- 
NAL COMBUSTION ENGINES.* 
(Investigations made at the Air Ministry Laboratory, 
Imperial College of Science and Technology, and pub- 
lished by permission of the Director of Scientific Research, 
Air Ministry). 

By Fuicut Lieutenant C. J. Sims, D.F.C., assisted 
by Dr. E. W. J. Marptes, F.1.C. 


Many hypotheses, mainly based on chemical con- 
siderations, have been advanced to explain the pheno- 
menon of the detonation of the charge in the cylinders 
of high compression internal combustion engines of 
the carburettor type. None of these offers a complete 
explanation of known effects, and it is proposed to 
describe a number of experiments dealing with the 
effect on detonation of small additions, to the liquid 
fuel, of certain metals in colloidal form, with a view 
to elucidating the physical and chemical actions that 
must occur in order that detonation may be prevented 
or controlled. 





* Paper read before the ‘Faraday Society, June 14, 





address given above. 


1926, 





Fie. 4. 


A significant finding from bomb and optical experi- 
ments is that when the “ pink ” characteristic of detona- 
tion occurs, it is accompanied by ignition taking place 
ahead of the flame. It would appear that in the region 
somewhere midway between the flame front and the 
cylinder walls the temperature and pressure of the 
unburnt charge reaches a maximum on account of 
the superimposition of pressure waves with those 
reflected from the walls and at this part cooling will be 
at a minimum. If spontaneous ignition occurs in this 
region of high pressure, the enormous local pressure 
set up, possible 3,000 1b. per square inch, would be 
sufficient to account for the hammer blow on the cylin- 
der walls. The unburnt charge might reach a pressure 
of 450 lb. per square inch before it is raised to its ignition 
temperature, and if the combustible charge be burnt 
without heat loss and no work be done, then, with 
petrol-air mixtures the final pressure is about seven 
times that of the initial. If it is accepted that detona- 
tion is caused by ignition taking place ahead of, or in 
a pocket away from, the flame in the manner suggested, 
it should be possible to control it by decreasing the 
volume of the charge so ignited. A possible way of 
doing this would be to increase the rate of flame pro- 
pagation, and at the same time to Jower the rate of 
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chemical reaction and its temperature coefficient such 
as would occur by the addition of diluent gases or 
ethyl aleohol which apparently has a low reaction rate. 
Midgley and Boyd have shown that the aromatic bases, 
e.g. monomethyl aniline, are effective. The efficacy 
of the latter substances is due possibly to their endo- 
thermic decomposition into tars in the flame, since 
with petrol toluidine mixtures used for experiments at 
the Air Ministry Laboratory, the engine was fouled with 
tar. Again the volume of the unburnt charge ahead of 
the flame at any moment during combustion could be 
reduced by multiplying the number of ignition centres. 
The use of catalysts such as a cerium oxide coating on 
the cylinder walls and piston head has resulted in 
improved engine performance.* The oxidation of the 
hydrocarbons proceeds at the cylinder walls in such a 
case and thus decreases the volume of unburnt charge 
liable to detonate. 

Midgley’s discovery of the detonation delaying effect, 
of lead tetra ethyl added to the engine fuel in minute 
proportions has provoked a large amount of specula- 
tion as to its precise mode of action. The explanation 
is perhaps given by the significant fact that lead tetra 
ethyl in common with other organometallic compounds 
decomposes on heating, yielding the metal in the colloi- 
dal or finely divided state.f A vivid description of the 
decomposition of lead tetra ethyl and nickel carbonyl 
on heating is given by Professor Callendar.t The 
metals formed under such conditions, especially if 
below 300 deg. C., possess an open structure and are 
extremely active chemically : thus, the lead from lead 
tetra ethyl is pyrophoric, whilst iron from ethyl iron 
iodide decomposes water at the ordinary temperatures.§ 

Since lead tetra ethyl is decomposed at relatively 
low temperatures it would appear that it is the metal 
alone which is the active agent, since in the engine 
cylinder the metal would be liberated before ignition 
occurred. 

Iron penta carbonyl and nickel tetra carbonyl are 
also effective, and it can be demonstrated that these 
substances also dissociate thermally, yielding the metal 
in the colloidal and pyrophoric state. 

The Action of Colloidal Sols of Metals in Petrol.—If 
the metal alone is efficacious, and it were: possible to 
disperse it in the engine cylinder under the same con- 
ditions as when the organometallic compound was used 
it should yield precisely the same result. For the 
purpose of testing this hypothesis colloidal solutions 
of the metal in the fuel should be suitable. 

A study was made of methods of preparing colloidal 
sols in petrol which would be sufficiently stable to 
use for engine tests. Colloidal solutions of lead, iron, 
gold, carbon and nickel were prepared as described 
below and were used as engine fuel immediately after 
preparation, since on ageing the particles tend to 
aggregate and become oxidised or poisoned. 

The results show that the colloidal sols of iron, lead 
and nickel are just as effective as the organometallic 
compounds, and in some cases slightly more so. In the 
case of gold a negative result was obtained. 

The effectiveness of the colloidal metal sols, freshly 
prepared in an inert atmosphere, supports in a striking 
manner the view that it is the metal alone which is the 
active agent, although it must be borne in mind that 
data concerning organosols of metals is not extensive, 
and it is not known how much the presence of oxides, 
oxycarbonates, complexes, apart from quantities of 
unchanged carbonyl or organometallic compound, 
contribute to the observed effect. 

When a fuel primed with lead tetra ethyl, &c., is 
used, the organometallic compound is dispersed with 
the mixture charge in the engine cylinder, and from 
a consideration of the nuclear drop theory of Professor 
Callendar, each nuclear drop of the higher paraffins 
would on warming up become a miniature black colloidal 
sol capable of absorbing radiation and also acting 
as a combustion centre, the combustion being without 
flame at first but in the extreme case the pyrophoric 
metal particle would act as a miniature sparking plug 


causing ignition in the gas which normally would]. 


detonate, on compression. 


Although it is improbable that active colloidal sols | 3. 


can be used commercially on account of the difficulty 
of keeping them for any length of time in a state of 
stability and activity, their efficacy suggests likely 
substances which would be practicable, viz., those 
organometallic compounds which readily break up 
thermally into active or pyrophoric metal particles. 
For example, the alkyl and aryl derivatives of metals 
which can exist in the pyrophoric state, also the nitro- 
syls, carbonyls, oleates, ethylenes, &c., of these metals. 

Experimental.—The engine tests were made on a 
Ricardo E.35 type variable compression engine ; its 
compression ratio could be altered from 3-8 to 8 





* Sokal, F. Soc. Chem. Ind. (1904) 283 T. 
+ Notes on the decomposition of organometallic com- 
pounds, carbonyls, etc., are given in Appendix I. 
“‘Dopes and Detonation,” by Professor H. L. Cal- 
NGINEERING, April 9, 1926, e¢ seq. 
§ Job and Reich, Comptes Rendus (1922) 174, 1385. 





whilst running. The degree of pinking was determined 
by ear, and was such that if the engine was switched 
over to a non-detonating fuel the brake horse-power 
increased by } h.p. It was found that the ear gave 
a sufficient degree of accuracy, other factors such as 
the condition of sparking plugs giving greater differ- 
ences than those due to errors of observation. The 
standard conditions of test were: Maximum power 
mixture strength, spark advance 30 deg., outlet cooling 
water temperature 60 deg. C., and a speed of 1,500 
r.p.m. Tests were made with and without a heat 
input to the carburettor of 1,500 watts. 

A study of the methods available for preparing 
colloidal sols of lead, nickel, &c., in B.P. petrol was 
at first made. Sols of iron, cobalt, &c., prepared from 
unstable organometallic compounds produced by the 
action of Grignard reagent, e.g., copper sol by the 
action of phenyl magnesium bromide on cuprous 
iodide in the presence of anhydrous benzene, were 
contaminated with magnesium salts which caused 
clogging of the jet. The electrical disintegration 
method was also found unsuitable since the spark 
caused extensive decomposition of the petrol, finely 
divided carbon separating. 

The method adopted was that of heating solutions 
of the carbonyls or ethyl derivative to a sufficiently 
high temperature when the metal separated and was 
prevented from aggregating and settling by the addi- 
tion of a protective colloid such as caoutchouc. 

Nickel Sols——The first sols to be prepared were 
those of nickel, since recently a study has been made 
of the preparation and property of these systems by 
Wa. Ostwald and Hatschek and Thorne.* 

A quantity of nickel carbonyl, supplied by the 
Mond Nickel Company, mixed with a small quantity 
of dry hexane and solution of rubber in benzene, was 
added to carefully dried hexane maintained at the 
boiling-point under a reflux condenser. There was an 
immediate blackening, and after about forty minutes 
a black opaque sol of nickel was obtained. 

A similar experiment was carried out with B.P. 
petrol. Engine tests were carried out without delay 
on the freshly-prepared sols. 


Taste I, 
Results of. Engine Tests with Nickel Sols. Increase in 
H.U.C. Ratio. 
Per cent. 
Nickel sol in hexane.* ¢' 40°5 
Nickel sol in B.P. petrol.* 41-5. 
Nickel carbonyl, 0-5 per cent. 38-0 


* The amount of nickel in the sols corresponded tothe quantity 
of metal contained in a 0-5 per cent. solution of nickel carbonyl 
in the hexane or petrol. 

Lead Sols.—The lead sols were prepared by heating 
3 c.c. of pure lead tetra ethyl mixed with 50 c.c. of a 
high boiling-point liquid such as brom naphthalene at 
a temperature of about 250 deg. C. for about thirty 
minutes. At this temperature the lead tetra ethyl 
decomposed forming a bluish grey sol appearing dark 
brown in very thin layers. A little rubber solution in 
benzene was added towards the end of the experiment, 
and finally the sol was made up to a litre with B.P. 
petrol and tested immediately. Throughout the 
experiment the sol was kept in the presence of nitrogen 
in order to prevent oxidation or poisoning of the lead 
particles. 

Blank tests were carried out with the petrol plus 
brom naphthalene, &c. 


TaBte II, 
Results of Engine Tests with Lead Sols. Increase in 
H.U.C. Ratio. 
Per cent. 

1. Lead sol prepared by thermal decomposition 

of lead tetra ethyl in a mixture of petroleum 

jelly and naphthalene. (A small portion of 

the lead was deposited on the walls of the 

flask, and therefore lost) - ae ee 33-8 
la. Control test with lead tetra ethyl undecom- 

a es ee ro ee ee os 35-0 
2. Lead sol prepared by thermal decomposition 

of lead tetra ethyl in brom naphthalene at 

B.P. (A film of lead was deposited on the 

walls of the flask and therefore lost). . oe 19-6 
2a. Control test with lead tetra ethyl undecom- 

posed .. “a re ye ae re 25-5 
3. Lead sol prepared by passing a high frequency 

electric spark through a 8 c.c. lead tetra ethyl 

dissolved in about 200 c.c. of B.P. petrol for 

ten minutes .. a ea aa a 31-6 
3a. Control test with lead tetra ethyl unsparked 33-0 


Iron Sols.—The method of preparing a colloidal sol 
by means of passing a high frequency electric spark 
through the petrol containing lead tetra ethyl was 
also used for preparing a sol of iron starting from iron 
carbonyl. As in the case with the lead tetra ethyl 
there was not a complete dissociation into the metal, a 
portion of the metal compound remaining unchanged. 
Although partially decomposed (about 25 per cent.) 
there was no decided decrease in H.U.C. ratio supporting 
the view that it is the active metal particles which are 
responsible for the anti-detonating properties. 

Iron sols were also prepared by decomposing 3 c.c. 
of iron carbonyl at a temperature of about 220 deg., 


by heating the solution in naphthalene at the boiling- 
point. A little rubber in benzene was added and then 
made up to a litre with petrol. The sols were olive 
green in colour, and were opaque, except in very thin 
layers when they appeared dark brown. 


TaBteE ITI. 


Results of Engine Tests with Iron Sols. Increase in 
H.U.C. Ratio , 
Per cent. 
1. Iron sol prepared by thermal decomposition 
of iron carbonyl in boiling naphthalene for 
25 minutes a “5 od “s on 42-0 
la. fron sols prepared by thermal decomposition 
of iron carbonyl in boiling naphthalene for 
40 minutes te * xs “ ee 45-4 
1b. Control test with unchanged iron carbonyl .. 41-0 


2. Iron sol prepared by thermal decomposition 

of iron carbonyl in brom naphthalene. (There 

appeared to be some reaction between the 

iron and the brom naphthalene, a brown 

turbid sol being the obtained) hee al 7 
. Control test with unchanged iron carbonyl . . 
Iron sol prepared by passing a high frequency 
electric spark discharge through a solution of 
iron carbonyl in B.P. petrol for about 
7 minutes. (The amount of iron in the 
deposit from a similar experiment, without 
the use of rubber, corresponded to 25 per 
cent, of the iron in the original iron carbonyl) 23-0 
Control test, the iron carbony! added after the 
sparking process au oN as nat 24-4 

N.B.—Although the quantity of iron, compounded or other- 
wise, was the same in each of the above experiments yet it will be 
seen that the presence of brom naphthalene, etc., has modified 
considerably the anti-detonation action. 


Gold and Silver Sols.—If a metal is not readily 
oxidised, then it cannot be pyrophoric and such a metal 
should be useless as a primer. Gold and silver oleates 
decompose readily on warming or in sunlight, yielding 
the metal in the colloidal state. Accordingly, a solu- 
tion of gold oleate in petrol containing 6-4 gm. per 
litre and a saturated petrol solution of silver oleate 
were employed, for the engine tests. The solutions 
immediately began decomposing, so that the mixture 
tried actually consisted of the metal sol and the oleate 
of the metal. A decrease of the H.U.C. ratio was 
observed in both cases. This adverse effect might be 
due to the metal acting as nuclei for condensation and 
thus increasing the proportion of liquid to gaseous fuel, 
thereby lowering the ignition temperature of the 
charge. The metal particles might also absorb radia- 
tion and become hotter than normally by compression 


3a. 


alone. It is also possible that the oleic acid might 
have caused the adverse effect. 
TABLE IV. 
Results of Engine Tests with Sols of Gold Decrease of 
and Silver. H.U.C. Ratio. 
Per cent, 
Gold oleate and gold sol 1-8 
Silver oleate and sol 2-7 


Sols of Carbon.—Carbon particles when finely divided 
are pyrophoric and if a carbon sol were effective it 
would be an ideal fuel, since the products of combustion 
would be gaseous and not foul the engine, as might be 
the case with solid materials. 

A carbon sol was prepared by passing a high-voltage 
high-frequency electric spark through B.P. petrol at 
the ordinary temperature, using carbon electrodes. 
Half of the sol was distilled for use as a blank test. 
The engine tests were identical for both fuels, and it 
was found that some aggregation had occurred which 
might possibly account for the inconclusive result. 
However, it is probable that the carbon particles remain 
wet with fuel for too long a time after ignition has 
occurred, 

Further Experiments and Results in Support of the 
Hypothesis of the Efficacy of Pyrophoric Metals in the 
Colloidal State——It has been stated* that Pb(C,H,),Cl 
and Pb(C,H;).Cl, are three-fourths and one-half as 
effective as Pb(C.H,),, but this was left unexplained. 
It is almost certain that when the two former com- 
pounds decompose, the bond between lead and chlorine 
remains unbroken, with the result that three-quarters 
and one-half respectively of free lead will be formed, 
so the efficiency should be reduced in the same 
proportion. 

Relative Efficiency of Metal Compounds.—A test 
showed that 0-5 per cent. volume of nickel carbonyl in 
petrol gave an increase in H.U.C. ratio of 38 per cent. 
To obtain the same effect with lead tetra ethyl requires 
0-275 per cent. by volume, but the percentage weight 
of actual metal present was 0-38 per cent. lead and 
0-301 per cent. nickel for the same effect, so that 
26 per cent. greater weight of metal has to be used if 
lead is used instead of nickel. It is noteworthy in this 
connection that lead is approximately 28 per cent. 
heavier than nickel. 

The relative efficiencies is of some importance with 
regard to the fouling of the engine with solid products 
of combustion. It is better to use a compound which 
requires the minimum weight of metal for a given effect, 
irrespective of the weight or volume of the compound. 

Pure samples of the three following substances were 





* Koll Zeit., 1925, vol. xxxvi, p. 12. 





* FP. Ind. and Eng. Chem., Dec., 1925, p. 1229. 
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prepared, analysed and tested under comparative 
conditions in the E.35 with the following pi a — 








TABLe V. 
Weight 
Weight. | of Com- Pine’ 
of Metal} poun 
Compound. per Litre| per Sg eo 
of Petrol] Litre of sia H UC 
Gms. | Petrol. Value. 
Gms. 7 
Petrol +3 os Pe oi, 0 4-6 0 
» lead tetra ethyl ..| 2-0 3-2 6-45 40 
»  Rickel tetra car- 
bonyl .. -.| 2-0 5-8 6-8 48 
»  iron-pentacarbonyl| 2-0 7°2 7-41 61 

















It is thus seen that for the same weight of metal iron 
is superior to nickel or lead. Iron penta carbonyl on 
this basis is the best substance up to the present time. 

Experiments with Organometallic Compounds of 
Copper, Iron, &c.—According to recent researches on 
the preparation of organometallic compounds, there 
are reasons for believing that aryl and alkyl derivatives 
of such metals as iron, copper, &c., exist, although 
earlier workers were unsuccessful in isolating them. It 


engine and results obtained. Short notes on the 
chemical behaviour are included in the list. 





APPENDIX I. 
Tue Errect or Meratuic Sots in Detayine DETONA- 
TION IN INTERNAL-CoMBUSTION ENGINES. 
The Thermal Decomposition of Lead Tetra Ethyl.—In 
the purification of lead tetra ethyl by distillation in 





occurs, and the vapours catch fire, with formation of a 
cloud of lead and lead oxide. 

The following table gives some results of heating pure 
lead tetra ethyl in petroleum jelly. Concentration 
10 c.c. per 100 c.c. of molten petroleum jelly—the 
vapour of the mixture flashed at 180 deg. and lead was 
deposited. At 200 deg. extensive decomposition into 
lead occurred :— 


vacuo, deposits of lead and lead oxide were observed in | ©°enttation 5 c.c. per 100 c.c. .. peshening of the mixture 

the apparatus, especially in sunshine, although the 0% Gedoaaie a deg. 

temperature was only about 125 deg. C. , " 290 ue a es 
TABLE VII. 





Substance. 


Chemical Behaviour, &c. 


Increase per Cent. H.U.C. Value. 
B.P. Petrol in E. 35, 








Acetylene di-iodide 
Acetylene dibromide 


Aluminium naphthyl 
colloidal metal on warming. 


Bromine 


Thermall 


Copper xylyl 
Amorphous soli 


Copper oleate 


Thermally decomposed, yielding carbon, &c. 
Fuming liquid, yielding carbon, &c., on warming. 
Readily oxidised and decomposed by water, &c. 


pee gee at about 80 deg. into colloidal copper. 


Solid. 8 gram/litre gave 4 per cent 
increase. 

16-7 gram/litre gave 1 per cent. 
increase. 

0-9 gram metal/litre gave in- 
crease of bad cent. 

4-65 gram metal/litre gave 3 per 

™ a decrease. 


Nil. 


Probably yields 


appears that these substances are amorphous solids, 
very sensitive to light and heat, being readily oxidised 
by air and decomposed by water. 

It was thought that it might be of interest to try 


Cobalt naphthyl 
Cobalt oleate 
Cerium xylyl 


ar decomposed above 200 deg., yielding copper. Amorphous 
solid. 


Very unstable. 

Stable amorphous solid. 

prey yields colloidal cerium on warming the solutions. Very 
sensitive to air and water. 

Unstable solids. Readily oxidisable. 


Nil. 
Ni 


il. 
0-7 gram metal /litre gave 3-1 per 
cent. increase. 





some of these substances, since by their thermal 
decomposition the metal would be produced in the 
colloidal state. It was felt, however, that their high 
instability would counteract their effectiveness in the 
engine, since oxidation would take place immediately 
when the petrol was atomised and previous to ignition. 

Experiments were carried out which showed that 
some of these organometallic compounds could be 
introduced into the petrol without first actually isolating 
the substance. Accordingly, the experimental fuels 
were prepared in the following way. The finely 
powdered halide of the metal, ¢.g., cuprous iodide, was 
placed in a flask and covered with pure benzene, coal 
gas or nitrogen was then introduced, and Grignard 
reagent, ¢.g., magnesium phenyl bromide, in benzene 
solution, added a little at a time. It was found 
necessary to cool the flask to prevent the temperature 
from rising. After one or two hours’ shaking, the flask 
was allowed to stand overnight, and then sufficient 








TaBte VI. 
Approximate} Increase Per 
Substance Assumed to have been | Weight of Cent. of 
Present in Experimental Fuel. Metal Per H.U.C. 
Litre, Gms. Ratio. 
Aluminium naphthyl 0-9 7°3 
Cobalt naphthyl oe 0-1 Nil 
Cerium xylyl .. “a he ue 0:7 3-1 
Chromium phenyls and chromium 
phenyl! bromides .. “ ee 0-35 8-3 
Tungsten phenyls 0-2 Nil 
Uranium ,, 0-15 4:3 
Iron a Trace only Nil 











petrol added to allow of a concentration of about 2 gm. 
of the metal per litre assuming the yield to be in the 
neighbourhood of 33 per cent. On standing for some 
time the clear layer was decanted and used for the 
engine experiments. 

It was noticed that whilst pouring the fuels there 
was immediate formation of a flocculent precipitate, 
indicating oxidation of the dissolved organo-metallic 
compound. Analysis of the fuel taken from the tank 
after the engine exper'ments was made in each case, 
the results indicating that only a small proportion of 
the organometallic compound remained unchanged. 

Table VII gives a list of the substances tried in the 





Chromium phenyls and 
henyl bromide. 
Colloidal carbon prepared 
in B.P. petrol. 
Colloidal nickel prepared in 
hexane and B.P. petrol. 
Colloidal gold and gold 


oleate. gold, &c. 
Di-plumbic hexaethy] — viscous oil, miscible with petrol. Decomposed by light and 
eat. 
Todine ee: 
Iron sols Prepared from iron carbonyl as described in text. 


Iron phenyls oa Very unstable. 


Tron penta carbony 


Lead phenyl oe ° 
Lead triethyl hydroxide . 
metal, &c 
Mercury phenyls 


olid. 
Sparingly soluble in petrol. 


Mercury Benghttyt 
Yields me 


Mercury amy: ae 
Nickel tetra-carbonyl 


Readily yields colloidal silver. 
er ra A oxidisable. 
4 0. 


Silver oleate ; 
Tungsten phenyls .. 
Uranium phenyls .. 
Yellow phosphorus ane 
Spontaneously inflammable in air. 


Zine ethyl .. 
conditions. 





Dark brown sol, some “‘ cracking ’’ of the petrol had occurred. 
Black sol stabilised by small amount of rubber in benzene. 
Gold oleate sols are readily decomposed by light and heat into 


Thermally decomposed into metal, &c. 


On warming decomposes into metal, &c. 
Colourless oil, miscible with petrol. 


Decomposes on heating into metal carbon and diphenyl. Crystalline 
8 


talon warming. More soluble than the phenyl. Liquid. 
Thermally decomposed into nickel and gases. 


0-35 gram metal/litre gave 8-3 
wa cent. increase. 
Nil. 


0-34 gram metal/litre gave 41-5 
r cent. increase. 

1-2 gram metal/litre gave 1-8 per 
cent. decrease. 

0-46 gram metal/litre gave 13 per 
cent. increase. 

7-35 gram/litre gave 7 per cent. 
increase. 


Of same degree as iron carbonyl 
~ a which it was prepared. 


2 gram metal/litre gave 61 per 
cent. increase. 

Small increase observed. 

0-3 gram metal/litre gave 10-4 
a cent. increase. 

Nil. 


Not very soluble in petrol. 
Thermally decomposed into 


Nil. 

Nil. 

2 gram metal/litre gave 48 per 
cent. increase. 

+? negative result. 


0-15 gram metal/litre gave 4-3 
per cent. increase. 

4 gram/litre gave a slight «de- 
crease. 

2-5 gram/litre 2 per cent. 
decrease. 


Yields metal under certain 








At atmospheric pressure lead tetra ethyl in its own 
vapour decomposed at 198 deg., lead apparently being 
formed. When air was admitted a violent reaction took 
place, dense white fumes being formed. 

When ether vapour was passed through the flask in 
which the lead tetra ethyl was being heated the decom- 
position temperature was lowered to 120 deg., but the 
oxide was formed directly and not in two stages as 
before. At 130 deg. C., air was admitted which 
resulted in ignition. It therefore appeared that 
some lead existed as metal and was in a pyrophoric 
state. 

A similar experiment was made with nitrogen passing 
through the apparatus, when decomposition started at 
some temperature between 80 deg. to 120 deg. (the 
thermometer was obscured by the cork in this experi- 
ment). 

When lead tetra ethyl is dissolved in a large quantity 
of another liquid, e.g., brom naphthalene or paraffin, 
and the mixture heated, decomposition of the lead ethyl 


THE END OF THE ONE HUNDRED AND TWENTY FIRST VOLUME. 





Nickel and Iron Carbonyls.—These substances are 
unstable to heat and are readily oxidised into complex 
oxycarbonates, especially in sunlight. 

Professor Callendar has described the decomposition 
of nickel carbonyl into metallic nickel. In a test tube 
the vapour from the boiling liquid catches fire spon- 
taneously and a mirror of nickel is formed on the walls of 
the test tube. 

A similar behaviour is found with iron carbonyl, a 
mirror of iron being formed. 

In many cases the colloidal metal was oxidised rapidly 
in the presence of alcohol, water, &c. 

Other organometallic substances behave similarly. 
Thus tri-ethyl naphthyl lead deposits lead below 
200 deg., whilst triphenyl lead bromide deflagrates with 
reddish light on heating. In general the lead aryls 
decompose at much higher temperatures than the lead 
alkyls. . 

When copper phenyl is heate2 to 80 deg., diphenyl 
and red copper powder are f‘urmed, 
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A G. M 2!Ford, Li‘ 


QULVER STREET WORKS, COLOHESTER,. 
On ADMIRALTY AND WAR OFFICE LISTS. 


INGINES for To io Boats, Yachts, Launches. 
BOILER FEED PUMPS. 


See advertisement page 88. 


PATENT WATER-TUBE BOILERS. 
AUTOMATIO FEED REGULATORS. 


And Auxiliary wie omy as supplied to ™ 





2179 


I} super nicket AS 
ONDENSER TUBES 


have been 
PROVED, 
under Actual Working Conditions, 
SUPERIOR to all others. 
NO FAILURES. 
fole Makers :— 
ALLEN EVERITT & SONS, Lrp., 7 P 


SMETHWICK od BIRMINGHAM. =e 


& 00. (1922), LTD., 
Y ARROW GLASGOW, 
PASSENGER AND OARGO STEAMERS 


SHALLOW DRAFT VESSELS, 
2940 


(ampbells & Hee [4 
Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 6 ft. 6 in. diam. 
Spur Wheels cut up to 12 ft 6 in. diam. 


DOLPHIN FOUNDRY, LEEDS. 4547 


Vospr & Co. Lx. 


PoRTSMOUTH. 
SHIP & LAUNCH BUILDERS, 0d 3551 


& 

ENGINEERS & BOILER MAKERS 

THE GLAscow ROLLING STOCK AND PLANT WoRKS. 
urst, Nelson & Co., Ltd., 
oye ggg throng WAGONS 
ELECTRIO OARS, and E OTHER DESORIPTION 
oF RAILWAY and TRAMWAY ROLLING STOCK. 
Makers of WHEELS and AXLES, RAILWAY PLANT, 
Foreines, SMITH WORK, IRON & BRASS CASTINGS. 
PRESSED STEEL WORK OF ALL KINDS. 0d3382 


Reg. Office and Chief Works: Motherwell. London 
Office: 32, Great St. Helen’s, Bishopsgate, E.C.3. 





RANES. All Types. 


GEORGE RUSSELL & OO. LTD., 
3191 


Motherwell. 


Pema EL oPwood & cite 


PATENT 1994 
See “ 48, Sept.11. 

Sole Makers: SPENCER BONEOO RT, Lrp., 
Patiament Mansions, Victoria St., London, 8.W. 








flank Locomotives. 
8 poiinaion and Workmanship equal to 
n Line Locomotives 
BR. & W. HAWTHORN, LESLIE & 0O., Ltp., 
ENGINEERS, NEWOASTLE-ON-TYNE.. 3193 


Brett's Patent Ljtter Co. 
LIMITED, 

ee Presses, Furnaces, 
COVENTRY. 610 


[pvincible Gauge (passes. 


BUTTERWORTH BROS., Lid., 
Newton Heath Glass Works, 
Manchester. 
Your Repairs or any] 
SPEOIAL MAOHINERY, try 
THOMAS HUNT & SONS, 
Albion Ironworks, 
Bridge Road West, Battersea, 8.W.11. 
Est. 1854, 


Mickel 
4 ‘rankless 


ngines 
% for all purposes. EK 8 


Office for correspondence, and supply of designs to 
licensees 
CRANKLESS ENGINES, LTD., 
2°, Grosvenor Gardens, London, 8.W.1. 


ful ler, Horsey, Sons & Cassell, 


— 
SALE AND VALUATION 
o! 
PLANT AND MAOHINERY 


an 
ENGINEERING WORKS, 
BILLITER SQUARE, E.0.3. 


Iron and Steel. 
ubes and Pittings|] 


Sole Licensees in Great Britain for the manufacture 
of “‘ Armco” Ingot Iron Tubes. 


The Scottish Tube Co., Ltd. 


HRaD Orrick: 34, Robertson Street, Glasgow. 
See Advertisement, page 60, June 18. 2923 








Pe: 


8494 


3283 


1834 


i 





IL FUEL APPLIANOES, 
systems 

PRESSURE AIR, STEAM 
For Boilers of all types. 


KERMODES LIMITED, 
85, The Temple, Dale Street, 


Liverpool. 
Naval Outfits a Speciality, 
also for Merchant Ships, for 
Factories, Locomotives, a 
Industrial Process 


of all kinds. 
Supplied to the British and 
other Governments. 


Telephone No.: Central 2832. 
“ Warm th.” 


_ Telegrams : 4078 


\ earing of all Descriptions. 


GEAR WHEELS np to to 10: ft. diam 

FLY ROPE and SPUR DRIVING: WHEELS 
up to 28 ft. diameter. 

BRICK and OLAYWORKING MACHINERY 
of ‘= kinds. 
m.. NGINES: :—“ Uniflow,” “Corliss,” 


‘OLAYTON, GOODFELLOW & 0OO., LTD., 
Blackburn. 2653 


or Drop 


RAILWAY AND TRAMWAY ROLLING STOOK 
Ht: N elson & Co. I td., 
THE GLASGOW ROLLING STOCK AND PLANT WORKS, 
MOTHERWELL. Od 3383 
E, i Davis, M.I.Mech.E., 
A ge Engines "inspected, Tested and 
pon. Over 25 years’ experience. Tel.: 
ied 1736 & 1737. Wire : “ Rapidising London. % 
a Eastern Road, Stratford, E.15. 1794 
Tne Glasgow Railway 
Engineering Company, 
GOVAN, GLASGOW. Lrp., 
London Office—12, Victoria Street, 8.W. 
MANUFACTURERS OF 
RAILWAY eae Pye Ng TRAMWAY 
CARRIAGE & WAGON IRONWORK, also 
CAST-STEEL AXLE BOXES. 3279 
osser and Russell, Ltd., 
MECHANICAL ENGINEERS, 

QUEEN’S WHARF, HAMMERSMITH, Ww. 
Undertake SPECIAL MACHINE WORK of 
any description. 

WELL EQUIPPED SHOP. 

LATHE WORK up to 10 ft. diameter. 

shone: Riverside 0031. _ __ 9211 
Y. Pickering & Co., I Ltd., 
e (Established 1864.) 
BUILDERSof RAILWAY OARRIAGES& WAGONS 
MAKERS of WHEELS and AXLES of all kinds. 
Ohief Offices and Works 
WISHAW, SCOTLAND, 
London Office Od 8358 
10, TDDESLEIGN Hovuss, WESTMINSTER, 8.W.1. 





Reyes Limited, 
coach 1 IRLAM, MANOHESTER. 
FEED WATER H EATERS, 
CALORIFIERS, EVAPORATORS, 
emeeee 1; AIR H EATERS, 
STEA M and GAS KETTLES 
Merrill’s Patent TWIN STRAINERS 


for Any Suctions. 
SYPHONIA STEAM TRAPS, REDUCING VALVES 
High-class GUNMETAL STEAM FITTINGS. 
WATER SOFTENING and FILTERING. 5723 


Row’s 
PATENTS 


IRON & STEEL 


[lubes AND A ileal 
Steel “Plates 


Sew Ants AND Liovns, | ia. 


GLASGOW BIRMINGHAM LONDON. 
See pesesesteasienanitit page 52. $199 


Peter Pyrtherhood L 


PETERBOROUGH. 


er pay AND TURBINES, 
ND OIL ENGINES. 
oR COMPRESSORS. 
REFRIGERATING PLANT. 
See Advertisement, page 47, June 18, 


Ne Wire Ropes, half 


THE ee, — FI 
Croydon. 


Fidward Rushton, 
AND KENYON, 


AUCTIONEERS, VALUERS, and FIRE LOSS 
ASSESSORS of MILLS, WORKS, an 
MAOHINERY OF ALL KINDS, 


18, NORFOLK STREET, MANCHESTER. 


Tele. Nos.: 775 City and 5633 City. (Estab. 1855.) 
Telegrams: ‘‘Rushtons, Auctioneers, Manchester.” 


and 21, Richmond Terrace, Blackburn. 3282 


P & W. Maclellan, Ltd., 
+ CLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c 


Chief Offices: 129, Trongate, Glasgow. Od 8547 


Registered Offices: Clutha House, 10, Princes St., 
Westminster, S.W.1. 


Ho!t & W illet ts, 
Lifts, Cranes & 
Lifting Appliances. 


CRADLEY HEATH. 


3101 





rice. 
M, 
K 796 


Son 


3521 


73 ” HIGH-CLASS 
Delt Brandgyeix EERING ALLOYS 
Forgings, Castings, Bars, Sheets, Wire, Tubes. 
THE DELTA METAL CO., Lrp., 2738 
E. GREENWICH, LONDON, 8.4.10 (& at Birmingham) 


New Conveyor Co., Ltd., 


Smethwick. Telepbone—50 Smethwick. 
Telegrams—Aptitude, Birmingham. Designers and 
Makers of all kinds of Elevating and Conveying Mac- 
hinery, Structural Steel Work, Bunkers, Castings, ete, 


ores oe 


L DESORIPTI 
FLOATING ORANES. COAL ‘BUNKERING 


Werf Cisne "HAARLEM, 


H 

HOLLAND. 

Agents: MARINE WORKS, LTD., sme HovszE, 
39-41, NEW BRoaD St., LONDON, E.0.2. 

See half-page ‘Advert. last week and nezt ode "3410 


. “QUMMIT” ” 


“Qliteing Saws 


AND SOREW SLOTTING OUTTERS, 
JOSEPH THOMPSON (Sheffield) Ltp., 
Townhead Street Engineering Works, 
SHEFFIELD. 





GREEN’S 
EconoMIsERS 


for steam boilers at all pressures. 3195 


E. GREEN & SON, Ltp., WAKEFIELD. 


J ohn Belany, L imited, 


MILLWALL, LONDON, 1216 
GENERAL CONSTRUCTIONAL a 
Boilers, Tanks, & Mooring Buoys 
STILLS, PETROL TANKS, AIR RECEIVERS, STEEL 
CHIMNEYS, RIVETTED STEAM and VENTILATING 
PIPES, HOPPERS, SPECIAL WORK, REPAIRS OF 
ALL KINDS. 


Forgings. 
Walter Gomers, Limited, 
3 _ HALESOWEN. 7116 


STEEL TANKS, PIPES, GASHOLDERS, éc. 
[T'hos. Piggott & Co., Limited, 
MINGHAM. 2580 
See Advertisement last week, page 17. 
I ornsby - Stockport, 170 
B.HP. Horizontal, Double be per GAS 
ENGINE and SUCTION "GAS PLANT; also one 


105-kw., 50 cycle, 3-phase Alternator 200 volts. 
One National Gas Engine, single cylinder type, 
22-b.hp., together with Suction Gas Plant. The 
above plants are in excellent running order and have 
been very little used.—Full particulars _ upon 
application to T. G. MURRAY & CO., LTD., 355, 
Royal Liver Building, Liverpool. M 157 


[laylor & (Challen 


; resses 
For Production of SHEET METAL PRESS WORK, 
also Makers of MINTING & CARTRIDGE PLANTS, 
Foundry, Works and Showrooms: BIRMINGHAM. 
See Advert. page 74, June 18. 8195 


Reliable | — 
S tee l 


(\astings. 


T. en =~ & SONS, LIMITED, 
DARLINGTON. 


Matthew pal & § Yo. [4 


Centrifugal Pumpsand Engines. 
Forced Draught Fans and 
Engines. 


Dynamo Engines, 
LEVENFORD WORKS, DUMBARTON; 3504 


Petter Qi! Ky2gines. 


For Paraffin and Crude Oil 
Sizes 14 B.HP. and upwards. 


Petters Limited, Yeovil. 
Sizes 25 to 500 B.HP 


V ickers- Petters, Ltd., Ipswich 


See advertisement page 55, June 18, 9335 


atents, British and Foreign. 
JAMES D. ROOTS, M.1.M.E. Moderate charges. 
Long «& varied practical Engineering Experience, valu- 
able to Inventors. Formerly many years contributor of 
Patent Abstracts to “‘ The mr & “ The Times.” 
—Thanet House, 231, Strand, W.C.2 3066 


or Sale, Water eens 


by BLAKEBOROUGH. 


6 in. column, complete with leather feed hose, 
and foundation bolts. 


Height of outlet arm 14 ft. 3 in. ; 
overhang of arm 8 ft. 6 in 


All in unused aantiitte: 


PRICE : £18 10s. 


HUGHES, BOLCKOW & CO., LTD., 
; The Aerodrome, 
Marske, Yorks. 


Telephone: Redcar 201 & 202. 


Telegrams: ‘Huboldisp,” Marske. 3097 
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[the Manchester Steam Users 


ASSOOIATION. 

For the Boiler Explosions and 
for the a y in the Application of 

Steam. 9, MouNT Sere MANCHESTER. 
Chief Engineer: O. E STROMEYER, M.I.0.E. 

Founded 1854 by SIR WILLIAM FAIRBAIRN. 

Certificates of Safety issued under the Factory and 
Worshope Act, 1901 Compensation for Damages 
and Liabilities paid in case of Explosions. Engines 
and Boilers inspected during construction. 3331 
_) —FORTHCOMING EXAMINATION: 


ray DRAUGHTSMAN in the Hydrographic 


Department of the Admiralty, (18-25, with 
extension for established civil service and waiver 
of upper age limit for men who have served in 
H.M. Forces). Regulations and _ particulars are 
obtainable from The SECRETARY, CIVIL 
SEKVICE CuUMMISSION, Burlington Gardens, 
London, W.1, together with the form on which 
application must be made. The latest date 
for the receipt of application forms is 29th July. 


M 253 
Crystal Palace School of 
actical Engineering. Founded 1872. 
MECHANICAL AND CIVIL ENGINEERING 
DIVISIONS. 
President; J. W. Witson, M.1.C.E., M.I.M.E. 
Principal: MAURICE WILSON, M.I.C.E. 
Assisted by Staff of Lecturers and Instructors. 
Thorough up-to-date Practical and Theoretical 
Instruction. Course completed in 2 years. 
Students admitted at beginning of any Term. 3481 


peo of Steam 





\ivil Service Commission. 





(Correspondence Courses 
for Inst. Civil Engineers, Inst. Lown 
Engrs., London Univ. (Matric., Inter., B.Sc.), 
Inst. M. & Cy. E. , and ALL ENGINEERING 
EXAMINA IONS personally conducted by 
Mr. TREVOR PHILLIPS, B.Sc. 
(Honeurs) Eng. London, Assoc.M.Inst.C.E., 
Chartered Civil Engineer, M.R.S.I., F.R.S.A., 
etc. Also Day Tuition in Office. Excellent 
results at all Exams., comprising hundreds of 
successful Students, Courses may commence 
at any time, and all Students receive 
individual tuition. 


For full Tog and advice, 
TREVOR H 


apply to :— 

W. PHILLIPS, 
B.Sc.(Hons.), Assoc.M.Inst.0.E., 

M.R.S.I., F.R.S.A., &., 

8/11, Trafford Chambers, 

68, "South John Street, 

LIVERPOOL. 
Tel. No. Bank 1118, 


A tmstron g College 


NEWCASTLE-UPON-TYNE 
(in the University of Durham). 


Courses for the Pass Degree of B.Sc. and the 
Honours Degree of BSc. in Mechanical, Marine, 
Civil or Electrical Engineering, Mining, Metallurgy 
or Naval Architecture. The curricula of the Pass 
Degree and the Honours Degree normally occupy 
periods of three and four years respectively, but 
candidates presenting evidence of sufficient previous 
training may be allowed to proceed to either Degree 
after two years’ residence. 


The Engineering Laboratories have recently been 
extended, and all Departments are equipped for 
advanced tutorial and research work. 


The next Session commences on 5th October, 1926. 
Full particulars of the Courses may be had on 
application to 


THE REGISTRAR, 


Armstrong College, 
Newcastle-upon-Tyne 


L 983 


A mbiti ious s Men: are Ww anted to 
Fé apply at once for free booklet giving full 
information regarding the A.M.'.Mech. E.,A.M.1.B.E 
A.M LA.E.. and all other technical Bx: aminations, 
Tuition guaranteed until successful—lowest fees, 
Courses in all Engineering subjects leading up to the 
A.M.Tech.|. qualitications.— Write, at once, stating 
branch of Engineering ia which you want to specialise, 
to THE TECHNOLOGICAL INSIITUTE, 
78, Thanet House, 
Strand, W.C.2. 


ey 


M 58 


° 7 ° 
echnical Translations. 
Speciality: Engineers’ & Manvfacturers’ Cata- 

logues, etc., in all Commercial Languages. 

References : "Leading firms all over the country.— 

T. DEMANT, 20, St. Mary’s Place, Newcastle-upon- 

Ty ne. Telegrams: Demant, N/cle. Estab. 1891. 3491 

Pp repal aration for E zaminations 

A. J. ANIDO, B.Sc., A.0.G.1., specialises 
in the personal pre er of candidates’ for all the 
examinations held by the Institutions of Civil, 

Mechanical and Electrical Engineers. Arrangements 


made to suit those engaged in business.—60, Chancery 
Lane, W.0. Telephone: Holborn 5776. K 109 


M:: A. Egerton Kidner, 


Assoc. M.Inst.C.E., M.I.Mech.E., PRE -—~ Ss 
CANDIDATES for the ‘Tnst.c. E., 1.Mech.E., he 
Examinations. Postal Courses or personal Reon 
vision —Address, 1, Chase Court Gardens, Entield. 
Telephone No. Enfield 1378. M 167 


(ngineers, Dr: aughtsmen and 

4 TRACERS requiring po-itions or desiring to 
improve. Write for particulars of as-istance rendered. 

—STAFFORD O'BRIEN & a 
Specialists, 66, Victoria Street, S,W. 


Engineering 
M 278 





TENDERS. 


G.I.P. RLY. ELECTRIFICATION. 


THE DIRECTOR-GENERAL, INDIA STORE 
DEPARTMENT, Branch No. 16, Belvedere Road, 
Lambeth, 8.E.1, invites 


riy ee 
2 i) enders for: 


FOUR 10,000 Kilowatt TURBO-ALTERNATORS, 
CONDENSING PLANTS and AUXILIARY 
APPARATUS. 

Tenders due on Tuesday, 
Two pm. 

Specifications and Forms 
from the above at a fee of £2 per set, which will 
not be returned. M 239 

COUNTY BOROUGH OF ST. HELENS. 


20th July, 1926, before 


of Tender obtainable 


The Corporation of St. Helens are prepared 
to receive 


[renders for the Removal of 


the EXISTING HEATING SYSTEM and the 
PROVISION of NEW HEATING SYSTEM at 
the Town Hall, St. Helens. 

Conditions of Contract may be seen, and Plan, 
Particu-ars and Form of Tender obtained on applica. 
tion to the undersigned on payment of £1, which will 
be returned on receipt of a bona fide ‘Yender. 

Sealed Tenders to be sent in on the form and in the 
envelope provided, not later than the 17th July next. 

The Corporation do not bind themselves to accept 
the lowest or any Tender. 

ARTHUR W. BRADLEY, M.Inst.C.E., 
Borough and Water Engineer. 
Town Hall, St. Helens. 
16th June, 1926. 
COUNTY BOROUGH OF ST. HELENS. 
SUTTON ROAD PUMPING STATION. 
The Corporation of St. Helens are prepared 


to receive 
[[‘enders Supply, 


M 228 


for the 
DELIVERY and ERECTION of 
THREE ELECTRIC DRIVEN PUMPS, 
each capable of delivering 12500 gallons of water 
per hour, at a pressure of 100 per sq. in., together 
with Starting Gear, Switchboard, etc. 
ee to be delivered on or before 17th July, 
next. 
Any information required may be obtained on 
application to the undersigned. 
ARTHUR W. BRADLEY, M Inst.C.E., 
Borough and Water Engineer. 
The Borough and Water Engineer’s Office, 
Town Hall, St. Helens. 
18th June, 1926. M29 


LISBURN URBAN DISTRICT COUNCIL. 
PROPOSED INSTALLATION OF WASTE WATER 
DETECTING METERS. 


Wenders are Invited for the 

SUPPLY and INSTALLATION complete, of 
a SYSVrEM of WASTE DETECTING METERS, 
in accordance with the Plan and Specification, 

The Plan can be inspected at the Town Surveyor’s 
Office, and copies of Specitication, Bill of Quantities, 
and Form of Tender, can be obtained on payment of 
One Pound. which will be refunded on receipt of a 
bona fide Tender. 

Sealed ‘Tenders, endorsed ‘‘ Waste Detecting 
Meters,”” will be received by the undersigned not 
later than Twelve o’clock Noon, on Wednesday, 
14th July, 1926. 

The Council does not bind itself to accept the 
lowest or any Tender, and the acceptance of a Tender 
is subject to the approval of the Miuistry of Home 
Affairs (N.1.), if such approval be deemed necessary 

Dated this 17th day af June, 1926. 

. Mi ‘WILSON, 

Town Clerk. 
Town Clerk’s Office, 

____ Town Hall, Lisburn. 


COUNTY BOROUGH OF CROYDON. 
ELECTRICITY DEP! 


M 23 


LOCOMOTIVE COAL HANDLING 
CRANE AND GRAB. 
The Council are prepared to receive 


5 x . 
enders for an_ Electric 
LOCOMOTIVE COAL HANDLING CRANE 

AND GRAB. 

Plan of Site, Specification and Form of Tender 
may be obtained on application, from the Engineer 
and Manager, Electric House, 38, High Street, 
Croydon. 

Tenders, on the prescribed form, to be scat to me 
by Noon on July 5, 1926, endorsed * Tender for 
Electric Locomotive Coal Handling Crane and Grab. 
Klectricity Dept.” 

Tenders will only be received subject to the terms 
of the draft cootract deposited at my Office, which 
includes special conditions, and the I.E.E. model 
general conditions, and which may be inspected 
during office hours. 

The Council will not be bound to accept the lowest 


or any Tender, 
J. M. NEWNHAM, 
Town Clerk. 


ELECTRIC 


Town Hall, Croydon. 
June 22, 1926. 
COUNTY BOROUGH OF CROYDON, 


ELECTRICITY DEPT. 
ELECTRIC CRANE TRACK, 


M 251 


The Council are prepared to receive 


. e 
Yenders for an_ Electric 
CRANE TRACK. 

Plan of Site, Specification and Form of Tender may 
be obtained on application from the Engineer and 
Manager, Electric House, 38, High Street, Croydon. 

Tenders on the prescribed Form to be sent to me 
by Noon on July 5, 1926, endorsed *“ Tender for 
Electric Crane Track, Electricity Dept.” 

Tenders will only be received subject to the terms 
of the draft contract deposited at my Otlice, which 
includes special conditions, and the I.E.E. model 
general conditions, aud which may be inspected 
during ottice hours, 

The Council will not be bound to accept the lowest 


or any Tender. 
J. M. NEWNHAM, 
Town Clerk. 
Town Hall, Croydon. 
June 22, 1926. 





THE DIRECTOR-GENERAL, INDIA STORE 
DEPARTMENT, Branch No. 16, Belvedere Read, 
Lambeth, S.E.1, invites 


j ['enders for :— 


STEEL FISHBOLTS. 
Tenders due 6th July, 1926. 
Tender Forms obtainable from the above. 
METROPOLITAN ASYLUMS BOARD. 


TO LAUNDRY RY ENGINEERS. 
The Board invite 


[[\enders for the Installation 


of NEW and EXISTING LAUNDRY 
APPARATUS at Lambeth Casual Ward, Wincott St., 
Kennington Road, S.E.11, in accordance with the 
Specification and Drawing prepared by Mr. T. 
CooPER, M.Inst.C.E., M.I.Mech.E., Engineer-in-Chief. 

The Specification, Drawing and Form of Tender 
may be inspected at the Office of the Board, Victoria 
Embankment, E.C. 4, onand after Ten a.m. on Mon- 
day, June 28th, 1926. and can then be obtained upon 
payment of a deposit of £1. The amount of the deposit 
will be returned only after the receipt of a bona-fide 
Tender sent in accordance with the instructions on 
the Form of Tender and after the Specification and 
the Drawing have been returned. 

Tenders, addressed as noted on the Form, must be 
delivered at the Office of the Board not later than 
2.30 p.m., on Wednesday, July 14th, 1926, 

G. A POWELL, M272 
Clerk to the Board. 


THE SOUTH INDIAN RAILWAY COMPANY, 
LIMITED. 


M267 


The Directors are prepared to receive 


[Tenders for the Supply of :— 


1. STEELWORK for Bridges. 
2. WATER CRANES. 
3. SCREW JACKS. 

Specifications and Forms of Tender will be avail- 
able at the Comp: td ‘s Offices, 91, Petty France, 
Westminster, 8.W. 

Tenders po a to the Chairman and Directors 
of the South Indian Railway Company, Limited. 
marked :—‘** Tender for Steelwork for Bridges,” or 
as the case may be. must be left with the undersigned 
not later than Twelve Noon on Friday, the 9th 
July, 926. 

The Directors do not bind themselves to accept the 
lowest or any Tender. 

A charge, which will not be returned, will be made 
of £1 for each copy of Specitication No. 1, of 5/- for 
each copy of Specification No. 2, and of 2/6 for each 
copy of Specification No. 3. 

Copies of Drawings may be obtained at the Offices 
of the Company's Consulting Engineers, Messrs. 
ROBERT WHITE & PARTNERS, 3, Victoria Street, 
Westminster, S.W. 1. 

A. MUIRHEAD, 


91, Petty France, S.W.1. 
22nd June, 1926. 








APPOINTMENTS Orns. 


ssistant Engineer 

REQUIRED by the GOVERNMENT 

OF PALESTINE for the Public Works 
Department, three years’ service, with prospect of 
permanency. Salary, £E400-25-500 a year, plus 
£E50 expatriation allowance, and in addition, a 
temporary and variable cost ‘of living allowance of 
5% on minimum salary of grade, plus £E27. Free 
passages. Candidates, unmarried, aged 25-35, should 
have been trained in a Municipal Engineers’ Ottice, 
and should have had considerable outside experience 
on the construction of roads and buildings, and 
should be competent to take charge of such works 
without trained assistance. Preference given to 
candidates holding the A.M.I.C.E. qualification.— 
Apply, at once, by letter, stating age, geese ations, 
and experience to THECROWN AGENTS FOR TH B 
COLONIES, 4, Millbank, Westminster, London, 
8.W.1, ‘quoting 'M/14573. M 264 


NAPIER HARBOUR BOARD (NEW ZEALAND). 
RESIDENT ENGINEERSHIP. 
AP pplications are Invited for 
the above POSITION. Salary £1.250 per 

annum. Canvassing Members of the Napier Harbour 
Board will disqualify applicants 

Applications to be addressed to the Secretary of 
the Napier Harbour Board and delivered at the 
Harbour Board Office, Napier, New Zealand, not 
later than Monday, October 11th, 1926. 

A copy of the Conditions can be obtained from » 
Board’s London Agents— Messrs. W. & 


McARTHUR, LTD., 18/19, Silk Street, Giiesiiaien 
London, E.C, 2. L 952 


PORTSMOUTH MUNICIPAL COLLEGE. 


MECHANICAL AND ) CIVIL ENGINEERING 
DEPARTMENT. 


Principal :— 
OLIVER FREEMAN, Wh Sc., A.R.C.S., B.Sc. 
Head of Department : — 
R. C. PRESCOTT, ‘ bs Sc. (Tech.), A.M.S.T., 
M. 


ech.E. 

A pplications are Invited for 
the APPOINTMENT of a LECTURER in 
MECHANICAL ENGINEERING. Salary according 
to the revised Burnham Scale. Further particulars 
and Forms of Application may be obtained from the 
undersigned, to whom applications should be returned 
not later than June 30th, accompanied by copies 

only of not more than three recent testimonials, 

H. E. CURTIs, 
Secretary. 
Offices for Higher Education, 
The Municipal Coll-ge, 

_ Portsmouth. M 209 


STAFFORDSHIRE “EDUCATION COMMITTE E. 


A plications are Invited for 
the POST of ASSISTANT LECTURER in 
kngineering at the County Technical College, 
Wednesbury. Salary according to Burnham Scale. 
Particulars and forms of application which must be 
returned by July 6th, 1926, may be obtained from 
the undersigned. 
F. A. HUGHES, Director of Education. 
County Education Offices, Stafford. 
June, 1926, M 189 


Managing Director. 
M275 





MINISTRY OF HEALTS 
ENGINEERING INSPEC: 


A pplications ar’ 
¥ & by the Ministry « 

APPOINTMENT 
INSPECTOR. 

The salary commences at £600 | ‘num 4 
rises by yearly increments of £25 to ximum " 
£1000. In addition to the salary, US Whicl 
varies with the Cost of Living, is ble The 
appointment will carry the usua! « .j] Servi 
conditions as to pension, holidays. ete 

Candidates must be Chartered ( 
having had wide experience in th: 
carrying out of works. especially wate 
age and sewage disposal; experienc 
concrete construction is desirable. S$} 
tion will be given to candidates wit 
Degree in Engineering. 

Preference will be given to candid 
in His Majesty's Forces during the \\ 

No candidate can be considered un}: 
thirty years of age on the 1st of Augu.+ 

Successful candidates will be requi 
their whole time to the Public Servic 
prepared to take up their duties wit hoi 
The Headquarters of the Engineering | 
in London. 

Applications should be made on i} 
form (which may be obtained from the 
OF ESTABLISHMENTS,  Ministr, 
Whitehall, 8. W. 1.), not later than the 


1926. 


nvited 
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[)raughtsman l\equired 
for NIGERIAN RAILWAY CON 
STRUCTION for atour of iz 18 months 

service, with possible extension, Salary, £480 fog 
the first three years of service, tl £510, rising 
to £720, by annual increments of £ Commuted 
bush aud travelling allowance of £9 outh whilst 
on duty in the Colony. Free passaves and camp 
equipment provided. Outfit allowance of £60 on 
first appointment. Liberal leave op full salary 
Candidates, age 25-40, should have had ood training 
in general ‘civil engineering Drawing Office work! 
Apply, atonce, by letter, stating age, qualitications 
and experience, to THE CROWN AGENTS FO 
THE COLONIES, 4, Millbank, London, S.Wi 
ques: viidelatenl M 265 





ivil Engineer Required 
by the GOV ERNMENT of the GOLD 
OAST, for the PUBLIC WORKS 
DE PARTMENT for two tours of tvelve to eighteen 
months’ service, with possible extension. § 
£480 for the first three years of service, then 
tising to £720 a year by annual incr ‘ments of £30, 
and then rising to £920 by annual increments of 
£40. Outfit allowance, £60 on first appointment 
Free quarters and passages, and liberal leave at home 
on full salary. Candid:tes, age between 25 and 35, 
must be fully qualified Civil Hngineers holding} 
A.M.L.C.E. or equivalent professional qualifications 
and have had practical and general experience onthe 
construction of roads, buildings. and other public 
works.—Apply, at once, in writing, stating age, an 
giving brief details of experience and qualifications 
to the CROWN AGENTS FOR THE COLONIES, 
4, Millbank, London, S W.1, quoting clearly a 
head of application, M/14605, M 268 


ROBERT GORDON'S COLLEGE ABERDEEN, 





The Governors invite 


A Polications for the Posts of : 


1. HEAD OF THE MECHANICAL 

ENGINEERING DEPARTMENT, 
HEAD OF THE E 

ENGINEERING DEPARTMENT. 

Candidates must be University graduates in 
Engineering and have had thorough practical tralniog, 
and experience of instruction, in their respective 
branches of Engineering. Salary £600. 

The Engineering Department of the College 
co-operates with the University of Aberdeen in 
providing Degree ‘ ourses in Engineering 

A statement of the Duties attaching to the appoint: 
ments may be had from the uudersigned, with whom 
16 copies of letter ot application and of testimonials 
should be lodged not later than 12th July, 1926. 

JAMES MCKENZIE, 
Secretary and Re gistrar, M177 


THE YARROW AND THE WILLIAM LINDLEY 
SCHOLARSHIPS. 


THE COUNCIL OF “THE INSTITUTION OF 
CIVIL ENGINEERS are prepared to conside 


A Pplications for Appointment 
to the above SCHOLARSHI’S. These should 
be submitted before the 18th September 1926, to the 
SECRETARY, of the Institution at Great Georg 
Street, Westminster, S.W. 1. from whom the detailed 
regulations may be had on application. : , 
The Yarrow Scholars must be British subjects who 
are not more than 23 years of age sui who, desiring 
to become Engineers, lack sufficient :eans 0 enable 
them to pursue their practical t aiping or thelt 
scientific education. The Scholarsiijs are of values 
from £50-£100 per annum for one, two or three years 
The William Lindley Scholarships are open be 
children (not more than 23 years ot aze) of Corporale 
Members of the Institution whose _ — < 
inadequate to defray all the expeliors inciden! 
an engineering training. They pes vide for ie 
major ‘scholarship of £80 per anoun) ior he oy 
study at Cambridge University, nable for we 
years, and (B) a scholarship « ) per aul s 
for scientific education or pract: ‘ a 
Engineering. : 


PLYMOUTH EDUCATION 
PLYMOUTH AND DEVONPO! K 
COLLEGE. 
Principal W.S 


2. 


U rHORITY. 
PECHNICAL 
Sc., F. Inst? 
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» Engineer 


. TEMPLELON, M.A 


Rea quired, tor the 
Evening Classes, LECTURI 
NEERING with special quali 
Electrical side. Applicants must !'« 
Works’ and Drawing Ottice exper 
academic qualifications. Salary = 
the Burnham Award for the Prov! 
salary will depend upon previous «» 
day for receiving applications ~ 
Further particulars obtainable frou 
COOK, Secretary for Education, 
Plymouth. 
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June 25, 1926.] 
> _—_— 
KARACHI PORT TRUST. 
NOTICE. 
The Trus!ves of the Port of Karachi invite 


pplice tions for the Post of 


ENGINEER from fully qualified 


HIE! - 
+ os not over 45 years of age, with special 
aeedge apd experience in the construction and 
ie harbour work. 


gaistenance 0! 


250/- per month, rising by annual 
Rs. 100/- for approved service toa 
2.550/-. The salary is consolidated, 
ances of any kind will be given. 
The appoin nent is not pensionanle, but the 
gecessful candidate will be required to subscribe to 
the Trustees’ 1° ovident Fund, in the benefits of which 
gier their rules he will participate. Leave and 
yave allowances will be given under the Trustees’ 
les in force irom time to time. 
Aresidence will be provided, and must be occupied 
ty the Chief Lugineer on payment of rent at 10% of 










M polications with references, and copies (which 
yl pot be returned) of testimonials, and stating 
tionality, parentage, age, career, educational and 
gther qualifications, and giving detailed particulars of 
experience, to be addressed to i 

THE CHAIRMAN, Karachi Port Trust. 


Messrs, RENDEL, PALMER & TRITTON, 
Consulting Engineers, 12-14, Dartmouth 
Street, Westminster, London S.W_1. 

yas to reach) him/them on or before 31st July, 1926, 
the outer cover being endorsed “ Appointment of 
Ohief Engineer.” 
Ifacandidate is selected from the United Kingdom, 
e bya P. & O., Ist class B, will be paid. If 
wlected in India he will be allowed First Class Rail- 
ny and Steamer fares to Karachi, in accordance 
with the Subsitiary Rules of Government framed 
mder Rule 44 of the Fundamental Rules, 
Tt. S. DOWNE, 
Chairman, 
KARACHI PORT TRUST. 
Karachi Port Trust Office, 
1926. M 273 





pre ughtsmen Required, 
Temporarily, by the Southern’ Railway 
Company, at their Eastleigh Works, TWO COM- 
PETENT RAILWAY CARRIAGE DRAUGHTS- 
MEN. Applicants must have had good experienee 
incarriage body construction. Apply. giving details 
of past experience to the CHIEF MECHANICAL 
ENGINEER, Southern Railway, Waterloo'Station, 
london, M 266 


Leading Draughtsman Re- 
QUIRED for section of drawing office dealing 
vith Turbo-Compressors and Exhausters. Applicants 
must give full details of career, qualifications and 
wlary desired, to REAVELL & COMPANY, 


enior Draughtsman 

REQUIRED, thoroughly experienced in design 
of modern steam road rollers. State age, experience 
and salary required.—Address, M 226, Offices of 
ENGINEERING. 


M echanical Draughtsman 


REQUIRED in London, in connection with 
Workshop Layouts, including machine tools and 
general plant. Apply, giving age, full particulars of 
training and experience, and salary required.—BOX 
3177, c/o BRown’s, 39, Tothill St., S.W.1. M 270 


W nted, for Large Iron and 
Steel Works on North-East Coast. MAN 
thoroughly experienced in Feed and Speed Control. 
Must be accustomed to obtaining best results from 
all classes of machine tools. State age, experience 
and wage.—Address, M 232, Office of ENGINEERING. 








Wanted for Lancashire Dis- 


trict, DRAUGHTSMAN, _ thoroughly 
acquainted with the design of Mechanical Parts of 
Electric Winders.—Address, stating age, details of 
experience, and size of the largest equipments dealt 
with, also salary required, M 220, Offices of 
ENGINEERING. 


1 anted be the North 


\ Midlands, a Good MECHANICAL 
DRAUGHTSMAN, with experience in Cement and 
Crushing Machinery.—Address, stating age, ex- 
perience, salary required, and when at liberty, 
M 221, Offices of ENGINEERING. 


Head Machine Shop Foreman 


for Works in East Anglia, manufacturing Oil 
Engines. must be good organiser, able to take charge 
Tool Room, Jig Drawing Ottlice, special knowledge of 
gear cutting essential—Address, M 276, Offices of 
ENGINEERING. 








SITUATIONS WANTED. 


[agineer (34), Educated, 
-4 Energetic, sound Practical and Theoretical 
Experience, SEEKS suitable POST. Previous post, 
Works Manager, Manager for General Engineers, 
Chief Draughtsman.— M 181,Offices of ENGINEERING. 


E ngineer, Fully Trained 
_4 (Shops and D.O.), 50, Wants Appointment to 
represent prominent firm in India and Far East. 
Fifteen years’ commercial experience in the East.— 
Address, M 260, Offices of ENGINEERING. 





Ranelagh Works, Ipswich. M 263 


; ae F ° 

ssistant Engineer Required 
z for supervising Reinforced Concrete Work. 
Applicants should be of British or French nationality, 
ad must be thoroughly conversant with both 
languages. -- Address, stating experience, salary 
required, and when free to commence, M 277, Offices 


of ENGINEERING. 
anted, Assistant Works 
for Works abroad, man 





MANAGER 
accustomed to repairs of machinery of shallow draft 
Vessels. Able to make estimates.. Should have 
first-class B.O.T. Engineers’ Certificate. Age about 
30 years, preferably unmarried.—Address, M 269, 
Offices of ENGINEERING. 


\ Tanted at once, by Consult- 
rio Engineer, capable ASSISTANT, 
experienced in Sewerage, Sewage “Disposal and Water 
Supply Works. Particulars, experience, age, salary 
required, copies testimonials, etc.—Address, M 246, 


Oftices of ENGINEERING. 
\ echanical Engineers for 
Service in NIGERIA. Two years’ agree- 


= ‘0 months in Nigeria, Four months’ leave on 
ull pay if the employee remains in the Association’s 





frviee, or waif pay if the employee wishes to 
terminate the Agreement at the end of one tour. 
ee 8Y commnences from date of Sailing. Salary 
posh ad anuum, Housing, First-class Passages out 
ym ome, uid Medical attendance provided by the 
ssociation. 
gUortEs. ta ntenance and erection of Cotton 
+p i —_ Machinery, Prime Movers, Gas, 
Sven y “3 .—. i 
hyn apd ngines.—Apply by letter only in the 
TH RITISH COTTON GROWING 
ASSOCIATION, 
333/350, Royal Exchange, 
Manchester. M 250 





halt Sicsaan i 

hief )raughtsman Required. 
poll Mus! save good theoretical and practical 

ng in High-Speed Engines, Turbines, Con- 








WORK WANTED. 





cientific Calculations by 
MACHINE, Calls in London by appointment. 

A. EVERETT, M.A. (late Asst. Nat. Phys. Labor- 
atory), 7, Riverside, Sunbury-on-Thames, Middx. 


bs ae 
Mracing.—Neat and Accurate 
Work Promptly Executed reasonably.— 
H. K. KINGSTON, 5 
74, High Street, Erith. “Phone: Erith 437. 





Repre sentation.—Old- 
XY Established Firm of Engineers, very well 
known and with wide connection in the Midlands, 
Offices in Birmingham, DESIRE additional SOLE 
AGENCY for electrical, Civil or Mechanical Engi- 
neering work. The Principals are fully qualitied 
Engineers and have wide business experience. 
Replies treated in the strictest confidence.—Address, 
M175, Offices of ENGINEERING, 


ry 
\ 7anted, a 1000 ton Toggle 
PRESS, suitable for embossing steel plates. 
Stroke not less than 3in.—Address, PRESS, 
Wa. Porteous & Co., Advertising Agents, Glasgow. 
M 106 








PATENT AGENTS. 


Ke: ’s Patent Agency L+td. 
(Director, B. T. KING, C.1I.M.E., Registered 


Patent Agent, G.B., U.S., and Canada). Inventions 


advice handbook and consultations free. 146a, 
Queen Victoria Street, London, E.0.4. 40 years’ 
refs. "Phone: Oentral 682. 1209 








PARTNERSHIPS. 





IF YOU ARE SEEKING 
A Partner or Partnership 


or wish to Buy or Sell a 
BUSIN oa or WORKS 
r 


W heatley Kk P rice & Co. 


46, Watling Street, LONDON, E.C.4. 


ESTABLISHED OVER SEVENTY YEARS. 3202 


jjngineering Concern, 
Established 1839 (now private Limited 
Company), in Northof England, REQUIKESACTIVE 
DIRECTOR with experience of Engineering and 
general business ability, also capital up to £10,000. 
All information will be given regarding Company. 
Apply, in first instance, stating fullest particulars, 
to JOSEPH W. HEPHERD, Incorporated 
Accountant, 78, King Street, Manchester. M 238 


AB Excellent Opening is 


Presented for a GENTLEMAN with moderate 
capital to take a seat on the Board of a well- 
established Company (Government Contractors), 
manufacturing high grade engineering specialities. 
To one having a connection with Railways, Engineer- 
ing Works, Foundries, Shipyards, Motor Works, 
Exporters, etc.,a unique opportunity exists to rapidly 
develop the existing business, under his own control, 
if desired.—In the first instance, enquiries should be 
addressed to BOX 1220, ENTREPRENEURS | TD., 
7, Queen Street, E.C.4. Mz 


Figineering and Allied 
4 Partnerships, Directorships and Businesses 
REQUIRED, London and Provinces, £1000 to 
£30,000 for many technically trained 





243 





investors. 
ARNOLD «& CO., 143, Cannon Street, E.C. Estab. 
1891. No result, no charge. City 7222. M249 





WANTED, &c. 





I arge Foreign Company 
4 MN anufacturing high grade Engineering 
Specialities, for which a growing demand exists, is 

PEN TO GRANT a SOLE SELLING CON- 
CESSION in its products for the whole of Great 
Britain. Only firms of high standing, financially 
strong, with facilities for carrying a comprehensive 
range of stock and controlling a strong selling 
organisation are suitable. A considerable business, 
including Government contracts, has already been 
done here by the firm in question, during the last 
eighteen years, and a first-class opening is assured to 
one in touch with Railways, Engineering Works, 
Foundries, Steel Works, Shipyards, Motor Works, 
and other industries, Hardware Merchants and 
Exporters.—Enquiries should be addressed, in the 
first instance, to BOX 220, ENTREPRENEURS LTD., 
7, Queen Street, E.C. 4. M 242 





x perience d Engineer, 
established Glasgow as Engineer and Merchant, 
having Architectural connection al! over Scotland, 
Wishes to get into Touch with good Established 
Firm manutacturiong goods of mechanical nature of 
interest to Architects.—Address, M 261, Offices of 
ENGINEERING. 


London Limited Company 

is DESIROUS of TAKING UP a Further 
AGENCY for special Machinery or plant the handling 
of which calls for technical and practical as well as 
commercial, experience. The Directors of the 
Company are members of the Institute of Mechanical 
Engineers and have a fully qualified staff and offices 
in the City. Only firms of good standing and repute 
— .—Write BOX 749, SELLS, Fleet Street, 

- i. . 2 





No. 20 993—“ Improved method of Giving to Air 
or other Gases a Definite Moisture Content.” 


[ibe Owner of the Above 


Patent is DESIROUS of ARRANGING by 
LICENCE or otherwise on reasonable terms for the 
manufacture and commercial development of the 
invention.—For particulars address, HERBERT 
HADDAN & CO., Chartered Patent Agents, 31 AND 
32, Bedtord Street, Strand, London, W.C2. M 255 


[ ancashire Representation.— 


Sales Engineer, familiar with the ‘Textile 





oe Pla ‘ud Lay-outs. Knowledge of Internal 
— rat 1 advantage, but not essential. Gond 
ane. ve full particulars of training and 
Bowne ®, and salary expected. — Messrs. 
a INDLEY & CO., Lrp., Patricroft, 
dancheste; 1258 

vil ‘ngineer Required for 
i — ion of Port Works abroad. Must 
psc cov derable experience in the design and 
aa ‘ct harbour works. especially deep-water 
diedgive’ s capable of diving and supervising 
pe fatlons. Applications, with detailed 
‘* Be ars .' « xperience, to be sent. to :—BOX 3164, 
4 a v +, Tothill Street, S.W.1. M 240 
Ship Uraughtsman (Experi- 
Re ence: YANTED by Shipbuilders and Shi 

Pairers j } P 
‘mal on. ‘ina. Must have been trained in a 
drught PS with experience in designing light 

> adil Aged 30 to 40. 

Addon er mouth for three years’ engagement. 
techuleal "t Y detailing experience and 
ERIN. “oing, M 162, Offices of ENGIN- 

\ — " a es a ee a : 

OC 
(foe echanical Draughts- 
general ; os ang IRED, with experience in 
london. ‘og and motor car design. Offive in 


tess, M 259, Otfices of ENGINEERING. 


Industry, Desires to Represent Firm of repute.— 





AUCTION SALES. 
W heatley Kirk, Price & Co. 
Established 1850) 


Auctioneers 

AND VALUERS OF 8202 

ENGINEERING WORKS, PLANT AND STOCK. 
46, WATLING STREET, LONDON, E.C.4, 


16, ALBERT SQ, 26, COLLINGWOOD ST., 
MANCHESTER, NEWOASTLE-ON-TYNE. 


Telephones & Telegrams at each Address, 





PARK HALL CAMP, 
OSWESTRY - SHROPSHIRE, 


Sale by Auction 
b 


y 
RIGGALL & RIGGALL 
On THURSDAY and Fripay, JULY 1sT and 2ND, 1926, 
at 10.30 a.m. prompt each day, of 
The remaining Huts and dismantled 


MATERIALS 


including about 
15,000 SHEETS OF CORRUGATED IRON 
in 10 ft., 9 ft., 7 ft. & 6 ft lengths and 2 ft. 8 in. and 
2 ft. 4 in. wide. 
850 ROOF PRINCIPALS, 36 ft., 28 ft. 6 in. 
and 20 in. span. 

500,000 ft. run of RAFTERS, PURLINS and JOISTS 
from 6 in. by 3 in. to 3 in. by 2 in., in long lengths. 
3,000 ft. run of PITCH PINE, 7 in. by 4 in., 
in lengths of 28 ft. 6 in. 

120,000 ft. run of inch FLOORBOARDS, 4} in. 
and 6in, in long lengths. 

20,000 ft. run of MATCH BOARDS, 44 in., 53 in. 
and 6 in., in long lengths. 

25 WEATHERBOARDED HUTS, 60 ft. by 20 ft. 

dismantled in sections, ready for re-erection. 
20 WEATHERBOARDED HUTS, 60 ft. by 20 ft. 
lined Matchboard and Threc-ply. 
600 GLAZED WOODEN WINDOW SASHES, 
7 ft. 6 in. by 3 ft. 10 in., 5 ft. 0 in. by 8 ft. 8in., 
3 ft. 10 in. by 3 ft. 10 in. 
100 Single Doors, 7 ft.3.in. by 2 ft. 10 in. 
80 Pairs of Double Doors. up to 8 ft. by 7 ft. 9 in. 
4000 Sheets of Three-ply Wood, 5 ft. by 4 ft. 
and numerous other effects. 


Full particulars in Catalogues, ready June 22nd, 1926, 
to be had free from the Auctioneers, 
BIGGALL & KIGGALL, F.A.I , Old Market Place, 


Gre on Thursday next, July 


Ist, 1926, at the London Auction Mart, 155, 
Queen Victoria Street, E.C. 4, at 2-30 o'clock. 


IMPORTANT FREEHOLD 
THAMES SIDE SITE. 


AREA, 37,500 SQ. FT. WITH FOUR FRONT- 
AGES to Albert Embankment, Broad st., Salamanca 
St., Salamanca Place, totalling some 620ft. The 
site is suitable for Commercial purposes, being close 
Vauxhall and Waterloo Stations. and Nine Elms 
Goods Depot. The river also offers excellent means 
of transport, a public draw-way being adjacent to the 
site. VACANT POSSESSION of ail excepting a small 
house, 
Auctioneers, Messrs. HILLIER, PARKER, 
MAY AND ROWDEN 
27, Maddox Street, London, W. 1. M 256 


PUBLIC SALE 


OF THE 


SHIPBUILDING YARD 


AND INDUSTRIAL LAND ADJOINING, 
SITUATED ON THE ISLAND OF 
LANGERBRUGGE, GHENT, BELGIUM. 


essrs. Vander Kecken and 

MAETERLINCKE, will SELL by AUCTION 
that excellently situated SHIPBUILDING YAKD of 
“The Compagnie Anglo-Belge De Constructions 
Navales "’ and the conveniently placed land alongside 
the Grand Canal and adjoining the Shipyard, 
suitable for industrial purposes, 

TOTAL AREA: 74 acres or thereabouts. 
Divided into 23 lots. 

Purchasers will have the option of acquiring a part 
of the plant. 
The Auctioneers’ Commission is fixed at $ per 
cent. 
Preliminary offers may 
July 30th, 1926. 
THE DEFINITE SALE WILL TAKE PLACE 
ON FRIDAY, AUGUST 13th, 1926, AT THE SALE 
ROOM, 1, rue des Boutiques, GHENT, at Three 
o’clock p.m, 
THE MACHINERY, MATERIAL & TOOLS 
for shipbuilding will be sold by public auction on 
MONDAY, 6th SEPTEMBER, 1926, at Nine 
o'clock a.m. at the Shipyard at LANGERBRUGGE, 
All information may be obtained from the 
Auctioneers : 
MONSIEUR P. VANDER EECKEN, 22, 
Boulevard Frére-Orban, GHENT. 

MONSIEUR J. MAETERLINCK, 17, Boulevard 
Frére-Orban, GHENT, BELGIUM. M 227 


be made on Friday, 


By DIRECTION OF THE DUDLEY, STOURBRIDGE, AND 
DISTRICT ELECTRIO TRACTION Co., LTD. 


TO CONSULTING ENGINEERS, COLLIERY 
ENGINEERING, AND MINING UNDER- 
TAKINGS, LIGHT RAILWAY SYNDICATES, 
AND OTHERS. 


TRAMWAY DEPOT, 
HART’S HILL, BRIERLEY HILL, 
STAFFORDSHIRE, 





SALE OF 
COMPLETE ELECTRIC POWER PLANT, 
WITH CONDENSERS, BOILERS AND 


ECONOMISER, 
° en 1 
ecil Cariss & Co., F.A.L., 
have received instructions to SELL BY 
AUCTION (unless disposed of privately), on the 
Premises, on WEDNESDAY, 14th JULY, 1926, at 
Eleven a.m. precisely, 
THE WHOLE OF THE VALUABLE 
~ mn ” ry 
ELECTRIC POWER PLANT 
IN COMPLETE WORKING ORDER, 
Comprising— 

Three MULTIPOLAR, SIX POLE. COMPOUND 
ELECTRIC GENERATORS (direct coupled), by the 
British Thomson-Houston Co., Ltd. 

Three 170-HP. HORIZONTAL-SURFACE CON- 
DENSING TANDEM COMPOUNDING ENGINES 
by Ball and Wood. 

One WORTHINGTON SURFACE CONDENSER, 
complete with Centrifugal Pump, Electric Motor, and 
Edward's 3-cylinder Air Pump. 

Three ARON WATT METERS, OIL 
SEPARATOR. 

SWITCH BOARD, with three Generator Panels 
complete, one B.O.T, Panel complete, one Condenser 
Panel complete. 

Three LANCASHIRE 
Netherton. 

Two DOUBLE-ACTION BOILER FEED PUMPS. 

Two OIL SEPARATORS, One HOT WELL 
complete. 

One GREEN’S ECONOMISER, 
Motor, Starter, etc. 

Two WATER SOFTENING TANKS (each 10,000 
gallon capacity). 

STORES, SPARE PARTS, MACHINE TOOLS, 
OFFICE FURNITURE, etc. 
SCRAP METAL, CAST AND WROUGHT IRON. 

The Whole of the above Plant, which will be 
FIRST OFFERED AS A COMPLETE WORKING 
UNIT, is on modern principle, and could be laid 
down to work light railway, colliery. and engineering 
undertakings, and is in thorough working order. 
CAN BE TREATED FOR BY PRIVATE TREATY. 

INSPEc TION INVITED. 

Auctioneers : Cecil Cariss & (Co., Machinery 
Experts. 55, Temple Row, Birmingham, from whom 
all further particulars and permits to View may be 
obtained. Telephone: Birmingham Central a 

vo 





One 


BOILERS, by Danks, 


with Electric 








FOR SALE. 

- Verticals from 4ft. by 2ft. 
G team Boilers. to 1itt. by aft. ready. 
4 ) Also Makers of otber sizes and types.—Apply, 
GRANTHAM BOILER & CRANK Co., LTD., GRANTHAM, 


“DISTANT CONTROL INSTALLATION FOR 
ANTI-AIRCRAFT ARTILLERY.” 


Nhe Owners of British Patent 

No. 205801 DESIRE to DISPOSE of the SAME 
or would grant a licence to work the Invention on 
royalty terms, Particulars may be obtained from 
TECHNICAL RECORDS Itmitep, of 59-60, 
Lincoln’s Inn Fields, London, W.C. 2. M 274 








Grimsby, Lincs. ’Phone, 3166. M 170 





184, London Road, Oldham. M 262 


For Sale, &c., continued ‘on page 4, 
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or Sale, 1,000 HP. Triple 
EXPANSION ENGINE, in exceptionally good 
condition and under steam. Private treaty. Low 
price for quick sale.—BOX 113, G.P.O., Birmingham. 


eeriar M173 
Hyars vulic Accumulator, 

tam, 14 in. dia., pressure 1é a me Stroke 
16 ft., Container 12 ft. dia. by 17 high. All 
complete except guide structure. Good condition. 
Price £100, Blythe.—Address, M 169, Offices of 
ENGINEERING, 


QO}! Burning Locomotive 
MULTITUBULAR BOILERS with circular 
fire box, heating surface 487 square feet, evapora- 
tive capacity 2.000 lbs., working pressure 100 Ibs. 
per square inch. Immediate delivery. Further 
particulars apply RUSTON & HORNSBY a 


Lincoln. 
. 7 ' 
] argain, Lathe For Sale, 
Cheap. 18 ft. 0 in. long, Gap Bed 12 in., 
Chuck 2ft.0 in. Very little used. Want of room 
reason for sclling —HOARE & CO., L1p., Red Lion 
Brewery, St. Katharine’s Way, E.1. M 230 


4 hl 

ior Sale, 73 HP. BTH 
Motor, D.C., 610 R.P.M., 500 Volts, with Starter, 
Nails, Pulleys and Driving Belt, in good running 
order, £120,—THE GIMSON SHOE MACHINERY 
CO., Lip., Ulverscroft Works, Leicester. M 231 


~ ° ° ° 
| arge [Engineering Works in 

A Lanarkshire FOR SALE privately. Works 
with railway siding. The buildings are mostly 
modern, of steel and brick construction, with all- 
glass roof and concrete floor, covering an area of 
26,200 square yards, with Yard space of 28,000 square 
yards with suitable offices — electric light and 
power supply. Some of the buildings have overhead 
cranes.—Apply, MITCHELLS, JOHNSTON & CO., 


Solicitors, 160, West George Street, Glasgow. M 233 
~ 7 . ye 
( ne New Horizontal Triple 

te Expansion STEAM ENGINE, by Sulzer, with 
2 cylinders in Tandem ; high and low pressure ; 1360 
(indicated) horse power, H. D. DOUGLAS & CO., 


LTD.,, Victoria Street, Westminster, 58.W.1, 
Vic, M 244 


fy 


1669, 
Powers for Sale. 


Nearly New Dish-ended Lancashire Boiler, by 
Thompson, 30 ft. by 9 ft. 3 in., made in 1920, 160 Ibs. 
pressure, corrugated flues. 

Two Davey Paxman Economic Boilers, 15 ft. 6 in. 
long by 11 ft. dia., 175 lbs. pressure. 

Four ditto, by Danks, 15 ft. long by 9 ft. 2 in. dia., 
170 Ibs. pressure. 

One ditto, by Lindsey Burnett, 12 ft. 9 in. long by 
9 ft. dia., 170 Ibs. pressure, 

One Lancashire Boiler, 30 ft. by 9 ft., by H. & T. 
Danks, absolutely in perfect condition, 160 Ibs. 
pressure. 

One Lancashire Boiler, by Yates & Thom, 32 ft. by 
9 ft., new in 1917, 120 Ibs. pressure. 

One Lancashire Boiler, by E. Danks, 30 ft. long by 
9 ft. dia., for 150 Ibs. pressure. 

Four Lancashire Boilers, 30 ft. 
30 ft. by 8 ft., for 120 Ibs, pressure. 

Four Nearly New Vertical Crosstube 
15 ft. by 6ft., by Coltman, new 1918, 
pressure, evaporation 2200 Ibs, per hour. 

Ove 40 H.P, Loco-Type Boiler, by Davey Paxman, 
140 Ibs. pressure, 3600 Ibs. per hour. 

A large stock of other Boilers of smaller size in 
stock. 

GEORGE COHEN, SONS & CO., LTD., 
600, Commercial Road, 
London, E.14. 


° ‘ 
A ir Compressors 

880 c. ft. Ingersoll-Rand belt driven two Stage 
AIR COMPRESSOR, 105 Ibs. pressure, with un- 
Jeaders and intercooler. Practically new. 

420 c. ft. Reavell Electrically driven 
PRESSOR, 100 Ibs, pressure, driven by 
230 volt d.c. Motor. 

450 c. ft. Broom and 
COMPRESSOR, 100 Ibs. 
pressure. 


by 7 ft. 6 in. and 


Boilers, 
100 Ibs. 


3525 


for Sale. 


AIR COM- 
81 H.P. 


AIR 


steam 


stcam-driven 
120 Ibs. 


Wade 
pressure, 


100/120 c. ft. Blackstone Crude Oil Engine, driven 
42 c. ft. Portable electrically driven 
PRESSING ‘T, by Consolidated Pneumatic 
100 Ibs, pressure, with 440 volt d.c. 
Receivers, etc., all self-contained. 
Full specification and price from :— 
GEORGE COHEN, SONS & CQ,, LTD., 
London, E.14. 3526 
> YD Nyy ry 
RED HERBERT LTD., 
‘Phone: 860 (8 lines). Wires: Lathe, Coventry. 
MACHINE TOOL BARGAINS. 
Six 
Machines, friction clutch drive, with C’shaft, 
pump, ete. Capacity ¥, in, by 1) in. Stock 
(AS PURCHASED), 
One Wotan 21 in. Crank Shaper, Type * £6,” cone 
size of table 19} in. by 14 in. by 15f in. Stock 
No. 1897. (NEW). 
with C’shaft. Stock Nos. 1425, 1426, 1427, 
1428, 1429 and 1430. (AS PURCHASED). 
type “DH/E” cone pulley, back gear d, 
capacity, 273 in. by 9 in. by 18} in. working 
1384, 1385 and 1. 380. (NEW. 
Three Jahn Type “* D” Universal Tool and Cutter 
al equipment and 
C’shaft. Max. swing 7% in., 
centres, Stock Nos, 1394, 1395 and 13¥6. 
OFFERED SUBJECT TO PRIOR SALE, 
Our Surplus List No. 17 contains numerous Machine 


AIR COMPRESSOR, 300 Ibs. pressure. 
AIR COM- 
PLANT 
Co., Motor, Air 
21 c. fit. Plant as above, 
600, Commercial Road, 
nal 
\ LE 
COVENTRY. 
Brown & Sharpe No. 00 Automatic Screw 
Nos. 1360, 1361, 1362, 1363, 1364 and 1365. 
pulley, single back geared, max. stroke 21§ in., 
Six Gould & Eberhardt 16 in. Shapers, cone pulley 
Three Mossdorf & Mehnert No. 2 Plain Mills, 
surface of table, 3 3} in. by 9} in. Stock Nos. 
SW 
Grinders, with univers 
17 in. between 
(NEW). 
Tool Bargaius. Copy free on request. M 245 


1 

(‘rossinyloof, Glasgow. 
BUILDING formerly occupied as a skating 
and curling rink FOR SALE privately. The building 
covers an area of 2811 square yards, with Refrigera- 
ting Plant, with usual aoe. electric light, and 
artificial heating, and could either be used for its 
original purpose or as a Valais de Danse (Superior’s 
consent required), or other similar purpose.—Apply, 
MITCHELLS, JOHNSTON & CO., Solicitors, 160, 
West George Street, Glasgow. M 236 


rer Sale. 


POWERFUL CAM LEVER 
and SHEARING MACHINE, 


apd shear through 2 in. 


ONE 

PUNCHING 

with 42in. gaps to punch 

Price and particulars from 

MURRAY, M’VINNIE & CO,, Ltp,, 
Mavisbank, 


Glasgow, 8.W. 


Teir Pumps in 


Stock, 


A very fine selection of about 35 Weir Pumps, 


including the following :— 


17in. by 123in. by 27 in., 16,000 gallons per hour’ 
200 Ib. pre enure, gun metal liner, rods and valves. 

Six New Marine Type Pumps, 14}in. by 10 in. by 
18 in., po hd gallons per hour, 250 Ib. pressure, 
BRAND NEV 

Nearly new Marine Type Pump, 123in. by 9in. by 
14in., 6,900 gallons per hour, 250 lb. pressure. 

Three Nearly New Marine Type Pumps, 10in. by 
7in. by 11 in., 3,250 gallons per hour, 250 1b. pressure. 

Two Nearly New Marine Type Pumps, Zin. by 
5$in. by 12 in., 1600 g: ullons per hour, 2501b, pressure. 

“Two Weir Pumps, Sin. by 3gin, by 6in., 500 
gallons per hour, 1501b. pressure. 

And many others, 


THOMAS MITCHELL & SONS, 
BOLTON, 
’Grams. “ Realize '’ Bolton 


LTD. 


*Phone 302 (3 lines). 


K ngineering or other 
4 Purpose F ORSA Tr E, privately, 
EXCELLENT and MODERN BU UILDING. in east 
end of Glasgow, of steel and brick construction, with 
all-glass roof, and granolithic floor, covering an area 
of 18,890 square yards, with Yard space of 800 square 
yards served by Railway Siding. The building is 
provided with electric light, power and electrical 
overhead cranes ; also suitable offices ; provision for 
artificial heating in works and offices with or without 
shafting and machine tool equipment.—Apply to 
MITCHELLS, JOHNSTON & CO., Solicitors, 160, 
West George Street, Glasgow. { 235 


]  _ccaes 


QERVICE, LTD. W48Wterny” 


*Phone: 845 Coventry. Wires :Blundstone, Coventry, 


SUPER MACHINE TOOLS. 


VALUE 
ALWAYS IN STOCK LARGE RANGE OF 


NEW xesuir 
MACHINE TOOLS StH, our 


GUARANTEE 
Many other efficient Tools in addition IN STOCK at 
Prices to YOUR advantage. 

We supply on Deferred Payments if desired. 


MILLERS.—One No. 4B HEAVY BROWN and 
SHARPE PLAIN, Two No. 13 GARVIN —" 
One No. 3 GARVIN DUPLEX, One No 
CINCINNATI VERTICAL, One No. 3 BECKE R 
VERTICAL, One No. 1 HERBERT VERTICAL, 
One WARD LINCOLN TYPE, One BRASS 
FINISHERS’ LARGE DOUBLE HEAD, One 
HAND MILLER by Wisconsin Miller Co. 

GRINDERS.—Three 16 in. by 50 in. NORTON 
PLAIN, One 10in. by 72in. NORTON PLAIN 
One 4 in. by 24 in. CHURCHILL PLAIN 
One No. 14 BROWN & SHARPE PLAIN, One 
No. 2 CINCINNATI PLAIN, One 16 in, by 48 in. 
and One 18in. by 68in. LANDIS CRANK, Two 
No. lin, LANDIS UNIVERSAL, Two No. 70 
HEALD INTERNAL, One CAPITOLINTERNAL 
One No. 60 HEALD CYLINDER, One GISHOLT 
UNIVERSAL TOOL, One HERBERT BALL- 
BEARING TWIST DRILL and CUTTER, One 
l4in. by 36in. PRATT & WHITNEY VERTICAL 
SURFACE, 

GEAR CUTTERS.—One No. 
380in. FLATHER, One No. 1 FAREWELL 
UNIVERSAL, One llin. GLEASON STRAIGHT 
BEVEL, One CROSS TOOTHROUNDER. 

AUTOMATICS.—Three 2} in. and Two 3} in. SINGLE 
SPINDLE GRIDLEYS, One } in. FOURSPINDLE 
GRIDLEY, Two § in. and One # in. Model “A” 
CLEVELANDS, One No. 15 SCHUTTE SINGLE 
— One No. 2G BROWN & SHARPE, 
Three No. 6A POTTER & JOHNSONS, 

DRILLERS.—One 40 Spindle BAUSH, One 12 
Spindle NATCO, One 6 Spindle NAMCO HORI- 
ZONTAL, One POLLARD HORIZONTAL, Two 

2 Spindle HE RB ERTS, One COLBURN TY PE D4 
HE AVY, One 27 in. Jones & SHIPMAN HEAVY 
DUTY. 

LATHES.—Two 9in. LE BLONDE 8.8. & 8.C., One 
10in. DEAN, SMITH & GRACE SS. & S.C., One 
12in. DEAN, SMITH & GRACE SURFACING and 
BORING, 9} in. DENHAM SURFACING and 
BORING, One 7} in. COLCHESTER GAP BED 
ALL GEARED HEAD S.8S. & 8.C., One 12in. 
LANG 8.8. & S.C. GAP BED LATHE, One No. 34 
WARNER & SWASEY UNIVERSAL TURRET, 
One No. 1 HERBERT HEXAGON TURRET, 
One No. 6 WARNER & SWASEY CAPSTAN, One 
No. 2 PRATT & WHITNEY SCREW MACHINE, 
One 24in. Swing STEINLE COMBINATION 
TURRET LATHE. 2490 


2AB NEWARK, One 





° . + 
Gall Engineering Works 

in Lanarkshire FOR SALE privately. The 
works have railway siding. The buildings are mostly 
modern, of steel and brick construction, with all- 
glass roof and concrete floor, covering an area of 
6770 square yards, with Yard space of 967 square 
yards and suitable oflices—electric light and power 
supply. One of the buildings has two overhead 
cranes.—Apply to MITCHELLS, JOHNSTON & CO., 
Solicitors 160, West George Street, Glasgow. M 234 


Vy Thitefield (Govan) Limited, 


Late ROSS & DUNCAN, 
Whitetield Road, 


Govan. 


Large assortment of 


MARINE ENGINEERS’ 


AND 


BOILER-MAKERS’ 
MACHINE TOOLS, 
HAND TOOIS, etc., 


FOR IMMEDIATE DISPOSAL, 


comprising : 


Planing Machines, Screw Cutting and Turret Lathes, 
Slotting Machines, Vertical Drilling Machines, 
Punching and Shearing Machines, 
Hydraulic Riveting Machines, Hydraulic Pumps, 


Electric Derrick and Overhead Travelling Cranes. 
Plate Edge Planers, 
Horizontal Boring Machines, 
Screwing Machines, Steam Hammers, 


Boiler End Flanging Machines, ete. 


ON VIEW AT ANY TIME. 


FERGUSON BROS, (ccs:cin) Le 
PORT GCLASCOW, 
ENGINEERS AND SHIPBUi{.DRR 


See Last and Next Week’s Half-pags » 


ni 
Advertisement, 7 


$2 





CRAVEN BROS. 


(MANCHESTER) LTD. 


REDDISH, STOCKP RT 
MACHINE TOOLS & CRANE 


For our Half-page Illustrated Adv 
' see last,week’s and next week’s 





MAXWELL & FAG 7 


—— to BRUCE & STILL, ) 
efton Street, LIVER? O0L. 

CONSTRUCTIONAL ENCINEERS & CONTRACTOR 
for Steel 
all descriptions of Structural Work. 
Buildings designed for use at home & bab 

See Illustrated Advert. Preceding & boilo 
Catalogues, Designs & Estimates on applica: 
Tele: No, 1817 Royal. Telegrams; * Galvauizer,” 





BELLISS « MORCOM, 


BIRMINGHAM. Lig, 


Self-lubricating Steam Engines, Turbine 

Air & Gas Compressors, Condensing Plana 

Heavy Oil es, Paraffin Engine 
Pneumatic Hose Couplings. 


See Illustrated Advt., page 53, June 4. 3285 


Liverpool 


Refrigeration Co. Ltd 


Liverpool, England. 


See last and next week's number. 


A. BEEBE E | 
Studs, Bolts, Nuts, «) 


WEDNESBURY.””’ 














NO REASONABLE OFFER REFUSED. 


LISTS ON APPLICATION. 


TURNED TAPER PINS. | 


LION ENGINEERING Co,, Lto. 


GRANVILLE STREET—BIRMINGHAM. 


Telephone! 
1643 Midland. 





Telegrams: 2367 


Lionengco, B’ ham. 








MISCELLANEOUS. 


( )fiices Vacant. 


Victoria Street, First Floor. Self-contained Suite 
of Five Rooms and Offices in addition, about 1800 ft. 
super. rent (inclusive of Rates, Taxes and Central 
heating), £765 p.a. eal to HOU cee 





CASTI NGS, sree « cnovze 
IRON & STEEL FORGINGS. 


DARLINGTON FORCE LTD. 


Darlington — England. 2167 








Buildings, Bridges, Girders, and® 
Timber 4 
road. © 
? Weekge 


. R 
Liverpool. Be 








72, Victoria St., S.W.1 

To Motor Engineering and 
E ALLIED TRADES” Requiring Offices and 
Showrooms in Manchester. A lease could be arranged 
ona loftyshop, 183 ft. by 37 ft. bsmt. and first fir. 
in the heart of the industrial area at the reasonable 
rent of £350 p.a., without premium.—Apply, 
HILLIER, PARKE R, MAY AND ROWDEN, 27, 
Maddox Street, L ondon, W.1, M 257 











SCRIVEN & CO. (Leeds) Ltd. 
MACHINE TOOLS 


105, York Street, Phones 21639 
LEEDS. 8351 ‘T7ede.s “* Scriven, Leeds.’’ 








SIR WILLIAM ARROL & CO. 
(SWANSEA) LTD. 


Bridge Builders, Structural Engineers. 


~_—" 





BUILD WITH STEEL 





King’s Dock Works, Swansea. . 
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CENTRIFUGAL 


& HIGH ar eEo ENGINES 
BEE OUR LARCE ADV" IN 


ee ary ce te Yoren. 


Bagky HENRY COOK fn 


Shafting, Gearing, Pulleys, 
Clutches, etc, 


West North Street. ABERDEEN. 








OF 
GENERAL, ELECTRICAL, & MARIN 


MAKERS, 


PATTERNS 


EVERY DESCRIPTION _ fo 


ENGINEERS, MACHINE TOO 
STEEL FOUNDERS 
SHIPBUILDERS. 


Patterns of any size cheap for 1 off, m 
few. High-class standard in hard or soft 


jium {¢ 
woods fd 


uatly Accurate finish and workmé snship D 


experienced workmen. 
PROMPT DELIVERIES. REASONABL" PRICE 
Enquiries and Orders Solicited 5y 33: 


H. GREGORY & C0 


2a, WINDSOR’ STREET, LU TO 
Telephone: Luton 536. Telegrams : Patter:s, Lute 


























June 25, 1926. | ENGINEERING. 
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Engineering Tools, Ltd... 12 Heed “Wrightson = o., Liverpool Refrig. Co,, Ltd. Oakey, John, & Sons, Ltd. Siemens Bros, &Co., _ 93 | Wallwork, Hy., & Ge., 
English Electric Co,, Ltd, 50 ve & 69 | Lockwood & Osritale, aoe Osbor Simon-Carves, Ltd. “ Ltd. oe 
Campbells & Hunter, Ltd. Entwisle& Gass, Lid. .. 93 manes & Froude, Lia. . 93 | Lumbys, Ltd, 
Celite Products Corporation 86 barr as Wyss &Co.,8.A. 93 | Henderson &Glass .. .. 21 | Lysaght, John, Ltd. : hie 
4| Chaplin, Alex., &Co.. id. 14 yg Moenting & Co., Hendry, James, Ltd. .- 88] MacFarlane Eng. Go., 
Citroen Gear Co. Ltd. 9 ~~ 23 | Herbert, Alfred.Ld. .. 24425 sed. ae oe te ce 
je hg ere &Co., a. €7 | Evans, vionab & Sona, La. 6 | Hick, Hargreaves’ Co,, Ld. 89 | MacLellan, P.& W... .. 
os , Goodfellow £00. 1 | Everett, A., 3 | Hoffmann Mfz. Co.. Ltd... ~ Magnolia A.-F. Metal Co, 
< pe roong Son & Co., Utd... 76) Everitt, Alien’ . Sons, Ltd. 1] Holden & Brooke, Ltd . of Great Britain, Ltd. .. . ear Wheatley ry — 3 
Bollins & Moreom, ° Jeveland Bridce& Eng. Oo. 20 | Farmer, Leopold, & fon.. 87 | Holding, John, & Co., Lta 4 Mammut-Werke .. .. Phillips, Trevor W. Smith, T., & Sons (Rodley) White, Rd., 
- Ball's United Asbestos Co., Slifton & Baird. [.td. 94 Farrar Boilerworks, Ltd. 93 | Holman Bros., Ltd... .. 10 J Steam Users’ Chherine, R. Y, , &Co., ia. is «« af as a Whitefield teteld Govan, Lia.” 4 
oe Yyde Structural Iron Co. 94 | Fawcett, Preston & Co., Ld. 94} Holt& Willetts . oe, ce 12 Associa — Thoa,, & Co. Smooth-on Man'fg. Co. .. 87 
Gompany, uta. 7: Joebran & Co. (Annan), Ld. 13 | Ferguacn Bros. (P.G.)Itd. 4) Horne Rogineerine Ga «« 95 | Marshall, “Flemiog & Oe, Somers, Walter, Ltd. .. Wiesioveorth. F., & Co., Ta.2e 
, Neary, & Co., Ltd. A., &Co... .. 79] Firth, Thos, & Sons. 5 Huber & Aute 86 J “— a Gpencer- ene « Wiley, James, &Sons, Ltd. 79 
rtr! oh Tue. 4 Ltd. . 6 42, 43 & 48 | Hudswell, Clarkes Co.. 14. 82 Massey, B. & a8. eo ee Spencer, J 
Sohen, Geo. ,Sons & Co., La. 4 Fleming, Birkby & Govdall, Hughes, Bolckow & Co, ~ Maxweila Pace | Wa” Se" Ne Standard r- Samad” Btott 
93 Ltd. 13 Ltd 1| Mechans, Ltd. .. .. .. Priestman, Bros. (Engineers), Ltd. 
James, & + 98 Fleming & Ferguson, Ltd. 7/ ughes & Lancaster, ‘Ltd, 95 Meltreme li. (te se ae Prostor, Jas. Ltd. es Standard Piston Ring “and 
. Shelion & Co., Ud, 81 | Foster Instrument Co. Ld, 48 Heusieave & Glasgow, kers E) iz. Co., Lea. Kng. Coa.. Ltd. . 
Crankless Engines Ltd. 1 | Foster, Jos.,&Sons.. .. 59 WOE ad ac, ss ce oe trical Co., lan - 18431 Raneome, A. ry oe Ltd... Steel Co. of Scotland, 
| Craven Bros. (Manchester), Fuller, Horsey, Hunslet Engine Co., Ltd. 96 | Mi . 6 Machinery Co, 
4 Seca. ss ean ae oe Casrell .. .. .. -- 1! Hunt, Thomas,&Sons .. 1 Michell Bearings, Ltd. (1920), Ltd, .. we. Bteel Pipe Co. , Ltd. | oe 


Pe: “* ENGINEERING ’’ CLASSIFIED DIRECTORY OF CURRENT ADVERTISEMENT: 
The LATEST EDITION, in compact book form, is NOW pened and may be obtained gratis from the Publisher. It also contains the "Telegraphic Addresses, Codes and Telephone 
Neustere of our Advertisers, and Glossaries for the use of Foreign Buyers in French, Italian, Spanish, and German. 
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' ° 8 Co., Ltd. 92 
Parsons Motor Co., Ltd. Skefko Bail Bearing ©o., ‘Ta. 58 
13 


Paverson Engineering Co.” jeeper & 31433 
Smidth, F. 1... 4 Co., ;Ltd. 41 wo A.C. &Co., Tita .. 

Smith, Barker & Willson 91 Wert Conrad .. .. » 

Smith Bros. & Co. (Hyson) wv West Hydraulic Eng’. Co. 15 


23 eue.e 


Bs 
Pontifex "& Wood, Ltd. 
Power Plant Co., Ltd. ., 
Pratehitt Bros, .. .. .. 














Benes to 


‘Weodite Company , Ltd... ‘ 
Worthington-Simpson, 








Wright's Forge. r “Bug. 
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The following high grades will simplify 
your lubrication problems ! 


STEAM CYLINDER OILS.—Nos. 201 to 205. For operating with Displacement or 
Force Feed Pump Lubricators. 

FILTERED VALVE AND CYLINDER OILS.—“ Valvos ” and Nos. 2, 3 & 4. 

STEAM TURBINE OILS—‘ Universal,’ ‘‘ Universal No. 2’ and ‘“‘ Turbogear.”’ 

CRANK CHAMBER OILS.—Nos. 1 and 2. For enclosed type steam engines. 

GAS AND OIL Satie acme G 1 to 2a. 

PETROL AND P ENGINE OILS.—Nos. la and 1b. For Driving Machinery, 

DIESEL ENGINE OILS.—“ D.E.,” ‘‘M.D.C.,” and “M.B [Pumps, &c. 

Also a large range of other “ "Willcox’s”” OILS and “ Fiske” Pure Petroleum Base 
GREASES, for machinery lubrication. 



























































ROFTS’ Friction CLUTCHES 
FOR UNFAILING SERVICE 


CROFTS’ Friction Clutch Installation fulfills every require- 
ment. Has the highest efficiency. Will withstand the most 
arduous usage. Strong design and construction. Particularly 

reliable under hard working conditions. 


Easy to operate and adjust, with maximum Friction Surface 
and real clearance between Rim and Slippers when disengaged, thine 
CROFTS’ Clutches give unfailing service over the longest running pi — mene 


periods, Iron Pulley. 
Let us quote for YOUR Installation. We manufacture all 
types of Friction Clutches for all Powers and Speeds. 


CATALOGUES, LITERATURE AND FULL PARTICULARS ON REQUEST 


CROFTS © LTD. sos “sxc. 


London Office: 46, CANNON ST., E.C.4 Manchester Office: 42, DEANSGATE. 
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Limited BC bth Raition Li 
CARDONALD Marconi Internationa 


SG 


JOSEPH EVANS & SONS) 7 pEDIE 


CcULWeELL works, WOLVERHAMPTON. 


one, __ PUMPS, 
BRADLEY « CRAVEN," 


ESTABLISHED 1843. W A K E FI E LD. 


i; 
noneers or STIFF PLASTIC 
BRICK MAKING MACHINERY} 


BRICKS PRODUCED BY OUR LATEST IMPROVED 

MACHINES ARE OF UNEQUALLED STRENGTH AND 

FINISH. READY FOR IMMEDIATE DELIVERY TO KILN. 
‘wa No. 1 “STIFF-PLASTIC” BRICK-MAKING MACHINE 


Ouptut 1200 per hour. | TI 
We also build a larger Machine (No. 2 size) for 2000 per hour. : ' PH 


HIGHEST OUTPUT HIGHEST QUALITY. 


LASGOWw 
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PATENT GUTTER HOPPER DREDGERS, DIPPER DREDGERS. 
FLOATING CRANES, ROCK BREAKING PLANT, GOLD AND 
TIN RECOVERY DREDGERS, AND DRAGLINE DREDGERs, 
New Buckets, Links, Pins, Gearing, ete., supplied for existing Dredgers. 


FLEMING & FERGUSON, LTD., 


i PAISLEY, SCOTLAND. Estab. 
Shipbuilders and Earineers, Fi Telephone No.: Palsuuy 2048. 






PLANT TO THE LARCEST 
DIMENSIONS & CAPABILITIES 









——_—_— 


GHORGE ELLIOT & CO., L.= 


MANUFACTURERS OF PATENT 


. LOCKED WIRE ROPES AND LANG’S LAY WIRE ROPES, 

































a And other Wire Ropes for Mines, Cranes, Lightning Conductors, Hawsers, &c. 
lasgow.” OFFICE: 16, GREAT GEORGE STREET, WESTMINSTER, LONDON. 
| (2 lines) —— 

semen 





‘** UNION PACIFIC OVERLAND TYPE."’ 


THREE-CYLINDER LOCOMOTIVE BUILT FOR THE UNION PACIFIC SYSTEM. 


Weight:on Driving Wheels, Est. 288,000 pounds; Weight of Engine, Est. 407,000 pounds ; Three Cylinders, 1-25 by 28, 2-25 by 
30 inches ; Diameter of Driving Wheels, 63 inches ; Boiler Pressure, 210 pounds; Maximum Tractive Power, 78,000 pounds. 


TELEGRAPHIC ADDRESSES : 


Locomotive, New York City. Sivad, London, England. 
Thaine-Lourenco Marques, Port. East Africa. 


7 AMERICAN LOCOMOTIVE SALES CORPORATION. 


NEW YORK CITY U.S.A. ze 


rD. ifr = Pe RSONS | 
4 POWER PLANTS FOR EVERY EMERGENCY 


Electric Generating Sets 
Pumping Plants 






































Instantaneous Starting 
Continuous Full-Power 


>. ~~ 2 -<o 2. -7o 2S 


RY Running Air Compressing Plants 
Close Governing Electric Welding Sets 
No Vibration Belt Driving Units, etc. 





Prompt Deliveries 14 to 140 B.HP. 


{ PARSONS 16 K.W. STATIONARY SET. 


PETROL, PARAFFIN OR ALCOHOL. 


THE PARSONS MOTOR CO., LTD., TOWN QUAY WORKS, SOUTHAMPTON. 


| }| "PHONE: ace. 3208 "GRAMS ; “ MOTORS, SOUTHAMPTON.” 


TY. | SE PHO OPPO HEE SHEE EOFEO OOH 5 | SHH] HOEO 
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Fes Lancashire 


We make a Speciality of the Manufacture of & ‘ a 4 and similar 
S| 3) | type Boilers, 
and 


CASE HARDENING oe: — | 
COMPOSITIONS a. Sf ania 


4 ie ig taken insideta Lancashire Boiler, # 
a a Hearth Hardening ae i J shows how eminently suitable | 


HARDENING BOXES. HARDENING OIL Ty! fos ; 
mm Flexible Shaft Operated Chipping Hammer | 
: Cee Se eT Ree 
' ” Re It provides yet another, instance of our contention that the “ Skatoskalo” range : 
Write for free samples. PR SECS | 


or Rust removing. 








‘complete list. 


SMALL HEATH, BIRMINGHAM. F. Gilman (B.S.T.) Ld. 


“ SKATOSKALO” Works, 
ee Smethwick, 


* Phone: Smethwick 190. 
Grams: “SEATOSKALO” 


JOHN ELSE & SON, LTD. |] © JP mes.er ge 


*‘Phone—Vicronia 11. Telegraphic Address—“ Hampgninc, BinmincHAM.” 
Brancn Worxs—IRETON ROAD, LEICESTER. *Phone—1086. 


m. 





————- 
nese (IRE 
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15in..k SWING HARTNESS FLAT TURRET LATHE “Steel Head’’ Model. 


METAL REMOVING KOU gore Hel 

. ‘ tainer for storing all kinds of oil for 
a 4 4 Ka daily use, the ‘“‘ VALOR” OIL CABINET 
The business of the Turret Lathe is metal removing. ri ) is “at home" everywhere, and at all times. 
The HARTNESS FLAT TURRET LATHE has \e It is never too tired to deliver your oil clean 
proved its prowess in this business because of the oj ie Ae cout Dare _ od eek Boone Ol is 
extreme rigidity and minimum of overhang both in Pi © WN, | larger pump can be supplied at a little extra 


holding the work and in the tool support. ~. Nes «| charge. Edible oils can also be safely stored 
Wii the Valor way by the fitting of a tinned 


The balance of tool strength to headstock power A AA brass Pump. 


is only possible because of the FLAT TURRET 1 A : 
and CROSS-SLIDING HEADSTOCK. ae ao Wethe: fon cpetine ene Pehee GA. 
hi amt THE VALOR COMPANY, LTD., 


“The Problems of Your Shop—Problem No. 3,” on | | H | BIRMINGHAM: - Valor Works, Bromford, Erdingtoo. 


chucking work, will interest you. We will gladly Os = ~~ =, Viele See, 3 
send you a copy. Buy British Goods, 


"| VALOR. 


nN OIL CABINETS 








Jones & Lamson “Machine Co., 


19, Water Lane, London, E.C. 4. 
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The Test of Time 


Owing to improvements and economies recently 
effected in our production methods, the prices of 
Citroén Rolling Mill Pinions have been reduced to a 
very considerable extent. 


Citroén Ears 


are unrivalled for durability,so that a set of Pinions like that 
illustrated, willlast from three to four times as long as ordinary 
Pinions. This long established feature of Citroén Gears is now 
further enhanced by their low first cost. 


Submit your transmission problems to us and be assured 
of obtaining the most satisfactory and economical solution. 


(tr 


THE CITROEN GEAR CO., LTD., 
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The Independent 
Power Plant 


One of the first steps taken by the Government to deal with the 
situation created by the General Strike was to restrict the use of 
electric power. As a direct consequence, many works were compelled 
to work short time, although they were really in a position to carry 
on normally. The resulting loss to the firms concerned, and the 
hardship to their employees, were, unfortunately, unavoidable, and 
everyone must agree that the Government acted wisely in imposing 
the restrictions. 

The very fact that these restrictions were necessary does, however, 
make one wonder whether the Government will still proceed 
confidently with its electricity scheme. 

The General Strike has forcibly demonstrated the value of the 
independent power plant. Manufacturers who generated their own 
power, and were, consequently, not dependent on the electric power 
stations, found themselves in a very favourable position, and it is 
certain that many of those who suffered under the restrictions will 
profit by the lessons the strike has taught them, and will install their 
own power plant at the earliest opportunity. 

Cheap and plentiful power is one of the country’s greatest needs, 
but it is a great mistake to assume that Super Power Stations are the 
only means of providing it. 

Power can be produced now in private industrial plants quite 
as cheaply as (and in some cases even cheaper than) the Super Power 
Stations will be able to distribute it. (It is, of course, the distributed 
cost that the consumer will pay, which is quite a different thing from 
the cost of production.) 


We can show the manufacturers of this country how to produce electric 
power and light for use in their own works at from §d. to ld. per 
unit (everything included), at the same time rendering them quite 
independent of power station strikes or lockouts. 


Can we discuss your Power Problem? Write, mentioning 
«“‘ Engineering,’’ to :— 


Blackstone & Co., Ltd., 


Oil Engine and Pump Works, Stamford, Lincs. 
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RS Mv BALL & ROLLER 


BEARINGS 











WITT 


Sa! 


he 




















NPN (Ua Noa g0l-1si00h coll @F.\-1-07 


LOADS WHERE OTHER 
BEARINGS Fait 
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BRABY BUILT BARROWS 


ARE 


BRITAIN’S BEST BARROWS 


eowetthiins eal 


Braby’s “Eclipse” “B.B.B.” No. 3. 





Double 






Purpose 
Barrow. 


We have the largest variety of High Grade Steel 


Barrows in the Kingdom. 
Braby Barrows for all purposes. 
Tens of thousands in daily use. 


“‘Eclipse’’ Illustrated Catalogue post free. 


F. BRABY & CO., LTD., 


Eclipse Steel and Engineering Works, 


Petershill Road, Glasgow. 


Telegrams: ‘‘BRABY, GLASGOW."’ Telephones: BELL 1105 (10 lines.) 
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This Duplex Compressor 


is made in 5 sizes 


IS Vertical Duplex Compressor 
is especially suitable for direct 


coupling to electric motors and 
petrol or paraffin engines, eliminating 
belts and reduction gears. 
It attains a high efficiency by the use of 
the well-proved and durable Gardner 
duo-plate automatic valves, which give 
a free flow of air through large ports. 
The fivesizes are:—Displacement,59,82, 
118,160 & 265 cub. ft. of free air per min. 


OTHER FEATURES OF THE 
GARDNER DUPLEX COMPRESSOR 


Compact and rigid con- Totally enclosed. 
struction. Automatic plunger - pump 














Extremely accessible design. lubrication. 

Excellent cooling: cylinders Split main and '!'big end 
and valve ports com- bearings. 
pletely jacketed. Noiseless operation." 


Counter - weights to crank- Minimum floor-space.'' 
shaft, excellent running Maximum pressure: 125- 
balance. 150 ‘lbs. 


Other Gardner Products 


HORIZONTAL AIR COMPRESSORS 
Steam and Power Driven.| 


POWER-DRIVEN PUMPS 
With enclosed reduction gearing. | 


‘STEAM PUMPS 
Packed piston-type and centre-packed plunger type. 








Catalogues on request from 
The GARDNER GOVERNOR;CO., 
25, BISHOPSGATE, LONDON,- 
E.C.2. Telephone : London Wall 7065- 

















GARDNER 


PUMPS & COMPRESSORS 


Quality Products for over 65 years.’ 


Drilis : may we send 
you lists ? 





















SCOTLAND—J. R. FORRESTER & Co., 24-30, Old Sneddon St., PAISLEY. 
SOUTH WALES—J.G. ELLIS & Co., Western Mail Chambers, CARDIFF. 












Why Holman Drills have helped 
to develop South African 
resources! 


ae 
BE a3. 
pa day 












This is the Holman 50- 
pounder Drill(WLB)whichhas 
made history in South Africa. 
Last year it broke its own 
stopping record in the New 
Modderfontein Mine. 




























There are three excellent reasons for the remarkable 
results achieved by Holman Plant in the difficult | 
South African mining fields : - B 


Firstly, Holman Drills are designed and built for 
prolonged and arduous work. 


Secondly, high drilling speed is combined with the Fe 
lowest cost in spares and air consumption. ( 


Thirdly, every Holman Drill carries a label which 
— the soundest guarantee in the Mining . 
orld. 


Su 
No matter what form a mining operation takes, there 
is a suitable Holman Drill which has proved the 
best of its kind. 
Full particulars of Holman 17-, 30-, 40-, and 50- re 
pounders, Light Drifters and other Drills, will be T. 
sention request. ; 










CAMBORNE 
ENGLAND 


London Offices : 
BROAD ST. HOUSE, 
E.C.2. 
















Resident Engineers in 
Bristol, Cardiff, Dar- 
lington, Glasgow, 
Sheffield, etc., etc. 
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“Gre.” 


Rectangular and 
Round Riddlers. 


Floor and 
Bench Rammers: 


Vibrators. 
Chipping and 


Fettling Hammers. 


Core Breakers. 
Air Hoists. 
Wire Brushes. 


Surface Grinders. 








SEND FOR OUR COMPLETE 


CATALOGUE OF PNEUMATIC TOOLS 





Ag 


ENGINEERING 


BRITISH THROUGHOU 


Y LIMITE 





“G.P.E.” 


Air Compressors. 
Pneumatic Tools 
and complete 
Pneumatic 
Equipment 
for the 
Foundry. 
Shipyard. 
Boiler Shop 
and Engineering 
Industry, 
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1, VICTORIA STREET, LONDON, S.W.1. 

















Concrete Hoisting 
and 


Placing Equipment 
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r 1 AHE complete’Equipment includes Steel Sectional 
and Timber Towers, Hoisting Winches, Head 
Wheels and Wire Rope, Self-Tipping Hoist 

Buckets, Receiving Hoppers, Hopper Gates, and Steel 

Sectional Distributing Chutes. There is also a Com- 

bined Portable Concrete Mixer and Steel Sectional 

Tower fitted with all the necessary Hoisting and 

Placing Equipment. 





The Equipment is supplied complete or in separate 
units, and special equipment is built to customers’ 
_Tequirements, if necessary. 


We invite all who contemplate purchasing concrete 
hoisting and placing equipment to write, giving details 
of their requirements, when we shall be pleased to 
supply suggestions, lay-out drawings, and quotations. 





RANSOME MACHINERY Co. (1920) Ltd. 


DEPT. E., WINDSOR HOUSE, 4, VICTORIA ~ STREET, 


_ -- i LONDON, S.W.1. _ — oa 
8478 
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“HALLGIDE” 






CONTRACTORS TO-— 
BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 
MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler, 
and Bridge Building, ard other constructive purposes. 


CASTINGS of all kinds and gy sizes for Ship Stems, 
Sterns, Posts, Anchors, R 


RAILS, BILLETS, FORGINGS. 

AXLES of bos war uality, to meet the requirements of Home 
and Colonial ways. 

TYRES.— Locomotive Carriage and Wagon, to all requirements. 

SPECIAL STEEL of all kinds for constructive purposes. 


THE 


STEEL ( COMPANY «SCOTLAND 


ROYAL EXCHANGE SQUARE, 
GLASGOW. 
TELEGRAPH ons 
AODRESS 


STEEL” G.ascow. 














ZLLLLZZ ] / pall a oOo 
TRADE 
MARK 


solders ALUMIN/UM 


PRICES GREATLY REDUCED! 


SIZES. 
1/3 
2/44 
4/74 
8/74 





Enquire to-day from your Wholesaler, or from: 


ENGINEERING TOOLS LTD. 
11b, Upper Thames St., London, E.C.4. 
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$145 
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r ROBUST BRITISH PUMP 
~~ DEEP WELLS & BOREHOLES. 


HERE 1s hich has behind it « wealth of experience in the 
decign tnd oma wi nount of various types of pu pumping — 





It has many points of interest to which particular attention is 
among them being the following jpn ant SI “ey ol: ‘the 
EVOLVING yea eS 


IES OVER 
et IS BUILT FOR DEPTHS OF 300 OR_ MORE. 
RIVE IS BY ELECTRICITY, Sas OIL'OR STEAM. 
| Arad "he vee of pump has been installed for main water supply, and 
success at several 


PUBLIC WATER WOset a FANRERIES, BREWERIES AND 


Write for Circular R. 206. 











REES ROTURBO MFG.COLTD 
stead Ofce & Worn.» WOLVERHAMPTON, BNGLAND. 

| London Office ¢ Hastings House, Norfolk St, Strand, W.C. 

Telegrams: droturb 5 eee. 


ydroturbo, 
Telephones: 1444 W Iverheen 
311 Conunl, Lindon. 
































PRrocToRr’s PATENT SHOVEL STOKER |i? 


AND 


MOVING FIRE-BARS 
Give ECONOMY in FUEL, 
Increased Steam Production, 


SMOKE ABATEMENT. 


PROCTOR’S COAL ELEVATOR, 


fitted with Patent RAM FEED BOOT, 
Ensures cheap handling of the coal. 


POSITIVE FEED OF COAL TO BUCKETS. 


Wear and Tear reduced to a minimum. 
Write for Illustrations and Particulars. 


JAS. PROGTOR LD., “tren‘vens, 





Od 2945 





Iron Works, 


SOLE AGENTS FOR FRANCE AND BELGIUM: 
‘The Societe des Perfecti 








NO JAMMING OF ELEVATOR. 


BURNLEY. 


BELT LACING MACHINES 
& FASTENERS (Patented) 


PROVED KLINCHA 





**KLINCHA” BELT 
FASTENERS ARE MADE IN 
12-INCH LENGTHS FIRMLY 
MOUNTED ON PAPER STRIPS, 
AND ARE EASILY CUT 10 
THE WIDTH REQUIRED WITH 
A KNIFE WITHOUT DISTURB- 
ING THE REMAINDER OF THE 
HOOKS, WASTE ENTIRELY 
ELIMINATED, 


IMPROVED 





es 
——— 


2777 


W. T. NICHOLSON & CLIPPER CO., Ltd 


“CLIPPER” WORKS, KING ST., SALFORD, MANCHESTER. 








ts a la Vaporisation, 68, Rue de Rome, Paris. Cables: ““OLIPPER *: MANCHESTER. Codes: BENTLEY'S, LIEBER’S, A.B.C. 
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BELT 
EIN 
PIRMLY 
STRIPS, 
IT TO 
WITH 
STURB- 
F THE 
TIRELY 


— 
2777 


Ltd. 
sTER. 


A.B.C. 
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are 
stocked 
In sizes 
ranging from 
8’ dia. to 8’ 6” dia. 
to produce from 3800 Ibs. 
to 7000 Ibs. of STEAM per hour 
10,000 have been supplied 
TO tHE WORLD since 1878 
FOR EVERY CONCEIVABLE INDUSTRIAL PUR- 
POSE, as COAL, OIL, or GAS-FIRED UNITS; 
2 PAODY HUSK BURNING & THE UTILIZATION OF 
WASTE-HEAT. 
Write for Full particulars, including COCHRAN HOT 
WATER BOILERS (sizes from 390,000 to 6,000,000 
B.T.U’s per hour.) 
EFFICIENT, ECONOMICAL & DURABLE UNDER ALL CONDITIONS. 


COCHRAN & CO. ANNAN Ltd., ANNAN, SCOTLAND. 
Telegrams: “ Muititube, Annan.” Telephone : No. 2 Annan. 


Li 
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[—s secret lies in 
the fabric— 
specially built up 
in plies and 
cemented under 
enormous _press- 
ure. It runseasily 
and will not warp, 
crack or get sticky 
under friction. 
Every belt is 
sractentned against 
ailure through cli- 
matic. extremes or 
exposure to heat, 
steam and water. 

























| The magnified 
section shows the 
method of stitch. 
| ing and »making 
up Teon Belting. 
Teon. he breaking 
Britain’s strain of a 5-ply 

Best Teon Belt is over 


Belting 4 oe 











Makers also, of the, well-known ° Le 
vogege bet at a, FOTIA S'S 
leather belting, ‘‘Capata” balata </ 
, belting, “Tiger” hair belting, and a GS 
“Atlas” combination “ Teon" and 
i leather belting — the strongest 
driving belt in the world. : 
tedtidentn te time ES E LTENO 
FLEMING, BIRKBY AND GOODALL, LTD. 


(Branch of Card Clothing and Belting Limited), 
WEST GROVE MILL, HALIFAX, 
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) e HAVE MADE 
& THEIR WAY 
BY THE WAY 
9 THEY ARE MADE. 
Up eT amr Angee 
a a a ee 


THE location of the seat ring is the secret 
of the successful performance of the 
“ Jefferson” Union under the most trying condhions 
met in modern piping practice. e ring is 
situated in a recess away from the runway 
e fitting whi prevents it from 
‘ or dislodg by expansion or 

other strains. 


THE ring is pressed into the recess by hydraulic 
pressure and the lip is spun over, the ring 
practically becoming a part of the fitting. Every 
individ joint is ground to its seat and never 


separated, ensuring a leakpr joint under 
conditions. 


THE nut threads are coated to_ resist 
corrosion, and each Union is tested before 
despatch by compressed ai 


THE JEFFERSON UNION CO., 
LEXINGTON, MASS., U.S.A. 
Distributors :-— , a0e8 


BRiTisH STEAM SPECIALTIES LTD.. 


; BEDFORD ST., LEICESTER. 
ann 


Be sure it’s a JEFFERSON 
Look for the Name on the Nat, 


air under water. 











“The Machines That Put the ‘Rings’ in Springs.’’ 


SPRING-COILING MACHINERY 


of every description. 





For example, we offer :— 

Universal Spring Coiling Machines 
in ELEVEN Sizes 

handling oil-tempered wire from ‘004” to 8” diameter. 


These machines produce spring forms as illustrated 
herewith. 


British Representative :— 


Mr. F. A. PERRY, 


63, Queen Victoria Street, 
London, E.C.4. 3605 





WORCESTER. 
MASS., U.S.A. 
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sooo THE BUTTERLEY CO., Ltd, 


DERBY. ESTABLISHED 1719. 


Telephone—Nos. 75 ana 76 RIPLEY. Telegrams—“ IRoNWoRKs, Burrertey,” 


BAR IRON, IRON * ee klaaies 


Up tc BO T 





















































“Bridge and 

| Structural 
Steelwork, 

Pit Trams, &., 





SMOOTH-ON No. 3 not only adheres well to the thread surface, but 

as the body is metallic it cannot dry out, shrink, crack or 
shrivel. In contrast to ordinary fillers, Smooth-On No. 3 retains its 
original volume for all time and therefore is as dependable as the pipe 
metal itself on lines carrying any fluid and any temperature. 





High-class 
Machine Work of 
all descriptions. 


Sold everywhere in | and 5 lb. tins. Ready to use. 


Write for the Smooth-On Handbook, which will post you well 
on all seven kinds of Smooth-On, 
where to use each, how to apply for 
best results and what to expect from 
the finished job. 


Distributed by : 
WALTER P. NOTCUTT, LTD 
8, White Street, Moorfields, London, "EC., 
and carried in stock by leading dealers and 
supply houses. 















— 





Special Acid- 
Resisting Metal 
for 
Chemical Plants. 


Made by Smooth-On Mfg. Co., 
Jersey City, N.J., U.S.A. 








Large Retorts, | Hino 
Pans, Acid Eggs, | 
&c., a Speciality. 


5108] LONDON OFFICE: 52, Queen Victoria Street. eeso. Tel.—2190, Cry. & 
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NU np a WIE S 
SOC muma(HARVEY) iNT Orvoe : 
is =| C E 
| 3 RANES & ENGINES |{]) & 
W 
All types 
Electric 
Steam a 
to 
Level Luffing. 
= SPECIALITIES, 
=e Ss. LATHES, 18”, 21”, 24”, 30”, 36” 
= a Centres, All Gear Heads. "cae 
SS e. or ° 
= Horizontal Drilling, Tapping, & Boring aie 
= Spindles 2”, 24”, 3”, 33”, 4", 5", 6” Dia. = LE C L N L d 
= G. « A. HARVEY, Lro. A X. HAP IN & Co., td. 
= WORKS, 
SS] rotegrams: GOVAN, : GOVAN, GLASGOW. 
= “GANDAH." ‘ GLASGOW. = 
=<, Joondon Representatives :— 
ENA Harvie Corporation Limited, I 
in) MATT AMT TUTTO a + ite 0 
exe (TA NAN TTA A PesnevariBetldiggs. Wertmdnniy mii: 
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EAST FERRY ROAD ENGINEERING WORKS C°-. LTD. 


Hydraulic Cranes’ and Coal Hoists, Hydraulic Presses of all descriptions, 
- . Patent Pneumatic Grain Elevating Machinery. 



































“A FRIEND IN NEED.” 





That is what our “BETTER SERVICE” 
socket is proving itself to be. 









This is proved by the fact that the great 
majority of firms whom we have supplied 
with these sockets, are coming to us 
for further supplies. 


The reasons why “BETTER SER- 
VICE” sockets have proved so 
successful and helpful are not far 
to seek. In direct contrast to 
the old soft socket, ‘““ BETTER 
SERVICE” sockets are ground 
for accuracy, and hardened 
for durability. 


This enables you to get the 























ons. best results from your 
drilling plant, to secure 
much greater freedom 
i from broken twist drills, 
cid- and better quality 
Hletal output. } 
These are just the 
| Is results you require, 
ants. suas therefore 
Send for List and Socket on approval. 
mrts Meee eray Or TELAaD Lift 2 tous, and alternatively 25 ewta. to a total height of 100 feet. 
‘ 9 le ms, and alternative. cwts. to a to 0) ev. 
E ‘ Maximum radius 50 feet, minimum 18 feet. The Cranes will also slew through 1} Fevolutions. WILLI AM ASQUITH (1920) L™.- 
SEs, | GENERAL ENGINEERS AND IRONFOUNDERS. Established 1865. 
ality. : Estimates given for Repairs. The Leading Drilling Machine Specialists, 
Cory. | Telegrams : “‘HyDROSTATIC ’Phone, LONDON.” MILLWALL, LONDON, E.|“"""™ Park Works HALIFAX ie 
(Se P 
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SINGLE BLOWS 


or Automatic, long strokes or short, 

light blows or heavy, hand or foot 

control—these are some of the items 
which together constitute the 


WIDE RANGE OF CONTROL 
which distinguishes the 


MASSEY PNEUMATIC 
POWER HAMMER 












We have many sizes at work in our 
own Smithy and we are always glad 
to have the opportunity of giving 

demonstrations. 


3230 yr 


B. « S. MASSEY, Ltd. 











_OPENSHAW MANCHESTER. 








SZ 


HY DRAULIC PUMPS, ~~ 
ACCUMULATORS, PRESSES, 
PUNCHES, SHEARS, JACKS, 
RIVETERS, TYRESETTERS, 
LIFTS, JIGGERS & VALVES 
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ITH the increasing shortage of fuel, 

manufacturers are faced with the pressing 

necessity for ekeing out limited supplies 
so as to ‘‘ carry on ’’ as long as possible. 
By substituting Hyatt Split 
Lineshaft Bearings for your 
plain bearings you can save 
anything from 14 to 27% power 
consumption, and probably as 


much as 90% on cost of 
lubricant. 

Carry out the conversion now, and help to 
conserve your fuel supplies When fuel is 
again plentiful, you will reap the benefit of 
reduced production costs. 

Specify Hyatt—it is synonymous with im- 
mediate and continuous efficiency. 

Remember—the Hyatt bearing is split 


—so can be fitted to existing shafting 
without removing pulleys, couplings etc. 


DELCO-REMY 
and HYATT, LTD. 


Head Office & Works: 
111, Grosvenor Road, London, S.W.1. 


Tesegrams :— 


DELREMHYAT. 
CHURTON, 
LONDON. 
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Telephones -— ERR) 
FRANKLIN 6446, i 
6447, 6448, 6449 

(4 lines). 
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to Grease = 10" Steel 


A well-known authority has stated that the heat-resistance of a film of 
grease one-hundredth of an inch thick, deposited on boiler plate or 
tubes, is equal to that of a steel plate one thousand times as thick. 
The final result of a film of grease water and metal in a boiler is 


ruptured tubes or collapsed furnace crowns. Ordinary filters or oil 


separators are ineffective, and if advantage is to be taken of such an 
ideal feed water as condensed steam, it is necessary to coagulate the 
oil globules and then remove by efficient filtration. 


The experience of 25 years’ specialisation is built into 


PATERGHD ELIMINATORS 


Write for full particulars. 


PATERSON 


ENGINEERING CO., Ltd., 
21, Windsor House, 
Kingsway, W.C.2. 














Paterson Oil Eliminator 
with Fluxograph. 





















P. R. JACKSON & Co, 


SALFORD ROLLING MILLS, 


MANCHESTER. 
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JACKSON’S STEEL WHEELS with 


CONTINUOUS DOUBLE HELICAL 
TEETH CUT BY MACHINE. 





These wheels are Cast and Machined complete in our 
own works in Steel, Iron, Gun-Metal or Phosphor Bronze. 


3368 


ULL TT 


SOMETHING 
NEW — THE 


“NIAC” 


ADJUSTABLE 
UNION 


The above is a sectional view of a new Union pipe- 
fitters have been seeking for years. 


It has all the advantages of an ordinary ground joint 
Union, and not only connects pipes in a dead straight 
le, but at any required angle within a range of 10°. 
Pipes screwed out of square can be connected in true 
ignment, when a “Mac” Union is screwed 
home the double spherical joint immediately adapts 
itself to the required alignment, thus ensuring a tight 
joint without spring or strain. 
It cannot shake loose under vibration, but gives a 
steam or petrol-tight perfect joint at any angle. 
It saves pipe setting, caulking and joint materials; 
construction and maintenance costs; and bears the 
test guarantee of 300 Ibs. per sq. inch which applies 


to all CG Fy Fittings. 
WRITE FOR CATALOGUE. . 


LE BAS TUBE CO. L”. 
DOCK HOUSE, BILLITER ST., LONDON, E.C.3 
AB 
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SIMON-CARVES 


20, MOUNT STREET, MANCHESTER. 


PULVERISED COAL 
FIRING PLANT 


Central Plants or Unit Type Apparatus to suit conditions 


BOILERS SPECIALLY DESIGNED 


WITH 
WATER-COOLED COMBUSTION CHAMBERS 


GIVING THE FOLLOWING ADVANTAGES :— 


1.—Long life to brickwork and low maintenance costs 
even when overloaded and with minimum excess air. 





2.—Complete and instantaneous combustion of coal 
particles due to radiant inner surface of chamber. 


3.—Maximum efficiency since radiation losses are 
reduced to a minimum, 


FOUR LARGEST BOILERS IN THE 
KINGDOM 


each to give 180,000 Ibs. steam per hour 
are being built with 


SIMON - CARVES 
PATENT WATER-COOLED COMBUSTION CHAMBERS 


Complete Power Plants Designed & Built. 


3107 

















Propeller Fans 


for Ventilating 
Engine Rooms, Power Houses, Factories, Workshops, 
Offices, Theatres, Cinemas, Restaurants, Hotels, etc, 


These fans provide ample and efficient ventilation and car 
away smoke, fumes and overheated air. i are provided wi 
totally enclosed dust-proof motors, and only require a small 
amount of power with the minimum of attention. 


Write for Booklet D. 1067. 


TURTEVANT 
PNGINELZRING 
FE. - ©. Lo. 


VEEN VICTORIA ST LONDON E.C.4. 


Branch Offices— 


MANCHESTER: 
196, Deansgate. 






GLASGOW : 
50, Wellington St. 


3187 


149 

















“MERCO” VALVES. 


A 16 INCH PLUG VALVE WEIGHING 
OVER 1! TON. 


IT WON'T 


IT CAN'T 
LEAK. 


STICK. 


TIPE TV 53 





IT TURNS IT CLEANS 
EASILY. ITSELF. 


The patented lubricating principle has made this valve the 
most reliable mechanical contrivance in the world for holding 
fluid below 500° Fah. 





“ DENISON ” 
MOTOR WEIGHBRIDGE. 


: 3 —. BS %. : 4 ; 





20 ft. long, 8ft. wide. 
Fixed at Walton-on-Thames Gas Works. 


Made at 
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Tue AUDLEY ENGINEERING Co.. Lt. 
NEWPORT « e ~ - és Salop. 
*MUMHLELvOeOAnNAeUOGevUGAcayeetUGdezUeeegnucecneenugtaenetoeenvedeecuconenaengnsceeecearaceegeeeoeesucssnUosasonsst0u 








Far LEEDS. 


Hunslet, 








ENGINEERING. [JUNE 25, 1926, 
———————————— 





REPAIRERS, 


COUPLINGS, Etc. 


kod 








FOR ALL CLASSES OF HOSE 
(/neluding Pneumatic & Welding.) (Patent.) 
SIMPLY 
HAMMER IT 
NO WIRE 


BINDING, CLIPS 
OR BOTHER 























A quick and efficient method of repairing or 
coupling hose. No special tool needed, 
The ends of the hose are slipped on to the 
fitting and the claw-grips hammered down, 


THIS 
WEEK’S al 
EXAMPLE 
oF 


3-in. Adapter 


For securely connecting the ends of } in. 
hose to Leaps les of pneumatic tools, fittings, 
whi ich are threaded # in. gas. 


Send fer fuil List 
Newton Sales Company, Limited, 


(Quote Advt. No. 0 484.) 
Charterhouse Chambers, Londen, E.C. 1. 
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“MetrovicK” Induction Motors 
aggregating over 500,000 b.h.p. 


XPERIENCE in the design, manufacture and maintenance of Large 
E Induction Motors, with an aggregate capacity of well over half a 
million horsepower, is embodied in the design of “ Metrovick” Large 
Induction Motors. Many of these machines have been in continuous use for 
over twenty years and are still working efficiently in their various applications, 
such as Winders for Mines, Haulages, Rolling Mills, Pumps, Refrigerators, etc. 








May we send you a copy of Descriptive Leaflet No. 40/1-1 2? 


TROPOLITA 
MYickers\N 
TRAFFORD PARK, “ MANCHESTER. Pal 
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| Telephone: No. 296 Smethwick (4 Lines). THE Grand Prix, 


Telegraphic’Address : “ Carriage,”” Smethwick, cinnteaeale Buenos Ayres Exhibition, 1910. 


BIRMINGHAM 


RAILWAY CARRIAGE AND WAGON CO., D., 


SMETHWICK. 


MANUFACTURERS OF 


RAILWAY CARRIAGES AND WAGONS OF EVERY DESCRIPTION, 
INCLUDING ALL-STEEL CARRIAGES. won 


PRESSED STEEL UNDERFRAMES, BODIES AND BOGIES. 
MAKERS OF RAILWAY WHEELS AND AXLES, IRONWORK, AXLE BOXES, CASTINGS, &. 





¥ 


L AND 
cE a 





Sole Manufacturers of Dean & Churchward's Patent “Eitherside" Brake, 




















ons 








and Marillier's Patent ‘‘Iastanter"’ Coupling. 
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MARSHALL, FLEMING & CO., LTD. 


Engineers and Crane Makers - - MOTHERWELL, SCOTLAND. 





252) 








| 


GEORGE JONES, LIMITED. 


Lionel Street - - - BIRMINGHAM. 


(Established 1803). 


MACHINERY MACHINERY 
for making for making 
TUBES. WIRE, 





ROLLING MILLS for all METALS. 

















JOSEPH BOOTH & BROS., LTD., 
RODLEY, LEEDS. 


LONDON REPRESENTATIVE: 
W. CAIRNS BOOTH, 
A i, 














Victoria Street, 
London, S.W.1,. 


fs ee 







30 TONS 
STEAM 
BREAKDOWN 
CRANE. 


3335 





WASTE OIL FILTERS. 


WITH PATENT “ SICHT-FEED” SYPHONS 


FOR ALL USERS OF MACHINERY. 


DIRTIED OIL HITHERTO 
DISCARDED, CAN BE FILTERED 
AND USED AGAIN AND ACAIN. 





CABINETS 


Madein various 
sizes and fi 
with special 
pump for heavy 
oils. 








WELLS’ * LIGHTNING ” 
PAINTING MACHINES. 


Wallwork and Wells’ Patents. 


SPRAYING 
SUPERSEDES 
BRUSHWORK 
FOR 
QUICKLY 
APPLYING 
OIL PAINTS, 
VARNISHES, 
&c., &c. 








WELLS’ “LIGHTNING” 
LIME & COLOR WASHER. 


Wallwork and Wells’ Patents. 













No. 5A 
MACHINE 
FITTED WITH 

OUR 
(fy. HIGH-GRADE 
DOUBLE 
SPRAYING 
NOZZLES. 






8330 
























a 





102, Midland Rd., St. Pancras, London, NW, W.1. 
Works : Carnarvon Street, MANCHESTER, 
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J&E HALLE? 


REFRIGERATING MACHINES 
- FOR ALL PURPOSES |. 


LONDON OFFICE: 
10 ST. SWITHIN’S LANE €E.C. 4. 








Telepbones: 
Dartford 201. 






Central 3540. 


‘DARTFORD: 


E.P.8. 15 








-BLAKE’S RAMS 


POR WATER SUPPLY OF 
ESTATES, VILLAGES, 
RAILWAY STATIONS, 
QUARRIES, &c. 
Advise your Customers to install 
theer SELF ACTING PUMPS 

NO COAL. 

NO OIL. 

NO STEAM, 

NO LABOUR, 








NO COST 

FOR MOTIVE 

POWER, 
Rams wili raise water to any height up to 1500 feet. 


Write for our book No. 34 on WATER SUPPLY. 
dOHN SLAKE, LTD., ACCRINGTON, LANCS. 











MINE VENTILATION 


wiTrHouTr 


FIRE RISK. 





MURRAY, MoVINNIE & OO., LTD., 
MAVISBANK, GLASGOW. 

















WILSON, BOILERMAKERS L™ 
LILYBAMK works, GLASCOW. 





ee 
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and 
EFFICIENCY 


Efficiency in Asbestos Goods depends 
absolutely on Quality—and first rate 
Quality in Asbestos is secured by 
specifying Bell’s. For the past Fifty 
Years Bell’s, the Pioneers of the World’s 
Asbestos Industry, have made the 

Quality of their products the first 
consideration. Hence their position as 


leaders of the Industry. 


Belibuoy 


Salamander 








Trade Mark. 


BELL'S UNITED 
ASBESTOS cE 


Trade Mark. 

















BELL’S UNITED ASBESTOS CO., LTD. 


PIONEERS OF THE WORLD'S ASBESTOS INDUSTRY, 


/26 
Aldwveh. sas 








THE 


CLEVELAND 
BRIDGE ano 
ENGINEERING C0., Ln. 


Specialists ae M 
and eniee of wenden 


Roofs, ee and al alt’ nal close 
Iron ‘and Steel 


HeAo ts 0 AND oi a 
DARLING Ton. 
SS A SS SNe eS 








HOYT LEATHER BELTING 
“ FLINTSTONE” PURE OAK TANNED. 


UR Fie, 
. ~4 The Best is the 
Cheapest 


for 
all Drives 


“Turtle” 
Brand 
Guaranteed 
Waterproof, 








‘s20e% 


-| Exhaust Steam & Circulating Water. 


we UHE STEEL PIPE COMPANY, 


KIRKCALDY, *. 


MILD STEEL PIPING ror: 


D., 















Tanks, 

Air Receivers, 
Condenser Shells, 

Expansion Joints, Oil 


Pipe Lines for Water Power, Sewage, 
Suction and Discharge, 
Gas and Tar Mains, 


Air Blast, Boilers, Jacketted Pans, 
&c., &c. Crystallizer Shells and 
Mild Steel Chimneys. .. : 
SPECIAL PIPES FOR ELECTRIC STATIONS. 

TELEGRAMS! 


Angie Flanges and Stamped Steel Flanges. 


$121 














BALDERSTON & CO., bed 






KIRKCALDY.’* 


LONDON AGENTS : John Wileou (London), Ltd., 38, Lime Street, E.C. 3. 








Asbestos House, Southwark Street - - - - - - London, S.E.1. 
Telegrams: ‘Asbestos, London.” Telephone: Hop 4040. 
BRANCHES : Birmingham, Bristol, Cardiff, Glasgow, Hull, Liverpool, Manchester, Newcastle-on-Tyne, She ffiela. 3387 
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HENDERSON & GLASS, 
LIVERPOOL. aes 


MALLEABLE IRON AND STEEL 


Including all sizes of Round, Square, and Flat Bars, Rolied 
Girders from 3 in. to 20 in. deep; Tees, Angles, &c., &c 


GREAT VARIETY OF HEAVY-SIZED 8065 


PLAIN AND CHEQUERED PLATES 
Boiler and Tank Plates, &c., in Iron and Siemens Steel 


Quotations and Sections on application. 
Shipment Orders promptly executed. Correspondence Solicited 


sal 


STEAM HAMMERS 


FOR SMITHS’ SHOPS AND FORGES 


Shipbuilders’ and Boiler Makers’ Machine Tools 
PATENT BEVELLING MACHINES 
FORGECRANES, Hand & Steam. 
Sugar Oane Mills. Water Wheels, &c. 
DAVIS & PRIMROSE. 


Limited, 8227 
BANGOR WORKS. LEITH. EDINBURGH. 






























THE DAWSON (PATENT) GRAVITY 
FILTER. 


Embodies all the essential] requirements of 

a good Marine Feed Water Filter. 

(1) The Gravity system allows the oil to be 
separated from the water without any tendency 
to force oil through with the water. 

(2) The large surface and area of the filtering 
elements means a corresponding low speed of 
flow. This allows the oil or grease to be 
entirely separated from the water. 





(3) The volume of filtering material gives from 
4 to 6 times the filtering volume of any cloth 
covered filter without any increased resistance . 
to flow of water. 


DAWSON GRAVITY FEED 
WATER FILTER. 


Correct in design and action. Moderate in price. 


DAWSON & DOWNIE, LTD. 


ELGIN WORKS, 
CLY DIEBANSE. 


a TELEPHONE: 


92 & %, CLYDEBANK. 


TELEGRAMS: 
PUMPS CLYDEBANK. 





On Admiralty List. 


BODLEY BROS. & Co. Ld. 


Engineers, Millwrights, Boiler Makers and 
Iron and Brass Founders. 


QLD QUAY FOUNDRY, EXETER. 












SPUR, BEVEL, 
MITRE, MORTICE, 
AND 


"3 WORM WHEELS, 


Machine Moulded 
ALSO 


> TEETH CUT TO SHAPE 


By Special Machinery. 





Telegraphic Address— 
Bopuey, EXETER. 


ESTABLISHED 1790. 





BUDENBERG 
GAUGE Co L™ Broannear 


NR. MANCHESTER 
BRANCHES—LONDON & GLASGOW. | 
Makers of 





PRESSURE GAUGES, Tachometers, Counter 
Dial-Thermometers, Test Pumps, &c. 


, = 
Ee 





SELF - RECORDING INSTRUMENTS 


FoR PRESSURE, TEMPERATURE AND SPEED. 














J.P.HALL & C* L* 


Blackriding Iron Works, 


OLDHAM. 


Telephone : 
1901 Oldham. 









Telegrams : 
‘¢ Dynamo, OLDHAM.” 


D.C.&A.C.Motors. 


High Efficiency & Power 
Factor. 
For all Industrial Purposes. 


Special Motors for Crane Service. 


Totally enclosed Two or Three Phase 





Slip Ring Induction Motor. 


2928 





Electrically Driven Winches. | 


Specially designed for Crane Service. 








PRIESTMAN 


WHOLE TINE GRABS FOR 


HARD GLAY. 





BUILDERS FOR 50 YEARS, 





PRIESTMAN BROS., LTD. 
HULL LONDON, 8.W. 1. 


D 
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SPUR 
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Guaranteed Efficiency, 
Temperature Rise, and 


Overload ! 








@ At your request we 
shall be pleased to 
gosmere you our 
atalogue and lists. 


Abe 


HENRY WALLWORK & CO., LIMITED, 
MANCHESTER. 


a a 
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SMITHS 
RELIABLE 
CRANES 


A Century's Reputation 








ENGLISH 


The finest Cranes in the world are at in 
England—and the finest of English Cranes 
is a Smith. For over 100 years we have 
been building Cranes of every description, 
and sending them to all parts of the world. 
We have recently received orders from 
Brazil, Argentine, Columbia, Australia, New 


Zealand, India, Siam, Portuguese East Africa, 
to name but a few. The Jllustration shows a 


25 Ton Locomotive 
Steam Breakdown Crane 


‘built to the requirements of the Siam 
State Railways. Working radius 15 ft. 
Gauge, I metre. The Crane has steel | 
i 
{ 






ate 






Eis Eee RELAY 






crabsides made continuous with tail end, 
the frame is of wrought steel and equipped 
with Centre Buffing Gear. Maximum axle eo 





























load, ro metric tons. The construction ‘ 4 
of the Crane is of the highest fig te oe 
class throughout. Ge tee 











THOMAS SMITH m 
RODLEY « LEEDS ome 























most modern and most perfect 
Horizontal Forging Machine 


EUMUCO. 


Highest Economy Realised. 
Ask for detailed prospectus. 


EULENBERG, MOENTING & CO. 


Schlebusch-Manfort, near Cologne 


General Agent for Great Britain and British Dominions; 
S. IneRAMS & Co., 
233, Finsbury Pavement House, Moorgate, London, E.C.2., 
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A SMALL MACHINE 
FOR LARGE OUTPUT 


HE machine illustrated is the No. 90X Lumsden 

Heavy Duty Surface Grinder, having a capacity 

of 18ins. diameter by 94ins. in height. It is 
of robust and simple construction, and will deal 
efficiently with castings of moderate size, and small 
details which can be mounted in large quantities 
on a magnetic chuck. Three table speeds and 
hand feed to the wheel are provided. 


Lumsden Heavy Duty Surface Grinders are 
made in the following styles :— 

No. 70 Series with Vertical Spindles and 
Reciprocating Tables. 

No. 80 Series with Horizontal Spindles and 
Reciprocating Tables. 

No. 90 Series with Vertical Spindles and 
Rotary Tables. 

No. 100 Series with Planetary Heads and 
Square Tables or Special Floor Plates. 


Send particulars of your work and we.. will 
quote the most suitable machine and give guaran- 
teed production times. 


CATALOGUE ON REQUEST. 


OOOO) 0/0/0/0 00 O/0/0}0)0/0/0 00/0) 0/0) 0/0/10 00 O00 OO OOO OOOO OO OO OO COO OO OO ooo Ooo io/oi0 


ea ALFRED HERBERT LTD., COVENTRY. cas 
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Air Pump = First | 
ieee = Makers | 
° = in 
High Vacuum : sat 
with z 
= -o- 
Economy. : 
Condensing Plant. =| Complete Power Transmission [=| Heat Extraction Engines. 


Pumping Plant. 
Rolling Mill Plant. 





TTT TT 





Enquiries to 


Telegrams : 


** Musgrave, Bolton,’’ 
Codes: A.1, A.B.C. 5th and 6th 
Editions, Bentley’s. 
*Phone : 


1832 Botton (4 lines). 











Plant 


Mechanical and Electrical. 





Unaflow_ Engine. 









QO. A 


Globe Iron Works, 





BOLTON, 





= Corliss Valve Engines. 
Drop Valve _—* 


John Musgrave & Sons, Ltd, 


ENGLAND. 
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«e«sALFRED HERBERT LTD., COVENTRY.==««3 


HIGH PRODUCTION 
DRILLING. 


LFRED HERBERT Ball Bearing Drilling Machines 
have enabled many firms to reduce their drilling costs 
by considerable amounts. It is. no exaggeration to say 

that they will drill four to eight times as many holes per 
hour as an ordinary sensitive drill. When fitted with Alfred 
Herbert Multiple Spindle Drill Heads production is 
still further increased. 

The speed range enables the smallest high speed drills to 
be used at their correct speeds. 

The self-engaging, self-releasing automatic feed, when 
fitted, conserves the operator's energy and, whilst operating, 
enables him to attend to work under other ‘spindles, 

Capacity : 

Plain spindles drill up to gin. and tap up to @in. 

Geared spindles drill up to I}in. and tap up to lin. 

Machines are made with |, 2, 3 and 4 spindles. 

Quotations given for machines with complete equipment 
of chucks, drill heads, jigs and fixtures. Guaranteed pro- 
duction times on specific work. 


Ask for a copy of ‘‘ Rapid Drilling.” 
DELIVERY FROM STOCK. 


JODO OOOO OOOO CCGG cacccccisciciticicictctctcistctstctstc 
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STORACE 








ROYLES LIMITED 


Rows PATENT TUBE SPECIALITIES 
For the Economic Use 
of both Exhaust and Live Steam 
For Heating Air, Water and other Liquids 
THE MOST EFFICIENT SYSTEM 











84TH HEBTER:; BOILING . 








CALORIFIER. 





BATTERY. 
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JOHN LYSAGHT., Limited. 
Bristol, Newport (Mon), London. 
vty 
Ls 
ye) ; ° = “ bog = LONDON 
a CHIEF Cone ny ee a bea 7 oad ie ee OFFICES: 
fs OFFICES: et .. on gis IMRIE House, 
r ST.VINCENT’S | Re a4 : 38-86, 
is IRONWORKS, | o Av ; KING WILLIAM 
BRISTOL, | ; < Pia oe: - Fe < eet STREET, 
ie eee: eh E.C. 4. 
Steel Monolith Shoe, constructed by us and assembled at works. 
GIRDERS. ROOFS. BUILDINGS. 














HII ULLAL 


Water and fuel oil storage 


on 750,000 
GALLONS 
























This figure represents the capacity of Braithwaite 
Pressed Steel Tanks supplied in one month. 
These tanks are constructed from unit plates 4ft. or one 
metre square, which enable us to give capacities ranging 
from 220 to one million gallons or more. 

May we supply you with full details 
and quote you for your requirements? 




















This tank, 140ft. by 48ft. by 12ft. deep, is built up of plates 4ft. square. 


The unit plates and fittings, such as were used in above tank, can be supplied from stock 
and erected without the use of skilled labour. o . 
rown Bridge Works, 


West Bromwich. 





Our experience as structural engineers 





is at your service for the design, Head Office : 
manufacture and erection of supporting 18 Tone Buildings, Westminster, S.W.1. 
structures for our tanks. Telegrams : “ Bromkirk, Sowest, London.” Telephone: Victoria 8573 (3 lines) 
Gi Also at BOMBAY and CALCUTTA. 
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~ ROLLER 


THE ROLLER BEARING 


WITH THE 


BALL BEARING 


FRICTION CO-EFFICIENT 


? 


THE HOFFMANN MANUFACTURING COMPANY LTD. ++ ** CHELMSFORD ESSEX. 




























Te: 
e TORPEDO BOAT 
‘s DESTROYERS 

| pee BF PASSENGER AND ff QR pe OU ORCH op ne OI Ne eS 
CARGO VESSELS 
SHALLOW DRAFT 
BOATS. TUGS 
~ STEAM & MOTOR 
5 BOATS & YACHTS 
TURBINES AND 
— RECIPROCATING 
a MACHINERY 
or one WATER TUBE 
anging B-OILERS 


OIL FUEL GEAR 
PROPELLERS 


SHIP REPAIRS 
& OVERHAULS 





nas SHALLOW DRAUGHT 
| ip STATIONARY & = Passenger and Cargo Steamer 
MARINE MOTORS wad: - 
‘ayia age : for the Upper Yangtse River. 
COMMERCIAL Len 
MOTOR VEHICLES a 147 ft., Breadth 28 ft., Deadweight on 6 ft. draught 201 Tons, Speed 14 knots. 


We are specialists in the design and construction of vessels for famnenaescannnedi service. 
; SQW TS 


~ 





Norks, . \& 

Mon. <3 vr 
FE SLAC 

5.W.1. mae gd 


73 (3 lines): 
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Are You Interested i 
fe £0U interested in 10 os 
> | 
«/ Borehole Pumps? | 
| 
a One of the most important parts See our new leaflet Pu.780a, ‘‘ Recent Improvements | 
Me of the suspended type of Centri- ‘ aie’ ; aes ‘ | 
> © fugal Borehole Pump is the shaft in the ‘Mirrlees’ Borehole Pumps,’ in which the | 
. a a. ese nic, Pha *Mirrlees’ Patent Shaft Coupling and an Improved | 
ey on. fone 209s amaryl Design of Thrust Bearing are fully illustrated and | 
“9, Gy. described. | 
Yq “Be NS 
%% & | 
. oO Zz ya 
“Y Soe SN Fill up and post the attached form to-day. | 
a Pe 
% ee, 2 ON | 
5 & ey 2 Z XN | 
Gy My,  *S | 
y. SF . ° 

ey, NY aa RRLEES WATSON | 

a, < i, % %, a oanouuannuannnantitil COMPANY [JMITE Mim 

2g. Ry On» 
e % 2 Ses. ENGINEERS SCOTLAND STREET GLASGOW 
(J be) 
%, % me London Office—Mirrlees House, 7, Grosvenor Gardens, S.W.|. 
ey, CoS, 8040 — 
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Economical sien delete 





MAXTORQ Motors TYPE MT5 
are capable of orming many 
duties hitherto not possible with 
squirrel cage motors. 





pole switch, no other form of con- 
troller being necessary. 
The proved success 


of TYPE 











Ges AUIHSVONU | 


MT5 on meeting the requirements 
of the crane user show that it will 
supersede the slip ring motor on 
all alternating current cranes. 










TYPE MT5 is designed so that 
stopping and starting can 
carried out by means of a triple 


TYPE MT5 
for operating 


Bix A.C. Cranes 
Advantages of TYPE MT5 
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“ide 











° 2 P Ss ends of ALTERNATING CURRENT CRANE EQUIPPED WITH 
Elimination of slip ring and rotor Srey tee gone te o sQU os mn © 
Reduction ® first cost of, and space Trouble thr. “ runaway " lowering 3 

required far, controller. . eon pee y abolished. , TYPE MTS can be started, stopped and reversed under ‘B: 

= ok Narre rp in maintenance Elimination of damage to  insu- fall load, from 600 to 1,000 times an hour with normal tem- ao 
5@ per cent. reduction in cost of crane saree eaten venti- perature rise, and has remarkably smooth ecceleration. 2 
t motor. i 













sw LANCASHIRE Bin 
sx“ CRYPTO Bees we Be sg 


Willesden, LONDON, N W.10, 
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Application of Brampton 
Driving Chain 








Superior Work. 


The elimination of belt slip is solved by 
fitting Brampton Chain Gearing. With 
chain transmission you can start up your 
machine, putting on maximum load and 
produce a first-class job to closest limits. 
The quiet, steady, turning movement pro- 
duced by Brampton Chain Gearing is 
remarkably easy on cutting tools and 
. E results in fewer journeys to the grinding 
in ; % : ey ER room. This superior and increased work, 
in hi “ipet . Se fans vp together with time saved, are worthy of 
| Es anisms. investigation. 


LONG LIFE IN EVERY LINK. 


-Brampton Bros. Ltd. 


Oliver Street Works, _,,,, Birmingham. 





































bes Compressor 
Capacities 


"cubs ft-per.min 


AUIHSY 


F conksindd'portable set: ADE"erade-sil engne driven a Ora dl 
nthe « Built in three sizes. en Pe 
Cat snecenbin slate : om eae Path se nore Four cyl. belt-driven compressor. 
capacities 260, 600 and 1200 
cub:ft. respectively, 


ods): Ce7) 








Ga) 


Renowned throughout the world for high efficiency 
and absolute. reliability, “‘ Broomwade” Vertical 
Single Stage Air Compressors are designed and built 
to give trouble-free service—AND THEY DO SO. 


There is a ‘‘ Broomwade ” Compressor (THE BEST) 

_ un aca for every requirement—fixed or portable—any type 
Portable’ self contained motor driven ef drive. Information and advice readily given— 
elt tech Sete nee 25 years’ specialized experience is at your service. 


Height 4’6.wide! GS, Length ur 


ha” Pai bcabeeetes 








“TYPHOON” patent 
BROOM & WADE LTD., dion corspresele 
HIGH WYCOMBE, BUCKS. 
‘*BROOMWADB”’ BRITISH AND BEST. 


oe belt driven compressor. Sas acer 
3 as ~ cub. Ft, 
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Commercial Vehicle 


there is a suitable 


DUNLOP 


Ul 













TYRE 
\ 
‘ 
™~ 
FiACH type in the range is designed by experts for the work 0 
it has to do, and will give maximum service at minimum ‘ 
cost-per-mile, 2 4 
Transport owners who have any tyre or wheel equipment r*, 
problems are invited to write to the Service Dept., at Fort % 


Dunlop, or at any Dunlop Depot—expert advice is available % 
without obligation, 








ft Dunlop 
Casal be satisfied 


DUNLOP RUBBER CO. LTD., Fort DuNLop, 
BIRMINGHAM. ° 
Branches throughout the World a a C.F.H. 981 











DUNLOP__THE STANDARD by which ALL TYRES are JUDGED 

















“Sentinel ” Air Compressors 


FOR BELT, STEAM, MOTOR, OR GAS ENGINE DRIVE. 


= We are also Makers 
of the 
“‘ Sentinel ”’ 
Steam Ash Hoists, 


Features : 


Simple Design, 


Reliable, _Tigeonaceron 7“ ee 
Fin} ey Ff a 4 cr 5 Baal . Ai : 
, ie i ir Hoists 
High Efficiency, ° i a Ne bel iE iJ 


Steering Gears, 


Sees 
ae 


Low First Cost. Capstans, etc. 





Motor Driven Compressor. Capacity 6500 cu. ft. per minute. 


ALLEY & MacLELLAN, Ltd. 


Sentinel Works _ - - - GLASGOW 


Valves are made at Sentinel Valve Works, Worcester. 
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Corrosion In Power Plants 


Caused by Impure Feed Water. 
q\ ; : 
." Cease increasing the upkeep of your Power Plant, and save 
a 
— ms money on renewals by referring these difficulties to 
um 4 PS \ y 
an a the firm who have studied the various aspects and 
ort % °¢, es 2 
wef a ° th 4. causes of corrosion and the treatment of feed water. 
% S 
at ho e en ‘s. Mail the attached slip for ‘“‘ Corrosion and the Treatment of Feed Water.’ 
%. ae “ep, as 


fe. 


CATHCART : 


GLASGOW 
































‘“Metrovick” 
TURBINES 


for reliability 
> and efficiency. 


ME 


ELECT pan 


TRAFFORD PARK -. ~- 


Turbo- Alternator Set 

at the Croydon 

Corporatien’s Power 
Statien. 








% y~ , : 
|, 
*Metrovick” 10,000 \ 
kW. Two-Cylinder \ 
‘ , 


TROPOUTA 
aK Vic kers <* AN 


VISIT THE ROYAL AIR FORCE lea AT HENDON, 


ard JULY, 1! 
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The De Havilland Aeroplane, fitted with 
an Armstrong - Siddeley Jaguar Engine, 
which was recently piloted by Mr. Alan 
Cobham from London to Capetown and 
back for the Imperial Airways Survey. 











RELIABILITY 


is the Keynote of the 


TWO OUTSTANDING EVENTS 


in this year’s flying. 


HELSBY CABLES 1 


were used throughout for the High 
and Low Tension wiring of the 
two Aeroplanes illustrated. 











The Bristol Aeroplane, fitted with a Bristol 
Jupiter Engine, which recently successfully 
completed a flight of 25,000 miles, equal 
to the circumference of the Earth at the 







Equator, without any adjustment to the 
Engine, the latter having been officially 
sealed before starting. 




















BRITISH INSULATED CABLES : 


LIMITED, 
Cablemakers and Electrical Engineers, 


HELSBY, 


WARRINGTON. “ 0 
EERIE SCM Tah AAAI IG Ree MA et a IS. as 
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Will Help You To Leap Over 
Your Difficulties. 


If your machinery does not last as long as it should— 
if it does not resist the corrosive or alkaline properties 
in your working fluids—if it does not stand up to high 
pressures and temperatures—if other metals have failed— 
you should consult us to find what Monel Metal will do 
under your conditions. 


The special value of Monel Metal lies in its high tensile 
strength exceeding that of steel, and extreme toughness 
equal to that of wrought iron. Further, it has the 
appearance of silver, and is highly ornamental and 
decorative. 


Monel Metal is supplied in every engineering form— 
rods, bars, sheets, castings, wire, and wire mesh, turbine 
blading, stampings, forgings. 


EIR LID... 


CATHCART : GLASGOW. lll! Mill tii 
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Me CRANKSHAFTS 


Yas 


| LOCOMOTIVES 


POROV 
MACHINE 
| TOOLS 


FORGINGS 


CASTINGS Oe illustrations show drop stamped four and six throw crank- 
OED shafts manufactured by our special method with the pins 
( rekRSus | stamped into correct position ready for immediate machining. 

FOS 

















A six throw crankshaft with throws stamped in position without twisting. 














The process eliminates twisting with consequent weakening and 


| STAMPINGS 
distortion and the flow of the material runs continuously through 
YOION 


Giz nse the webs, pins, journals and shaft. 
STEELS 


YORU The resulting crankshaft offers the highest possible resistance to 


(senza fracture, and is much stronger per unit weight than one in 
WAG which the grain of the steel runs parallel to the axis of the shaft 


PNEUMATIC 
TOOLS 

~~ > yey | 

OES 


ELECTRIC 
LIGHTING 
SETS 






throughout. 


The regularity of the stampings is such that a minimum amount 















of material is left for removal and no setting of the cranks is 


VE requited before machining. 
ROAD 
MAKING 
MACHINERY 


FOROS 


HYDRAULIC 
MACHINERY 
sr FS 
LOS 
HYDRO 


ELECTRIC 
PLANT 






SIR W. G. ARMSTRONG, WHITWORTH & CO., LTD., 


ELSWICK WORKS : ‘ : : : NEWCASTLE-ON-TYNE. 






London Office : : : : 8, Great George Street, Westminster, S.W.1. 























A four throw crankshaft show~ 
ing the flow of the steel 
throughout the stamping. 









PPO 0) 


CIVIL 
ENGINEERING 


CENERAL 
ENGINEERING 


>So “Mz “© 
ryt a 















taf iv 





E.P.S. 448 





Go 


.g26, JUNE 25, 1926. | ENGINEERING. 5 



































aa 


f= =; 


E 


Concrete foundations 
ready in 
24 hours. 


Concrete made with Ciment Fondu 
is ready for full load in 24 hours 
after it has been placed. 


This rapid-hardening. applies to 
concrete for any purpose—for founda- 
tions for the heaviest machines—for 











floors, pulley brackets, etc. 


Ciment Fondu Concrete is stronger 
in 24 hours than Portland Cement 
Concrete which has been maturing 


for 90 days. 


Lafarge Aluminous Cement Co., Ltd. 
Lincoln House, 296-302, High Holborn, W.C.1. 


_ Telephone : Holborn 6431, Telegrams : ‘* Cimenfondu, Holb. London.” 
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Hardens in a day -/asts for ever 
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Increased manufacturing facilities in the Trans- \ 

former section of the Rugby Works have enabled C 
° . . : 0 

this Company to extend the production of this 





; ; \ Cont 
class of electrical equipment to cover a com- \ 
plete range of :— \ Crane 
Rotary Converter Transformers and Fel 
Power Transformers. bd Startin 
Auto-Transformers for starting syn- 
chronous motors and _ squirrel-cage | Start 
induction motors. i : 
[ 
Instrument Transformers. / a 
The illustrations show part of an order for twelve B.T.H. 
Power Transformers and a B.T.H. 550 kVA Rotary p Y-Del 
Converter Transformer for outdoor installation. A 7 
For further particulars _ please fey 
write for Descriptive List 2340-1. ys Mining 
ae @ Push. 
St: 
? 
The British Th 
e Britis omson-Houston Co., Ltd. 
ELECTRICAL ENGINEERS AND MANUFACTURERS I 
Head Office: Rugby, England. London Office: ‘“‘Crown House,” Aldwych. \ 


Works: Rugby, Birmingham, Willesden, Coventry and Chesterfield. 
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.C. Drum Type 
Starting Pillars 


me 
ya a 








Essentially more robust than the face-plate starter, 
the new B.T.H. drum-type starting pillars - have 
a correspondingly longer life and are suitable for 


q 
i 
‘ 
| 
: 


heavier duties. 





















As they are of air-break construction, examination 
during the periodical inspection is easier and 
cleaner to carry out than with the oil-immersed 
starters previously employed for the same purpose. 


These pillars are totally enclosed and comply 
with the B.E.S.A. and Home Office regulations, . 


and embody the following important features :— 


Drum type starter with renewable segments. 


Controller type fingers with renewable contact 
tips. 


Slow motion starting device. 


Contactor type circuit-breaker electrically inter- 
locked with the starting drum. 


Overload and low-volt release. 


Triple pole isolating switches interlocked with 
the inspection doors. 


Contactor 
Control Gear 


Crane Control 


Gear 


Starting 
Rheostats 


Starting Panels 


Auto- 
Transformer 
Starters 


Y-Delta 


Starters 
Mining 
Controllers 
Push-Button 


Stations, 
&e. 















T his Company 
manufactures 
Control Gear 
for every service, 





The British Thomson-Houston Co., Ltd. 


ELEETRICAL ENGINEERS AND MANUFACTURERS 
Head Office: Rugby, England. London Office: “Crown House,” Aldwych. 
Works: Rugby, Birmingham, Willesden, Coventry and Chesterfield. 


————————————————————————————— ses ee 
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Industrial 
Switchgear 


This Company’manufactures 
all types of Switchgear for 
industrial purposes and can 
supply Switchboards suitable 


for each specific requirement. - 


A.C. Ironclad Oil-break Switches. 

A.C. Ironclad Pedestal-mounted 
Oil-break Switches. 

A.C. Draw-Out Switchgear. 

A.C. Oil-break Cubicle Switchgear. 

Truck Type Oil-break Switchgear. 

A.C. Draw-Out Flameproof 
Switchgear, etc. 
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The British Thomson-Houston Co., Ltd. 


ELECTRICAL ENGINEERS AND MANUFACTURERS. 
Head Office: Rugby, England. London Office: Crown House, 
Works : Rugby, Birmingham, Willesden, Coventry and Chesterfield. 


Aldwych, 
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Due to their low temperature rise and heavy overload 
capacity B.T.H. Motors give reliable service under 
the most arduous conditions. They are manufactured 
in all sizes over a wide speed range and can be 


supplied for either alternating or direct-current 
systems. 

The design of these motors is based on extensive 
experience of industrial drives of every description, 
and thus they are of extremely robust construction 
and give continuous service with minimum attention. 





oe 


The British Thomson-Houston Co., Ltd. 


ELECTRICAL ENGINEERS AND MANUFACTURERS. 
Head Office: Rugby, England. London Office: Crown House, Aldwych. 
Works: Rugby, Birmingham, Willesden, Coventry and Chesterfield. 
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Ask those who have run 
PARKINSON 


Motors for years 


Ask them how the bearings 
stand up to heavy work 
and they’ll tell you that 
Parkinson Ball and Roller 
Bearings mever give a 
moment’s trouble. 


Designed to be Foolproof— 
they run year after year 
without attention. There’s 
no constant greasing neces- 
sary —no_ cleaning — for 
Parkinson Bearings are so 
well housed that no grease 
can leak out and no dust or 
dirt get in. 


Even after years of hard 
service, no appreciable 
wear is apparent. The 
Rotor remains central and 
there’s no_ possibility of 
trouble due to _ rubbing 
against the stator windings. 


Such dependability is to be 
found in every detail of 
construction. That is why 
Parkinson Motorsareto-day 
giving such efficient service 
and performing the most 
arduous duties with perfect 
freedom from trouble. 





GUISELEY 
LEEDS 


Simple, Reliable, Thorough Throughout. 


Fa APARKINSE 






Kis letter fo us is fost Of pico 


of | USES oP reciali 
Fei son Bearin ”>S. 











“We have five of your A.C, Motors, which 
have been working for six years—since 1919, 


According to instructions we recently took off 
the bearing plates on one of the 12 h.p. machines 
to see if the bearing grease needed renewal, but 
we found both bearing and lubricant in first-class 
order. 


The other motors have also run continuously 
during the six years without any trouble and 
without the ball bearings having been once 
ve-greased or renewed. The bearings appear to 
be as good to-day as they were when new. 


Yours faithfully, 


The South Wales Canister Co., Lid.” 
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COMPLETE EQUIPMENT 
FOR GEMENT WORKS. 


BODIES DURING 1925 F.L.S. SALES INCLUDED 
18 ROTARY KILNS, WITH A TOTAL OUTPUT 
OF # MILLION TONS PER ANNUM, AND 
34 UNIDAN MILLS, WITH A TOTAL OUTPUT 
OF 24 MILLION TONS PER ANNUM. 


EXILOR F. L. SMIDTH & CO., LIMITED, 


PACKERS 
ENGINEERS, 


VICTORIA STATION HOUSE, 
VICTORIA STREET, LONDON, S.W.1. 


Telegrams : Telephone : 
Chalkiness Sowest London. Franklin 6107 
WORKS : 


COPENHAGEN-LUTON-NEW YORK 





























ELECTRICAL 
DUST PRE- 
CIPITATION 
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FIRTH 
STEEL CASTINGS. 


For upwards of seventy years the Firth Foundries 
have been producing steel castings in sizes 
varying from 28lbs. to 45 tons. 


The steels handled vary from the usual range of 
carbon steels for general use, to alloy steels such 
as nickel-chrome, chrome, and manganese-steel 
for hard wearing, or Firth Stainless and ‘‘ Non- 
crode’’ steels for maximum resistance to 
corrosion, 


For success with general castings or intricate jobs 
such as Turbine casings or cast steel diaphragms 
with inserted stainless steel blades, the name 
Firth has become linked with all that is best in 
every class of cast steel work. 


© 0. 


The Firth organisation is ever ready to bring the whole 
of its specialised experience to bear upon any problem 
connected with the production of ‘ better’’ steel castings 
of either a simple or a complicated nature. 


oO O 





Cast Steel Roll Housing 
for Plate Mill. 


Weight 31 Tons. 


THOS FIRTH 


NORFOLK WKS 5} 
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EASILY 
HOT-PRESSED. 


Although Firth “ Staybrite” Steel is 
primarily intended for cold press work, 
it sometimes happens that the shape of 
an article calls for hot work, and in such 
cases “Staybrite’’ responds to the hot- 
pressing operation in a most satisfactory 
manner. 















oOo 9 
FIRTH “STAYBRITE” 


The new super-rustless and super - malleable steel 
has a yield point of about 15 tons per square inch, and 
an elongation of 55% to 70%. This exceptional ductility 
is combined with maximum corrosion-resisting qualities, 
which it possesses to a remarkable degree. It may be 
cold-pressed to a degree far in advance of the so-called 
** Stainless Iron,’’ and, moreover, it presents no difficulties 
in manipulation, since it can be welded, soldered, brazed 
and riveted without trouble. 








oOo 9 













Examples of Hot-pressed Ice-can 
and Elevator Bucket in Firth 
** Staybrite.’’ 











. .Write for our new book on “ Stay- 
brite’’ Steel, It will be gladly sent 


you on request. 


Ie SONS 1°" 
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INGOT IRON IN GREAT BRITAIN.—Ingot Iron is made in Great Britain for The Armco International Corpora 
tion by the Shelton Iron, Steel & Coil Co., Ltd., The Scottish Iron & Steel Co., Ltd., and Guest, Keen & Nettlefolds, 





RECENT APPLICATIONS 





SECTIONS 


Two new submarine cables for connecting 
England with the Continent have recently been 
ordered. ‘‘ Armco” Ingot Iron Wire is used for 
the protective sheathing because it resists corrosion. 


Seven hundred tons of 4 in. “Armco” Ingot 
Iron Plates for an oil gas pipe line in Persia 
* were recently supplied. 


One of the leading British Railway Companies 
have just ordered 375 Wagons using a large 
quantity of “Armco” Ingot Iron Sectional 
Material for Underframes. 


Many tons of “Armco” Ingot Iron in the 
form of Galvanised Sheets, Plates and Sections 
are being employed in the reconstruction of 
Docks in the Port of London. 


Ten miles of 4 in. pipe made of “ Armco” Ingot 
Iron have been requisitioned for use in Irak. 


“ ARMCO” INGOT IRON RESISTS CORROSION 


The Armco International Corporation, 


PINNERS HALL, OLD BROAD STREET, LONDON, E.C.2. 


’? Phone: London Wall 5771 & 5981. 


Grams: “‘ Armcoingot, Stock, London.’’ 


Ltd. By exclusive arrangement The Scottish Tube Co., Ltd.. is the Sole Producer of butt-welded and lap-welded 
Tube and Pipe up to 12 in. and Guest, Keen, and Pigg tts, Ltd., over that size. The Whitecross Co., Ltd., is, by 
like arrangement, the Sole Producer of Wire, Welding Electrodes and Cold Rolled Strip from “ Armco” Ingot Iron. 
Tyer & Co., Ltd., act as Agents for [he Whitecross Co., Ltd., for the sale of ‘“‘Armco”’ Iagot Iron Wire to 


Postal Authorities, Cable and Railway Companies. 


[JUNE 25, 1926, 
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R.M.S.“CARINTHIA’ 20,277 Gross Tons AT MALTA, 
Works Constructed hy Vickers Limited at Barrow-in-Furness forthe Cunard Line 
BARROW-IN- FURNESS neil 


cme” V/ICKERS % LIMITED 


* VICKERS HOUSE, BROADWAY, LONDON,S.W.11. 


Visit the Royal Air Force Display at Hendon, July 3rd, 1926. 


Works: 
DARTFORD. 
CRAY FORD. 
WEYBRIDGE 
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8} in. Combination Turret Lathe. 


CAPSTAN anp TURRET LATHES. 


All Sizes from 4 in. to 13 in. Height of Centre. 










Full Particulars on Request. 


|| H.W.WARD & Co., Ltd. iikmincnam, 


PEARN-RICHARDS 


UNIVERSAL Surfacing, Boring, 
> P,_ Milling, Drilling and 


Tapping Machine 
with TRAVERSING 
SPINDLE. 


This Machine embodies all 
the well-known Cost Reduc- 
ing Features and represents 
the latest development in 
“Pearn-Richards’’ practice. 


PATENT Nos. 
18435—1910 212965—1922 
4685—1911 213952—1922 
ae 106023—1916 214329—1923 
a pe 1g 185004—1921 220904—1924 


BROADHEATH, 
pear MANCHESTER. 
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GEORGE RICHARDS 


~ &CO., LTD. 
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EXTRUDING PRESSES 


The Press illustrated below has three Main Features: 
It reduces percentage of waste or discard, produces 
extruded sections free from defects, and_ effects 
considerable saving in power required to extrude. 


























1000 TONS BERRY’S PATENT INVERTED TYPE EXTRUDING PRESS. 
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FOR HIGH CLASS 
MACHINE TOOLS 


Send your enquiries to 


& Lund, Ltd., 


Felling-on-Tyne. 


Planing Machines. 

Cold Sawing Machinery. 

High Speed Friction Saws. 
Lathes. 

Drilling and Boring Machines. 
Slotting and Shaping Machines, *” 
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NL 
SEE OUR DISPLAYED (GTAINLESS) 


ADVT. ON PAGES 42 & 43.5 








FIRTH STAINLESS STEEL 


THOS.§FIRTH & SONS LTD. 3184 
SHEFFIELD. 








FOSTER 
THERMO -ELECTRIC PYROMETERS. 








all conditions. 





Telephone: Letchworth 26. 








Illustration shows new Dial Recorder. 
The ‘‘ Resilia’’ patented construction 
ensures satisfactory service under 


FOSTER INSTRUMENT CO., 
Letchworth, Herts. 


HAVE YOU HAD A COPY OF OUR 
NEW CATALOGUE ? 


| its number is 42 E. 


“ The Pyrometer People.” 


Telegrams: ‘“ Resilia, Letchworth.’’ 
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SOME ADVANTAGES of 
HUMPHREYS-GLASGOW 


- BLUE-WATER-CAS PROCESS 























LOW COST OF BLUE-WATER-GAS. LOW FIRST COST OF PLANT. LOW LABOUR COST. 
LOW WEAR AND TEAR. SMALL SPACE REQUIRED. 

RELIABILITY AND SAFETY IN OPERATION. CHOICE OF MATERIAL (Gas Coke, Oven Coke, Hard Coal). 
IMMEDIATE AVAILABILITY. HIGHEST EFFICIENCY. 
HUMPHREYS & GLASGOW, Ltd. 

38, VICTORIA STREET, LONDON, S.W. I. o771 











NEWTON, BEAN & MITCHELL, 


Engine Builders and Millwrights, 


DUDLEY HILL, BRADFORD. 
Telegrams: “ ADROIT, DUDLEY HILL.” 
*Phone : 125, DUDLEY HILL (2 lines). 


STANDARDISED MANUFACTURES. 
UNIFLOW, TANDEM, CROSS COMPOUND and 
VERTICAL ENGINES. 

All with our Improved Piston Drop Valves. 
CONDENSING PLANT. 
TRANSMISSION MACHINERY Of all kinds. 
ENGINES INDICATED AND DETAILED. 
REPORTS PREPARED. 

We invite enquiries and correspondence, which shal! have 

our best attention at all times. seat 
LONDON AGENTS: Raymond Gill & Compaay, 
92, Victoria Street, London, S.W.1. 
Tel. : Victoria 2584. Tele. : “‘Raymongil, Sewest, London.” 
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HORSE POWER TANDEM DROP-VALVE ENGINE. 


OVERNORS 


ai 


MONOVEL ORTHOVEL WHITEHEAD VARIOVEL THROTTLEVEL CHORLTON UNIVEL 





ccmeecaas | 
































GOVERNORS TO MEET THE MONOVEL GOVERNOR Co. Lrtp. HIGHEST EFFICIENCY 
ALL REQUIREMENTS. BURY, LANCS. FIRST-CLASS WORKMANSHIP. 
GA LIMITED N 


MANCHESTER 


BOILERS, ENGINES 
SUPERHEATERS 


LARGE GAS ENGINES 


operating on Blast Furnace Gas, SO ee hes. ee team 
Coke Oven Gas, or a mixture of . " ; 
both, with the utmost reliability. . 
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OIL-IMMERSED, SELF COOLED, 
INDUCTION REGULATOR 


3-PHASE, 50 CYCLES, 6,600 VOLTS 
*10% REGULATION ON 8,700 KVA.FEEDER 





“So Silent that you 
cannot tell Load is on.’’ 


This remark was made by a Consulting Engineer when 
shown one of these regulators on full load test. The 
regulator illustrated is one of the largest as yet built in 
this country, 

“English Electric”? Oil-immersed Induction Regulators 
are manufactured in both self-cooled and water-cooled 
types, for pressures up to 11,000 volts, three-phase and 
single-phase. They can be arranged either for hand 
operation, for motor operation with remote control, or 
for full automatic control. 


EWrite for Publication No. 780.- ~ | 





























WORKS:- BRADFORD, COVENTRY, PRESTON, RUGBY, STAFFORD. 
HEAD OFFICE:- 


Queen’s House, Kingsway, London.W.C. 2. 
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AIR COMPRESSORS. 


(COMPRESSORS demand the predominance of two 
charac.eristics, Efficiency and Simplicity. 

A source of energy is needed which gives quiet 

unfailing service. 


The Worthington Standard of Production cannot be 
questioned, and improved factory facilities enable us 
to place on the market Compressors at prices which 
command attention. 


Simplicity governs the design, resulting in maximum 
efficiency. The use of the FEATHER Valve obviates 
the noisy destructive action of the mushroom type of valve. 


This valve does not at any time completely lose 
contact with the valve seating, and is practically 
indestructible—its action ensures minimum friction, 
consequently minimum power consumption. 

The inlet and discharge val ‘es are interchangeable and may 
be taken out for in-pection in a very short space of time. 
The Worthington Compressors reduce maintenance 


costs to a minimum, they eliminate that loss of 
time for repairs which is so costly and inconvenient. 



























WORTHINGTON COMPRESSORS. 


Efficient Simplicity. 


WORTHINGTON-SIMPSON, LTD., 


TE : D 
“a QUEEN’S HOUSE, KINGSWAY, Frecaunaten: 
3049 PUMPING, 






HOLBORN. LONDON : W.C.2. “LONDON.” 
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This lead pipe formed part of a water conduit laid into the Villa of the = 
Roman Emperor Trajan. A.D. 97—102. 

| 
J 

j 

; 

J 

| j 
J 
; 

7 

| i 
| i 
| i 
| 
| 

! 

i 

: : 

i J 

| : 

‘ 2 z 
| Large diameter Lapwelded Steel Water Main, lined centrifugally 

| with a special Bituminous Composition. 3 

| Patent No. 224365/1924. 
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~STEWARTS ann LLOYDS, tro, | 

GLASGOW. BIRMINGHAM. LONDON 
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Vertical, Enclosed Forced Lubrication, and 
; STEAM ENGINES Yano Fareed ane Uabsiations ond 
; Conditions. 


CONDENSING PLANT Burlece and Jet Types With All Designs 


of Auxiliaries 


Low Lift and Multi - St High Lift, 
CENTRIFUGAL PUMPS Boiler , salt Sands, ies Beeshole and 
| Deepwell Types. 


Ol L EN GIN. E S Diesel and Semi-Diesel Types. 


D. C. E L E C TR | . A L PL A N T ebay and — and Complete 
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MARINE AUXILIARIES | ger" viotors, and Pumps For All: Duties 
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W. H. ALLEN, SONS & CO. LTD. 
Bedford England. 
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MARINE 





Our Researches have produced Results 


Fe XTENSIVE research, coupled with persistent desire and devotion of efforts, has ensured 
realisation and success. 





ig was as far back as 1909 when our name became prominent for Marine Turbine Gears. 
This was in connection with the Gears for the famous s.s. ‘ Vespasian.’’ (Now 
installed on the s.s. ‘‘ Lord Byron.’’) 


ROM then our gears have been fitted to no less than 48 Merchant Vessels and 32 Ships of 
War, amongst these being some of the fastest mail boats in service, and some of the most 
powerful warships in commission. 







THE illustration shows one of the four Main Turbine Gears of the 132,000 HP. French 

Cruiser ‘‘ Duquesne’ being cut in our Works at West Drayton. This illustration is 
doubly interesting, as the double headed Hobbing Machine is of our own design and 
manufacture, and capable of — gears up to 20 ft. diameter by 12 ft. face. Each wheel as 
illustrated, transmits 33,000 S.HP 


te POWER PIANT CO.,Lrp. 


WEST DRAYTON, MIDDLESEX, ENG. 


Telephone : YIEWSLEY 71 (2 lines). Telegrams: “ROC, WEST DRAYTON.” 










































ys 
S&S ik 


ea, 


» 


VIVIVIIIIIDRIRARRIAVADAR AVIRA RD IRAIDIIAD ID 


e 


LS 


‘ 
+e 


wv 


~ 


0020000000022 


CELLLACEE CREE 








CLeece 


aaa 


COCO CCLOOOOEE 


CLELL 


< 
* 


isd 
” ons 


Sal 





26. 
——= 














JUNE 25, 1926.] 


ENGINEERING, 


[SUPPLEMENT page VII] 





R 
4 


wa! 





[35 


23d) 


Ls 


DDD 


SGV, 


3 


“bh 


CLeee VIII 




































‘ 


yan 


pone 


The A-L STABLE-ARC 
WELDER 














EVOLUTION 


OF THE 
WELDED BOILER 


THE 


MODERN 


Originally, welded boilers were made 
by the old style forge welding— 
efficient, but tediously lengthy. 
Later, the Oxy-Acetylene flame was 
used, and this is still an indispens- 
ableauxiliary for welding inthe boiler- 
maker’s shop. But the up-to-date 
domestic boiler is manufactured from 
standard steel parts cut to shape 
and joined by A-L * Stable-Arc ’’ 
Electric Welders, 


The process is swift and economical, 
and ensures to the user the material 
advantages of steel over cast iron— 
a better boiler with a longer life and 
no interior ‘‘furring.’’ 


The same principle applies in the 
manufacture of many other articles. 
Welded Steel is modern Engineering 
practice. 


The Company specialize in the 
supply of all three types of Welding 
Equipment: 
OXY-ACETYLENE, ELECTRIC ARC 
and ELECTRIC RESISTANCE. 
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Lower © ficiency 





OFFICIAL STEAM TRIALS 
F 


° 
5000 K W BRUSH-LUUNGSTROM 
TURBO GENERATOR 
Guoronteed steom Conditions 
Pressure 190 Ib. per sq.in. (gauge) 
Temperoture 584 °F (200°superheot) 
Vocuum (Bar 30”) 28:'Sin. (at S000K 


$ 3 
- 
Steam lb.— per hour. 


Test Points 


Total Steam Ib.-per hour. 


J u 
° 8 
° ° 
° ro) 
rs ° 
Totol 


3.000 4,000 
Load in Kilowaltts. 














URBO-ALTERNATORS installed in public supply 
undertakings are rarely called on to give their full 
This steam consump- output for more than a small part of the time they are 
tion trial is typical in service, and their average output may be only 30% to 
of a number that 35% of their maximum. Important, therefore, as full 
prove that the steam load efficiency may be, the economy at lower loads has 
consumptions we the greater bearing on overall running costs. 


guarantee with 
Brush - Ljungstrom While the full load steam consumption of the 
plant are obtained. Brush-Ljungstr6m Turbo-Alternator is low in comparison 
with that of others, its superiority is even more marked 
at low outputs. This important feature of the turbine is 
largely responsible for the low fuel costs of many 
generating stations. 











The curve reproduced above, giving the test results 
of a typical 5000 Kw. Brush-Ljungstrém Turbo-Alternator 


shows the low consumption at all outputs. 3060 


Engineers are invited to write for 
Publication 1005 “ Power Station 
Efficiency.” 
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WEIGHING IN STOCK ON A No. A557 SEMI-SELF- 
INDICATING DORMANT PLATFORM SCALE. 


ATTA 











HE time necessary for obtaining accurate results with manually operated scales, 
i is dependent entirely on the skill of the operator. This time can only be reduced 
at the expense of accuracy. 
‘* Avery ’’ Self-Indicating Scales are mechanically operated -by the load itself and 
dispense with the necessity of the skilled human element. 
Thecorrect weightis visibly indicated immediately material is placed onthe scale, elimi- 
nating the possibility of weighing errors and reducing time and labour to a minimum. 
THERE IS AN ‘“AVERY’’ SELF-INDICATING SCALE' TO SUIT EVERY 
INDUSTRIAL WEIGHING REQUIREMENT. 
A study of your weighing requirements by an ‘‘AVERY”’ Scale Engineer is the 
first step towards eliminating weighing errors and increasing efficiency. 
This will cost you nothing ; it may save you much. sell 


WRITE FOR LIST No. 503. 





VISIBLE 





PEMeEN WEIGHING 


W. & T. AVERY, L”™ socxory, BIRMINGHAM. 
TTT 
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/ : Such is the record breaking performance of reliability of an 





WY GLP RollerBearing 


fitted to a “Bristol” Jupiter air-cooled engine which, officially sealed by 

Aeronautical Inspection Directorate, has undergone a strictly controlled test 

carried out by that Body, who certify that no replacements or adjustments 

of any description have been made to the engine. The machine, a “Bristol” 

Bloodhound Biplane, in carrying out a continuous series of endurance 
flights, has covered a distance of 


25,078 Miles_—or 
once vound the World. 
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voded, oss orn of which carried the thrust of the propeller, and virtually the 
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To the right is the machine which carried out the 


TheS Ball Bearing Company Limited, 
_ Luton, England. 
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It’s not a bad boiler that works 20 years without 
repairs— 


But it’s a better one that lasts 30 years. 


One of our customers installed two boilers 35 
years ago. They are still as good as ever, and 
have never been repaired. 


A good boiler suggests a repeat order. 


We have a repeat order for nine boilers from a user 
who has previously had 42 boilers from us. 


Follow the lead given by those who have tried Foster 
Boilers and have obtained boilers that give flawless 
service and will continue to do so for many years. 


Send for Catalogue No. 12. 
JOSEPH 












’Phone: 19 & 96 Preston. S"J E a Office: 
’Grams: Foster, Preston. S SONS. 134, Fleet Street, E.C.4. 





= SOHO FOUNDRY, PRESTON 
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Rubber Belting. (Transmission, 
Conveyor and Elevator). 

“ Clincher ’’ Solid and Pneumatic 
Tyres. 

Hose (Suction, Delivery  Pres- 
sure, Steam, Pneumatic Tool, 
Diving and every size and kind 
for rposes). 

Rubber Flooring and Tiling. 

Rubber Mats and Matting. 

Rubber Expansion Joints and 
Shock Absorbers for Pipe Lines 
and Power Plants. 

Rubber Footwear and Water- 
proof Ciothing for Industrial 
Workers. 

Roller Covers. 

Printers’ Blankets. 

Rubber Valves, Gaskets, Dia- 
phragms and Washers. 

Mechanical Sundries, Buffers, 
Window Strip, etc. 

Rubber Packing. 

Rubber Sheet (Solid and In- 
sertion). 

Vulcanite Sheet, Rod and Tube 
and parts. 

Electrical Insulating Guoves, 
Footwear and Matting. 

Divine Dresses. 

Evervthing in Rubber, Vutcanite 

and Celluloid. 


The 
NORTH BRITISH 
RUBBER CO. LTD. 


Head Office and Factories : 
CASTLE MILLS, EDINBURGH 
Sales and Export Depts. : 


200-208 TOTTENHAM COURT 
ROAD, W.1I 















The North British Rubber Company’s Works at Castle Mills, Edinburgh, cover 30 acres and employ 5,000 British workers 


The North British Rubber Company was formed when the industrial 
possibilities of rubber first dawned upon the world some 70 years ago. 


To-day the factories of the Company at Edinburgh cover 30 acres and 
give employment to 5,000 British workers. 

If it is made of rubber, specify “North British” and you will be sure 
of getting the very best rubber products your money can buy. 





RUBBER PRODUCTS OF QUALITY 
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The 
CORPORATION of GREENOCK 


have for disposal a number of 


VALUABLE BUILDING SITES 


suitable for the erection of any class of 
Public Works, and in close proximity to 
Harbours and Railways. 


Adequate supplies of Electricity, Gas and 
Water are available, and there will be no 
difficulty in securing the necessary labour. 


The Corporation are anxious to encourage 
new Industries and willing to consider 
any application for special terms. 


For further particulars apply to: : 
ANDREW NIMMO, 
Town Clerk, 
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Seeking Economies in 
Working Expenses 


































"THE wise power user seeking eco- 
nomies in working expenses will 
examine carefully his lubrication 
methods because they are directly 
related to economical overation. 


Against a hundred pounds’ worth of finished 
product the cost of lubrication may be only a 
few pence. Wise economy is far-sighted. It 
looks beyond the apparent saving of a few pence 
per gallon which may lead to wastes distributed 
among such items as : 


Power ; lost-:in-overcoming ‘avoidable friction. 


Shortened life of engines and machinery ; 
this canjeasily run into high figures. | 


Interrupted production ; due to stoppages 
for repairs. 


Wasted time and wages of workpeople; 
standing by while repairs are made. 





The sum total of these wastes can be a real 
burden to your working expenses. 





On the other hand, correct lubrication with 
Gargoyle Lubricants—the most efficient’ lubri- 
cation obtainable—costs relatively little.: 


Se It is our business to assist power users to 
eliminate the wastes ‘andjdangers of incorrect 
lubrication. 


Our experience of lubricants and their correct 
application to all types of engines and machines 
covers a period of nearly half a century—half a 
century of specialisation which is placed freely 
at the disposal of all power users. 


: Write to our nearest branch office and make an 
moh YY, appointment to meet one of our representatives, 
vs : : You will find him capable of discussing your 
problems in detail and of prescribing for your 
requirements. 





Lubricants 


A grade for cach type of service HEAD OFFICE: 


Caxton House — London — Swi 


BRANCH OFFICES ; 


Belfast Cardiff Hull ° 
Birmingham Dublin Liverpool 
Bradford Dundee Manchester 
Bristol Glasgow Sheffield 


Newcastle-on-Tyne 


3246 


Vacuum Oil Company, Ltd. 
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he 
H.B. 
Patent 


: Tipping, 
TRAILER 








Striking Results 
in Handling 
Road Materials. 









@ One tractor and one 
trailer handling 56 tons tar 
macadam in one day. 


@ One tractor and two 
trailers moving 140 tons of 
clay per day for brick- 
making. 


@ One tractor and two 
trailers hauling 50 tons road 
material per day in North 


Yorkshire. 





Telegrams: 
Telephone : 








SHEFFIELD STEEL 
PRODUCTS 4ted 


@ Write for specification 
and price lists of trailers 


Templeborough Works 
SHEFFIELD 
ENCLANO 
- “Solidity, Sheffield.” 
Attercliffe 41 (4 lines.) 





and equipment. 





eS 





























Polar Diesel Engine, 200 B.HP., direct coupled to an Atlas Air Compressor, installed in an English Shipyard. 


ATLAS DIESEL Co., Ltd., 35, Surrey St., London, W.C.2 


Telephone: Cent. 9067. 


POLAR DIESEL 


AND 
HEAVY OIL 
ENGINES. 
DIESEL from I! to 
3000 B.HP. 
HEAVY OIL (Airless 
Injection) from 7 to 
100 B.HP. 
ATLAS AIR 
COMPRESSORS, 
All Standard Types and 
Sizes from 15 to 7000 
cubic feet min 
Pneumatic Tools for all 
purposes. 
Rock Drills, Mining and 
Quarry Equipment. 


aie 2619 


Telegrams : 





“ Dieselmot.” 
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THE INCANDESCENT HEAT COMPANY, LIMITED,  -sercar Sitstncuam 
British Mills, Cornwall Road, SMETHWICK. SMETHWICK 7% 





FURNACES FOR ALL PURPOSES 


AND FUELS. 
CHARGING MACHINES, GAS PRODUCERS, GAS PRESSURE REGULATORS, ETC. 


UNIFORM HEATING. ECONOMY IN FUEL. LOW MAINTENANCE COSTS. 





3377 


















































sewage 
lifting 








oe eH plant. 


. AUTOMATIC AIR COMPRESSING PLANT. 
. SEWAGE DELIVERY MAIN. 














SN 








APPRECIATION. : 
From W. J. Swain, Esq., Architect, Messrs, Rowntree & Co., Cocoa Manufacturers :— Daniel Adamson a 60 Ltd 
I have much pleasure in testifying as to the efficiency of your ejectors as supplied to the village J ‘ 
of New Earswick. The best testimonial that I can give is to the effect that we know little or SEWAGE EJECTOR EXPERTS, 
nothing about them. The first set has been in daily use now for the last fifteen years, buried in 
chambers many feet underground. Had we experienced any trouble, I should have been the Dukinfi eld, Manchester. 


first to receive notification, but no complaints having arisen in all that time proves the perfect 
efficiency of your apparatus. 
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WATER SUPPLIES. 


ARTESIAN BORED TUBE WELLS. 


C. ISLER’S improved system of raising large or small quantities ofp WATER FROM ANY DEPTH by 
IMPROVED AIR LIFT PUMPS, TURBINE AND DEEP WELL PUMPS, or any other kind of Pump. 


We are makers of Improved 
Combined Rotary and Per- 
cussion Drilling Machines 
for Water, Oil, etc., to bore 
to any depth and size. 


The ‘ Cores” illustrated are 
obtained by means of our 
“Rotary ” Shot Drill. 


The advantage of the Shot 
Drill over the diamond drill 
and other rotary systems is 
that larger bore-holes can be 
drilled at much less risk and 
cost. 


Perpendicular bore-holes are 
ensured. 


Bore-holes 3 inches to 48 
inches diameter. 





We are the Pioneers in this 
country of the Air Lift 
system of raising water. 


Geological opinions fur. 
nished. 


Reports and estimates fur- 
nished for any kind of 
Drilling or Pumping Plants 
or Artesian Bored Tube 
Wells for Water Supplies. 


Deep Well Pumps. 
Turbine Pumps. 


Steam, Electric, Oil and Gas 
Plants. 
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CONTRACTORS TO H.M. WAR 
DEPT., ADMIRALTY, CROWN 
AGENTS, INDIA OFFICE, &c. 


Cc. IsSsSLER & CO., 


Li rD., 


Artesian Well and Consulting Engineers, 
Artesian Works, Bear Lane, SOUTHWARK STREET, LONDON, S.E.1. 













201826 SS ao S22GGs 4r,HOBFhseeseseassease 


Telegrams” - “Isler,” London. 
Telephone - Hop 4460 (8 lines). 


LS 


Pr 
= 


Birmingham Branch :—93/94, Broad Street. Leeds Branch :—210, Wellington Street. 3114 





—— 




















K.E. STEE 


WAGON and TUB AXLES, 


COLLIERY WORK 
FOR 


KAYSER, ELLISON & CO., LTD., sHeFrFievo. 


MAIN and TAIL HAULAGE GEARS (where 
heaviest duties are imposed on a minimum of area), ROPE WHEEL SHAFTS, 
CAGE SHOES, SPUR, BEVEL and MITRE WHEELS and PINIONS, HAULAGE 
FORKS, COAL-CUTTERS, HAMMERS, MALLS, PICKS, CHISELS, SETTS, ETC. 


We do not offer help in any arbitrary spirit, but having great experience in the 
manufacture of High Grade Steels for Colliery use, we are in a position to 
suggest the right kind of steel in the correct place. 

We offer our experience to you without obligation. 
to see you, if you will fix your own date and time. 


This is part of the service we have to offer you. 


A K.E. representative will call 


$237, 


EST. 1825. 
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ap. AT KING GEORGE’S DOCK—CALCUTTA. 
this 
Lift 
\ | Valves, themselves 
fur- For the control of the : | actuated by pilot 
large, Caisson Hauling F |} cylinders operating 
ad Cylinders shown Be | under 750 lbs. These 
of last issue, we supplied ee valves provide abso- 
ants | a set of two ed = lute control on the 
‘ube | “ Homeyard main Rams. 
lies, | Hydraulic Control 
MAKERS : BOMBAY OFFICE: 
" LONDON OFFICE: Fowler Building, Goa Street. 
“ | 39, Victoria Street, AND 3 CALCUTTA OFFICE: 
| Westminster, S.W.1. LIMITED, Fairlie House, Fairlie Place. 
= | KILMARNOCK, SCOTLAND. 
&e. 
don, 
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BARKING POWER STATION 


MOUNTED 
ON 





5 TON 











| PORTABLE CATERPILLAR 
, STEAM TRUCK 

: FOR 

| GRABBING COAL 

| CRANE HANDLING 





FIG, 1405 


STOTHERT & PITT, L®- BATH, ENG. 


al London Office: 38, VICTORIA STREET, S.W.1. 


——— 
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Positively 


PLANT 


for the 


British Made Highway : 
Engineer » 


STANDARD PORTABLE ASPHALT PLANT | | 


Asphalt Plants supplied i 
for hourly outputs of 3}, : 
10, 15 tons and upwards, 





















ensures the satisfactory preparation of materials for all Asphalt 





mixtures being performed quickly, cheaply and with absolute accuracy. 









MILLARS’ MACHINERY (0, LTD,, 


Millars’ British Made Asphalt 
Plant is designed throughout 








































Pinners’ Hall, LONDON, E.C.2. for long life and reliable service. 
wigan: Telegrase : Its freedom from breakdown or 
milage * Javea, Sa: excessive wear is entirely due to 
WORKS : its construction embodying our 
Thorley Works, Bishop’s Stortford. long experience of actual contract 
Spare Parts & Service Depot : conditions. The plant which 
Kirtling Street, Battersea, S.W. keeps at work, week in, 
week out, under hard usage. 
MANCHESTER: GLASGOW: pitch 
8, Edge Lane, Choriton-cum-Hardy. 95, Bothwell Street. ze oqnestontion of 
‘lelephone : Chorlton 504. Telephone: Central 3418. rs’ achinery — 
Telegrams : Telegrams : Brisk aeore 
“Jarrah, Chorlton-oum-Hardy.” “ Action, Glasgow.” particular. 






































130 B.HP. Engine, 


“ What's in a Name ? ” 


is a hackneyed query. But there’s this in it, at any Pate, that a firm possibly have that Crossley Heavy-Oil Engines will give you what you are ¥ 
with a world-famed name can’t afford to sell an indifferent engine ; seeking—reliable and economical power—in a word, SATISFACTION. 

can't afford to market untried designs; can’t afford to fail in its There is no false sentiment attached to Crossley goodwill. It is a 

guarantees—in brief, can't afford to give anything short of the splendid asset, and it's just as valuable to you as it is to us. 

utmost satisfaction to its clients. If you are interested in getting cheaper power, you should have our 

““What’s in a Name ?” GOODWILL. And the goodwill built up latest catalogues. They describe all that is best in Heavy-Oil engine 

by over 60 years of experience is the finest assurance you could design—the new Crossley. : 


aa 


CROSSLEY 


HEAVY-OIL ENGINES | 


are built in sizes from 6 to 1000 B.HP. to use Crude and Residual Petroleum Oils, Furnace Oil, Diesel Oils and Tar Oil. 


CROSSLEY BROTHERS, LIMITED, OPENSHAW, MANCHESTER. 


Telegrams : “ Gasengine Manchester.” London Office: 139-141, Queen Victoria Street, E.C.4, Telephone : City 4200. A 62 A 
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40 Years’ 
Experience in 
the Design and 
Construction of 

Fans 


for 





and Ventilation of 


Mines and Ships. 


Heating 
Buildings, 
Mechanical Boiler Draught. 


Dust Removal and Collection. 











_Davidson’s the 











Expert 
Knowledge, 
means High Efficiency, 
Reliability and 
Good Service. 


High Pressure Blast for Forges, 
Furnaces and Cupolas. 
Fume and Steam Removal. 


Cooling and Drying Plants. 





have an experience covering hundreds of different industries and hundreds’ of different uses, 
and they can furnish a Sirocco Fan for every purpose for which a fan can be employed. 


Solve your FAN problems by using the “ Sirocco” Service. 


DAVIDSO 


SIROCCO ENGINE 


LONDON, BIRMINGHAM, CARDIFF, BRISTOL, 







MANCHESTER, GLASGOW, NEWCASTLE. 


RIG@’G WORKS - BELFAST 


























CLARKE, GHAPMAN & CO., Lto., 


VICTORIA WORKS, 


CODES :— 
A. B. C. 4th, 5th & 6th Editions, 
Engineering, 1st & 2nd Editions, 


Lieber’s Broomhall’s, Moreing & Neil’s, 
Watkins, 


Western Union 5 (Letter), 
international, 


Bentley’s Complete Phrase Code, 
Sastt’s 10th Edition and Private. 


WOODESON 
PATENT 
WATER TUBE 
BOILER. 


FOR ALL DUTIES. 


A.1., 


Marconi 











THE MOST EFFICIENT 
STEAM GENERATING 
PLANT ON THE MARKET. 





HIGHEST EFFICIENCIES 
OBTAINED. 





Ask for No. 22 Booklet. 


GATESHEAD. 


CRAMS : GYCLOPS, CATESHEAD. 
TE L EOHONE : TISCATESHEAD (4 LINES). 


TURBO PULVERISERS 
Adapted for Firing 
boilerswith Powdered 

Fuel. 


Bacx Sccrion Economince 


cow 4 MORE THAR 




















260 Turbo Pulverisers 
now Firing Boilers. 




















LOW WORKING COSTS. 


We shall be pleased to 
quote you. 











Woodeson Patent Water Tube Boiler arranged to be fired with 
Powdered Fuel, by Clarke, Chapman Turbo Pulveriser. 











LONDON OFFICE: 
116, Fenchurch Street, E.C.3. 


Tel. Add.: Cyclops, Fen, London, 
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BUILD YOUR WORKS 
ON THE GREAT WESTERN. 





The GREAT WESTERN RAILWAY 
have excellent SITES FOR 
NEW WORKS, MANUFAC- 
TORIES, ETC., both at their SOUTH 
WALES DOCKS, with direct access to 
RAIL and WATER, and at numerous 
points THROUGHOUT THEIR 
SYSTEM. 





Full particulars will be supplied and enquiries treated confidentially, 
or a G.W.R. representative will call, upon application to:— 


CHARLES S. PAGE, E. FORD, 
Chief Docks Manager, Chief Goods Manager, 
G.W.R., CARDIFF. G.W.R., PADDINGTON, W.2 
FOR SITES AT THE FOR SITES ADJOINING 
SOUTH WALES DOCKS. RAILWAY. 





















FELIX J. C. POLE, General Manager, PADDINGTON STN., LONDON, W. 2 


$211 
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LONDON 














TELPHER TRACKS. 


GASTINCS, FORCINCS, ETC. ANNEALING &REHEATINGFURNACES. CHARCING & DISCHARCING MACHINES FOR FURNACES. 


‘GIBBONS BROS, LTD..: 


STEEL FRAMED 
BUILDINGS. 
ROOFS. CIRDERS. 
BRIDCES. STEEL CHIMNEYS, 

PRESSED STEELWORK, ; 
CONVEYORS & ELEVATORS. _ SCREENING PLANT. 
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DIBDALE WORKS, DUDLEY, "WORCS. MELBOURNE 
















































MANCHESTER | Seve eeplone 450 DUDLEY(S uns) i Segryni Adie "GIBBONS LOWER GORNAL 
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Blast 


Gas 
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- a ps ey PASSENGER & CARGO % 
\ | } : STEAMERS 
SHALLOW DRAFT VESSELS 
LAND & MARINE 
BOILERS 














HEAD, WRIGHTSON & CO., LTD. 


THORNABY-ON-TEES & STOCKTON-ON-TEES. 


TELEGRAPHIC ADDRESS: ‘'TEESDALE, STOCKTON-ON-TEES.” 





Blast Furnace Plants. Structural Work. 








Automatic Chargers, 
cove, Soe 


ubing, 
Gas Ceemine Plant, 
s, &e. ' 





Roofs, Bridges, 
Dock, Gates, 
Caissons. 








Kiln 
Sat i 
andlin ants. 
me Dat gs Plants, id 
e XePrs, 
Rolling Mills, Tanks, Bunkers, 


Slag & Metal Bogies, 
Senet Moulds. 





Silos, Chimneys, 
Steel Wagons. 








Complete Railway Chairs. 
Colliery Plants, : . 
Head Ganca, Sleepers. 

Screening Plants, 
Conveyors. Tunnel & Sewer 
“ Ruggles-Coles” Segments. 
_ Dryers. 
Briquetting Plants, Castings of 


Cages. 





“Nissen” Stamps, 
Tube Mills, 
Grinding Pans, 
Agitators, Filters. 





Gas Holders, 
Purifiers, 


every description 
in Iron, Steel or 
Brass. 





Drop Stampings. 





** Moore’s” 
Pulley Blocks 
and Hoists, &c. 








Serubbers, &e. '— Se 8 ee ee ieee 


Cast Steel Hawse Pipes, 23 in. diam. 12 feet long, 1} in. metal. Weight: 2 tons each. 
Cast Steel Piles for Jetty, 12in. diam. 12 feet long, 2in. metal. Weight: 27 cwts. each, 


Constructional Engineers. Iron and Steel Founders. 
Colliery and Mining Plant Manufacturers, &c. 04 2408 
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SHIPS’ EMERGENCY SETS 


AND LIFEBOAT SETS 


THE FINEST BUILT 


USED BY ALL THE LEADING SHIPPING LINES. 




















| pRom |. THEASTER ENGINEERING Company (1913), Limited, FROM 
5 HP. 5 HP. 
ni WEMBLEY - MIDDLESEX. = 
450 HP. Telephone : 450 HP. 
% Wembley et ga ae 22-23. ~ a 














































3366 E 











pom 


With or without Side Cutters, --scenongeetitnicas ee tal 
With Ball Bearings throughout roi . & 
Type QZ. 















A Powerful Planer, which ensures a 
large output in both hard and soft 
timbers. 


Built in two patterns:—(1) A Double 
Surfacer, with two horizontal cutter- 
heads. (2) A Four Cutter, with two 
horizontal cutterkeads, and two vertical 
side heads. 


A Double Surfacing Machine is shown 
in the illustration. 


The Circular Cutterblocks are arranged 
to carry Four Thin High Speed Steel 
Knives. Can be supplied for Six Knives, 
if desired. 


The Feed ranges from 20 to 100 feet per 
minute; or, if desired, from 30 to 150 
feet per minute. 

Made in Three Sizes--30-in. by 7-in. ; 
24-in. by 7-in. ; and 18-in. by 7-in. 


Write for leaflet and full particulars. 


aS 





6 


Australia—75-91, Harbour Street, Sydney, N.S.W. LONDON OFFICE—Abbey House, India—24, Park Street, Calcutta. 





Surfacing, Thicknessing, & Sizing Machine 





THOMAS ROBINSON & SON, Ltd. ROCHDALE.|| | 


New Zealand—158, Shirley Road, Christchurch. 2, Victoria St., Westminster, S.W.1. * South Africa—12, Greenmarket Square, Cape Town. 
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Cargo Winches, Boat Winches, Vampyre Winches, Capstan, Windlass 
i? 


Telephone and Steering Gear, alloperated by 


Victoria G9OO 


ENGINEERING. 


[SUPPLEMENT page xx111] 








HESE hydraulic gears provide 
infinite changes of Speed 
without steps from Zero to speed 
of Prime Mover, forward and 
reverse, with perfect and easy 
control and high starting torque. 








Thousands are in use for many 
purposes including Ships’ Steer- 
ing Gears, Winches, Boat Hoists, 


Windlasses, 
Oven Rams, Textile Machinery, 


Capstans, 





Forward Deck View of one of several large vessels eguippedwith 





liars Janney Hydiaulic Gears } 








Presses, Etc. 








VickersHouse, Broadway, London 


Lan 

















*“* REID MACLEOD,” Geared Turb ne Condensing 
Lecemotive. (PATENT). 











ELECTRIC LOCO. 


The VARIABLE SPEED GEAR [2 














L. & N.E.R. Cot’s Express 4-6-2 type Locomotive. 














‘* MODIFIED FAIRLIE ’’ LOCOMOTIVE. (N.B.L. Co’s PaTmnrs). 
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HORIZONTAL 
3 HP. to 480 HP. 


GLASGOW: 19, WATERLOO ST. 





PIONEERS. 


The first Cold Starting Heavy - Oil 
Engine was produced and put on 
the market by us in 1912. 


It is now one of the leading types 
in use throughout the world. 


Economy in running costs, with 
exclusive features in design, appeal 
to the discriminating engineer. 


CdMPBELL 


COLD STARTING HEAVY-OIL ENGINES 
THE CAMPBELL GAS ENGINE CO., LTD., HALIFAX, ENGLAND. 


LONDON: 73a, QUEEN VICTORIA ST., E.C.4. 








VERTICAL 
48 HP. to 550 HP. 





3129 


CALCUTTA: 6, WATERLOO ST. 
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LONDON OFFICE: 3, Central Buildings, Westminster, S.W. 


‘ 











RAILS, FISHPLATES, 
SOLEPLATES, &¢. | 
DOME & BOILER 
ANGLE RINGS. 
WHEEL CENTRES. 
LOCO CASTINGS. 
“ABT” RACK RLY. 
NICKEL CHROME STEEL 
ror COUPLINGS, i 
HIGH SPEED STEEL, 
TOOL STEEL, 


FILES & RASPS. STEEL CASTINGS FOR HYDRAULIC WHEEL PRESS TOTAL WEIGHT, 197 Tons. 


Ea j* 


CAMMELL LAIRD & GO., L!2: Sheffield. 






tintin 


~ 











TYRES, AXLES, SPRINGS aNo BUFFERS. ~ 





























Lr 
\ 


The Perfect 


Noise-Proof Telephone 
THE LARYNGAPHONE 


absolutely precludes the possibility of interrupted telephone 
conversation. Extraneous noises cannot be reproduced as 
the Laryngaphone is operated by mechanical vibration of 
the larynx. It is simply held lightly to the throat or to the 
side of the face; every word is distinctly reproduced at 
the other end of the line. 


Remember the Laryngaphone can be fitted to any existing 
private telephone system, costs no more and will withstand 


years of the hardest wear. 


The remarkable efficiency of the Laryngaphone is testified by the fact that the following Power 
Stations have already adopted this system. 
Charing Cross Electric Supply Co., Ltd.; Metropolitan Boro’ of Stepney Electric Supply; Central 
Electric Supply Co., Ltd. ; St. James's & Pall Mall Electric Light Co., Ltd.; Westminster Eleciric Supply 
Corpn., Ltd. ; Metropolitan Electric Supply Co., Ltd. ; Metropolitan Boro’ of Shoreditch Electric Supply; 
Uxbridge & District Electric Supply Co., Ltd.; Edmundson’s Electric Corporation Lid.; North 
Metropolitan Electric Power Supply Co.; Chiswick Electric Supply Corporation; South Metropolitan 
Electric Light & Power Co., Ltd.; The County of London Electric Supply Co., Lid.; Woolwich 
Borough Electric Supply ; Bournemouth & Poole Electric Supply Co., Ltd.; Bridgend Urban District 
Council Electric Supply; Bradford Corporation Electric Supply; Cardiff Corpn. Electric Tramways; 
Clyde Valley Electric Power Co.; Bristol Corpn. Electric Supply; Folkestone Electric re! 4 Co., 
Lid.; Municipal Electric Dept., Simla, India; Middlesbro’ Corpn. Electric Supply; Blackpool 
Corpn. Electric Supply. 


Your enquiries will receive prompt attention if addressed to :— 
- General Sales Manager, 







Y 
C7 
Y, 4 
“Up Telephone Manufacturing Co. Lid. 
Up HOLLINGSWORTH WORKS, WEST DULWICH. S.E. 2L 
TT / SyGethan 2280/1 = Suliestin Dako London.” 


Mijj; 
“ny nui 
ae LTT 
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S.E.A. REMC 
PACKING 





the rods last 
with i. 


Unlike Ordinary Packing— 


**S.E.A. RINGS’’ do not act as a 
continuous brake. They only work 
on the power stroke, and rest with- 
out work on the return stroke. 


That’s why they SAVE YOUR MONEY. 
LET US SEND YOU OUR §LISTS : 


RONALD 
TRIST #8 


56, VICTORIA STREET, 
WESTMINSTER, ull 
LONDON, S.W.1. 


Telephones : Telegrams: 
Victoria 8384 and 8385. “ RESVALAR, Lonpon.” 






STEEL CASTINGS 


By Siemens-Martin and Crucible Processes of every description. 


TO PASS ADMIRALTY, LLOYD'S, BOARD 
OF TRADE OR BUREAU VERITAS TESTs 


CASTINGS for Railways Shipbuilding 
Yards, Engine Works, Rolling Millis, 
iron & Bridge Works, Hydraulic and 
Electrical Machinery, Mining, River 
Dredging, Excavating Work. 








SPECIALITIES— 


Tooth Wheels and Pinions used in 
connection with Cranes, Winches, 
Capstans, &c. 

Cast-Steel Anchor Heads and 

Dredger Buckets Fit up Complete. 










On Admiralty 
and War Office 
Lists. 


Telegrams— 
“ WELLINGTON, 
MIDDLESBRO".” 













Cast Steel Rivetter Body. | Total Weight 11 Tons, 
WELLINCTON 
W. SHAW & CO., Ltd.., "2sthSt?" muppLessroved. 


London Office: 90, Cannon Street, H.C.4. - Representative: A. H. SHARPE & Co. 


Office for Manchester and Birmingham Districts: 12, waieage Street, Manchester. 
Representative: THOS. F. W. DIXO 


Glasgow Office: 4, West George Street, Glasgow. - Representatives: A. C. LOCKE and J.G. McONIE. 
Agent for Leeds and District: G. G. S. GRUNDY, 24, Basinghall Street, Leeds. 
Agent for Durham and Northumberland: G. NELSON, 109, Pilgrim Street, Newcastle-on-Tyne. 
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SHEFFIELD. 











ENGINEERS AND BOILERMAKERS. 


Send us your enquiries for 


GENERAL PATTERNWORK 


and 


IRON CASTINGS. 


With our increased patternmaking facilities 
and new Iron Foundry we are able to supply 
patterns of substantial and specially accurate 
construetion, and iron castings, as castings 
only or machined, up to 40 tons. 3068 








WE CAN QUOTE KEEN PRICES FOR GENERAL WORK. 


HYDROGEN 


PLANTS 
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GESELLSCHAFT FUR LINDE'S EISMASCHINEN & 
HOLLRIEGELSKREUTHb.MUNCHEN. GERMANY 
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TELPHER PLANT WITH OPEN TYPE TRESTLES 





ERECTED AT A LARGE POWER STATION. 


RoBerT DEMPSTER * 3 
ELLAND——-YORKS. 


Wire : “ DEMPSTER, ELLAND.” 





Telephone: 261-2 & 3 ELLAND. 
(Private Branch Exchange.) 











HIGH CLASS 


VALVES 


Highest 
Steam 
Pressures 
and 


‘Temperatures. 


Ask for No. 
25 
Catalogue. 


GUMMERS L” ROTHERHAM 



























Imperial 
Metal 
Marking 
Stamps 
Mm are 

=| Better 


'_0One Factor — Perfection in Hardening. 


After heat treatment in an ordinary furnace, the punches are 

hardened in an electric furnace which automatically indicates 

when the correct temperature is reached. They are then 

tempered in the Wild-Barfield furnace illustrated, which 
guarantees a uniform output. 


Send for new prices from Distributing Agents :-— 











i ° 


ND AT 


BIRMINGHAM: 23, Newton Street. MANCHESTER: 62, Market Street. 
GLASGOW : 39, Robertson Street. 














WALWORTH 


HE Walworth Kebo 

Gate Valve is a_ well 

designed valve with an 
ample factor of safety for 200 
lbs. working steam pressure. 
The stem thread is square 
aced, 
The long contact between 
thread on stem and in wedge 
disc makes for a long life of 
hard service. 


The general construction of 
the valve makes it rigid so that 
it is not apt to be distorted 
by the weight of sagging pipe 
lines or carelessness of fitters 
when fixing it. 





Send for our New 
Catalogue No. 68 


WALWORTH-MUNZING, LIMITED 


LONDON: 90-96, Union Street, Southwark, S.E.1 
"Phone: Hop 7081 "Grams: Munzing, Sedist, London 


GLASGOW: 209, Berkeley Street, Glasgow 
Phone: 742 Charing "Grams: Munzing. Glasgow 


TUBES - FITTINGS - VALVES ‘TOOLS 
r Steal fe Gas, Oil & Air. 


E.P.S. 100 
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AMSLER = 
TESTING MACHINES 


Send for catalogues to Sole Agents :— 


T. 6. HOWDEN & CO., 20. 


191, Corporation St., Birmingham. 














L.C.M. = Lowest Cost Measurement 


LEA 
COAL 
METERS 


FOR CHAIN GRATE STOKERS 


Write for full particulars to:— $429 
THE LEA RECORDER Co. Ltd., MANCHESTER. 














LIMITED 


G TON SON 


LEEDS, ENGLAND: 


LONDON 
OFFICE, 


S.W.1. 


STANDARD SHUNTING CRANE 


with internal combustion motor for piece-goods working, grab— and magnet operation. 
Capacity : 6 t at 4.75 m radius, and 2 t at 9 m radius. 
Always ready for service 


without loss of time caused by firing. Greatest cleanliness in working. Extremely easy 
control and best utilisation of the efficiency. All movable parts readily surveyable. 


Delivery immediately from stock. 


Our circulars contain full particulars. 
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‘PAX FLEXTRA” |) A “PAX FLEXTRA’ 


A wonderful modern 4 A Blade 


development in the that withstands any 








manufacture of 4 twists or jars 
HACKSAW BLADES. ) fade \ within reason. 


aa ae 





The above shows a few of the abnormal bending and twisting strains to which the new ‘“‘Pax Flextra’ blade may be subjected without breaking. 
The teeth of this blade are dead hard with a 100% cutting efficiency. 


NO DIFFERENCE IN_ PRICE. 3302 
Made by: SANDERSON BROTHERS & NEWBOULD LTD.,SHEFFIELD, ENGLAND 


Sole Sales Agents for the United Kingdom for the Wholesale and Retail Trades : F. L: BROOKS & CO., LTD., 20, Chapel Street, LONDON, E.C.2 
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Motor Driven 





Valves for. . 





Power Plants 











LONDON 
199, High Holborn. 





| BlakeborougheSons 


BRIGHOUSF ENGLAND. 


RESS a button and t he Motor does the rest. 
P - In an emergency or a quick change over from 
one generating set to another there is no time 

for the laborious-hand operation of valves. What 
you need is Motor Driven Valves on your Steam 
Mains and Circulating Water Mains, our illustra- 
tion being typicalexamples. The‘ Blakeborough’ 
Motor Driven Valve has moreover been found in 
practice to be eminently successful and has been 
adopted by over 50 of the most important 
Electricity Generating Stations in this country. 


GLASGOW : 





ELECTRIC WELDING 
Prod yiabrrstigy Shs 3048 


ce at antec 
outin any the coup 
Plot an and <f Rleetrodies supplied for new wor! 


THE ANGLO-SWEDISH 
‘ELECTRIC WELDING Co., Ltd. 
Wood Wharf, Grecawich, London, S.E.10, 
also at Glasgow and Newcastle-on-Tyne. 
Nerth WesternA.S.E.W.Co. Ltd., Liverpool. 











62, Robertson Street. 











MACHINE CUT GEARS. 





CHANGE 
ohh ee mel Cet by Hew 
SPUR 
— patterns for all sizes, oval or + section 
arms, e 2 in. BEVEI face to suit to 5 ft. diameter. 


To 2 in. ‘= Any sizes to order. 9144 
PAPER & RAW HIDE PINIONS. *14 
SKEW & WORM GEARS. 

CLEAN CASTINGS. Spur Gear Blanks 
from nay 05 Pamenore patterns. Balance Wheels 
made u A. A. it customer, and Castings only 
supplied if req 
General Machine™ “Castings made -to Customers’ 
tterns. 
Low Prices for Planing, Boring, Turning, Screw- 
cutting 
Send oeer Enquiries :— 


Greenwood’s Standard 
Gear Cuttin ty Be Ltd. 


Tel b. a Telegrams : a 




















Manufacturers of Forgings of all kinds 
for Aircraft, Automobile and General 
Engineering Works. 


Alloy and Carbon Steel in Bar or Billet, 
Bright Drawn Steel. 


Weldless Steel Rings and Cylinders, 
Circular Blanks for Gears, Stampers’ 
Die Blocks. 


High Speed and Crucible Cast Steel for 
Engineers’ Taps, Dies, Punches, etc. 


Best Cast Steel Files, Saws, Twist 
Drills, Hammers, Hack Saws, etc. 





JOHN HOLDING & CO., LTD., 


Union Forge & Steel Works, 


SHEFFIELD. 


Telephones: 
268 & 272. 


Telegrams: 
‘* Holding, Sheffield.”’ 
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ew |CRANES 
. ALL TYPES. 


ELECTRIC, STEAM, HYDRAULIO, HAND, 
Patent Premier 


Disc Friction CLUTCHES FOR 
for all drives. 


Flywheels and Rope Pulleys. SHIPYARDS, DOCKS, STE EL WORKS, ETC. 








MAKERS OF 


Machine-moulded and Machine- 
cut Toothed Gearing. 








General Iron Castings for the 


Trade. as 
IEVE & C°. 
ESTABLISHED OVER A _ CENTURY. J O a Pe G ne 


3) MOTHERWELL, SCOTLAND. 


ee ee A & W. DALGLISH, 





















































High Class oon 
WEST OF VERTICAL STEAM BOILERS. 
coor eae. aun CORNISH STEAM BOILERS. 
Petionenawe, yy aa 
‘ RS and 
CLASCOW. FEED WATER HEATERS. 
MARINE, JACKETED PANS in Iron or Copper, 
PR oad mt CORNISH TUBULAR BOILERS. 
tt a VERTICAL TUBULAR BOILERS. 
BOILERS. UNDERFIRED TUBULAR BOILERS. 
reek Boilers of all kinds for :— 
alg CENTRAL NWEATING & HOT WATER SUPPLY 
y %, ALL SIZES. in Iron, Steel and Copper. . 
g —_—_— 
cy 3089 
Pf ae re LUMBYS LIMITED, 
a oO unomnny Greetland Boiler Works, HALIFAX. 
a aid soil - = Telegrams: Lumbys, Greetland. Telephone: 125 Elland (2 lines.) 




























































SUBMERSIBLE MOTORS ©” ||)_ RUCKLEY’'S \y 
sevTiacL = SOUTHALL, sane suawnde, SOUTHALL Patent Improved,'Compensating Metallic 
A.C. & D.C. MOTORS, DYNAMOS, PISTON RINGS A : 
’ 8 
ALTERNATORS & MOTOR GENERATORS ND SPRINGS PU 
PRICES GREATLY REDUOED. se nad dddqane = Specially SE 
SPECIALITY— : Sd. tid EE ET Es 7 designed Mi! 
SUBMERSIBLE - a 
ELECTRIC ce ; AL 
MOTORS “—e a 
PUMPING Steam 
AND 1527 Pressures Ma 
WET POSITIONS. and 
THEY WORX Sensitive in Action.—Simple te Adjust. ar, . 
Sacicoed Ventilated Ball Boosting Dywame: IN WATER. Wm. Buckley & Co. (Millsands), Ltd., Sheffield. ( 











MACHINE /KELVIN ENGINES 


W i va E L S RADIATOR COOLING. =— 
a 3 to 60 HP. on PARAFFIN or PETROL. I 

For AIR COMPRESSORS, 

WORM AND SPUR || DYNAMOS, PUMPS, HOISTS 


and all jobs requiring a 


REDUCING GEARS, power unit of | shoobate 























Complete Manufacturers— 
The REID GEAR 60., | 735,.e¢ecus 


) LINWOOD, * 264, DOBBIE'S LOAN, cc 
| sear PAISLEY. GLASCOW. 
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CO Refrigerating Machines 
MULTIPLE EFFECT COMPRESSION 


WITH 


PRE-COOLING BY PRIMARY 
EVAPORATION 
ENABLES THESE MACHINES TO MAINTAIN THEIR 


HICH EFFICIENCY UNDER THE MOST TRYING 
CONDITIONS. 






















Stove of 





highest ale ae 




















Efficiency 
Exceptional trebled. 
h 
eating effect Highest 
owing to heating 
spiral flow value so far 
of the obtained 
hot gases, aaa 
coal. 
Wasseralfinger 


Drall-Ofen. 


Schwabische Huttenwerke G.m.b.H. Stuttgart. Germany. 























LIDGERWOOD 


CABLEWAYS. 





MINE HOISTS. 
LIDGERWOOD MISTS. LONDON WALL 
’ GRABS. 
LONDON. WINCHES. 6192, 7422. 


PILE DRIVERS. 
DERRICKS. 


LIDGERWOOD. 


FRIARS HOUSE, NEW BROAD STREET, LONDON, EC.2. 


3343 













DaoscoococoCooooCoooCoCCoCCOOoOoCOO CaN OOoOoCOoOoOSGCOOCOOOoCoCCSCOS 
o 


Francis Turbines and 
. Pelton Wheels. 


Oil Pressure Governors. 





23. We GUNTHER & SONS 


CENTRAL WORKS, OLDHAM. 
Established 1869. 


ro) 
cococoeaeeDaCaDoooooOoOCONOOooO OOOO oCOoOoOoAONEDADOD 
3305 
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SCOTT Bros. (Halifax), Ltd. 


West Mount Iron Works, HALIFAX, Yorks. 





Specialists in 
PUNCHING — 
SH He ING SHIPYARD 
MACHINES 
and and 
ALL CLASSES 
sat General BOILER 
ctional ‘ 
i sinsealitd MAKERS 
Machine Tools. TOOLS. 
Write for Free 
Illustrated ESTABLISHED 
Catalogue. 1850. 








a mn 


pen & Durability | 
are outstanding features of our work. 
High-class engine and boiler fittings 
are a speciality. 
We shall be pleased to submit quota- 
tions for your particular requirements. 


ENGINEERS’ MILL & COLLIERY 
FURNISHERS. 


MANUFACTURERS OF 
ANTI-FRICTION METALS. 


All classes of Non-Ferrous Ingots. 
INDIA RUBBER AND ASBESTOS & 
GOODS. = 


\ 





BRASS AND IRONFOUNDERS. & 


PEGLER BROS. & Co, (Glasgow), Ltd. 


E 
=| 
= 
| 
= 54-60, Brown Street = - GLASGOW. 
Z Telephone : $240 CENTRAL. 2096 Teageme GUNMETAL. 


SH =A NAA MTA ASAT 


















4-/ VALVES 


We specialize in this important 

steam auxiliary for high pressures 

and superheated steam. 
SAFETY VALVES. 
STOP VALVES. 
REDUCING VALVES, 


Cast Iron or Cast Steel Bodies. 
Specify your requirements. 


A. COCKBURN & CO.,, 


DENNISTOUN, GLASGOW 











BOLTS & NUTS. Etc. 


Speciality—FACED 
and 


BRIGHT NUTS. 











USUAL STOCK 
1000 TONS. 





LISTS ON APPLICATION. 


BRIGHT DRAWN STEEL BARS. 








JAMES WILEY & SONS, Ltd., partaston 
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Visible Heating 
of Rivets. 


There is little burning and scaling of rivets when they 
are heated electrically in plain view. Visible heating 
also makes it easy to maintain the exact temperature 
for easiest and tightest driving. 


Users of Berwick Electric Rivet Heaters report actual 
savings from 14s. to £1 4s. daily per Heater. 
There is no waste of power, for current is used only 
when actually heating rivets. There are no delays, 
for the Heater will heat one rivet or several in 15 to 
30 seconds, The Heater is conveniently portable, 
safe, and easy to operate; there is no smoke, gas, 
fumes, or intense heat radiation. 


Inquiries are invited for catalogue and detailed cost 
data. Please mention your A.C. conditions, about how 
many rivets you use, and what range of sizes. 


American Car and Foundry Co., 


30, Church Street, 
NEW YORK, U.S.A. 










(262) One of nine standard types and size 



















Vahey 

















AGOURAOY 



























i 
. .- 






QUITETITE -ene 
REDUCING VALVE 


THOUSANDS OF THESE 
VALVES ARE IN USE 
THROUGHOUT THE 
WORLD AND ARE 
GIVING COMPLETE 
SATISFACTION. 


DAVID AULD = SONS L" 


WHITEVALE FOUNDRY, 


GLASGOW. 

































UU gy Lt 














Boilers Sooted 
Under Steam. 


Dust Emission Prevented. 


B-V-C BOILER 
SOOTING PLANTS 


Save Time and Money 
and Increase Efficiency 


Write for booklet E228—post free—which explains our system at 
th. 


2453 


















BRITISH VACUUM rncinzerune Co., Ltd., 


Parson’s Green Lane, S.W.:6. 
"Phone: Putney 2470 (2 lines). 










Jb 
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Mechanically Applying the 
Hammer Action—The 


‘PULVERIZER 


HAS NO EQUAL. IT WILL DEAL WITH DRY OR WET 
MATERIAL, FROM HARD ROCK TO SOFT REFUSE 
MORE RAPIDLY AND 
EFFICIENTLY THAN 
ANY OTHER MACHINE 
ON THE MARKET. 














s.. 
iy 

) 

OUR extensive and | 
Various experience , futzerengee | By 


"is freely at your dis- 
posal respecting your 
own particular 
requirements. 


i 
lage ® 
suc agettauatcs 
é a. 
‘Ie \ i r 
| s 
i » ° 


Manganese 





mf 








Manganese 


Specify your requirements 
and let us quote you. 


THOMPSON BROS. 














GANNOW ENGINEERING 

COMPANY LIMITED, 

29, VICTORIA BUILDINGS, 

MANCHESTER. 
London Agents : 


HALL, PHILLIPSON & CO., LTD., 
32, VICTORIA STREET, S.W.I. 2998 


a 


Obviously water for street-watering could not be otherwise than in 
bulk, but in showing a street-watering outfit comprising one of our 
Registered Design Elliptical Tanks mounted on a Morris Ton 
Truck—we are merely emphasising the suitability of 


T.B. Welded Tanks 


for every conceivable purpose where liquids are carried in bulk. 








| 








Design—manufacture, finish and price are exactly right in T.B. Tanks. 


So exactly right it is hardly economy of time to enquire elsewhere. 











Office & 
Works, iB 

Bradley, i House, 
Bilston. Wereed W.C.2. 























Rt sheer merit alone — 
has won for Cowans Sheldon 
- Lifting Equipment its unquestioned 
place as standard equipment *the 
world over. Highest standards of 
workmanship and material, finest 
engineering and manufacturing 
facilities, look after every Crane that 
leaves the Cowans Sheldon Works. 


Above, shown in 
comparison with 
the Tower Bridge, 
is a  Cowans 
Sheldon achieve- 
ment — the 
world’s largest 
Floating Crane. 


Railway Break- 
down Cranes, 


” Dock-side equip- 


ment, and every 
conceivable type 
of hoisting mach- 
inery are the 
every-day pro- 
ductions of the 
Cowans Sheldon 
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VW 


KILNS AND 






STRUCTURAL 






WSU ISS, 


TUBING 





STEEL AND IRON- PIERS. 










WORK OF EVERY JETTIES. PON- 


ZW 







TOONS, DOCK 


SY, 






DESCRIPTION. 







BRIDGES. ROOFS, GATES: CAISSONS. 






STEEL FRAMED OIL STORAGE 






BUILDINGS. CRANE 








TANKS. WATER 







MUM UU UMMM SY) 


GIRDERS. CRANE 






TANKS. PRESSED 
GANTRIES, CHIM- 





STEEL TROUGH- 






NEYS. PIT HEAD 













ING, SLEEPERS, 










, LONDON ADDRESS 
82 VICTORIA STREET.WESTMINSTER S.W. | 


Leenone Noweem 
4183 VICTORIA 


HEAD OFFICE. AND WORKS 


FRAMES. TOWERS, 
RIVETTED PIPES. 





einanaemic Aooerss oy tsi“ tsCsC WT PONE Numan’ 


{REPRESENTATIVES ' ABROAD 


soutn“arrica. 
Messas. DOWSON & DOBSON, Lto. 
“—, JOMANNESBURG. ae 




































s EGYPT 
R J. BOYD &@ CO.” STANDARD LIFE BUILOING, 
15 CHAREM KASR-EL-NIL. CAIRO 


44 


SIAM 
THE BANGKOK DOCK CO. LTO 


ZS 
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WY 
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ZaX 







OOS LLL LO 


KYXKS 
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up lo 
LOO ons. NEWTON, CHAMBERS & Co. LID. 


Thorncliffe Ironworks nr. Sheffield. 


HUDSWELL, CLARKE & CO., LIMITED. 











a 

















Established 1860. RAILWAT FOUNDRY, 1B Ds. Telegraphic Address; LOCO, LEEDS.:- 
LOCOMOTIVES ic 
io Sees <i ES 7 “ais 
ee ae , = 

et entrar ws : hee For Main or Branch Railways, Contractors, 






Steel and Ironworks, Collieries, Docks, &¢. 






Made to suit any Gauge of Railway. 












SOLE MAKERS OF 5 


“RODGERS’ PULLEYS” 


(Registered) 











WROUGHT IRON THROUGHOUT, RIM, 
ARMS, AND BOSS. 






(PRICES, PHOTOGRAPHS, AND FULL SPECIFICATIONS 
ON APPLICATION. 3200 














TZSS 


SS 
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R. & W. HAWTHORN, LESLIE & CO., LTD. 
LOCOMOTIVES 


Of every description for Home and Foreign Railways. 
TANK ENGINES AND COMBINED 
CRANES AND LOCOMOTIVES 


ALWAYS IN STOCK AND IN PROGRESS. 


For Collieries, Ironworks, Railway Depots, Braneh Lines, 
Contractors, de. 





3192 
Tlemnente Addreas : 
Lecomorive, NewoastLs-on-Trye BSTABLISHED 181. 


MARINE ENGINEERS AND SHIPBUILDERS. NEWCASTLE-ON-TYNE. 


PECKETT@ SONS, L™ 


BRISTOL. 


Telegrams . ° tad Peckett, Bristel. 














Lendon Representatives :— 
FERGUSON & PALMER, 9, Victoria Street, Westminster, S.W. 1. 





SPECIALITY 


Of all Descriptions and any Size or Gauge. Fall Particulars on Application. 








New first-class sleeping car constructed for 
The International Sleeping Car Company 


Pressed Steel 


Floor Plates 
by 
a ee ee ay Joseph Sankey 
Complete Car by THE LEEDS FORGE Compan, Lid. & So ns Ltd 





woe SANKEY & SONS LTD. Hadley Castle Works WELLINGTON, a 


Telephone: Wellington, Shropshire 66 Telegrams: “‘ Sankey, Wellington, Shropshire.” 








London Otice: ROBERT STEPHENSON & CO. LIMITED, 
25, VICTORIA ST., WESTMINSTER, S.W. 1 LOCOMOTIVE BUILDERS, DARLINGTON. 


Telegrams: Altiscope, London, Telephone: 650 Victoria # Engineering Standards; 4. BO. (Sd Ba) 8 re bh (2ad Ba.) Kendall's 


SPECIAL LOCOMOTIVES — SIMPLE . Ppp AT , ame 1823. 
EXPANSION OR COMPOUND, ARTICU- WORKS TRANSFERRED TO DARLINGTON, 1902. 


LATED OR OTHER TYPES WITH FLEXIBLE F : 
WHEEL BASE TO SUIT ANY GAUGE OF Telegrams : Rocket, Darlington. Telephone 3 2708. 


RALL AND CONDITIONS OF SERVICE. 
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BRICK MAKING PLANT 


Plastic, Stiff Plastic or Semi Dry, also Sand Lime. 





illustration shows Largest ‘‘ Wire-Cut’’ Machine made. 
Two recently supplied to China. Capacity 100,000 Daily. 
Other sizes for 1000 to 4000 per hour. 


Also Manufacturers of Latest System Plant for Production of 
PORTLAND CEMENT AND PATENT FUEL. sles 
CRUSHING & FINE GRINDING MACHINES for all refractory materials, 


WM. JOHNSON & SONS LEEDs), LTD., 


ARMLEY, LEEDS, Eng. 


FANS 


FOR ALL PURPOSES. 























Send particulars of your requirements to — 


STANDARD & OSWALD STOTT 


(ENGINEERS) LTD. 


EVINGTON WALLEY ROAD, LEICESTER. 


Telegrams : “‘ BLowinc, Lzscestzr.’ 





3403 


No. 54. Induced Draught Fan. 
Arranged for Chain Drive. 


No. 57. Induced Draught Fan 


Direct-coupled to Motor. Telephone: 5605 Luscxsrmn. 


PONTIFEX & WOOD, Ltd. 


REMOVED from Farringdon Works, Shoe Lane, LONDON, tc UNION FOUNDRY, DERBY. 


Lonpon Orrice: 175-177, SALISBURY HOUSE, LONDON WALL, E.C, 


STILLS ano 














FOR ALL PURPOSES. caus 








Awarded Grand Prix, Franco-British Exhibition, London, 1908. 








LOCKWO WOOD &CA RLISLE, Ld. 


EAGLE FOUNDRY, SHEFEIELD. 


National Telephone: 1376. 


Improved antate-acehGe Metallic Piston Packing Rings & — 


CARLISLE’S PATENTS, 


Telegraphic Address: “ PISTON, SHEFFIELD.” 





SPECIAL FACILITIES FOR QUICK DESPATCH OF URGENT ORDERS. 
As Fitted in 8.8. “ BRITANNIC.”’ 





H.P. Rings and S specially designed for 
¥2i High Bion Pressures. 
Improved Double-astion Piston Valve Rings. 
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WOOD-WORKING MACHINERY 


for all purposes. osu 
A. RANSOME & CO., LTD.. Stanle ey Works, Newark-on-Trent. 


London Office: 63, Queen Sctoria St, ECA 














AN APOLOGY for delay in delivery need NOT be 
given® by THE AEROGRAPH CO. LTD. 


Our Works were fully employed during the strike and we can supply 


d AgrocraPH EQuipMENT from stock. Write or "Phone : 


THE AEROGRAPH CO. LIMITED, 


43, Hotgorn Viapuct, Lonpon, E.C.1 
MipLaND DEpot: ScoTTisH DEPOT 
122, Livery S8t., Birmingham. 72, Berkeley St., CGhixing Ooein, Glasgow. 





























a She Wa Office). Builders of all TYPES of SHIP PROPELLING s 
SUNDERLAND. MACHINERY, including SINGLE 
. Tel. : “ News, Sunderland.” L 
LONDON OFFICE: 22, Billiter Street, E.C. eae ee eee CO a4 id. 
Tel. : “‘ Nemerio, Fen, London.” ACTING. 


LIVERPOOL OFFICE : 
529, Tower Building, Water Street. 


Tel.: “Skilful, Liverpool.” DIESEL ENGINES 
up to 1000 HORSE POWER 
3 PER CRANK. Manufacturers of the 

‘*‘NORTH EASTERN ’’ SMOKE TUBE 
SUPERHEATER for all TYPES of BOILERS. 


Manufacturers under licence of the ‘* UNITY ’’ CRANKSHAFT. 
Engines, Boilers, &c., Constructed for Export, and Fitting Out Supervised, 






































CRANES 


of every description 
for Engineering 
hi Railways, 
Doc Harbours, 
and Industrial use. 








OVERHEAD TRAVELLERS. 
LEVEL LUFFING CRANES. 
FLOATING CRANES. 

COAL GRABBING CRANES. 

‘* TEMPERLEY ” TRANSPORTERS. 
WHARF AND DOCK CRANES. 


SIR WILLIAM ARROL 


& CO., LTD., 
Parkhead, GLASGOW. 








London Office: 
59, Palace St., Westminster, S.W.1. 





ee 5-ton, 3-motor, Electric Walking Crane. 


3 











THE BRITISH SPECIALISTS. (ONADMIRALTY WAR DEPT. AND COLONIAL LISTS) 


HYDRAULIC LEATHERS & 


LEATHERS COMPANY LIMITED ALTRINCHAM. 


THE | ENGINEER'S GREAT LABOUR SAVER. bi WOOD ITE. 99 


WwiL.son's 
p ATENT pete GAUGE GLASS RINGS & STEAM PACKINGS 
NIBBLING Rear RinspePacktegsicre.and Bhecting 


in all Sizes and Sections. 
MACHINE. 


Contractors to H.M. Government, Admiralty, War Office, Post Office, India Office, and the 
Colonial and Foreign Governments. 
Unrivalled for all High Pressure 
indispensable for the making Steam or Electrical installations. 
of Cast Steel Gauges Also Hose and Belting. 
WILL QUICKLY CUT TO ANY DESIGN ,,.. 
ALL KINDS OF SHEET METAL. 
Write for prices and sample of work. 



































5789 
Price List AND FULL PARTICULARS ON APPLICATION TO— 


WOODITE COMPANY, LTD. 


? - Mitcham Common, Surrey, Eng. 
J. B. STONE & CO., Lia., iss. Finsbury vee = B.C.2. | Tet Atereser “Wooten; Setectrans” Telephone Me tha 8 














Huber « Autenrieth 
(Industrial Furnaces), 


Stuttgart-Liststr. 23, 
GERMANY. 


OILFIRING 
for 
MELTING FURNACES 
without and with Crucible, 
for 
Non-ferrous and ferrous 
Metals. 
RE-HEATING FURNACES. 


HEAT-TREATMENT 
3370 FURNACES. 














equipment. i d: i 
cen al Cdcenal of eel a aanaeael aie 


CELITE PRODUCTS CORPORATION 
7 WINDSOR HOUSE VICTORIA. STREET 
WESTMINSTER LONDON. ENGLAND 


Woarchme Stocks ia Landon Manchester and Clagow 




















—] 











THE MITCHELL CONVEYOR 
Mo APIO & CoO. 
«ABST, SaWank = (INTENT A ERR, Wa IMC EEN), 110 0oie tie sts atoms 
NEWARK-ON-TRENT,| = 


— 
— 
—-— 
— 
——. 
eee 0: 










































WELDED & FLANGED WORK ENGLAND. 
OF EVERY DESCRIPTION. . spmeure wit 
ABRIAL ROPEWAYS. OUSTOMERS' OWN PLATES WORKED AND FLANGED UNDE . 
POR CEKETHIa TARFANES SYSTEM, MILAN BOARD OF TRADE, LLCYD'S, OR OTHER SURVEY, IF REQUIRED, DEGREASING PLANTS. 
——— woror van pouars | | 
“SPLIT GRIP” sah en ag HYDRO CASINGS. 
COLLAR " 
bas eal | Ne al 
MADE Im || WAR OFFICE, 
WALVES || pia onmiE, EVAPORATOR 
Ne eet screw to 
specie || ou oF SLs. 
A VICE. CUSTOMS, AIR RECEIVERS. 
Pov‘ her” || CROWN AGENTS, & > (ULCANISING PANS, 


is we 


- = : = ——— &., a. mod 
[TRIER Bros uta..|| “ ee ae , od 


















518¢ 


! 


NGS 











SINGS. 


R 
KES. 


TOR 
S. 


VERS. 


PAM, 
. 
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Do your tools give 49 lb. turnings from Nickel 
Steel in 54 minutes? The lower turning here 
shown, weighing 49 Ib., was made with a cut of 
1”, a feed of 1/12” and a speed of 30 feet per 
minute by a ‘“ Mushet” High-Speed Steel Tool 
2” square. This is nothing extraordinary for a 
“*Mushet” Tool: it is routine work. 


The possibilities of 
your machines must 
decide whichgrade you 
can most economically 
use. “ Mushet” High- 
Speed Steel is the best 
of its kind in 14% 
Tungsten High-Speed 
Steels and will give 
somewonderfulresults. 
“Double Mushet ” 
High-Speed Steel will give you 20% to 30% 
extra life per grind, or a 20-30% extra in chip 
removal in a given time. “ Triple Mushet” 
will run about 10% faster than “ Double 
Mushet” High-Speed Steel with a greater 
increase in time between grinds. 


Tell us the nature of your work and let 1s send 
you a sample tool. I} you are not satisfied after 


trial, full value will be credited. 


SAMUEL OSBORN & CO., LIMITED, 
CLYDE. STEEL WORKS - SHEFFIELD. 


Felegrams ; ‘* Osborn, Shefficld.” Telephone : Central 4544 (6 lines). Central 3380 (Foundry). 


OSBORNS 











Telephone : 3481 Central LONDON)OFFICE: 32, QUEEN VICTORIA ST., E.C.4, Telegrams : “* Incorporate, Cannon, Londor:." 





at hal: Stolberg-Hiitte Iisenburg 


ILSENBURG 


Bh hn MARX 

















4 


175-107 





























WHITECROSS 
WIRE ROPES 


THE WHITECROSS WARRINGTON 
COMPANY UMITE ENGLAND 














FRED«K MOUNTFORD 
BIRMINGHAM .L™ 

















































Extensive Newly~built Freehold Waterside 
MANUEFACTURING PREMISES 
at LOWESTOFT, SUFFOLK 


with frontage to the deep water Harbour, berthing accommodation for steamers, L. & N. E. Railway sidings run_ into 
works, large supply of electric power and cheap labour, low freightage and railway rates. 























THE SUBSTANTIALLY CONSTRUCTED FACTORY 


is well lighted and contains OVER 300,000 SQ. FT. of FLOOR AREA, half of which is on the ground floor; it is equipped with 
modern power plant, ready for immediate occupation and capable of housing an extensive business, The Site area of works and 
additional land is 124 acres. Plans, particulars and order to view of :— 


LEOPOLD FARMER & SONS, 
Factory Specialists, Auctioneers and Surveyors, 46, Gresham Street, Bank, E.C.2, and Kilburn, N.W. 


















WATER - OILS -TREACLE: 
TAR & OTHER SEMI- 
FLUIDS 


No Valves 


DRUM ENGINEERING CoE? 
BRADFORD -— YORKS. 
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JOHN OAKEY¢SONS,E 


GENUINE EMERY, EMERY WHEELS” 
» EMERY CLOTH, For all Purposes. 













WESTMINSTER BRIDGE ROAD, 


LONDON, S.E.1. BLACK LEAD, &c. 








}3¥-) ba od = ab Cod aiits)ale sk 
hows on ye Time heets # 


TIME SHEET 
































Ifits HENDRYS* PATENT Be 
BELTING, it shows a strict econ- [RH 
omy in time and power. No break res 
ages to waste valuable hours—no Fe 
‘slipping or vibration to cause a [eq 
leakage of energy. Just a steady fee 
endless drive fromthe strong fH 
flezible endless BELT— fH 


Write fer an Interesting Belting Booklet. 


Sole Patentees and Makers: 


JAMES HENDRY, LTD. 
Laminated Leather Works, 
BRIDGETON - GLASGOW. 











ELECTRIC GRANES 


TOPLIS (1925) PATENT. 














LEVEL LUFFING. 





BEDFORD ENGINEERING 
BEDFORD Co. 





ENGLAND. 
eaze 
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Wellington Mls, GLASS & FLINT PAPERS, 








POWER STATIONS 
AND FACTORIES 


ARE NOW EXTENSIVELY INSTALLING 


MUMFORD’S 


PATENT AUTOMATIC 


FEED WATER 
REGULATOR 














FITTED TO OVER 700 SHIPS 
AND BOILERS AGGREGATING 


11z MILLION up. 
A. G. MUMFORD, LTD. 


Culver Street Engineering Worke 
COLCHESTER. 





in 1 


Fl 


































To make sure your RI NGS are TRU a buy from 


The Standard Piston Ring & Engineering Co., 
Premier Works, Don Road, SHEFFIELD. 


Telephone No. a, 
Telegrams: ‘* Ocean,” Sheffield. 





| ere eres eR SB 
The Original and Genuine Davey Robertson 


HAMMERED GAST IRON PISTON RINGS 


Our Hammered Piston Rings are well and 
favourably known all over the world for their 
efficiency and long wearing qualities. They 
keep the cylinders round and maintain a perfect 
joint until wornout. The pressure on the cy 

wall always remains constant. 

All sizes, 2in. to 72in, diam. In our special 
gating piston ring iron, giving approximately 
14 tons tensile per sq. inch. 


- Quickest Possible Delivery. 
Lowest Possible Prices. 
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eT 
Ss FOR STRUCTURAL IRON AND STEELWORK. al 
a melee = @ 
omy ies Racu pasreLonek | : 
con eATED iites saan a 
me, RA | cul GALYANIZING. 3 
THE PAINT THAT NEVER GETS TIRED. Hy 

Write for particulars. 

% . J. DAMPNEY & CO., LTD., 87, BISHOPSGATE, LONDON, &.C.3. a 
WORKS :—GATESHBAD-ON-TYNE. Pa 
BRANCHES :—MIDDLESBROUGH, CARDIFF, LIVERPOOL, GLASGOW & BOSTON, U.S.A Po] 
i 1444 & 
//Valves, Meters, Brass Fittings : 
R GUEST & CHRIMES’ “FULL BORE’? TURBINE |WATER METER. . 
ss a 
ALL KINDS H 
3 
OF | 
a 
WATER | 
WORKS 7 
FITTINGS. EF 
8289 . 
GUEST & CHRIMES, = THE a 
oTHEBRAAM™. a 
LONDON OFFICE: 4 & 5, ADAM STREET, ADELPHI, W.C.2. HI CK BREGUET 5 
bg — 
h 
BREAKDOWN CRANES EJECTAIR. a 
: (Patented) x 
& 
The Ideal Air Pump H 
for every Industry where a 
Vacuum Apparatus H 
is used. HY 
Designed for application a 
to all types of x 
Condensing Plant. - 
SPECIAL FEATURES : a 
Highest attainable vacuum with perfect + 
stability. Low Operating Costs. No 3 
Moving Parts. Upkeep Nil. Easily B 
Cleaned and Overhauled. Automatic in 8 
Operation. 
A 
Our illustration shows the Hick-Breguet Ejectair with Surface Zz 
Type Intermediate Condenser and After Heater. LY 
erowacen ay 
vei a 
HICK, HARGREAVES & 
? a 
& CO. LTD, § 
BOLTON - ENGLAND. § 
Lopes OFFICE: . 57, Victoria Street, S.W.1. 4 
2975 | 
eee rT eee ca eA TE 
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BRIGHT STEEL G 


PNEUMERCATOR 


DISTANT INDICATING 


Boiler Water 
Gauge. 


RINGS the Water Level 
Reading down to the firing 
floor or to any other con- 
venient level. Overcomes the 











=i = 




















Super-Frexut A New Free Currinc STEEL. 


NG 


OTHER HALESOWEN BRANDS. 
FREKUT. Ordinary rapid machining 























Steel. Prompt delivery in rounds, squares ja 
aoe high steam drum difficulty. H 
for shafting, piston rods, valve rods The Gauge is operated with : 
Supplied upto 6” diameter in any length. 
8 Special Free-Cutting Case cold water so that Glasses last G. 
Steel. J ° . 
Your enquiries are solicited for the above indefinitely at the highest 
for Bright Steels of any specification. pressures. 
-*SUPER-FREKUT”’ is a new Free-Cutting Steel. Among the many WRITE FOR PARTICULARS. 
advantages it possesses over other Free-Cutting Steels, is its compara- : 
tive ductility. On test it gives an impact value of 20/30 foot pounds, 
‘* SUPER-FREKUT,”’ due to its rapid machining properties and KELVIN, 
uniformity, ensures big output from Automatic, Turret and Capstan BOTTOMLEY 
Lathes. 
‘* SUPER-FREKUT ”’ is supplied in Rounds, Squares and Hexagons. @ B AIRD, Ltd. 
Delivery of standard sizes can be made from stock. 2404 18, Cambri d ge Str eet, 
HALESOWEN STEEL CO., LTD. GLASGOW. 
HALESOWEN. NR. BIRMINGHAM. 

















“FLOWER” BRAND 
MAGNOLIA METAL 








KEEPS down the bill for lubricants by making 
BEARINGS smooth as glass and keeping them 
COOL under heaviest pressures and highest speeds. 





MADE AND SOLD BY as 


MAGNOLIA ANTI-FRICTION METAL 
COMPANY OF GREAT BRITAIN LIMITED, 


49, QUEEN VICTORIA STREET, LONDON, : 20 
Telephone: City 6596. Telegrams : “ Magnolier.” rain b ur C; fe 
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MAMMUT-WERKE, Nurnberg, Germany. 
M ll siz . 
eeeretinge Ages 

= nh ae 
— ee High Capacity, Universal, Horizontal 


and Vertical Milling Machines. 


Horizontal Combined Boring and 
Milling Machines. 


Universal Staybolt | and Backing-off 
Lathes. 





High Capacity, Vertical Toning and 
Boring M 


Compressed Air Hammers. 
Mortising and Key-groove Cutting 
Machines. 


Screw-Cutting Lathes. 3375 


HGH SPEED T A THES 


With all the latest improvements. 














Kindly pa us i hee price and 8 5 





| Willson (SMITH BARKER AND WILLSON) 
Machine Tool Makers, 


EAST MOORSIDE, HALIFAX, ENGLAND. 


legrams : Latue, ay Telephone: Halifax 46. 
Western Unions 5 letter. ABC, 5th & 6th Edition. Marconi. International. 


DRILLING & BORING SPECIALISTS. 


DRILLING, BORING, 
TAPPING & STUDDING 


MACHINES. 












From 3’ O° radius up~ 
wards. (4’ Illustrated). 
Made with low base or box bed. 
Additional Tapping Spindie 


Model. 
WOR KING 
CAPACITIES. 
CAST IRON, from 
solid aia ais ae 
STEEL, from solid 12” 


BORING... o- 6 
TAPPING, With. ... 2° 


We make a full 0 of 
oan range 


tore Bantex, KAW Halim. 


Code: Marcon! International, 


KITCHEN & WADE, MAINGLAND, 





A aed Sula 
selects his tracing cloth, 


HEdiscriminating draughtsman knows 
that good work en on 4 be done ona 








ak good reaag if" He therefore 
tracine cLoty { invariably choses R.C. Tacit Cloths. 

is supplied in ¢ R.C.Tracing Cloths are free from weaving 
rollsandcutshests i and finishing faults, have a clear trans- 


in the four grades: 


peta hyo pareany, take ink readily and are practically 
‘unauieedas ree from stretch and distortion. 
“STIRLING.” B. J. HALL & CO., LTD., 


“CLYDE.” CHALFONT HOUSE, GT. PETER ST., WESTMINSTER, 8.W.1. 














Sole Distributing 
2761 











BRIDGES, GIRDERS, TANKS, 


STEEL FRAME BUILDINGS, 
CRANE STRUCTURAL WORK, 
ROOFWORK, Etc., Etc. 


The Illustration shows a Trough "Bridge 
for Crown Agents for the Colonies. 


WILLIAM BAIRD & SON, LTD. 


BRIDGE BUILDERS & STRUCTURAL ENGINEERS, 
TEMPLE. IRON WORKS, ANNIESLAND, 


“ Brideiee Chagow.” GLASGOW. 1592 6 1993. Western. 
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Is Oil too Dear? 


It will be agreed at least that it is too dear to waste. 
Yet tremendous waste is going on daily through the 
distribution of oil direct from the barrel. 

Our Tank Storage and Purnp Delivery method will 
save you at. least 10% to 124% of oil. At the same 
time it is fully 25% quicker, and infinitely cleaner and 
less dangerous. 

We also supply Complete Equipments for the Storage 
and Handling of Petrol, etc. 














WE INVITE YOUR ENQUIRIES. 
Battery of 4 x 100 gal. Oil Tanks complete. 
Petrol Pump. 


THE DOWSON & MASON GAS PLANT CO. LTD., Levenshulme, Manchester sso 

















'W.B.BROWN&CO.(BANKHALL),U 


GLOBE WORKS, ocen LIVE RProok.. 
) se 





HIGH GRADE. " 9275 Rivetters, Presses, Pumps, Cranes and Accumulators. 


STEEL WIRE RO NG. Special Hydraulic Tools of all descriptions for :— 


BRIDGE BUILDERS, BOILERMAKERS, SHIPBUILDERS, IRON & STEEL WORKS 


SCREWING DIES.)  wuosarave 5ros. 


a ALSO SCREWING IN. 
NEW & RE CUT. MACHINES TO. 24 s.: Crown Point Foundry, LEEDS. 
ROBERTSO N’S Wenn BEDFORD. Contractors to the Home and Foreign Governments. 


RELIABLE LOW-WATER SAFEGUARD 
NATIONAL Patent FUSIBLE PLUGS. 























Pig. 6. Fig. 8. 
Screwed $in., 1 in., 1}in., 1}in. and 2in. Gas Thread on the Seating, or to any special size 
Special Fusible Plugs for HIGH PRESSURES and for all classes of Internally-fired Boilers. Is your pencil 


Mlustrated Price List Free. Also illustrated list of Steam Fittings. 


‘ ais 
me NATIONAL BOILER nedt2ccttt iro, oie Me British? 


(Sales Dept.), St. Mary’s Parsonage, MANCHESTER. 
London Office; 60, QUEEN VICTORIA STREET, E.C.4. 
































WEIGHBRIDGES & PLATFORM 


MACHINES UP TO ANY 
CAPACITY. 


EST. 1866. 


1 ¥ WE BUILD 
WEIGHING MACHINES 
wei ‘TO SUIT YOUR REQUIREMENTS. 


CHARLES ROSS LTD., SHEFFIELD. 


LONDON OFFICE: 7, CARTERET STREET, BROADWAY, WESTMINSTER, 3.W. 1. 














ies 
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TURBO-PUMPS ||HEENAN AND FROUDE, LIMITED.|R* White & Sons, Widnes, 


Low P: res. C let ° spies <= . 
Hyde. ———. Water ‘bation, Pipe || SPECIALITIES :—Air Coolers for Ventilating Turbo-Alternators, Air Filters, Air Heaters & Dryers. FOR LANGS, 


Lines, Zoelly Steam Turbines. 3439 Froude Dynamometers. Heenan-Fell Air Brake Dynamometers. Heenan-Highfield Electrical 
ESCHER wyss&Co., 8.A., Engineers, Dynamometers. Complete Equipment of Test Shops. Water Coolers. Oil Coolers, AERIAL ROPEWAYS 


Refu-e Utilization Plants. 


re | WORCKETER,;—— m ~ ENGLAND. POINTS: CROSSINGS. 


HET DAMSIETHERTONE [om mane) m0 



































We specialise in 


1 VALVES ) 
THE FARRAR BOILERWORKSU? 


2 for OIL, AIR, STEAM, WATER \o“ <4 : NEWARK, 


coreenesiiee — tancaahie . | SMITH BROS. & Co. (HYSON), LTD, Sao 
BanaING TOOTS Shits wortmanam iit... ||ENTWISLE®GASS, 
Engineers, BOLTON. 


STAMPS 4 MARKS 
G —— Fer CENTRIFUGAL - Te, 























srencus 7 CAST AIR SOMPRESSORS 

ENGINEERS’ § a PLATES 

= > “| DEMPSTER, MOORE & CO., Lro.,| <tc, 
WORK j j " Yeas 


TOOLS 
GAUGES, TAPS, CUTTERS and SMALL TOOLS. - 
RICHARDSON & SON, = X2EN Sheffield. Engineers, GLASGOW. 


BLEA OHING D 
MAGHINER cs 








PRATCHITT Bros. 


ne) los OB ’ ‘ Engineers, COARLI 
» MARINE MOTORS 
See illustrated Advt. page 60, June 11. 
GLENIFFER MOTORS, LTD, 
Anniesland, GLASGOW. _ 3415 


MELDRUM 
OIL. BURNERS 


IN CASE OF A COAL STRIKE—OR FOR 
ORDINARY DUTY ; COMBINED OIL AND 
SOLID FUEL, OR STAND-BY—LIST 106 F. 


ineeminaneniind MANCHESTER. 


es : Modern High-Speed Machine Tools. 


STEAM ENGINES, Epox . rs ALL Trprs. 
eee SIEMENS RAM PUMPS, DISINTEGRATORS 
S.S. STOTT & Co. Onthiery and Chania’ Maeewe Miah “ 
Engineers HASLINGDEN. BROTHERS & CO., LTD., WOOLWICH, S.E.18. es 









































We manufacture 


mac eum] ~PYROMETERS 


Welghing from 8 to 50 tons, for any gauge of 
Highest-Class Workmanship and Materlals. 
prtatn p poe suitable for 


Tipping Trucks. Sugar Cane Wagons. 
‘Tarntab bles, Switches. &c. 
See Illustrated Advert. page 18, June 18. 


Descriptive pamphlets on application. 











Established 1858. 

















STEAM CAUCE DIALS 8139 
INDICATING MACHINE DIALS &c. 


W. SISSON & CO., LTD., @4OUCESTER: || OES aca or niineee 


Specialists in Dials. Est. 75 Years. 
Phone: Mid . 1611, ’Grame : ‘* Horology,” Birmingham, 


HENRY J. COLES, Ltd, 


MOST MODERN “DISH-END” TYPE > Met 
WITH CORRUGATED gore ee. ers of 











Steam and Electric 
Travelling Cranes. 


eee 


Shunting and Magnet 
Cranes a_ Speciality. 


<<<<<<< 
Sapeeoeas 


Navvies, Grabs, &c, 


wm DO Oe ee 
2 6 99 90 G6 
PPEPEEPEP 


e 3S 
VETeeeeEgE 


hon 


ns 
ft. Bins. by 160 lbs. 5798/9 & 5756/7 


‘All the above Boilers are built from 
**Siemens Martin” Acid Steel. 


<< 


Repairs to all types of Boilers by first-class men. 


JOHN THOMPSON 


(WOLVERHAMPTON) LTD., 


(WOLVERHAMPTON) ENC. Bucket Engine for Tin Dredger. 
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TANKS 


GALVANISING & CONSTRUCTIONAL IRONWORK. 
JOSEPH ASH AND SON, LIMITED, 
Rea Street South, BIRMINGHAM. 2848 


EVAPORATORS. 





Richardsons, Westgarth & Ce. Ltd 


HARTLEPOOL, MIDDLESBROUCH & SUNDERLAND. | 
See Large Advertisement, June 18. 2736 





See ADVEATIsemenT Maxy Waen. 


ROSBY VALVE & ENGINEERING Co. Lid 


41-42, Fo.rey Stracer, LONDON,Wi 





THE VACUUM BRAKE.CO., Ltd. 


3, 5, & 7, Old Queen Street, 
LONDON, S.W. 


Telephone: Victoria 3269. 
ae oe SOLUTION, LONDON. 
A B Oand Al Codes used. 2574 


For Large Advt. see page 54,- June 18. 


HAMWORTHY 


PUMPS and AIR COMPRESSORS 
THE HAMWORTHY ENGINEERING CO,, Ltd., 


Works :—PooLre, Dorset 
76, Victoria street, LONDON. 
Branches { - West Kegent Sureet, GLASGOW. 


1e- 
KGnven vines 


RITCHIS- ACH INER® co 
ATLAS WORKS e TEMPLE ° GLASGOW 


The CLYDE STRUCTURAL IRON C0.,Ltd., 


Clydeside lronworks, Scotstoun, Glasgow. 
MANUFACTURERS OF 


Iron & Steel Roofs, Buildings, 
Workshops, &c., &c. 


London Agents: Gruuespixz & Co., Lrp., Leadenhal) 
Buildings, 1, Leadenhall Street, RO. 8. 260) 





“Asquith Drills Pay. 


Ask the User! 
Special Deliveries on many Prey 
Radials 5 fi. to 12 ft.; Verticals up 








to 5 ft. Various size Horizontals. 
Wm, ASQUITH(1990),Ld., || See Displayed 
Park Worke, Halifax. || Advi. June 18 





eRick MAKING MACHINERY 











MICHELL BEARINGS, LD., 


ENGINEERS and MANUFACTURERS of 


Michell Thrust 8 Journal Bearings. 


Registered Office and Works: 3078 
South Benwell, Newcastle-on-Tyne. 
See large Advertisement, page 77, June 4, 


‘The MACFARLANE ENGINEERING 


CO., LTD, 








Netherlee Road, Cathcart. 


DYNAMOS sos MOTORS 


See Advertisement page 58, June 18. 2580 


PULSATING PUMPS 


TURNSTILES 
AND GENERAL ENGINEERING. 











W. T. ELLISON &C9., Lro, 


Irlams-o’-th’-Height, 
MANOR BS TEE 





COMPLETE 


BEET SUGAR 
FACTORIES 


OF ANY CAPACITY 
DESIGNED and MANUFACTURED by 


FAWCETT, PRESTON & CL. 


LIVERPOOL. 





Half a century's practical experience in the Beet Sugar 
Industry is available for Companies contemplating the 
Installation of Factories. 





London OM 


Telegraphic Addres 8089 
“Fi 70, VIOTORIA STREET, 8.W. 1. 


AWCETT,” ’ LIVERPOOL. 

















TURNER MACHINE TOOLS 


ety 


CAPSTAN rats 
LATHES —. 
 SCREWCUTTING _.: ’ 
~ ig" 


LATHES 
, GRINDERS 
Ec 
z 


IMMEDIATE DELIVERY Af Be 


SPECIAL 
DISCOUNTS 
rey. 
EXPORT 
TURNER MereCo. 


WULFRUNA WORKS. 


WOLVERHAMPTON. 

















Telegrams :—*“ Ellisons Ltd.,’ 
Telephone: No. 80, 


* Irlams-o’-th’-Height. 
O 9806 








CAIRD & RAYNER 


Admiralty and War Office Contractors. 


FEED WATER HEATERS, 
Liveor Exhaust Steam Types. 
FEED WATER FILTERS, 


Gravitation 











Pressure or 
Types. 


EVAPORATORS, 
Live or Exhaust Steam Types. 
EXHAUST STEAM OIL 
SEPARATORS, 
"improved Type. 
COMPLETE FRESH WATER 
DISTILLING INSTALLATIONS, 


(All Sizes.) For Land or 
Marine Use. 


BOILER FEED PUMPS. 


Vertical Single-Cylinder 
Direct-Acting Type. 


7177, Commercial Rd., 


LIMEHOUSE, 
LONDON, E. I[4. 


Tel. Addreses “ Vaporize London.” 
Telephone: East 210. 














2912 








FEED WATER HEATER. (Live Steam Type.) 


BULL'S MBTAL & MBLLUID ‘0, 


HEAD OFFICE AND WORKS 
YOKER. GLASGOW. 
TELEGRAMS : ‘‘ MELLOID, YOKER.’ 

BULL’S METAL.—Propellors, Bars, Shee um 
Rods, Valve Spindles, Condenser Stays & Pi 3 an 
MELLOID, (Reg. Trade Mark and Patented.)-—Con. 


denser Tubes, Cooling Tubes, Boiler Tube: stays 
and Plates, Fire-box Plates, Bars, Sheets, Va Se. 


WHITE METALS.—Babbitts, Plastic, «c 


BERTRAM $ | IMIreD 


LINOLEUM 
MACHINERY 
LOCOMOTIVES 


EROM SToOcE. 
ALL GAUGES AND SIZES. 1608 


KERR STUART'S 


gs, Broad St. Place, London, E.C. 


THE TU..BINE FURNACE 


is installed under Guarantee, 

after careful examination of 
existing conditions. 

See our Issue of June 18. for longer Adv. 2048 


J. TOMEY & SONS LTD. 
A EUREKA GAUGE Cust 


OTB vooe 





















ASTON, 
BIRMINGHAM, 13:7 





MECHANS LIMITED, 
Engineers & Contractors, 
SCOTSTOUN IRONWORKS, GLASGOW. 
LONDON OFFICE: 

10, Princes Street, Westminster,S.W.1, 
See Illustrated Advertisement appearing 


June 18, 2966 


JOHN SPENCER, L 


WEDNESBURY. 
IRON & STHHL 


TUBES 


“MES. STFAM MAINS, TUBULAR PILFS, &e. 
‘ ANU 














YUU allel, 


ELECTRO- MAGNETIC 
CHUCKS 


FOR ACCURATE GRINDING. 


RAPID MAGNETTING MACHINE CO., Ltd., 


Cresogent BIRMINGHAM _0veas 


CLIFTON « BAIRD, L 
Metal Sawing Machine Specialists 


EMPRESS WORKS, 
JOMNNSTONE, SCOTLAND. 


Perm 


DERMAC JO! a 
mse aR Sr | 
‘pena REMOVED WHEN 4 REQUIRED o— 
THOMAS & BISHOP LOS 
57. TABERNACLE ST. _ LONDON . ELS ee 



























cea 


NTS QESIST HIGHEST 


THOS. SUDRON & Co., Ltd. 
STOCKTON-ON-TEES. 


MAKERS OF MARINE AND 
VERTICAL TYPB BOILERS. SHIPS 
MASTS. TANKS. MOORING BOYS, 





STEBL LADLES, TUBING, Bt:. 207 





D! 





|} 




















TIC 
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“THE LANCASTER’ 


STEAM 
TRAPS 


Technical knowledge is 
not needed to under- 
stand “ The Lancaster” 
Steam Trap. It is as 
simple in design as it is 


effective in operation. 
a a Ss 

Telegrams} Telephone : 

“ PISTONS,” 704 

Manchester. Pendleton. 





oege 


PENDLETON ™ st 





Sole Makers of “The Lancaster” Piston 
Rings, Metallic Packing, Wheels, etc. 2183 

















DIAMOND 
VULCANISED FIBRE 


English and American. 


CELORON 


a BAKELITE amaterial. 3480 


DIAMOND INSULATION 


sometimes known as LEATHEROID. 

Di AMOND FIBRE Co.,Ltd. 
75a, Queen Victoria St. E.C. 4. 
Grams: 
“DYMOFYBER, London.” 














hone: 
Cent:a) 7873-4-5. 




















THERMOSTATS 


ante 00 anes 
aaa Controlling 
Steam to 
CALORIFIERS, 
OR HOT WATER 
TANKS. 


THE HORNE 
ENGINEERING CO., 


85, Pitt Street, Glasgow. 




















“a 








“¢ SHONE ”’ 


PNEUMATIC 





EJECTORS 








AIR COMPRESSING | 
MACHINERY 


For Pamphlets and full particulars apply to the Manufacturere— 


HUGHES & LANCASTER, Ld., 16, victoria St., LONDON, S.W. 





For RAISING SEWAGE, SLUDGE, 
PAIL CONTENTS, &c. 


RANGOOH, KARACHI, BOMBAY, 
BASTBOURNB, NORWICH, @O6s- 
PORT, HOUSES OF PARLIAMERT, 
Westminster, and many other places. 


COMPRESSED AIR 


Fer Raising Water from 
LIFTS wells, Boreholes, &, 


2911 

















WRIGHT'S CALORIFIERS 





SEND bie? ENQUIRIES 


R:— CALORIFIERS OF ANY SIZE FOR 
ANY PURPOSE; FOR USE WITH 


TO:— 


EITHER LIVE OR EXHAUST STEAM 


WRICHT’S FORCE & ENGINEERING C*- L?. 


PHONE— = Tipton 
85 London Wall. 
,. Tipton. 
Penetration, Stock, London. 


TIPTON, Staffs. 
57, Bishopsgate, 


08753 


°LONDON, E.C. 














i SGRINDING & PULVERIZING OFFICES 
pton Row. London. Wl. 
- lg 





1 Southam 












* GRINDING SCREENING & AIR SEPARATION - SPECIALISTS. 8334 














Illustrated Descriptive Price List free on ate. 













Telegrams— 
Grafton, Bedford. 


GRAF TON & CO. 


CONTRACTORS TO H.M. GOVERNMENT, 


CYCLOPS WORKS, 


SILVcR MEDAL, Pica Exhibition London, 1885, GOLD MEDAL, fan. 1900. 


GRAND PRIX and GOLD MEDAL, Franco- British Exhibition, London, 1908. 
GRAND PRIX, Buenos Aires Exhibition, 1910. 


BEDFORD. 




























HOLDEN & BROOKE 


FEED 
WATER 


HEATERS 


ARE 
INSTALLED 
IN 
THE 


LEADING 
POWER 
STATIONS 


AND 


ELECTRICITY 
WORKS 


OF 
THE 


WORLD 





















HOLDEN & BROOKE LTD 
SIRIUS WORKS WEST GORTON 
MANCHESTER 


CONDON OFFICE 
316 ABBEY HOUSE WESTMINSTER 











éwr 


tH F DGEHoe ” 


SOLIDIFIED OIL 


FOR TUNNEL BEARINGS. 
(MELTING POINT 310° FAH.) 
Bearings keep quite 
COOL WITHOUT WATER. 


















Prepared by 
W. B. HARRISON, 
6, BRIDGE ST., 
Est. 70 yrs. SUNDERLAND. 


Write for Prices and Free Samples. 
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THE HUNSLET ENGINE CO., Ltd,, 


DLHEDS, 


MAKERS OF 


THE SEABORNE INTERCEPT 


for Screw and Centrifugal Pumps. 











TELEGRAPHIO ADDRESS - ENGINE, LEEDS. 
TELEPHONE: 20877 (2 lines). 





LOCOMOTIVE ENGINES 


adapted to every variety of work and gauge. 
Also Manufacturers and Proprietors of 


Designs and Specifications supplied or worked to, 


Quotations and Specifications on applicatioa, 


























IGEDRGE RUSSELL&6 


LIMITED 


MOTHERWELL 


NEAR GLASGOW 











RANES | 


OF ALLTYPES 






































High Efficiency 


Centrifugal and Turbine Pumps 
=< For all Lifts up to 3500 Feet. 


Our pumps are made in such a variety of types and 
sizes that we can usually offer one to meet exactly 
any specified duty. Our lists give full information 
as to the quantity thrown on various lifts and the 
horse power required for that quantity. 





PULSOMETER CNCIMECRINC C* OHDON READING 


ge ee ~ mn Write for List No. 885. 2608 












cx raui see Dulsometer Engineering C218 sim wor 




















29. | STAINLESS STEEL and IRON, | (3¢ 





















































St. John's Works. Newcastle-on-Tyne, and Bentham. Yorks. 
Angus Gear Works. Walker- -on- “Ty ne. 


F. 19 


Made by the Inventor, at au i 
STANLES> STAINLESS 
—~— BROWN ‘BAYLEY? S$ STEEL WORKS LTD., SHEFFIELD —- 
MAA 
| | | | HE finest cemented = 
only leather belting |= 
made ;eminently suited [= 
for all high speed [= 
| | drives. Also gives ad- [= 
mirable service ip iar = 
the latest forms of belt [= 
(CEMEN TED ONLY) tightening ‘aa are |= 
inuse. Weare shipping [= 
B E L T | N G this belting all over the [= 
world. = 
Supplied either water- 2 
proofed or unwater- [= 
proofed, as desired. = 
Just send a card to us 2 
(Dept. 11) for full par- [= 
ticulars and prices. = 
oe i) Ge a = 
ll GEORGE ANGUS x6. | bad TT 





> 
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